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ABSTRACT

This is a theoretical work concerned with the behaviour of firms
operating in duopolistic and oligopolistic product markets. Starting
from a very simple duopoly model, assumptions are systematically relaxed,
in order that we may ascertain the limiting effects of those assumptions.
This method of enquiry also allows the critical examination and/or in-
corporation of a number of previously-suggested models of firm behaviour,
at those points in the analysis where the structural and behavioural

assumptions coincide.

The analysis begins with a reformulation and ‘extension of the pure
Edge&orth model of duopoly, which assumes identical products, price
strategy, short term profit maximization, and the firmé' failure to
recognize their mutual dependence. Price instability is the general
rule in this model. Tﬁé requirements for price étability, and the
nature of the price instability, are examined in detail. Wwhen product
differentiation is allowed into the siméle model, price stability becomes
the general rule. The concept of product differenti;tion is broadened
to include both.asymmetry and discontinuity in aggregate consumer pre-
ferences. These latter concepts generate stable price and sales dif-
ferentials, as dé,differences in the firms' cost structures. Price
instébility_is shown to be feasible ﬁnder limitedvcircumstances in the

differentiated-products~ducpoly model.

The model is then géheralized to oligopoly, first for the identical
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products case, and then with product differentiation. Once again price
stability is the exception‘rather than the rule in the identical products
case, and the opposite is true in the differentiated products case. As
in the preceding chapter, the demand functions of the firm are specified
in detail, taking into account the features of aggregate consumer pre-
ferences, and the limited productive capacities of.other firms. When

. prices stabilize, a péttern.of price differentials will be established
which depends upon the relative cost and product differentiation advan-

tages of the competing firms.

Next, the éssumption that firms fail to recognize their mutual depen-
dence of actions is rélaxed. The firm's "coﬁjectural variation"” must
then be assumed, in order that the demand functions are determinate.
Sevéral possibilities are examined at this point, including the "minimax"
assumption, "conscious parallelism”, price-leadership, kinked demand
curves, and non-price competition. When long run aspects are considered,
such as the entry of néw firms, the objective function is changed. Long
run profit maximization is assumed, and this causes firms to contemplate
the issues of “"limit" pricing, takeover, and erection of barriers to
entry, for example. An index of oligopoly price is con#tructed‘which
describes the location of the prevailing price level, which in turn is
shown to depend upon the "limit" price, the ﬁrice which would induce
unilateral price cutting, and the price which would cause some firms to
go out of business. In conclusion, several further extensions and modi-
fications of the model, possible empirical tests, and some policy con-

clusions, are suggested.
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CHAPTER 1

INTRODUCTION, AIMS, AND SCOPE

I. The Theory of the Firm

The subject matter of this dissertationbmay be classified, most simply,
as relating to the 'theory of the firm'. This area of the discipline is
the bridge between Microeconomic Theory and the field of Industrial Organiz-
ation. The theory of the firm has traditionally drawn its analytical .
techniques from the former, and has relied upon the latter to suggest (and
to substantiatef the structural and behavioural assumptions employed. The
theory of the firm seeks to explain and predict the market behaviour of
business firms, in terms of their competitive environment. Accordingly,
it covers the spectrum of possibilities from perfect competition to pure
monopoly. These extremes are well charted but seldom discovered. Mono-
polistic competition theory, which introduces product differentiation into
an otherwise perfectly competitive framework, is also settled to the point
that it can be presented quite unequivocally in standard textbook presen-
tations. There remains the problem of oligopoly, which is by no means

settled, and which is the specific topic of this study.

The theory of oligopoly is forbidding territory. The fewness of

sellers causes a mutual interdependence of action which does not enter the
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other major.mafket forms. B necessary precondition for an accurate
prediction of the behaviour of oligopolists is thus to correctly specify
the impact the firm feels its action will have on its rivals, and the
reaction of the rivals to that impact.. The correct specificatiop of the
firms' objective'functions are essential to this prediction. The con-
ventional short run profit maximization assuﬁption, however, appears less
suited to oligopoly than to the other market forms. 1In perfect and mono-
polistic competition, entry of new firms cannot be prevented and the
existing firms should maximize short run profits as rational long run
behaviour. In monopoly, entry is blockaded, and again the firm should
maximize short run profits. But in oligopoly, short run profit maximiz-
~ation will attract entry of new firms and the subsequent diluﬁion of next-
period profits, unless entry barriers are sufficiently high, Clearly
barriers to entry must be incorporated into the analysis as an explanatory
variable. So, too, must we consider other factors which may motivate
oligopolists, such as the public relations impact of their actions, desire
for a quiet life, meglomania, etc. In the other market forms these
objectiveé aré for thé most part, either of no consequence, impossible
to achieve, or come hand4infglove with short run profit maximization.
The olig§polist, however, has some room for discretionary action in these

areas.

Further, ﬁhe symmetry which characterizes the other market forms is
usually abéent froﬁloliéopoly. The firms of an oligopolistic industry are
not all thgksame size, do not have similar cost structures, ahd do not
necessarily have similar degiees of product differentiation aroundlsome

central tendéncy. Perfect competitors of course, are forced to adopt the
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most efficient scale of plant, and their products are identical. A
monopolist has no other firm with which to compare itself, since its
product is unique. Monopolistic competition, with free entry, forces
firms to adopt the most efficient means of producing their particular
variant of the product, and the logical extension of free entry is that
product differentiation wiil occuf.in an n-diménsidnal continuum and is,
therefore, symmetric.1 Oligopoly, with restricted entry, allows firms
to maintain price and cost differentials, and to have différing scales

of plant which co-exist from period to period.

Thus the oligopoly pfoblem is not simple and straightforward. And
there is no universally accepted theory of oligopoly which has been forth-
coming, despite the extensive writings in this area. Fragments of a theory

do exist, however, and it is to this that we now turn.

II. The Present State of Oligopoly Theory

It is not my purpose to review the vast literature on oligopoly theory.
This would be redundant, if not inferior, in view of the surveys and review
articles which are available. (See particularly (137], [127, ch.5], [99],
fBl], [96i). In anf case, those pafticular model§ and théories which bear
direct;y on the subject matter of this thesis are ekamined at points in
the following chapteré where it is mére appropriate to dofsb. At the
present point of the anlysis we shall confihe ourselves to some generaliz-
1. Mohopolistic competition, with significénﬁ barriers to eﬂtry, need not
be symmetric, since some firms may have advantages others cannot achieve
or emulate. This complication is passed over here, since it is, in effect,

the same as the n-firm aligopoly case where firms do not recognize their
mutual dependence, and as such is examined in chapter four.
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ations regarding the present state of oligopoly theory.

Perhaps the major pioblem is that there is a multiplicity of different
models and associated controversies. All of these may be relevant for
some particular firms, although some appear to be of very limited appli-
cability. Others, however, suffer only because they are partial theories
which have not yet been extended and/or integrated intd a more general
model. A major purpose of'this thesis is to remedy this problem of frag-
mented effort. First we must dispose of a couple of major areas of the
literature which one might expect to be covered by this thesis, but which

are not.

The first of these is the "Stability of Cournot Oligopoly" controversy
which raged throughout the nineteen-sixties, and to which contributions
still appear. Cournot [28] started it all in 1838. The stark éimplicity
of his structural and behaQioﬁral assumptions proved a blessiné to the
publishing aspirations of a later generation of mathematical‘economists.
Cournot assumed two sellers with unlimitéd capacity to produce an identi-
cal produc£. Each‘sellef would adjust his oufpuﬁ in the expectation that
his fival's oﬁtput wouid remain constant. Prices and outputs were subse-
quently dyn&mically stable. Theocharis [153], in slightly less than two
pages, toqched off a re-examination of the model, by demonstrating’that
if there are more than three sellers, the model is dynamically Qnstable.
Fishér [48), McManus and Quandt {92}, Bishop‘[zoi; Hahn [60), and Okuguchi
[109] have sﬁown thét with more realistic cost and demand assumptions, the
oligopoly model is stable. This is particulérly so with a continuous

adjustment process. With discrete adjustments, stability is obtained with
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a large number of sellers under more limiting conditions. Hadar [57]
introduced product differentiation, which in turn contributes to stability.
Sato and Nagatani [125] modified the behavioural assumption regarding the
reaction of rival sellers. Cournot's zero "conjectural variation" assump-
tion was replaced by one where the rivals are expected to vary their out-
puts in response‘fo an initial change. The greater‘output adjustment
expected, {(that is, the larger the conjectural variation), the moré likely
is stability. Hosomatsu {[75] introduced uncertainty regarding the demand
situation and the production levels of rivals. Neudecker [105] proVided
an alternative proof.‘ Tarr [151] allows firms to modify their conjectural
variations through a "learning" process, as have Okuguchi ([111], [112],

Cyert and DeGroot ({32] and Friedman (50].

And so the discussion continues, but to what avail? It remains
predicated, as Bertrand'[lsl noted in 1883, upon the presumption that
firms adjust their output levels, and alloﬁ the forces of the market to
find the markef clearing price. But oligopolists do nof appear to be
output-strategic, and horeover it is not clear that a competitive price
determination_p‘rocess2 would work efficiéntly amongst a few large firms.
More‘reélistically, it would seem, oligopoiisté set prices, and allow
outputs to find their equilibrium levelé.‘ Accordingly thié'fhesiﬁ will
proceed on the presumption ihat firms are price-strategic, at first in
the manner suggested by Bertrand,_and‘Edgeworth {42], and later with
appropriate modificatioﬂs.;‘ |
2.‘That is, tﬁat éxcésé supply at the prevailing price woﬁld force the

pPrice down to eliminate the surplus, while excess demand would cause
Price to rise and eliminate the shortage.




Another area of the literature which we shall largely by-pass is the
application of the "Theory of Games" to oligopoly problems. This develop-
ment followed the work by Von Neumann and Morgenstern [156] and is best
exemplified in Shubik [133] and Sherman [131]. This variant of the
oligopoly literature treats the oligopolistic market as a forum for
conflict amongst the firms. The central behavioural assumption is that
firms choose their course of action in order to beétow the lgast advantage
or greatest disadvantage, upon their rivals. In constant-sum games this
"minimax" assumption allows the firm to maximize its own expected payoff.
The outcome is stable dyﬁamically if there is a "saddle-point" from which
it is to no-one's advantage to depart. If no saddle-poiht exists, which
is perhaps more likely, the game is still determinate if each player
adopts a "mixed" strategy. That is, the payoffs are weighted by the
probabilities that that particular strategy will be employed, and a mini-
max strategy will allow the playér to maximize the "expected value" of
the game.  With more than two players, however, the formation of coalitions
will allow multiple equilibria possibilities.” Product differentiation

widens the range of possible outcomes even further.

But game theory does not appear to be the salvafion éf the oligopoly
problem. (For criticaliappraisals, see [137,,p.526], {127, pp. 140-145]
and [47; p._354].$ Firét,.it assumes an extremist;coﬁpetitive situation.
Firﬁs are prdbably much less antagonistic than the minimax assumption
supposes. Moreovér the constant~sum game‘cannot admit the strafegy of
collusion, which is evid;nt in some form in most‘oliéopoly‘markets.

Secondly, mixed strategies require complete secrecy regarding the strategy
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to be played, thus maximizing the uncertainty of rivals. It is doubtful,
however, that the firms could always maintain this secret until the moment
of impact. Further, it is not clear that they would even want to, given
the risk-aversion and preference for stability which large firms may be
expected to exhibit. Thirdly, firms may not generally have sufficient
information to enable them to calculate the payoffs for various strategy
interaction553 Thus it would seem that the game theoretic approach to
the problem of duopoly is of fairly limited applicability. It is more
useful, however, for some static decision problems within a much broader
framework of analysis, such as the decision to indulge in non-price com-
petition. ‘Accordingly it's discussion will be confined to thié context

in later chapters.

We come now to the "multiplicity of models" problem of oiigopoly theory.
The most famiiiar model is that of profit maximization in the short run.
Firms envisage their cost and demand curves, and set price and output by
equating marginal cbsts?and revenues. Other models assert that firms do
not try.to maximize‘profité, but that sales, growth, and managerial util-
ity are important in the firm's objective function. Another model rejects
the pregumptién that firms wish to maximiie anything, stating instead that
firms merely "satisfice"., Pricihg for profit maximizafion is also re-

jected by another school of thought, which propounds that price is deter-

mined by a markup over costs rather than by marginalist principles.

3. It is conceded, of course, that many economic models are vulnerable
to this criticism. 1In reality, uncertainty clouds the firm's estimation
of its demand curve, ceteris paribus conditions do in fact change, and
the construction of cost curves requires interpolation between calculable
points, to mention a few problem areas. ‘
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Others feel that prices are set in order to inhibit the entry of new
firms, and thus depend on the barriers to entry. Prices may be set
individually, as the simple profit maximization model suggests, or
jointly via a collusive agreement. Alternatively, some firms may act
as pribe leaders and others as price followers. A kinked demand curve
may be envisaged, inhibiting price adjustmenfs. Or, price strategy may

be secondary to advertising and other forms of non-price competition.

Few, if any, of these models can be said to be "wrong", since they
are the logical extension of their premises. But since their assump-
tions are different, slightly in some cases, radically in others, these
various models are not strictly comparable, and remain as scattered
‘'strands of a theory of o6ligopoly. Is a feconciliation possible? Are
they each consistent with some wider theory of oligopoly? In the fol-
. lohinq chapters each of the above-mentioned models will be examined and

an attempt is made to incorporate each model into the analysis.

ITI. Aims and Method of this Study

The aims of this study are threefold. First, it is intended to
.clarifx certain models of firm behaviour which have been suggesfed in
the past. Secondly;‘attempts are made to extend the analysis of parti-
cular modéls,such that they may contribute more to the.theory of oligopoly.
And thirdly, effort ié taken tOABXEthesize a number‘of existing models
into a more unified theory of oligopoly,‘in conjunction with the,develop-

ment of the analysis of this dissertation.




The method of analysis is the classical approach to oligopoly. We
start with an oversimplified model of duopoly and progressively relax
assumptions in order to broaden the scope of the analysis. The starting
point is the Edgeworth model of duopoly. This simple model is often
regarded as an intelleétual curiosity, since its assumptions are so
palpably unrealistic and its predictions are so often incorrect, in view
of our observations of the real world. Yet the model serves the purpose
in intermediate microeconomic textbooks, of introducing the student to
the intricacies of a price-strategy competitive model where the firms are
crucially interdependeht.' From this point, the student is led to more
complex interrelation;hips amongst firms, more sophisticated strategies
and bbjective functions, and eventually develops an appreciation, if not
an understanding, of the complexity of the oligopoly problem. The simple

duopoly model thus provides a foundation for the analysis of oligopoly.

It Qould seem, then, that much is to be gainéd by an intensive exami-
nation of the duopoly situation. By strengtheningbthe foundations we
may expééf to derive étrénger analysis at evefy higher level. Accordingly
the following chaptér.is confined to a restatement, clarification, and

extension of the simple Edgeworth duopoly model. 1In this form it is

expected to better serve as an introduction to oligopolistic interdepen-
dence, since its subtleties are exposed and critically examined, and new

" directions of enquiry are pursued.

The énsuin§ chapters enhance the usefulness of the model still fur-

ther, as the progressive relaxation of assumptions improves the model's
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ability to explain and predict the structure of prices, market shares,
profitabilities, and competitive strategies of actual business firms.

In chapter three, differentiated products replace the identical products
of the simple case. In chapter four the analysis is extended to the
oligopoly case of more than two firms. Recognition of mutual depen-
dence is allowed in chapter five, in contrast to the non-cooperative
assumption of all earlier chapters. 1In chapter six the firms consider
the long run implications of their actions, rather than being concerned

simply with the short run, as in earlier chapters. Chapter seven sum-

marizes the development of the model of the previous chapters and makes

some concluding comments.

The model thus becomes progressively more sophisticated and, hence,

more in accord with the real world, as the chapters progress. This

- methodology facilitates the incorporation of various other models of firm

~.behaviour. Since models are only different as long as their underlying

aSsumptions differ, and since the assumptidns are progreésively modified
in this analysis, points arise at which existing models and the present

analysis are strictly comparable. At these points the aims of this study,

‘viz to clarify, extend, and synthesize a number of previously suggésted

models of firm behaviour, are pursued and, hopefulLy, fulfilled.
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CHAPTER 2.

EDGEWORTH DUOPOLY REVISITED

I. ‘Introduction

In 1897, Francis f. Edgeworth [42] developed a price-stfategic model
of."two competing monopolists"”", following Bertrand's 1883 criticism [15]
of the output-strategicvmodel which Cournot [28] had suggested in 1838.

If this exemplifies the pace of criticism of the duopoly model, then it

i# n§ surprise that Edgeworth's simple exposition of the model is found
today in many intermediate fextbooks. For the standard exposition is not
without fault. FIt is neither verf clear in its presentatibn, nor complete
in its examination of the ramifications of the model. Nichol [1061},
Shubik (132], (1331, (134}, [135], [136] and others [98], [130] have made
valuable contributions to oﬁr understanding of the simple model, and to

‘its further development, but many questions and unexplored issues remain.

The purpose of this chapter is to clarify #nd extend the’Edéeworth
duopély model within the context of the original aséumptions. In order
to facilitate these aims & new approach is adopted. The revised format
of the modei should promote better understgnding of.the "mechénics" of
the model;’and ;llow both ektensién and diséussion‘of‘preQious contri-
‘butidns." The m#jor issues in which we shall be interested are as follows.

Will prices and market shares be stable in the short run? If not uni-
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versally, under what conditions will prices stabilize? When prices are
unstable, over what range will they fluctuate, and what determines this
range? If the fluctuation of prices is cyclic, how long does it take
for prices to complete one full cycle, and on what does the periodicity

depend? To these issues we now turn.

1I. The Pure Edgeworth Model

The model assumes two firms producing identical products for sale in
a compact market. Cost structures are identical, with constant average
variable costs out to full capacity output, at which all costs would
become infinite in the short run.1 Market demand is static throughout
the short run. A useful analogy is the demand for daily newspapers whére
the same people appear every day to purchase, {(or not purchase, depending
on price), one unit of the commodity from either of two street-corner
paper-boys. The duopolists are day-to-day profit maximizers who do not
recognise their mutual dependence. Consequently they have neither co-
operative nor malicious intentions toﬁard each other. Each regards the
other's price of yesterday as datum, and may set a new price each morning
which then pfevails for at least one day..bTo avoid the complications of

unsold articles we assume that commodities are produced on order at the

l. For the most part, the following analysis is confined to the Edgeworth
structural assumption that each firm's full capacity output level is less
than that amount which would satisfy the entire market demand at a price
equal to minimum average variable costs. The Bertrand assumption, that
each firm can satisfy the entire market, leads to considerably different
conclusions, as will be noted. '
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time of the transaction.

Let us call the duopolists firm A and firm B. Suppose that as we
begin our observatioh of the behaviour of these firms, A is setting a
slightly lower price than is B. 1In Fig. 2-I A's price is shown as Pl,
while B's price is Pm' the industry monopoly, or cartel, price. Since
products are identical (and éonsumers are presumed to maximize utility
subject to a budget const;aint) A's demand curve will be horizontal and
this firm will be selling full capacity output, Qc. Firm B will be
selling only to the residual demand. In terms of Fig. 2-~I, B's sales

~ will equal Ql’ which is ap‘proximately3 equal to the portion of the total

market demand which A was unable to satisfy at price Pl. That is;

qb = Qb - q*’ « s s e (2.1)

where the subscripts a, b denote firms A, B; é represents the sales of
the individual firm signified by the subscript; g* is the full capacity

output (sales) level for the individual firm; and Q is the total market

demand at the price of the firm which is specified by the subscript.

Since the firms are profit maximizers, we would expect them to be

' constantly‘evaluatingvtheir alternative price/output opportunities.‘ Let

2. This replaces Edgeworth's equivalent assumption that production and
disposal are costless. Shubik [133, p.91] and Levitan [89] have examined
the impllcations of 1nventory costs, as a modification of the Edgeworth
model.

3. This is only approximate, as a small number of buyers will leave the
market due to the slightly-higher price neqatlng their consumer surplus,
as explalned below.
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us consider firm B. What will his demand function look like? For
prices above his present price the residual demand will decline as buyers
drop out of the market due to the rising price exhausting their consumers'
surplus. We may specify the residual demand at all higher prices if we
make an assumption cohcerning which particular buyers comprise the resi-
dual demand at the’pricé immediately above A's price. Let us assume that
the arrival of the bufers; in the market élace, is random with respect to
the amount of consumer surplus they each expect to derive from the con-
sumption of the commodity. Now, note that a certain proportion of buyers
at A's price, that is q;/Qa, were early enough to obtain the product at
A's price. Given the "random" assumption we can say that of those buyers
who would have paid B's higher price, (that is, Qb), the proportion q;/Qa
were lucky énough to purchase the commodity at A's price. Subsequently

1 - q;/Qa of those Qb buyers remain as the residual demand. Hence firm
B's demana,function for ali prices higher than A's may be expressed as

follows:
q = o (1-gas0) ' C e e e (2.2)

As B increases his price, the market demand, Qb’ and hence qb, will decline
as buyers progressively drop out of the market as their consumer surplus

is negated.4 This section of the demand curve, given A's price of Pl'
thus beging at the coordinates (Ql, Pm) in Fig. 2-I, and converges‘on

4. Note that when A's and B's prices are only slightly different, Qa
approaches Qb' and equation (2.2) reduces to (2.1).
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point Po on the price axis. For price decreases, however, the demand
curve for B is characterized by discontinuities. If B lowers his price
slightly, to equal A's price, the firms will share the market equally,

and the relevant coordinate will be the EQEEE (Q',Pl) in Fig. 2-I. The
third part of the demand curve will be horizontal, at a price slightly
below the‘fival's priée,‘and reflects'the infinite cross-elasticity of
demandbbetwgen the firms' products. The fourth section will be the market
demand curve below the point where it is met by the horizontal section,

. o . - . 5
since the individual firm's demand curve is constrained by market demand.

Because the demand function has discontinuities, firm B's profit

function is not differentiable over the entire range of outputs. Instead

'

B will need to calculate the maximum profit from each of the sections of

the demand function, and compare them, choosing the price/output combina-

tion which yields the profit maximum maximorum. Consider the first section

of the demand curve, given by

4G 9 (1 -ao,) C el (2.2)

As yet we have no specification for the total markeﬁ demand. Call Pb the

price of firm B, Po the intercept of the market demand curve on the price

axis, and M the recipro?al of the slope of the curve in absolute terms.

5. Strictly, the third section of the firm's demand function will be a
horizontal digcontinuity at a price slightly below the rival's price.
The only concrete point in this section is where it is constrained by
the market demand curve.
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The market demand curve at B's price is then

Qb - M (Po - Pb) « s s = (2-3)

Introducing constant variable costs per unit, k,, and total fixed costs,

b
Fb, we can specify B's first profit function as
= - - - * -
T [(Pb kp) M{p, - By) (3 - ay/ Qa)] p
2 ‘ |
= - - — * -
or M ( P - kP + PP 4 kbpb) (1 qa/Qa) M Fy

c e e (2.4)

The first order condition for profit maximization is to set the derivative

of (2.4), with respect to P_, equal to zero. This in turn implies

b

P, a o % s e .. (2.5)
b P

That is, the profit maximizing price lies halfway between the point Po
(price axis intercept) and the level of mardinal costs.6 Note that since
marginal costs remain constant ovef a substantial range of output ih this
model, the profif maximizihg price on any demand curve converging on point
' Po will be constant over that same range. Thus B, at price Pm in Fig. 2-I,
is already exercising his best option with respect to the first section of
6. The second order condition, that -2M (1 -.g*/Q ) < 0, is satisfied,

since M was introduced as an absolute value. I am indebted to John Palmer,
of the University of Western Ontario, for his comments on this section.
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his demand curve, since Pm was chosen from a demand curve which also

emanates from the Po intercept.

Now consider price reductions. If B lowers his price slightly,
equalling A's price, he moves to the point O, Pl which is half of the

total market demand at that price. Profit at this point is thus
= - - - F « e« . (2.6
i (P, - %) M2 (p_-p2) (2.6)

But if B lowers his price slightly below that of his rival, his demand
curve will be horizontal out to the market demand curve. If B's capacity

limit is less than the market demand at this price, profit will be

nb-(Pb-kb) af - F, C e e . (2.7

Note that equation (2.7) will always give a pfofit at least equal to the
profit of équation (2i65. Since only a slight reduction of price is
necessary to go from half of the market demand, to full capacity, profit
from the latter will exéeed that from the former in all except the extreme
cases where half the market is the same or greater than full capacity.
Hence the strategy of slightly undercutting the rival's price will domi-
nate tha£ of matching its price, except when the firms are both at fuli

capacity and each set the market clearing price.

In the case where the slightly-lower-priced firm's demand is con-
strained by the market demand at an output level less than that firm's

capacity limit, profit will be
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n, = [(Pb.- k) M (¢, -P)| -F, .. .. (2.8)

In this case»the fourth section of B's demand curve is feasible, and B
must be assured that this is the optimal price on this section of the
demand curve. Equation (2.8) is the relevant profit function. Setting

the derivative of this, with respect to P equal to zero,

bl
3Tb
D = MP 2 MPb Mkb = 0
implies ‘ Pb = Po - kb

which is, of course, the price as indicated by the first section of B's
demand curve, since both sections emanate from point Po' and average
variable costs are éonstantj But note that this price does not lie on
‘the fourth séction of the demand curve. If B were to set this price it
would sell only residual demand, since B's pfice would exceed A's. The
closest B can get to the price determined by equation (2.8) is to set a
price slightly below A's. Thus the strategy of slightly undercutting
A's price dominates any strategy involving ; larger price cut.7 And
since a slight price und;rcut dominates matching the rival's price, B
has only two choices; to stay at price Pm or to slightly undercut A's
price. |

7. wé shali see thétineither firm will ever set price higher than that
price which is halfway between marginal cost and the price intercept.

Thus the firm adjusting price must choose a price below this unless it
intends to sell only to the residual demand.
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Thus B will compare the pfofit from equation (2.4) with whichever of
equations (2.7) or (2.8) which is relevant and depending upon whether or
not the slight price undercut allows full capacity sales. 1In Fig. 2-1
it wili'be'seen that if B undercuts A's price, he will sell full capacity
output, and this is clearly more lucrative than remaining at price Pm'
Following B's price cut, A is reduced to satisfying the residual demand,
wﬁich is now slighfly larger, at Q2 in Fig. 2-I. A’'s démand function
will also have four sections. For price increases it will rise towards
the price axis intercept Po' and for price reductions it will be a point,
a horizontal section,‘and finally the lower part of the market demand
curve. By analogy with B's case above, it will be seen that only the girst
and thi;d sections on this,cufye are relevant. Price Pm is the profit'
maximizing price on the first section, for reasons explained earlier. A
should compare the profitability at this price with that at the price
slightly below B's price, which allows full capacity. In Fig. 2-I it is

evident that the latter will be the preferred strategy.

And so it continues. The firms alternately cut prices and expand to
full capacity; and are reduced, in turn, to selling only the residual
deﬁand.' Since_the price réductiops willbbe.only siight, the‘firm with
the undercut price finds itself on the curve dd', in Fig. 2-I, which
Shubik [133,>p.82] hgs called the "conﬁingent demand" schedule. Note that
it‘ié described by equatioﬁ (2;1), and may be defined ag the residual
demand, contihgenf upon the price difference bein§ very small. It is thus
a special case of equation f2.2) which is the residual demand for all

prices of B higher than A's price, when the buyers arrive randomly. The
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contingent aemand curve must'begin at point d on the price axis, since
the lower priced firm is able to satisfy market demand completely when
the higher price is sliéhtly above point 4. It lies parallel to the
market demand curve, and it must terminate at point d', since at this
price market demand is large enough to allow both firms to sell full

capacity output, and any further price cuts would simply reduce revenue.

But will the price be bid down until both firms are at full capacity?
This depends upon the relative profitabilities given by equations (2.4)
and (2.7) or (2.8). The further the prices fall, the less profitable
is full capacity output, and the more profitable it becomes to set price
Pm. Consider'ﬁhe price Pn in Fig. 2-I, which is chosen such that the.
profit level with full capacity output and price Pn: is just equal to
profits at the higher price Pm. Hence if firm A is setting the (rela-
t;vely lower) price Pn' firm B will prefer to raise price to Pm rather
.than-to undercut price‘Pn. Firm A will continue to sell full capacity
‘output at price Pn' but will realize that he may enlarge profits by
raising price to a level fractionally below B's price Pm. As 1ong.as A
is the,lower-pficed'firm it will be the first choice of all buyers. But
there are fewer total buyers at price Pm' and A's raising price causes B
tq be placed on the contingent demand curve at price Pm. We are back
where we sﬁartedl Oncé again, B has a strong profit incentive to under-
cut A'svprice, and thefprice cutting will continue until price Pn' after
8. This contingent demand curve is appropriate for both firms, since
their cost structures are identical. The parallelism between the con-

tingent demand curve and the market demand curve depends upon the
vertically~rising marginal costs.
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which a price rise will be more -attractive to the firm with the contingent
demand. Thus, prices will fluctuate between the floor and ceiling prices

P_and P, and Shubik [135, p.268] has called this the "Edgeworth Cycle".’

“III. The.Am2;§tude of the Edgeworth Cycle

In this section we are concerned with the location of the price floor
and ceiling, and the resultant range of price.fiuctuations. What factors
cause this range to be g;eater or smaller? Under what circumstances will
there be no price cycle? It is evident that an important determinant of
the price instability rests with the reiétionship between the size of the
firm's plants and the market demand. For it was the existencé of excess
capacity which made it profifable to undercut the rival's price, as we
saw in fig. 2-I. Similarly, when residual demand was suffiéiently large,
the firms were motivated to raise prices again. Price stability will
require a situation in which it is neither profitable to raise, nor pro-

fitable to lower, the prevailing price level.

We may thus envisagé’two extreme éituations ih which there‘will be
no Edgeworth cycle. Thelfirst is ﬁhat where plant sizes éfe so small,
thét the ceiliﬂg price al}ows both”firms to seli full capacity output.
No incentive to cut pricés exists, since this would simply reduce revenues,
Price increases are likewise less profitable, since according to the re-
action funcfion for pricde increases, equation (2.2), and the assoéiated

profit function, equation (2.4), the joint profit maximizing (ceiling) "
; :

9. Prices do not "cycle" in the strictest sense. They move smoothly down
to price Pn’ but leap directly up to the ceiling price P
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price is optimal. A second circumstance of price stability would occur

if capacities were so large relative to the market, that each firm could
satisfy the entire market at a price equal to its minimum average variable
costs. No incentive to lower price exists, as firms will not accept
prices below average variéble costs, since the latter are discretionary
costs. Similarly there is nothing to be gained by any higher price,

since residual demand is zero at any higher price. Hence prices would

stabilize at the market clearing price.lo

Between these two extremes, price instability will prevail. As soon
as the joint capacity of 'the firms is so large that it cannot be cleared
at the monopoly price, an incentive will exist to cut prices, and later
to raise them again. The ;mplitude of the Edéeworth cycle will increase
as the capacities of the firms‘are enlargéd relative to the market demand.
The ceiling priée ié the same, as iOng as average variable_costs are con-
stané at the same levei, as has been arqued earlier. The floor price,
however, falls closer and closer to the "clearing" price, as capaciﬁies
are énlarged.11 This is illustrated in Fig. 2~II, where six different

capacity sizes are superimposed upon an othérw%se ceteris paribus situ-

ation., The price Pn is in all cases the price floor, and is that price

10. sStrictly, this second circumstance of price stability does not occur
within the confines of the pure Edgeworth model, since it involves the
Bertrand assumption that the firm's output constraint is not binding.

11. Given a particular level of constant costs, any particular price will
allow a larger profit when it applies to a larger output. This price will
have to fall further before the profit from undercutting is inferior to
that at Py. But in addition, residual demand at the ceiling price is
smaller when capacities are larger relative to the market. Hence profit
at the ceiling price ic lower, and therefore the price floor must be lower
still before the profit from undercutting just equals the profit from
raising price to P again.
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where the profit from a further price reduction would be inferior to the

piofit at the ceiling price Pm. The equivalent profit rectangles, neg-
lecting fixed costs, are shaded oppositely in each diagram. Note that
the Edgeworth cycle reaches its maximum when each firm has capacity
almost sufficient to‘satisfy market demand at a'p;ice equal to minimum

' avefage'variable costé. When each firm does have sufficient capacity to
satisfy the market, as in Fig. 2-II (f), the price cycle abruptly dis-

appears.

In the above we have held the demand situation constant ana varied
capacity'limits.‘ Let us now investigate the implications of differingk
demand structures in relation to any given cost conditions. The smaller
is the sldpeiof the mafkét demand curve, the smaller will be thé tot&l
decline in prices before both firms are at full capacity. Moreover, the
smgller‘the slope, the greater the likelihood that the marginal revenue

' cﬁrve Qill cut a given inddstry'marginal ébst curve in its vertical section,

and thus the more likely is price stability.12

One last variation on this theme is instructive. Suppose the firms
now have differing cost structures. Let us presume that firm A is the
relatively high-cost, sm&ll-capacity firm, and that the cost curves of

the firms are represented by MCa and MC, in Fig. 2-III. Since capacities.

b

are different there wi;l now be two contingent demand curves. A's curve

12. The extreme situation of perfect market price elasticity would
ensure price stability regardless of capacity sizes. This is a trivial
outcome, however. Market price elasticity subsumes elements of. income
elasticity and cross-elasticity (against all other products). Cross
.elasticity is likely to be ‘relatively small, by definition of the duopoly,
and income elasticity is not likely to be infinite, which it would need
to be for perfect market price elasticity.
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is labelled d;, and applies when B has the slightly lower price. Simi-
larly, B's curve is dg. Due to the different levels of minimum average
variable costs, the profit maximizing price on the firms' reaction
functions for price increases will also differ. These are shown as P;
for A, and Pm (the induétry monopoly price) for B. .What will be the
amplitude of the érice cycle? It is clear that each firm will prefer
to raise its price.sometime before the price reaches the level of that
firm's minimum average variable costs. Firm A, the higher-cost firm,
reacﬁes this crucial decisipn first, at price Pn in Fig. 2~-III. The
floor price is, once again, the price at which a further price reduction
for either of the firms will return an inferior profit as compared to
raising price against the'residual demand. Firm A subsequently raises’
price to P;. But firm B may now raise price as high as Pé yet still

sell full capaéity output. This reduces A's residual demand to zero.

He must undercut B's price, and prices subsequently tumble towards Pn.

FWhen cost sfructures differ, then, the amplitude of the cycle13 is
de;ermined by the highef-cost firm since this firm chooses both the
floor and ceiling turning pbints. Given two firms with differing cost
structures, the amplitude of the fluctuations will vary with the size |
of plapts relative to the market, and inversely with the market elasti-
city, as outlined above. It is interesting to note that if minimum
averagé variable costs differ, prices will not‘stébilize, (barring per-
13. Note that the "cycle" is now even more irregular in its path from

floor to ceiling. Prices jump up, from P_ to P', then jump down to Pg;
and then progress smoothly down to Pn before jumping bach to P; again.
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fectly elastic market demand), regardless of how small the firms are in
relation to the market. Even when both firms are at full capacity, profit
maximization requires that the higher-cost firm set a higher price than
the lower-cost firm. The low-cost firm will then raise its price, and
prices will subsequently cycle. At the other extreme price will stabilize,
buf only after the highér-cost firm is forced to cease production. The
low-cost firm‘will set a priée just below the average variable costs of

. . . . 14
his rival, and completely satisfy the market at that price.

IV. The Freguency of the Edgeworth Cycle

In this .section we shall ex#mine the underlying determinants of the
Eerlod of the price cycle, when 1nstab111ty prevails. That is, we are
1nterested in how long 1t takes for prices to degenerate from P to P
and rise back up again. What factors might cause this period to be

shorter or longer?

The initial assumption that the sellers set their prices in the
mornings, to prevail throughout the day, means that the period of the
cycle will'be the number of days it takes for prices to fall from Pm to

Pn; plus one day for the price to be raised back to Pm again, in the

14. The introduction of diminishing returns (curvilinear marginal cost
curves) complicates the diagrammatic presentation, but does not change
the conclusions. The maximizing prices on each firm's reaction functions
will no longer be constant over a wide range of outputs, but will fall as
marginal costs fall, and will be higher as marginal costs rise. The
floor and ceiling prlces remain determined by the higher cost firm, and
the condltions for price stability in the short run are unaltered, except
that instead of an absolute full capacity, the firm will consider itself
at full capacity when price equals marginal cost.
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identical costs case, for example. Strictly, if.products are identical,
consumers are rational, and information is perfect, cross-elasticity of
demand between the two.goods approaches the infinite. Hence the price
cut needed to attract all buyers is infinitesimal, and, thus, the period
will be infinitely long; More realistically however, 4 certain minimum
(finite) price differential will be required to attract the attention of
all buyers. Given the size of the minimum price cut, and given that
prices may be changed daily, the frequency of the price cycle depends

upon the amplitude of the cycle, ceteris paribus. But why do we specify

that prices are changed daily, rather than at some more frequent interval?
The underlying presumption is that it takes a full day for each seller to
find out his rival's pricé, and to act accordingly. How does one seller
find out the other's price? Either he poses as a buyer, obtains the
information from a buyer, or simply recognizes that his sales haye dwin-
dled to the residual demand.ls Having obtained the price information,
the undercut fi;m must set his new price. All of this takes, presumably,

one full day to accomplish.

The frequency of the price cycle thus appears to bear a strong
relationship to the efficiency of information systems faced by the two
firms. Firstly, the minimum price cut which serves to attract the pre-
ference of'all buyers is related to theyextent of the imperféctions in

15. The model formulated by Stigler [145) may represent the mechanism
by which a seller recognizes that the other seller has reduced his price.

Stigler envisages the firm calculating the loss of its own 'old customers',

the gain of other firms' 'old customers', and the gain of 'new customers'
entering the market for the first time. A significant variation from the
normal values of these flows would indicate that a competitor is secretly
(to the other sellers) cutting its price.
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the transmission of information from sellers to bhuyers. The more efficient

is this information flow, the smaller will price cuts need to be, and the

longer will be the perioud of the cycle, ceteris paribus. Secondly, the
presumptién that prices are changed daily is, in effect, a specification
of the imperfections in the information flow between sellers. The more
efficient is this information system, the more quickly will a retaliatory
price cut be forthcoming, and the shorter will be the period qf the cycle,

ceteris paribus. The more efficient the former aspect of the information

environment, and the less efficient the latter aspect, the longer will be
the period of.the cycle. 1In the event that these aspects of information
systems are positively related, the frequency of the cycle will depend
upon the balance between the £wo forces which tend to shorten or lengtben

the period of the cycle.

V. Conclusions

Stability of prices is the e#ception rather than the rule in the
simple Edgeworth model. Given the underlying assumptions, price stability
is possible in only two circumstances. One is that where the firms
capacities are sufficiently‘small relative to the market demand that
neither firm wishes to depart from the "cartel" profit maximiéing price.
The second situation reqﬁires the Bertrand capacity assumption; that
both firms have sufficiently large capacities that they could each satisfy
‘the entire market demand.at a price equal to minimum average variable costs.
Shubik is awafé,of'both of these equilibrium possibilities, but has dis-

missed the former case as trivial. [132, p.424]. Thereafter, he and his
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asSociateé seemed to indicate thét the only equilibrium price will be
the "efficient" price, or that price which is equal to minimum average
variable costs.16 The reader is led to understand that the only mean-
ingful case of price stability occurs as a result of invoking the Bertrand
capacity assumption, or puristically, that price stability only occurs
tfivially in a stfictly Edgeworth model; But to dismiss the small-
capacities equilibrium case as trivial appears to be unreasonable in
the light of the short run nature of this model. In the short run the
market demand curve may shift,17 but firms' capacities must remain con-
stant. It is quite feasible that the market demand curve could_shift
sufficiently-far to the right, thus enabling béth firms to attain full
capacity sales at the "cartel" price. Price stability would then prevail

throughout the short run or until demand conditions slackened.

The amglitude of the cycle was found to depend upon the ratio of
firms' capacities to market demand, and upoﬁ the inelasticity of market
demand. As noted above, the relationship of capacitiés to market demand
could changé in the éhort run, by virtue of shifts‘in the market demand

curve. If the demand curve shifted outward, we would predict a progres—

16. Shubik defines the efficient point as follows: "... at this point
any further price cut by one firm merely lowers its own profits. At the
efficient point price the optimal production rates of both firms just
saturates the market” [133, p.95]. Also, he has defined the efficient
point solution as the price equal to marginal costs [98, p.1l44]. With
curvilinear cost functions these two statements amount to the same thing,
but with constant variable costs out to the point of full capacity, as in
this exposition, the price which just allows both firms to sell full
capacity will be above the constant level of marginal costs in all except
the Bertrand case.

'17. The demand curve may shift in the short run due to seasonal factors,
or changes in consumer tastes, incomes, expectatlons, or prices of com-
Plementary goods.
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sively smaller range of price fluctuations with eventual price stability,
(if this did not already exist), and the opposite as the demand curve
moves leftward. We notice in facf, that firms appear to be more willing

to give discounts and lower prices when demand is relatively slack.

It should be briefly noted that the amplitude of the price cycle
depends very heavily upon the assumption underlying the formation of
the residual demand. 1In the foregoing we followed Edgeworth and assumed
that buyers lucky enough to purchase at the lowe: price were chosen
randomly with respect to their expected consumer surplus. Much of
shubik's work, however, involves the assumption that residual demand is
minimized by virtue of the lower-pricéd firm selling to customers in
deseending'order of their eipected consumer surplus at that.price. (See
[132, pp.419-425}, [133, bp.86—9l], {130, pp.31-34]). Since the floor
and ceiling prices each have a dependence upon the residual demand, it
is clear th;t tﬁe cycle will be affected. We leave this question until
chapter fivg, however, since it is outside the terms of reference of the
simple model.' THe basic Edgeworth model assumes failure to recognize
mutual dependence between sellers, whereas a firm choosing its customers
in order to minimize the demand remaining for the othef firm implies that

this recognition is in fact made.

The frequency of thé'price cycle was seen to depend upon the minimum
necessary size 6f the price cut, and the length of the Edgeworthian day.
If the floﬁ of infprmgtion from sellérs to buyers was perfect, then an
infinitesimal price cut Qould suffice. va not, a';arger, more noteworthy,

Price cut must be instigated. The Edgeworthian day may be quite long



PR

_33_
when it takes a considerable time for one seller to find out the actual
price of the other seller. The period of the cycle will be longer, the
greater the efficiency of the flow between sellers and buyers, and the
lesser the efficiency of the flow between sellers. Real world situ-
ations where buyers' information is good and sellers' information is
relatively poor, may be approximated in some basic manufactures markets,
such as steel and cement. The sellers' products approach homogeneity
when manufactured to specification, and the buyers, having the required
technical knowledge, tend to shop around for the best price. When trans-
actions are made as a result of secret tenders, the sellers will not be

certain of the successful bid price until after the contract is awarded.

The analysis of this chapter was intended to clarify and extend our
understanding of the baéic Edgeworth dﬁopoly model. The method of expo-
"sition, with increaéed emphasis upon the mechanics of the médel, is
e#pected to have facilitated a more general appreciation of the model.
As far as i am aware, this chapter contributes the following elements
to the literature on the model. It makes the clear distinction between
the contingent demand functioh of the residual d&hand function for all
higher prices;'carefuliy‘defiﬁing the latter. It explicitly discusses
the factors ﬁhderlying what I have called the “amélitude“ of the price
cyc;e. It provides an information-efficiency explﬁnation of the
“frequenéy“‘of the price cycle. Further, the oféen complex advances made
by shubik 25;52 haye been clarified, and in some cases qualified, in the

light of this analysis.

1 '
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In the following chapter we begin the process of extension of the
pure model by the systematic relaxation of certain restrictive assump-

tions that are employed in the basic model.
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CHAPTER 3

PRODUCT DIFFERENTIATED DUOPOLY

I. Introduction

In this chapter tﬁe bésic Edgeworth duopoly model is modified by the
relaxation of the homogeneous products assumption. At the outset, it
should be noted that product differentiation is a subjective matter. If
the consumer has any preference for one commodity over the other, at equal
shop—door'priées, then the products are differentiated in his eyes. This
préference may be based on real or imagined quality differences; location
of the sellers and associated shopping cost and inconvenience; packaging;
courtesy; expected after-sale service; and the prejudices, ignorance,
apatﬁy} etc. of the buyér. Sraffa [143] was one of the first to make the
point that identical-products models were inadequate in view of the often
strbng preferences ‘held by consumers. Hotelling [76] later incorporated
fhiS'into his model of two firms producing cider of different degrees of
Sweetness. Hotelling's model was not really‘in‘the Edgeworth mould, how-
ever. Stability was attained when firﬁs pfiCed;at average total cost; and
the firms competed by changing their location on the product differenti-
ation spectrum in the lohg run. Product differentiation has been intro-
duced into the Edgeworth model by Shubik [133], ([136], and his associates

[130], [89]. Their treatment of the notion of product differentiation,
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however, has been confined to a particular case, as we shall see.

In what follows we shall establish a general form of the demand
function faced by the individual firm. It will incorporate certain.
extensions to the concept of product differentiation. The price
adjustment process is examined, and the conditions for stability and
instability are determined. Computer simulations of the adjustment
process were employed, and some results are noted. Apart from dif-
ferentiated products, all other assumptions are Edgeworthian. Firms
are_price-strategic,_and attempt to maximize their immediate profit
without recognizing their mutual dependence. Hence they expect their
rival's price to remain fixed. Output capacities are limited, and

marginal costs are constant to the point of full capacity.

II. The Firms' Demand Functions

We begin by examining the form that'préduct differentiation may take.

The division of the.total sales between the fwb fitms, at a particular
pair of prices, will depend upon the structuré of the aggregate prefer-
ence at thoée prices or price differential. We shall define product
différehtiation first in terms‘of its symmetry of asymmetry, and later
in terms of its continuity or discontihuity; Next we take account of
the péésibiiiﬁy that excess demahd may arise as a resulﬁ df the limited
capacities .of the firms, causing some buyers to purchase their non-

preferred prodﬁct.
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(i) Symmetric and Asymmetric Product Differentiation

Symmetric product differentiation implies that when prices are equal,
the two firms exactly share the market demand at that price. It further
implies that when prices differ, ghe total demand will be divided between
the two firms in a ratio debending upon the price differential, and régard—
less of which firm sets tke‘ﬁigher or lower price. For independent price
movements away from any equal prices situation then, both firﬁs will gain
or lose sales along a demand curﬁe of the same slope. At any particular
price level,; price elasticity of demand will be the same for either firm.
Asymmetric product differentiation implies that when prices are equal, the
market divides unequaliy.' For example, a widely-advertised product may
command twb-thirds of the market whenever its price, and the price of‘a
lesser-known subétitute( are equal. The individual demand curves need

not have the same slope, in this case, since pfice elasticities may be

the same, or different, at any particular price.

The demand functions faced by the duopolists, before consideration
of possible discontinuity of product differehtiation, or the effects of

limited capacities, may be expressed as follows:

!

- _p)
D, moo + (p, _Pb) = N & 15 B
pa
- - dq
~and D, moo, + (¢ p) b e (3.2)
dpb

where the subscripts a, b denote Firm A, B; D is the individual firm's

demahd; Q is the market demand at the price of the fimm specified by the
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subscript; P is the price of the individual firm specified by the sub-
script; dg/dp is the reciprocal of the slope of the specified firm's
demand curve; and m is the proportion of the total market demand that
will prefer to purchase from the specified firm when prices are equal.

It is clear that in the symmetric case ma =m = 1/2, and that the reci-
procal slope terms will hsve the same value. If prices are equal, the
latter term in the equations vanishes, and the firms share the market on
the basis of the m values. A price cut by either firm would cause it to
gain sales while the other firm loses sales. This is assured by anchoring

the demand of one firm to some portion (m) of the total market at the other

firm's price, plus or mirnus some part of demand which depends upon the

price differentisl. Thus, if initially prices were equal, and firm A cuts
price, it will move along its demand curve, while-B'svdemand curve will
shift back. If B now matches A's price, it will move along its demand
curve; and A's demand c¢urve will shift‘back.s In the svmmetric case the

firms would once again share the market equally.

(i1) Continuous ana Discontinuous Product Differentiation

Product Differentiation means that consumers do not view the competing
products as being exactiy_the same. Some buyers will Qiew the productsvas
close substitutes, while others will consider them distant substitutes.
As long as they ggg_considered to be substitutes there will‘be a pair of
prices for each consumer at which he will be indifferent between the two
pfoducts. We presume that bﬁyers preferences are such that as the price

difference widens, buyersvswitch over to the lower-priced product smobthly

and linearly. All this is implied in equations (3.1l) and (3.2), and we
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shall call this phenomenon "continuous” product differentiation. That
is, no buyer has an absolute preference for either of the products
regardless of relative priceé. "Discontinuous" product differentiation,
then,.arises when some buyers do not view the two products as substitutes.
Whatever the price of one product, some buyers will purchase the second
product up to the point where its price is so high that their consumer
surplus would be negative. These buyers then leave the market rather

than purchase the other commodity.

To the extent that some buyers will only ever purchase the product
of one firm, the demand for this product will not fall to zero until the
last of these "loyal" buyers has His consumer surplus negated.by the
risiﬁg price-level. These buyers constitute a private market for that
firm, which we shall assume depends linearly upon that firms price.
These loyal buyers will thgs be the minimum sales for any given price
level. Call ﬁ the intercept of this private aemand curve, G the slope
" of this curve, and q' the.minimﬁm, or "loyal" quantity demanded. Thus,

for Firm A, the "loyal" quahtity demanded may be expressed as follows:

af = (¢, - H) /6, e e . (3.3)

and similarly for firm B:
' = A b N ' a
q (P H]) /G e - .. (3.4)

Incorporating this into eguations (3.1) and (3.2) we have:
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D = q + m (@ - @, - q) + (p 'P)_._dqa
a a a a ba a a b
dp
a
and e « .« . (3.5
dq
- ' - ] - ' -
Py q +om (9 7 9 q) + (p r) — b
D.
b
. . . {3.6)
R R R . ' ]
which are subject to: O < a, < Db, = 9, T 9,
< ! < < - ' : = ; O < < 1 ;
O 2 q, £ Dy 9 %ab ot My 1 =My =

. g '
0 < m < 1, and ap < o, The notation s means the value of B's

minimum quantity demanded at the level of A's price. That is, Pa is sub-
stituted for Py in equation (3.4) to find how much of the total market is
not accessible'to firm A at A's particular price level. MNote that if pro-
duct differentiation is both symmetric and discontinuous, the parameters

H‘and G must have the saﬁe value for firms A an& B. If product differen-

tiation is continuous, q; and qg are zero for all prices of firms A and

B, of course.

(iii) The Full Capacity Feedback Effect

Since we have postuiated that the productive éapacity of each firm is
limited, a Situﬁtion may.a;ise in which the excéss demand for one product
is partly redirected back towards tﬁe other product. If, for example,
firm B is at full capacify sales, firm A is able to raise priée without"

B selling ény moré, despite the extra demand being diverted to B's product.

Some of these unsatisfied demanders can be expected to go back and purchase
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from A, because although they prefer A to B at that particular price
differential, they prefer A to ﬁothing at all. Thus there is an Addi-
tional element which enters A's demand function whenever there is excess
demand for B's product. 1In order to specify the size of this full capacity
feedback effect, we néed fo make an assumption about the composition of
the excess demand. In keeping with tﬁe Fdgeworth model Qe assumé that of
those buyers who wished to purchase B's product, the satisfied buyers
were chosen randomly with respect to their expected consumer surplus. This
allows us to 'scale down' the excess demand which remains at B's price to

find out how many still have non-negative consumer surplus at A's price.

The excess demand for B's product at price P is équal to D

- *
b’ b 9y

The higher is A's pricé above P, the smaller will be the proportion of

b
this excess demand which still has non-negative consumer surplus. At the
intercept of the market demand curve, Po' all of the excess demand is
exhausted. Thus we may‘envisage two rays converging upon the price axis
intercept Po; one from the coordinates (qg, Pb) and the other from

(Db, Pb) . At price P, the horizontal distance between these rays is

b

the amount of the excess demand, D.

b qﬁ, and at all higher prices the

horizontal distance ‘is the amount of the excess'demand which remains

willing to purchase at the higher prices. The ray joining qg (at Pb)

to the intercept Po' may be described as follows

P, = P, o+ X (a) . cee . (3.7

E Since'Pb, P, and g¥ are known, we may solve for the slope term, X:
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X = ..--(3.8)

Similarly, the ray joining-Db (at Pb) with the intercept Po, is expressed

as
P, = P+ Y (D) ... 2 (3.9)
and we may solve for the slope term, Y, since Db is known. Hence
Y=Pb;P° .. . . (3.10)
b

Now, for any higher price set by A, the feedback effect will be the dif-
ference between equations (3.9) and (3.7), evaluated at price Pa rather

than at P Hence

b’

P = P+ Xq c e .. (3.1D)

q = —Y0 e v o . (3.12)

which must be subtracted from the value on the second ray. To find the

latter, we know, from (3.9) that

P = P + YD e e .. (3.13)
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and thus the second value, D, is given by

D = & © . . . . (3.14)

Thus the full capacity feedback effect for firm A, call it Ea’ is given

by

P - Po Pa - P
Fa ~ =P ) - —5 (43
a " PO
or E, = 5 5 .(Db - ) .o .. (3.15)

By a similar procedure for firm B we would obtain

b o
y = ——s (0, - ) . v .. (3.16)
a o

Equations (3.15) and (3.16) are subject to nbn—negativity, since the

feedback effect only exists if there is excess demand for the other
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firm.1

The general form of the ceteris paribus demand functions for firms

A and B may thus be written as:

= [ ] - - ] - dq
Da 9a * Ma (Qa qﬂa' qa) * (Pa Pb) E_i * Ea
p
a
and e e o« (3.17)
= ot - - . - dq
D, = aq, + m (o L q) + (e P,) -d—l’- + E
Py, b
. . (3.18)
which are subject to
v . - [
o< (ag + &) <o = (o a}) and

o < [qé + Eb)'

| A
o)
JA

(Qb 'qé) respectively.

1. It should be noted that this specification of the feedback effect
involves the assumption that "loyal" buyers are satisfied first, and

that the excess demand is composed entirely of "continuous" buyers. One
justification for this is that "loyal" buyers may be regarded as having

. "subscriptions" to the product, while the "continuous" buyers go to the
"news-stand". This explanation accords well with the "loyal" buyers'
total commitment to one or other product. Relaxing this assumption would
involve a further discounting of the excess demand. If, for example, all
buyers arrive randomly, and if q*b/D = 2/3, then 1/3 of the "loyal"
buyers will be unsatisfied. Thesé must be subtracted from the excess
demand before it is discounted by the relationship between the firms'
prices, as in equations (3.15) and (3.16). Thus, under this latter
assumption, the feedback effect must be smaller at all higher prices,

~ as compared with the feedback effect under the assumption made in the
text. .
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(iv) The Additivity Problem of Market Demand

In the preceding chapter we defined
= - e . .. (2.3
N M (P, P,) (2.3)

as the market quantity demanded at the price ievel set by firm B. This
demand curve is characterised by the intercept.Po on the price axis, and
the reciprocal of the slope, M. Since products were identical, the price
ofbfirm A was immaterial to the specification of total market demand at
the price level chosen by firm B, When products are differentiated, how-
ever, an additivity problem arises in the specification of market demand.
(See particularly Triffin [154]). In tﬁe general case we are unable go
specify a unique market quantity demanded when there is a price differen-
tial in the market. The mean price is usually unéuitable, since aggregate
demand will depend upon which firm has the higher price, and how wide is
the price differential. Only in the case of symmetric product differenti-
ation wili the mean of the two different prices, when substituted for Pb
in equation (2.3), give the same aggregate quantity demanded as would be
obtained by the simple addition of A's and B's quantity demanded at their
respec;ive pricgs, as calculated from equations (3.17) and (3.18). This
is true because_the firms' demand curves ha&e egual slopes and at equal
prices each firm has half of the market. Thus whichever firm causes the
mean price to be lower by a‘giVén aﬁount,‘the tétal sales will expand by
the same amount. In the asymmetric case of broduct differentiation, how-
ever,either firm may lower the mean price by, say, ten percent, but the

change in aggregate sales will depend upon the slope of the demand curve of
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the price-cutting firm relative to that of the other firm.

In the general case, when products are differentiated, market demand

may be defined only in terms of equal'prices. Whenever asymmetry of

product differentiation exists, the arithmetic mean price will not accu-
rately predict the summation of the two firms' sales. Oncevagain we
shall assume that the market demand is linear with its intercept on the
price axis at Po, and the reciprocal of its slope being M. Modifying

equation (2.3) slightly, we have
o = m(p, - P - e .. (3.12)

where it is understood that P will be the price of both firms in the
asymhétric case,‘ahd any mean price in ﬁhe symmgtric case. The individual
firm's demand curves given by equations (3.17) and (3.18) show Q with a
subscript indicating either the price of firm A or firm B. Note that this
serves pnly to specify the starting pﬁintbfrom which the firm's equal-
prices share of the markét will diverge as its price diverges from that
of the other firm. 'The sﬁbséript to § indicates at what level this

starting point is to be evaluated.

III. The Price Adjustment Process

' The ceteris paribus'démﬁnd curve for the individual firm will have

a number of kinks at certain price levels. An example is shown in Fig.

3-I. As firm A varies its price, given B's price P quantity demanded

bl
" will vary along the kinked line shown. The lower kink, labelled with
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P
P0
P
Q
; 0, -q'
1 b~Yab
Q.-q,
a 'ba
' m _a'len!
% a(Qa % qba)
a
0
at g
Fig. 3-I Differentiated Products Duopoly - Demand Curve for
A, given B's price and capacity.
N.B. This example is one of asymmetric discontinuous.product

differentiation, since the "loyal" shares, shown by g
and q', , are different. However, m_ =m = 1/2, and
the slopes of A's and B's demand curves are the same,
for diagrammatic clarity.



-4 8=
the numeral 1, accords with the fact that A's demand, as he cuts price,
is constrained by the accessible portion of the market demand, viz
- ot . p ' . ' , ted Al
Qa qba (Recall that qba is B's loyal buyers, evaluated at S

price level). For prices above this kink, A's demand would fall until

at price Pa P. , A and B would share the continuous part of the market,

b

that is (Qa - q; - qéa), in the ratio moo:m, which in this case is
one-half each. Kink number 2 arises shortly above B's price, and is the
result of the full capacity feedback effect beginning to operate, since
B's demand curve will have shifted to the right, (Db), allowing B to sell

full capacity at price P At point 3 there is another kink upwards

b
since A's rising price has alienated the last of the buyers in the con-~
tinuous section of the market, and thé feedback effect now adds directly
to the "loyal" buyers on curve q;. Previous to this price level, A's
demand was the sum of three elements: loyal, continuous, and feédback.
Although the feedback element was. increasing in maghitude, the loss of
continuous buyers more ;hén offset that increase, and the demand curve

was negatively sloping. Above the price at point 3, the feedback now

adds to the q; gurve which allows demand to decrease much less for a given
price incrgaSe, as compared to the continuous element. Hence the demand
for A kinks upward at this point. Note that at the same price level of
firm A, fhé excess demand for B reaches its maximum, since there are no
more'fcontinuéus“ buyers left to wwitch over to firm B. The feedback
effeét thus alsé reaches its maximum at this price level, and at higher
Prices of firm A thié constant excess demand is discounted to the extent
that A;s price.departs B's pricé and.approaches the price intercept Po'

as detailed in equation (3.15). The fourth kink arises when the last
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of the "loyal" buyers leaves the market, and thereafter A's demand, up

. . . 2
to the point Po, is confined solely to the feedback buyers.

Since the individual firm's demand curve is kinked in a number of
places, the marginal revénue function will be disjointed at these price
(or output) levels. Thus the marginal revenue "curve" may intersect the
marginal cost curve more than once, and/or it may pass through one or
more ofvthe discontinuities in the marginal reQenue curve. As in the
preceding chapter, the firm must compare the profit maximums from each
section of the demand function, and choose the price/output combination
which allows the "maximax" profit. The procedure for this is very simi-
lar to that outlined in chapter two, and hence will not be re-iterated
here in algebraic form. Instead we shall concern ourselves with the
conditions for stability and instability. Stability and instability
depend.upon these profit functions, of course, since it is the relative
profiﬁability on the different functions which causes the firm to decide
whether to hold price stahle, or to destabilize prices by choosing

another price.

(i) Price Stability

In the Edgeworﬁh model the firms chocose the profit maxiﬁizing price
lével on the presumption that the price of the other firm will remain
constant. If the other firm's priée éubsequently changes, and ifbthis
affecﬁs the first'firm's sales and profits, this firm will adjust price

2. If the intercept.of A's loyal demand was at P , or if product dif-
ferentiation were continuous, the fourth kink wou?d not arise.
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again, once more expecting the rival's price to remain fixed. The price

- adjustment process will thus continue until the price adjustment of one
firm is so small as to have a negligible impact on the other firm's pro-
- fits. 1If this occurs, there will be stability of prices and market

shares. Let us look briefly at a case where stability does prevail.

In Fig. 3-II1 we depict the simple case of symmetric and continuous
product differentiation. For further simplicity we have assumed identi-
cal cost stfuctures,vénd that by éoincidence, the firms are each setting
the price Pm. At this price they are each selling output level @, and
we may imagine them bdth at the coordinates marked A'. Both firms‘face
the demand curve3 shown as AA'A". If we assume that firm A now indepen-
dently adjusts price sdlas to maximize profits, he will cut his price to

Pl and move to full capacity output. This causes firm B to lose sales:

v o . . N . u4
in fact, he is now located &t point B, facing the demand curve BB'B" .

Firm B's price adjustment would then be to price P_, where marginal revenue

2

equals marginal costs. This causes firm A to be at point C, facing the

demand curve CC", and he subsegquently adjusts price to P We note that

3
the adjuétments have become progréssively smaller, and that price and

sales appear to be converging upon équilibrium values, such as Pe and Qe'

3. In its entirety, the demand curve would extend rightward until it
meets the market demand curve, where it would kink downwards. For
unilateral price increases there is no feedback effect since one firm
would price itself out of the market (at price A) and the other firm
would not yet be at full capacity. »

4. This demand curve must have the same slope as AA'A", and must pass

through B', since at that point both firms would set price P. and share
1

the market equally. ,
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 where both firms would set the same price and share the market equally.5

To confirm that the price and quantity values would tend to converge
upon equilibrium values, the adjustment process was computer simulated.
In order to simulate the model, parameter values were inserted to des-
cribe the characteristics of the market demand curve, slopes of the
individual firm's demand curves, fixed and variable cost levels, full
capacity outputs, and the product differentiation parameters. As a
starting point it was presumed that the firms were setting the industry
monopoly price, this allowed an initial Pa = Pb situation from which A's
price might depart, and also allowed us to see when the duopolists chose
to act like a cartel. When A had adjusted price maximally, all the appro-
priate variables were rée-evaluated at the new price differential, and
then B adjusts his price maximally, and so on. The model was initially
simulated with parameter values consistent with Fig. 3-II.6 After five
iterations, in each of which both firms took the initiative in adjusting
price‘to maximize profits, the sales of each firm were affected only at
the second decimal place when the other firm adjusted price. After ten
iterations priceé and sales of the firms were equal to the eighth decimal
place before and after adjustments. For all intents and purposes, we may
5. There is no profit incentive to raise price, since the feedback
effect, in this case, is not large enough at any higher price, to cause
a price rise to be a more profitable strategy as compared to holding the
price constant at price P_. The next-most profitable price is one close
to P, (above the Tfeedbacﬁ" kink in the demand curve shown as De' which
passés through the coordinates Qg, Po) where the profitability is approxi-
mately six percent less than at Pg.

6. These were: market demand curve intercept, 52, slope, 0.362; firm's
capacities 41 each; firm's demand curve slope reciprocals, 3.375;
fixed costs, 100 each; variable costs, constant at 14 for both firms;

product differentiation was symmetric and continuous. The cartel price
level was 33.
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regard the market as being stable at the following values:

Table 3.1 1Initial Case - identical costs, symmetric and
continuous product differentiation.

A B
Sales 37.0986 37.0986
Price 24.9921 24.9921
Profits 307.7952 307.7952

Following the initial run, certain cost and demand parameters were
systematically varied in order to ascer;ain their impact on the equili-
brium prices and sales. The equilibrium price was made to occur at the
cartel price by one or a.combination of three changes. Firstly the fuil
capacity limits of the firm were reduced until the industry monopoly sales
level was equal to or greater than the firms' combined capacities.
Secondly, the price intercept of the market demand curve was increased
until the same result was obtaiﬁed. Thirdly, the slope term of the market
demand curve, which is involved in market price elasticity, was reduced
until again the firms could sell full capacity output at the industry

maximizing price.7

A price'differential is introduced b& any one of the following changes.

Firstly, if variable costs are different, ceteris paribus, then the firm

with the lower variable cost will tend to sell more output, possibly full

7. In each of these cases, the actual level of the cartel price was
differernt, of course, in accordance with the changed relationship between
market size and productive capacity.
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capacity, by virtue of the lower price which it sets to maximize profits.
Table 3.2, when compared with table 3.1, shows the result of varying only

the variable cost level of one firm.

Table 3.2 Differing Variable Costs - A's now 10, B's remain

at 1l4.

A B
Sales 41.0 35.6951
Prices 23.5896 24 .5763

Profits - 457.1747 277.5233

Secondly the firm with the advantage of asymmetry of demand (the larger

share when prices are equal), ceteris paribﬁs, will set a higher price

and sell the larger oﬁtput. Compare table 3.3 with table 3.1.

Table 3.3 Asymmetrié product differentiation:
ma = _333, mb = ,667

A B
Sales 33.3774 41.0
Prices 23.8896 27.0036
Profits ‘ 230.0909 433.1510

Thirdly, a price differential is introduced when the firms have different

capacity output levels, ceteris paribus. The firm with the smaller capa-

City is able to setia ﬁighér price, yet still sell its full capacity.

Compare table 3.4 with table 3.1.
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Table 3.4 Differing Capacity Levels: A's now 30,
'B's remains 41l. :

A B
Sales : 30.0 39.6523
Prices 27.5441 25.7488

Profits ' © 306.3258 - 365.3258

In the composite cases of the above three changes, the outcome depends
upon the relative strengths of the factors involved. A situation could
Abe generated, for éxample, where prices are equal, due to the advantaée
of asymmetric démana being just offset by the high cost ana low capacity

levels of the‘samé firm.

The iﬁtroduction of discontinuous product diffe;entiationvhad no
éffect as lohg as. this discontinuity was symmetric. Only when the "loyal"
markets differ, is thefe an impact 6n saleé and prices. The firm with
the largér "10&&1" market has higher salés, price, and profits compared
with the 6ther firm, BeCausé it is, in effect, operating in a largei

market. Compare table 3.5 with table 3.1.

Table 3{5 Asyﬁﬁetric Discontinuous Product Differentiation:
L B has a "loyal" share of 10% of the total market
.at ‘all prices. _ .

A B

sales " 35.8712°  38.4463
Prices . ‘ 24,5692 . 25.3915
Profits ‘ 277.0190 337.9628
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If we compound this asymmetry by varying the ratio moosm, the firm
with the advantage in both aspects of product differentiation enjoys
even higher sales, price, and profits. Alternately, if the firm with
the larger share at equal prices has the smaller "loyal" market, then
the advantage of the former is offset, in some degree, by the disadvantage
of the latter. And, of course, larger or smaller priCe differentials can
be generated by giving one or other firm relatively higher costs, or by
varying the size and elasticity of total market demand and/or capacity

levels.

The computer simulations of the model serve to illustrate that the
introduction of product differentiation into the Edgeworth model can
lead to a great variéfy of outcomes, especially when in conjunction with
differences in other cost and demand parameters. Prices may stabilize,
but the level at which they stabilize and the price differential which
is established, depends upon at least a dozen vafiables. We have, seen
that equal prices'do not necessarily indicate collusion; nor that the
firms necessﬁrily face identical cost and demand conditions, since prices
may stabilize very close to each other due to the countérvailing effects
of various cost and demand conditions. On the other hand, prices may

not stabilize, and to this we now turn.

(ii) Price Instability

Levitan and Shubik [89], following Shapley and Shubik {130], and
Quandt [120], have shown that the introduction of product differentiation

does not guarantee the achievement of price stability in the Edgeworth
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models. Instability of prices will occur if at some point in the descent
of price; (towards the equilibrium values mentioned in the previous sec-
tion) the feedback demand becomes sufficiently large that it is more pro-
fitable to raise the price than to reduce it further. A situation where
this happens is depicted in Fig. 3-III. If no regard has been given to
the feedback effect, prices will gravitéte to Pe’ since at this price mar-
ginal reveﬁue equals marginal costs and there is no further incentive to
cut price. For expositional clarity we show an isoprofit curve lying
tangent at point E. Since we have assumed constant variable costs, the

isoprofit curve is a rectangular hyperbola out to the capacity limit.

Now let the firms become aware of ﬁhé full cépacity feedback effect
which éccrues as 6ne firm raises its price. If this effect is such that
the demand function kiriks upward to cross the original isoprofit curve,
then éither firm may attain a higher level of profit by raising price.

In the Figure a new tangency is eQident at point J, vertically above the
point where thé marginél revenue associated with one section of the demand
function intersects the‘mﬁrginal cost curve. Since the profit at J exceeds
that at E, each firm will bé motivated to indepéndently raise price to

the higher levél. Suppose A does in fact raise price to Pj. As soon as

B realizes that it may raise price to gsome extent and still sell full
capacity, it will, and A's demand curve will move leftward to some lower
isoprofit curve. A continuing series of price édjustments-will thus

ensue as the prices are bid déwn towards Pe' and raised again, and so on.

8. I have commented upon this elsewhere. See [40]). Much of this sec-
tion relies heavily upon that earlier comment.
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Fig. 3-III Price Instability in Differentiated Products
‘Duopoly. .
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Whether one of the upper éections of the demand function becomes
tangent to a higher isoprofit curve, depends upon the factors underlying
the shape and position of both curves. With regard first to the demand
function, the smaller is the ratio of the other firm's capacity output
level to the total market demand in the vicinity of price Pe, the sooner
the curve will kink. The steeper is the firms demand curve before the
kink, the closer to vertical will be the curve after thé kink, since the
feedback effect will more nearly offset the loss of the "continuous"
buyers as price rises. Further, since at higher prices the feedback
demand adds to the "loyal" demand, the larger is the latter element at
any price, the steeper will be the firm's demand curve. And lastly, the
steeper is the.market demand curve, the more steeply rising will be the

demand function at higher price levels.

The isoprofit curve‘wiil be a rectangulai hyperbola out to the capa-
city output limit if thefe are constant average costs. If average costs
fall and later increase, the isoprofit curve will take on a U-shape,
withvthe sides of the U becoming more steep ;s first increasing and later
decreasihg returns become more severe. Given any isoprofit curve, it is
clear that as the "continuous" section of the demahd curve becomes steeper,
thé'tangency with the isopﬁofit curve must occuf at'a smaller proportion
of a firmm's given‘capacity. The slope of the "continuous" section of the
firm's demand curve depends in part upon the crqu-elasticity of demand
between the firms' products. The greater the degree of prodhct differen—~
tiation the steeper will be the "continuous" section. Given any demand

functioh, the steeper is the left-hand-side of the isoprofit curve, the
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less likely is it to cross the demand function. Thus the conditions most
conducive to price instability would be aslight degree of product dif-
ferentiation, constant average variable costs up to full capacity output.
and firms having little or no excess capacity at point F. This contrasts
witﬁ our expectations of actual duopolies, of course, where products are
moré often substantially differentiated, and where firms are motivated,

as we shall see in chapter six, to hold a significant proportion of excess

capacity.

Note that the relationship of capacity size to market size is an
important determinant of price stability, as it was in the identical
products case. The largéf are plant sizes in relation to the market
demand, the higher one firm will need to raise the price before the otﬁer
firm attains full capacity. Only after this péint will the feedback
effect begin, and its size is less likely to cause a price increaéelto

be more profitable, ceteris paribus. This is illustrated in Fig. 3-IV

where four different sizes of plantbare superimposed upon the same market
demand situation. . In ﬁart?(a) the‘plant size is so small that the price
Pe puts both firms at full capacity output. The demand curve thus kinks
immediately, for price increases above Pe. In this case the profitabil-

ity at price P exceeds that at price Pe' and thus there will be price

3
instability. In parts (b) and (c) plant sizes are progressively larger,
the feedback effect is seem to become progressively smaller, and there

is no price, in either situation, which yields a greater profit than does

price Pe. In part (d) the plant size is sufficiently large that in order

to allow the other firm to attain full capacity, the firm raising price



-61_

P
Pe

q 3v¢ ]

q

(c) (d)
Pl
Pe | — Pe
ave | | D q &ve¢
mr-

e\, '

Fig. 3-IV The Stabiiizing Effect of Larger Capacities in
' Differentiated Products Duopoly.
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must set a price so high, (P'), that the last of the "continuous"” buyers
has already switched to, and been satisfied by, the other seller. Thus
there is no feedback demand in this case. Price stability, it will be
noted, was obtained somewhere between parts (a) and (b). Given the
characteristics of market demand, and the cross-elasticity between the
two products,‘price stability depenas uéon the relationship between size

of plant and size of the market demand.

Alternatively, we might say that given a cost structure, and market
demana situa£ion; instability is less likely the greater is the degree
of préduct differentiation. When instability exists, then, firms may
remove it by further differentiating their products. If firms prefer
stability to inétability this would be a short run means of attaining
stability, while the above-mentioned effect of larger plant sizes could

" be utilized in the long run.

IV. Conclusions

Contrary to the findings in the identical products case of duopély,
stability of prices is common in the differentiated products case, while
instability of prices is the excéption td the rulé. .The levels at which
prices Wiil stabiiize” and the differences in fhe firms' prices, were
seen to depend upon a variety of cost and demand parameters. Product
differentiatiéh was iﬁtrdduced in the twin dimensions of symmetry and
cdntinuity, with interesting implications for the subsequent prices and
relative sales levels. The re-channelling of excess demand back to the

higher-priced sellex, which I have cailed the full capacity feedback
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effect, may be sufficiently large that it will aid in the destabilization
of the price level, but we have seen that this eventuality depends upon

a somewhat unlikely combination of other cost and demand conditions.

To my knowledge, the demand functions for the individual firms have
been specified with cqnsiderably more generality here, than has been done
before. Product differentiation has been carefully defined in terms of
the concepts of symmetry and continuity, which I have introduced. Shubik
[133], {136], shapley and shubik {130}, and Levitan and Shubik [89] have
previously discussed product differentiation in the price strategy duopoly
situation. Their treatment, however, appears to confuse elements of
symmetry and discontinuity. As I have noted elsewhere, [39], their analy-
sis would seem to be confined to the symmetricvcase, but their treatment
of a discontinuous element is not done symmetriéally. Moreover their
discussion of what I have called discontinuous product differentiation
is confined ﬁo a special case. They presume that if differentiatiqn is
discoptinuous,'then a constant proportion of thHe market demand will be
loyal to a particular seller at various prices. My specification is not
constrained in that manner. And lastly, the full capacity feedback effect,
as gpecified here, is geqeral, and does not rely on the constant pfoportion
of discontinuous product differentiation, as did my earlier [39] respeci-

fication of the Shapley and Shubik feedback effect [130].

¢

In the following chapter the Edgeworth duopoly model, both in its
identical products form and its differentiated products variant, is

extended to the oligopoly case.
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CHAPTER 4

EDGEWORTH OLIGOPOLY

I. Introduction

In this chapter the Edgeworth model is modified to include more than
two firms. At first, products will be assumed identical, and the analysis
will expand upon chapter two. Then product differentiation is allowed,
and the.analysis follows upon that of chapter three. For the most part
the conclusions of the previous chapters will stand, as duopoly is a
special case of oligopoly: in oligopoly an individual firm contemplates
a competitive strategy which will take place at the expense of all other

firms, while in duopoly there is simply one other firm.

II. The Identical Products Case

(i) The firm's demand function

When there are n firms, the demand for the individual firm depends
crucially upon its price ranking. Thus it is necessary to identify those
firms with higher, lower, and equal prices in relation to the firm under
consideration. Let us call Di the demand for the it'h firm's product,
where 1 =1, 2, ...; n; qg is the full capacity output (sales) level of

.th _, X . ' .th _. | .
the i~ firm; and Q; 1s the total market demand at the i~ firm's price.

When we are considering the price ranking of the ith firm, there will be

H
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k lower-priced firms and h.highér-priced firms, subject to k + h <n-1
and both k and h being non-negative. It follows that there will be
n-%Xx-nh firmé with prices equal to that of the ith firm, (one of these

being the ith firm).

Consumers will wish to purchase from the lowest-priced firm which
has not yet sold out, since the products are identical and consumers are
rational. Thus the demand for the lowest-priced firm will be constrained
only by the extent of markét demand, and it will be the first firm to sell
full capacity output, if q; i_Qj, j = 1. fhe demand remaining for the
next-lowest-priced fi;m depends not on;y.on the margin between qg and Qj’
but also on the assumption that is made regarding the composition of the
first firm's’cusﬁomers. If they were a random selection of the potential
custoﬁers at that price, then the proportion qg/Qj of the total market
demand at all higher prices will already have obtained the product, and
thus will be no longer‘in thé market. The second-lowest=-priced firm, if
it is able to sell full capacity, will also remove a fraction (the ratio
of its full éapacity output to the demand which remained for it) from
the market at all higher prices. The demand which remains for the ith
firm will thus be Qi' the total market demand at the ith firm's price,

minus the fraction of Qi which was already satisfied by the lower-priced

‘q. Q .l Q. ’ . . . . 4.1

subject to 0 2 q, £ qg and 9y <09
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I1f the capacities of all lower-priced firms are sufficient to satisfy
the market at the ith firm's price, there will be zero residual demand.
If not, and if the resulting residual demand puts the ith firm at less
than full capacity, then all firms with prices higher than that of the

.ith firm will have zero sales.

The above expression is valid only for the simple case where there
are no other firms with prices exactly equal to the price of the ith
firm. If there were, then these firms would share the residual demand
equally, subject to their full capacity constraints. If these full capa-
city constraints are not equal, then the remainder of the demand for those
firms which‘go to full capacity will be shared equally amongst the other
firms at the same price level, and if fesidﬁal demand remains it will go
to successively higher~-priced firﬁs until exhausted. The more general

form of the ith firm's demand is as follows:

X
b, = {Qi ) ; Z_l k(qi/gi) Qi] +
X
. ; [(Qi - Z . (a79,) Qi)] - a
n- x - B - f |jb, n - X - h

eoe oo . (4.2)

where there are j =1, 2, ... f equal-priced firms which go to full capa-
city since they are unable to satisfy their share of the residual demand

(0 < £ < h - 1).
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It can be seen that if all prices and capacities are equal, all firms

share the market equally, and equation (4.2) reduces to:

D, = .« « . . (4.3)

subject to 0 < D, £ q;

Had we assumed that the lower-priced firms satisfy the buyers in

order of their expected consumer surplus, as has sometimes been done [133],

; .th
{130], and thus minimized the residual demand, the demand for the 1
firm would be .
k
D, = Q. - } a, N ¢ D

. . .th _.
when .there are no other firms at the same price level as the 1 firm,

and, otherwise

[ i
Q - q
D = * j =1 ] +
i n - k - h
( I a)
£ Q - q.
1 ) =1 V-
n -k - h - £ j =1 n - k - h

. .. . (4.5)

In this analysis we will use the 'random' assumption, since the ‘'mini-
mization' assumption appears inappropriate for the following reasons.

Firstly, it would seem to imply that the firms wish to, and are able to,
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discriminate amongst their customers in a complex fashion, indicating
that the firms recognize their mutual dependence, which in turn is not
allowed under the Edgeworth assumptions. Alternatively, it might imply
that buyers organize themselves before trading begins, qualifying for
the lower prices on the basis of relative consumer surplus, which is an

unlikely interpretation to place upon the model.

The demand function for any one firm thus depends upon the prices
of all other firms, the capacity output limits of the other firms, the
size of the market demand at all price levels, and the assumption under-
lying the composition of the residual demand. The demand function will
have discontinuities and kinks in abundance as the ith firm Qaries it's

price, ceteris paribus. As the ith firm's price is decreased, the fimm

captures more and more of the market demand, as it continues to undercut

rivals' prices. This is shown graphically in Appendix A to this chapter.

(1i) Price stability conditions

Price instabiiity will be fhe rule, rather:than the exception, in

the identical products case of Edgeworth oligopoly. If a price is fo be
the stable price, it must be the price at which each and evefy firm maxi-
mizes profits. If any one firm éould increase profits by independently
raising or lowefing its priée, then the prévailing price is not the

equilibrium price; We need, therefore, to discover the possible cir-
cumstances‘undef which there is no incentive for any firm to either raise
or lower priée. No firﬁ will iﬁcreése profits b& raising price if thé
residual demand at all higher prices is either zero or so small that it

is better to maintain the present price rather than raise price to
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maximize against the residual demand. No firm will wish to lower its
price if it is already selling its full capacity output level, or if any
further price cut causes price to fall below minimum éverage variable
costs. Any sufficierit combination of these circumstances should there-

for provide a situation of price stability.

Let us examine a case analogous to the Bertrand case of chapter two.
If any n - 1 firms have sufficient capacity to satisfy the market demand
at a price equal to their minimum average variable costs, then the resi-
dual demand for the reﬁaining firm, if it sefs any higher price, will be
zero, If all cost structures are equal all firms will be forced to set
price equal to minimum AVC. No firm can sell any output at any higher
price, and no firm i§ willing to accept a lower price, thus this price
is a stable price and the ith firm's demand is given by equation (4.3).
By further analogy with the pure duopoly case, one other situation of
price stability suggests itself. If all firms have the same cost
structure, and if the industry monopoly price allows all firms to sell
full capacity, then the industry monopoly price will be the equilibrium
price. No firm will wish to reduce price, since it is sellipg its maxi-~
mum output at the prevailing price. MNo firm will wish to raise price,
since the profit maximizing price on the residual demand curve (equation
4.2) wi11 be the same as the pievailing pfice. These can be shown to
be the only caséslof price stability.v Cost structures must be identical,
and capacities such that either (i) n -~ 1 firms can satisfy the total
market at a price equal to minimum AVC, or (ii) the n firms cannot satisfy

any more than half of the total market demand at a price equal to minimum
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AVC (ie.‘the market marginal revenue curve cuts the aggregate marginal

cost curve in the vertical section of the latter).

If the firms' capacities are such that in aggregate they lie between
the two situations mentioned above, then there will be cyclical fluctﬁ-
ations ofAthe price level. 1In Fig. 4-I there is depicted a case of four
firms with equal cost structures, but whose combined capacity is greater
than half the market at a price equal to minimﬁm AVC, but is not large
enough such that any n - 1 firms can satisfy the market demand at that
price. Prices will fall no further that Pe’ since all firms would be
at full capacity at that price. Any one firm would then gain by raising
price aldng the residual demand curve dd' to maximize profits at price
P - But this in turn will induce each of the other n - 1 firms to
simultaneously (although independently) raise price to a level below Pm,
in the expectation of still seiling full capacity at this higher price.
Subsequently all firﬁs are at less than full capacity, and each firm
expects to increase profits by cutting price. Prices therefore cycle
between the éeiling Pm (the industry monopoly price) and the floor which

can be no lower than Pe.l

To show the importance of identical cost structures for price

stability, we now examine one of the capacity cases which is conducive

to a stable price, but in conjunction with uﬁequal cost structures.

l. The floor may be higher than P if it is more profitable to raise

' price to P_ rather than cut it furgher, at a price higher than P_, and
this depenﬁs upon the specific cost and demand structures. The farger
are the firms capacities relative to the market demand, the closer will
the floor price be to absolute minimum price, which is P_ in this case,
or the level of constant marginal costs, in Fig. 2-II for example.
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Fig. 4-1 Price Instability in the Identical Products Case
of Oligopoly with Identical Costs.
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Suppose that n -~ 1 firms could satisfy the market demand at a price
equai to the minimum AVC of the highest-cost firm within this n - 1
subset of firms. This situation is depicted in Fig. 4~ITI. It is clear
that prices will be cut down below the level of the fourth firm's mini-
mum AVC and he will be forced to close down. Yet prices will fall still
further as the remaining three firﬁs attempt to independently maximize
profits. Each firm compares the profit from a further price cut with
that which would result from raising the price to maximize against the
residual demand. We note that the highést-cost firm, (of the remaining
three), will be the first to find it more profitable to raise price,
since he will be closer to his cost floor, and his capécity limit is no
larger than that of any other firm. 1In Fig. 4-II the third firm would
prefer to raise price, rather than cut it further, at the price PO. This
is the price floof.2 In raising price, the third firm will set price
P'. But this firm, in failing to recognize the mutual dependence of.
firms does not ﬁake into account that the two lower-cost firms will raise
their prices in an attempt to increase profits without losing sales, and
that the fourth firm will be motivated to begin production again and set

a price slightly below P'. Since ceteris paribus does not hold for any

of the firms, their expectations will not be fulfilled, and this will
precipitate another round of price cutting. Prices thus fluctuate

cyclically between Po and p'.

2. If the combined capacities of the two lowest-cost firms were almost
sufficient to satisfy the market at a price equal to the third firm's
cost floor, then the third firm would have very little residual demand
at higher prices, and would be prepared to cut prices almost to the
level of his minimum AVC before the price floor would be reached.
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Fig. 4-II Price Iné.tability- in the Identical Products Case
$ of Oligopoly with Differing Costs.
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Curvilinear cost functions do not change the above conclusions. 1In
Fig. 4-II1 is depicted the curvilinear case which is analogous to the
rectilinear case of Fig. 4-I. Note that Pe will be the price floor, since
each firm will sacrifice profit by setting any lower price. From this
price any one of the firms will expect to gain by raising price against
the residual demand, aleong dd' to price Pm. Prices will then be cut
down to the floor price Pe} and so on. The other cases could similarly
be shown with cﬁrvilineaf cost structures; however this becomes gquite
complex graphically. Instead, we move now to an examination of the
ramifications of both pr§duct differentiation and oligopoly in an Edge-

worth model of firm behaviour.

1I1. The Differentiated Products Case

(i) Demand Functions

Continuous Product Differentiation

Under the Edgeworth assumptions one firm will adjust price on the
presdmptibn tha£ all others will hold their own prices constant. Let
us call the firm which changes price the "initiating” firm, and the
remaining n - 1 firms the "passive" firms. The inifiating firm will gain
or lose sales aloné a negatively sloped demand curve, the slope of which
will depend ﬁpon the price elasticity of demand for his particular product.
The 1osé_of sales.to eéch of the passive fi;ms, will bé some share of the
aggregate loss of sales to the passive firms, and will depend upon the
cross elasticity of demand between the initiating firm's product and that

particular passive firm's product. We will need to establish two demand

’
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Fig. 4-II1 Price Instability in the Identical Products Case
' of Oligopoly with Curvilinear Costs.
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functions; one that applies to the firm when it is the initiating firm,
and one that is appropriate when it is the passive recipient of another

firm's actions.

A demand function for any firm must not simply explain how the firm
ié expected to gain or lose sales when it, or another firm, changes price,
but must explain in addition why the firm sells a particular guantity at
a particular price. We therefore reqﬁife a starting point. As in the
precéding'chépter we will assume that at equal prices each firm will have
a share, m, of the total market demand when all prices are equél, which
is presumed to be invafiant for all levels of equal prices, or at least,
for all prices within the relevant range or neighbourhood of the pre-
vailing price. For symmetric product differentiation these shares are
equal, and hence m = 1/n, but for the asymmetric and the general case we
will specify, by the subscript, the share of the ith firm as m where
i=1,2,3 ...., n. Thus, if all firms were to set the same price as

the i*™ firm, his demand would be
P = mi 0. _ .« . . . (4.6)

which is a generalization of equation (4.3). Since all prices are equal,
\ .th _. . ;
Pi'- Px' that is, the i firm's price equals the mean price. 1In the
’ . R f s . .th _,
symmetric case of product differentiation we can say that if the i firm

sets any mean price (i.e. not necessarily an equal-prices mean price) his

share will be m, of the total demand at the mean price. That is:

D, = m, Q c e .. (4.7
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If the ith firm's price is above the mean, its demand will be less than
this amount, and if its price is below the mean price, its demand will
be greater. Thus, if dqi/dpi is the reciprocal of the slope of the ith

firm's ceteris paribus demand curve, then

) 49 C ... (4.8)

, . .th _. e .
describes the quantity demanded of the 1t firm at the initial position.
Suppose this firm now initiates a price change; call the new price Pi.

The firm will move along the ceteris paribus demand curve, and the new

_quantity demanded is given by

dqi
, = ; + 'o- o . - . . (4.9
D, = m Q (Pl Px] 5, (4.9)
and is~subject to 0 < Di < Qi . Note that the mean price, Px, in

equation (4.9), is the initial mean price; that is, it includes Pi rather
than Pi. In the symmetric'producf differentiation case Px will be the
simple arithmetic mean 0%'911 prices. For the asymmetric case this mean
price will need ﬁo be weighted, since it matters which firﬁs have which
prices above and below the arithmetic mean. The specification of the

actual weights appears to be a quite complex issue, and is not attempted

here.3

3. 1In the asymmetric case, the aggregate demand will be greater, for
any particular structure of prices, if the firms with the larger dq, /dp
terms have the relatively lower prices, than if these firms have thé
relatively higher prices. The weights, which must be attached. to each
firm's price, would appear to vary positively with the dgq,/dp., terms and
the price of each .firm, but the specific form of this reléticnship is
not explored here.
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The initiating firm's gain of sales will arise from two sources. 1In
some part it is at the expense of the passive firms, and in the remaining
part it is due to the 'entry' of new customers into the market due to
price being lowered sufficiently to allow them non-negative consumer sur-
plus at the initiating'firm's price. . Before we can specify the demand
for each passive firm we must separate these two elements and subtract
the latter from ﬁhe total in order to find the aggregate loss of sales

of the passive firms.

Even if the ith firm does not become the lowest-priced firm by virtue
of its price cut, new buyers will have entered the market due to the price
cut. To see this, note that product differentiation implies that at a
price ofvsay $10 for product A, some consumers will prefer to pay $l1ll1 for
product B, and $12 for product C. This implies that the ratio of mar-
ginal utility to price is greatest.for C, next-highest for B, and lowest
for A. sSlightly higher prices of B and C could produce an indifference

situation, e.q.

M
MU - Ub - MUc

a
$10.00 $11.01 $12.05

Suppose that these arg the prevailing prices, and that some consumers are
indifferent‘amongst the products, and thus.choose with the aid of a chance
mechanism. If the price of B were now reduced to $11.00, some of the
buyers of A and C will switch to B. In addition, some other individuals,

who were not previously buying from any firm, or who were considering
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buying an extra unit, now decide to purchase B. BAn example of an indi-
vidual who would now enter the market is one whose preferences for the

marginal unit are as follows:

MU MU
MU& = b = C

$9.00 $11.00 $10.00

That is, the price of A would need to be less than $9.00, and the price
of C less than $10.00, before this individual would prefer to buy one of

these instead of B as his marginal unit.

i . .th _.
The extent to which new customers enter the market when the i firm

;uts price is presumably related to mi, which is in effect an index of'
the firm's "popularityf or of the market consciousness regarding that
firm's product. Let us méke the rather plausible assumption then, that
the ith firm's price cut will cause m, times the total change in market
demand, (which would occur if all firms cut price to the same extent),
to actually enter the market. If mi = 1/2, for example, the ith firm
will gain half of the increase in market demand which would occur ifbgll
firms cut price to the séme extent. Market demand was specified in the

preceding chapter as -
Q = M (®-p) C ... (3.12)

where Po is the p:ice axis intercept, M is the reciprocal of the slope

of the curve, and P is the relevant price level. We need to quantify @
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at the two prices of the ith firm, and subtract one from the other.

That is,
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Thus the ith firm's gaih of "new" customers is

m, [M (p; - pi)J

and the aggregate loss of sales to the passive firms must be

dqi
(r; - »;) &, - m, [M () - Pi))
which simplifies to
dq,
| (Pi - Pi) [a?l- - m;lM]

There is no particular reason to expect that the impact of this
aggregate loss on each of the passive firms will always be absolutely
equal, but it does seem a fair assumption to expect the loss of each

- particular passive firm to be proportional to its previous share of the
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market. We therefore postulate that the share of the lost sales will
be (mj/l - mi) for the jth (passive) firm, where j # i, since i refers
to the initiating firm. Thus the passive firms share in the loss of
sales in the same proportion as their sales previous to the price cut of
the initiating firm. For example, if four firmé shared the market 1/2,
1/4, 1/8 énd 1/8, and the largest firm cuts the price, then the next firm
would sustain twice the loss of each of the third and fourth firms; that

is, half of the total sales loss of the passive firms.

. . ' ' .th _, .
Given the price adjustment of the i h firm, the quantity demanded

for each of the passive firms will be

dq_.)
D . = m <+ P - P .
J jQx ( J x) dpj

i dq;

' - ——— -
(1-m,) (7} P,) [dp, miM} coeo. . (410)
o1 i
subject to 0 < Dj f;ij

That is, the individual passive firm will move away from his equal-prices
share to the extent that his own price departs the mean, and to the extent
that the initiating firm'changes price, given their relative shares of the
market at equal prices. The ﬁean price, Px is, again, the initial mean
price. After the ith firm's price adjustment there will be a new mean
price, and any one of ;he n firms may contemplate a movement along a curve

given by (4.9) and locat?d by the prevailing mean price.
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Discontinuous Product Differentiation

It will be recalled from the preceding chapter that product differen-
tiation is said to be discontinuous if there are some buyers who will
never buy a particular product, due to prejudice, or to the fact that
the conception of the range of feasible substitutes differs amongst
buyers. When there are only two firms we may simply say that those
buyers who will never buy one product must buy the other, if they purchase
at all. With n > 2 products however, there may be some buyers who will
only ever consider one particular product, others who will only consider
a subset of two, and so on, up to some buyers who may regard all n pro-

ducts as substitutes. ~

To the extent that some buyers will only ever purchase the ith pro-
duct, the demand for the ith product will nét fall to zero until the
last of these buyers has his consumer surplus exhausted by the rising
price level. These buyers, then,constitute a private market for the

th

i firm, which we shall assume depends linearly upon the ith firm's

 price, as we did in equation (3.3) of the preceding chapter. Hence
' = ' -
q! (e; H) / G, ... . (4.11)

where Hi is the intercept, and Gi is the slope, of this private, or
"loyal” demand curve. The amount qi is thus the minimum sales for any

given price level.

We need to subtract from the market those buyers who similarly have
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one-product loyalty to one of the other n - 1 products since these are

.t . . . .
buyers that the i h firm will never sell to. That is, there will be
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buyers who will never be interested in the i h product.

Those buyers who are interested in the ith product and one or more
of the jth products, and who will decide which to actually purchase on
the>basis of relative prices and preferences, are already included in
the demand function, by the slope term déi/dpi, which describes the rate
at which the particular firm loses or gains sales when it raises or
lowers price. The slope of the it firm's demand curve will be flatter
around the prevailing price, the greater is the number of consumers who
consider the ith product to be among their feasible subset of the n pro-
ducts. That is, the greater the number of substitutes that the buyers

. . : . .t .
in aggregate consider in relation to the i h product, the more elastic

will be the ith firm's demand for price changes in the vicinity of the

prevailing price, ceteris paribus.

The demand curve for the initiating firm may thus be written as

; dqg,
Di=qi+mi Qx-jzl‘q]’. +(Pi—Px)g§

e .. . (4.12)

and the quantity demanded for each of the passive firms is:
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D = qg'! + m, [Q - q'] + {(P.- P
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m dq
T L
Y (P Pl)[dp. my M]
i i
... (4.13)

where t =1, 2, 3, ...., n =1 and k # j.

The Full Capacity Feedback Effect

If the price structure is such that one or more firms are unable tq
fully satisfy the demand coming their way, some part of this excess deménd
will flow to the other firms which are not yet constrained by their capa-
city limit. It will be recalled from the'preceding chapter that one
problem inlspécifying the feedback effect is to calcuiate how many of
these excess demanders will drop out of the market rather than buy a sub-
stitute product. A second.problem arises in the oligopoly context: how
do we determine the Qay in which the feedback effect distributes itself

v

amongst the recipient firms?

Those consumers that choose to drop out of the market after they are
unable to obtaiﬁ their first-choice product, presumably do so because
their second-choice product, at its given price, offers them less utility
for the incremental dollar's expenditure than does some othef (outside)
commodity. Those that stay in the market and purchase their second-choice

(or next-preferred, available) product, must do so because this substitute
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offers a higher ratio of marginal utility to price as compared to all
'outside’' goods and services. This total full capacity feedback effect

will be divided amongst the firms which are still able to meet the dema..

As the initiating firm raises its price, it will move back along the
-curve given by equation (4.12) until any one of the passive firms reaches
full capacity sales. For further price increases the initiating firm
will lose sales at a lesser rate, until a second firm attains full capa-
city, whereupon its sales reduction for successively higher prices is at
an even lesser rate. The ith firms demand curve will thus kink at every
price level which causes another passive firm éo achieve full capacity
sales. The quantity deménded for each of the passive firms will increase
as the initiating firm raises its price. This increase will come from
two sources. The first is as specified by equation (4.13). The second
source of additional demand will be the feedback effect from other pas-

sive firms which have reached their full capacity limits.

‘The accurate specification of the feedback effect which accrues to
each firm in the oligopoly model proves to be considerably more intract-
ible than it was in the duopol? case. The major problem arises in
attemptihg to‘determine how the feedback éffect splits amonggt the firms
thch are able to satisfy it. The answer to this question would involve
specification of the taste and prefefence patterns for each consumef at
all possible sets of prices. Not only must this preference information
refef to the n producﬁs under examination here, but all other goods and
services as well. Rather than pursue such an exercise, and in view of

the limited practical usefulness of the result even if it were achieved,
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a different approach has been taken here. We shall incorporate the
feedback effect into the demand functions, but it will remain unspeci-
fied at this point. 1In the Appendix B to this chapter a specification
is attempted using assumptions and proxy variables in lieu of the more
complex relationships which exist. While not theoretically accurate,
it may be a sufficiently close approximation to be of use for empirical

testing purposes.

Once again we shall signify the feedback effect by the letter E,
with a subscript to denote the particuiar firm. Hence the demand functions
for the firm, first when it takes the role of initiating firm, and then

when it is a passive firm while another firm adjusts price, become

n -1 dqi
= t - ] 1 - ..
Dl 93 * My Qx . Z qj] * ( i Px) dp, * Ei
J=l 1
and . e . . (4.19)
1 ni"l ( )dq
D, = q. + m, |Q - q'] + (. - p) =L
] ] J (X £t =1 t ] x de
m, ( dqi
+ (P' - P,) =— - m, M + E
1- m, i i dpi i 3j
\

« v . . (4.15)

respectively. Given these demand functions, we turn now to an exami-

s R

nation of the structure of prices that will evolve in particular market

situations.
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(ii) Price Levels and Differentials

At any point in time there will exist a set of n prices. This will
not be an equilibrium set of prices if any one firm can expect to augment
its profit by adjusting price to some other level. If this occurs, then
the quantity demanded for every other firm will change, and those firms
will wish subsequently to adjust their prices. Given the assumptions
of the model, price stability will exist only if every firm is satisfied
with the price structure: that is, if every firm's prevailing price is
the one that maximizes the profits of each particular firm, given the

prices of all other firms.

Since the graphical analysis for the differentiated-products-oligopoly
case becomes quite difficult to follow, we shall proceed verbally and by
analogy with the differentiated-products-duopoly case of the preceding
chapter. Suppose all firms are initially setting the cartel price.4
Eaéh firm's sales will be determined by the product differentiation para-
meters, m. . and the extenf of each firm's "loyal" market qi. Since the

firms do not recognize their mutual dependence we expect each firm to

envisage a rather elastic ceteris paribus demand curve, given by equation
(4.14). Each firm will éxpect to enhance its profits by reducing price,
because marginal revenue and marginai cost must intersect to the right

of the present output level, unless the firm is already at full capacity.
Thus each firm will independently lower its price. Finding the situation
4. Alternatively, we might postulate simply that we begin observing the

firms at any set of prices, but that would prolong the exposition con-
gsiderably.
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to have changed relative to its expectations, each firm will then re-

adjust price in pursuit of profit maximization.

Thus prices are expected to gravitate downwards from the cartel level.
By analogy with the diagrammatic presentation of the preceding chapter,
we expect the magnitude of the price adjustmenﬁs to become progressively
smaller as the firms continue to cut prices. This follows from the fact
that as other firms cut prices, any particular firm's demand curve shifts
to the left. The associated marginal revenue curve must cut the non-
negatively sloped marginal cost curve at progressively smaller output
levels. Thus the firm will maké progressively smaller price adjustments
in order to move from the coordinates determinea by equation (4.15), where
it has been placed by another firm's initiation of a price cut, to the

profit maximizing price which lies on its ceteris paribus demand curve,

given by equation (4.14).

Althougﬁ'grgvitating downwérds by progressively smaller adjustments,
prices may not eventually stabilize. This depends upon the magnitude of
the feedback effect which a firm can expect to obtain by independently
" raising its price. But note that the feedback effect begins only when
one or more firms attain full capacity output. We have argued ébove, and
wé saw graphically in Fig. 3-II, that as price levels degenerate, the
firms' outputs will become smaller, and hence the firms are likely to be
at less than fuil capacity. Thus in réising price an individual firm
may noé receiQe’any feedback effect until its price has been elevated a
substantial amount. Even then, the feedback effect which is forthcoming

must be distributed amongst all other firms which are not yet at full
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capacity.

Thus the amount of the feedback effect which accrues to the initiating
firm may be quite small, in absolute terms, at higher prices. Whether it
is sméll enough to prevent price being raised, however, depends upon the
relative profitability of raising price to maximize profits against the
feedback demand, as.compared with holding price constant or lowering it
further. This, in turn, woﬁld depend, in part, upon the relative capa-
cities of the firms. If plant sizes differ, the firms with smaller plants
will be the ones that find it more profitable to raise price from any
particular level, if any firms do, since a slightly lower price will be
less remunerative when it applies to a smaller output than to a larger
output. It would also depend on the firm's level of minimum average |
variable costs: the lower are these the further a firm will cut price

rather than raise it) ceteris paribus. Next, it depends upon how the

feedback demand is distributed amongst the recipient firms. 1If, as sug-
gested in Appendix B to this chapter, this distribution depends in some
way on the value of the product differentiation parameter m for each

firm, then the firms with the larger m's are more likely, ceteris paribus,

to raise pricé against the feedback demand, Lastly, and as we saw in
chapter three, the demand for any firm at higher prices is composed of
tﬁree'elements, which we have identified as loyal, continuous, and feed-
back. The greater are the first two of these elements, the more likely

it is, ceteris paribus, that any given amount of feedback demand will

cause it to be more profitable to raise price. Accordingly, we could
. construct a situation in which the feedback effect will destabilize the

price level, due to a sufficient combination of the above factors.
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When prices do stabilize, the levels at which they settle will
depend upon the cost and deménd situation. When cost structures are
identical, and product differentiation is symmetric, the oligopolists
will each set the same price. This follows by analogy with the duopoly
case, as we saw in Fig. 3-II. Similarly, firms with ﬁhe advantage of
any asymmetry of product differentiation will set relatively higher

prices and enjoy larger sales, ceteris paribus. Lower cost firms will

set slightly higher prices and sell larger outputs, ceteris paribus.

These latter two statements are based on the computer simulation results
of chaptef three. The‘oligopoly result can be shown to be similar. The
most essential difference in the adjustment process is simply that when
one firm initiates a price adjustment the remaining firms share in the
consequences, as determined by equation (4.15), whereas in the duopoly
case there was only one other firm which suffered the consequences. We
have postulated that the price adjustment process will cease when the
impact of any firm's price adjustment, upon each other firm's output

level is considered negligible. Given that the passive firms in oligopoly
share the impact we might expect the adjustment from the cartel to the

equilibrium prices to be achieved more quickly than in the duopoly case.

(iii) Chamberlin's 'Large Group' Model

The Edgeworth model of oligopoly, with differentiated products is,
in effect, very similar to E.H. Chamberlin's model of monopolistic com-
petition. (See [25, ch.5], [86, pp.405-408] and [47, ch.1l0]). In the

latter model all firms expect to move along a relatively elastic demand
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curve for independent price adjustments, but since all firms adjust
simultaneously, they move instead along a relatively inelastic demand
curve and merely maintain their market share. 1In the Chamberlin model,
the assumption is made that each firm is so small relative to the market
that it expects ité actions to go uhnoticed. In effect, this is the
same as the Edgewbith assumption tﬁat the initiating firm expects the
prices of all other firms to remaih constant when it adjusts its price.
In the Chamberlin model there is no mutual dependence of actions, and
in the Edgeworth model this mutual dependence is not recognized. Hence
the firms act in the same manner, since their objectives are the same in

the two models.s

,Chamberlin dwelt upon the "symmetric" case of the large group médél,
by which he meant "that both demand and cost curves for the ’'products'
are unifo;m throughout the group", ([25, p.82]),and it is this case which
is commonly‘represented in the textbooks. Equilibrium in this case is
characterized by the firms selling equal quantities at identical prices,
as in the parallel Edgeworth oligopoly casé. Chamberlin dealt briefly
and somewhat intuitively with the "diversit& of conditions surrounding
each producer". B {25, pp.110-113]. Cost differences and product dif-
ferentiation advantages will, he said, allow prices and output levels to
vary amongst'firms. For the most part he is concerned with adjustment

to long run equilibrium, but where he considers insurmountable barriers

"to the entry of similar products, his analysis is similar to that of

short run Edgeworth oligopoly. “Peculiarities of any individual esta-

5. This was first noted:by Triffin [154, p.34].
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blishment which cannot be duplicated lead to ... higher prices (and) ...
larger sales". {25, p.112). His analysis of this more general case is
not very rigorous however, as he relies largely upon empirical examples

to support his conclusion.

The present.analysis is able to confirm Chamberlin's conclusion
regarding the development of price and sales differentials in the general
case. Moreover, the Edgeworth oligopoly model, by analogy, adds con-
siderable rigour to the Chamberlin analysis. Since the behavioural
assumptions of the two models are essentially similar, we could insert
the cost and demand parameters for any "large group" case into equations
(4.14) and (4.15) to determine the exact nature of the equilibrium
structure of prices and price differentials. It has been shown here ﬁhat
the equilibrium price structure will arise as a result of competitive
price adjustments by the firms, and its final form will depend upon the
relative cost and demand advantages of the constituent firms. Although
implied, this was not explicitly shown, to my knowledge, by Professor

Chamberlin.

IV. Conclusions

When the Edgeworth duopoly model is generalized'to include more than
two firms, tﬁe results are basically unchanged. With identical products,
prices tend to be unstaﬁle, except in the extreme circumstances of firm
sizes either being very small or very large‘in reiation to the market.
Even then, costs mﬁét be identical to preserve price stability. With

differentiated products, prices tend to be stable, except in certain cases
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where the full capacity feedback effect would cause destabilization.
Price differentials will exist in the general case where cost and pro-
duct differentiation parameters differ, just as they did in the precedinc

chapter.

A major contribution of this chapter is in the specification of the
demand functions faced by the oligopolistic firm. 1In both the identical
and differentiated products cases, the demand for a particular firm is
a funcfion, not only of its own price, but also of the prices of other
firms and the capacity levels of other firms, this latter element giving
rise to the residual demand and feedback effect. The notions of asymmetry
and discontinuity of product differentiation were introduced into the
Edgeworth oligopoly model for the first time. This allowea a substantial
contribution to the thebry concerning price and market share differentials.
The underlying determinants of the magnitude of‘the feedback effect were
examined at some length, and in an appendix to this chapter a specifi-
cation is attempted. The analysis of price and market share differentials
of the asymmetric product differentiation case adds, by analogy, to our
appréciation of the more general case of Chamberlin's "large group" model,

which uses equivalent behavioural assumptions.

Followiﬁg the appendices fo this chapter we begin to explore the
effects of allowing the firms to take into account the ramifications of
their short run profit maximization strategies. To this point, we have
postulated that the firms fail to recognize that their actions are mutually
dependent, or that present actions could damage future sales levels. This

remains the major shortcoming of the model. In chapter five, the firm
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foresees that its actions will bring forth retaliatory adjustments from
rivals, and that it may employ other strategies in an effort to expand
sales. In chapter six we extend this recognition of mutual dependence
to the firms' taking cognizance that the entry of new firms may be attrac-

ted by excessive short run price levels.
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Appendix A to Chapter 4

Graphical Representation of the Firm's Demand Curve in
the Identical Products Case of Edgeworth Oligopoly

For simplicity, suppose there are only five firms with equal cost
structures. Four of these firms have established prices, and the
fifth firm wishes to know the demand for its product at various price
levels. Call the firms A, B, C, D, and E, and presume that the prices
, as shown in Fig. 4A-I.

of the first four are P, P, P, and P

b d

When E's price is above those of all other firms, its gquantity
demanded will be the residual demand at the price chosen. We determine
the magnitude of the residual demand as follows. Firm A, at the lowest
price, sells full capacity output, and removes the ratio q;/Qa from the
market at all higher prices. Firm B has (1 - q4/Q,) @ as its market

at price P He, too, is able to sell full capacity and thus removes

b
q;/Qb from the market at all higher prices, which is shown as the dif-

ference bétween the lines dA and dB. Firm C similarly sells full capa-

city and the market at higher prices is 40 - 4C. At price P Firm D

dl
will sell less than full capacity. Hence residual demand will be zero

at all higher prices for firm E.

1

If £E gsets its price equal to that of D, the demand available at

that price is shared egually, and is shown by the point M. Slightly
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undercutting price P_, E will move to point N, and then slide down NO

d
until he reaches price Pc. When both E and C set price Pc the demand

for each will be shown as point R. For further price cuts E moves along
ST until his price is equal to B's price. Since demand is sufficiently
large that half of that demand allows B to stay at full capacity, E stays
at ééint_T fdr price Pb. Further price cuts send him to U, then along
UV, then to W, and then along WQ when he is the lowest priced firm.

Given the prices, and capacities, of the other firms, the demand curve

for firm E is shown as the disjointed line dP, = M - NO - R - ST - UV ~ WQ.

d



( {

-97-

ZMC

| . \ A
ave '

Fig. 4A-1- The Dem;and Function for the Firm in Identical
: Products Oligopoly.
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Appendix B to Chapter 4

An Approximate Specification of the Full Capacity
Feedback Effect for the Oligopoly Case.

The full capacity feédback effect will arise when some firms are
unable to satisfy the entire demand for their product at the prevailing
structure of prices. The problem is firstly to determine how much of
this excess demand remains willing to purchase an alternative product at
higher prices, and secondly to determine the distribution of these

remaining buyers amongst the firms which are able to accommodate them.

The total amount of excess demand will be the sum of the excess demand

for all those firms which attain full capacity. That is

i t~0

(o, - a2) .« . . (4B.1)

where £ = o, 1, 2, ..., e represents those firms which are at full capa-
city salés. If the prices of the firms which are not at full capacity
are all equal, we assume these firms will share in the excesé'demand in
the same ratio that ﬁhey share the ﬁarket demaﬁd when prices are equal.
Thus we postulate that the ith firm will be the second choice (or the

best available choice) of
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e
) b, - ap) . . . . (4B.2)

buyers, where i = 1, 2, 3, ..., n - e and i # f. But not all of these
buyers will actually pufchase the ith product, notwithstanding that it
is their best choice still available, since some of the buyers will
prefer to spend their limited income on an entirely different commodity.
The extent to which buyers decide not to purchase their best-available
choice would seem to depend on the relationship between the price of
their first choiqe (unavailable) product, and the price of the best~-
available product. 1In order to avoid the complex specification of the
preference pattern of all consumers, we shall assume that if the price
of the ith firm is above the mean of the e firms' prices, then we will
discount the ith firm's sh#re, and if it is below this mean, we will
inflate the share. This diséount or inflation factor will be the ratio
th

of the mean price of the full capacity firms to the price of the i

firm. That is,

Pf]/Pi=P/P. .« « o« (4B.3)

One further discounting or inflating factor is necessary if the prices
of the other (non-full capacity) firms differ. 1If the ith firm's price
is above the mean of these n - e firms, his share of the feedback demand

will be discounted, and if it is below it will be inflated, in both cases
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by the ratio of the mean price of these n - e firms to the price of the

ith firm. That is,

. (4B.4)
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Given the above assumptions the full capacity feedback effect now may be

specified as

]
]
3
-
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fe~30

where i =1, 2, 3, ..., n~e; f£f=o0,1, 2, ..., e; and i # f. Simi~

larly for any of the passive firms

.+ . . (4B.6)

The discounting or inflating factors used in this specification were
assumed to be a simple relationship between the price of the firm under
consideration’and the mean price of certain other firms. Alternatively,
these modifying factors might be expressed as some function of the re-
lationship between the ith {or jth) firm's price and the relevant mean

Prices.
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CHAPTER 5.

THE RECCGNITION OF MUTUAL DEPENDENCE

1. Introduction

Perhaps the most unsatisfactory aspect of the Edgeworth model is
the assumption that iﬁdi&idual firms will adjust prices along a ceteris
paribus -demand curve. Mére gspecifically the firm which initiates a
price change, does so on the expectation that the price(s) charged by
its rival(s) will remain constant.l In conjunction with this myopia,
the firms never learn frqm experience that the increased profitability
of a price adjustment is quite short lived, since the price adjustment
of any one firm necessi£ates retaliatory price adjustments by other
firms which are similarly acting in their own self-interest. In short,

the firms fail to recognize their mutual dependence.

Without recognition.of mutual dependence (R.M.D.) the céntinuing
price adjustments, that were a feature of the identical products situ-
ations in most cases, énd of the differentiated prbducts situations in
some cases, may be expected to have exercised a deleterious effect upon
the sum of prbfits of any particular firm over a period of time, and for

1. This is certainly the most criticised aspect.  See, for example,
{47, p.341}, (86, p.388] and [127, p.1l34].
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the following reasons. First, unless the product is produced instan-
taneously and at the time of the transaction, the firm may find itself
incurring the cost of excess stocks, spoilage or obsolescence, if its
sales fall below expectations. Secondly, there are costs of changing
prices. Items must be re-ticketed, and the price change must be communi-
cated to the potential customers. Thirdly, the instantaneous hiring
and firing of variable factors, implicit in the frequent adjustments of
price and quantity, may neither be possible nor costless. Fourthly,
when the firm is faced with such uncertainty as to output levels and
hence input requirements, it will presumably be unwilling to enter into
longer term contracts and bulk orders of material, for example, and thus
will be unable to take advantage of these cost-saving strategies. Simi-
larly economies of scale from larger plant sizés may never be considered
in the face of the attendent investment uncertainty. And lastly, frequent
price adjustments would be expected to have an adverse impact upon the
public image of the firm. To the extent that all firms engage in frequent
price adjustments, the market demand parameters may be influenced, and
if some firms adjust price more frequently, or by greater magnitudes
than others, this would be reflected in the product differentiation

parameters.

When firms do recognize their mutual dependence, a wide range of
possibilities ekist, their form depending upon the understanding or agree-
ment which arises out Qf the recognition. At the upper extreme is the
formal caftel, iﬁ which firms set price and output levels to allow joint
profit maximizétion. vAﬁ the lower extreme is the simple recognition that

one's price adjustment will cause the sales and profits of rival firms
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to be affected, with no understanding or agreement being made.2 Within
these limits is the "spontaneous coordination" discussed by Fellner
{46, p.16ff] and the "conscious parallelism" involved in price leadership
patterns, which is apparently very informal and completely implicit.3
Whenever there is an understanding amongst the firms, effective eollusion
may be generated, since the effectiveness of a collusive agreement appears
to depend in large part upon the personalities of the people of the indus—

try, the specific cost and demand conditions, and other factors.

In the following we wish to examine the impact of R.M.D. upon the
models develéped thus éar. First we shall discuss non-collusive R.M.D.,
and later collusive R.M.D. Thus a definitional problem arises: at what
pointvdoes the behaviour of firms become collusive? This is obviously
a very complex question. For the purposes of this chapter, however, we
shall exclude price leadership patterns and'othef conscious parallelism
from the definition of collusion, since these are generally tacit, implied
understandings that arise out of long experience in an industry, and per-
sist despite the intensive observation of anti-~trust legislation in the
U.S. experience, for example. (See [127, esp. ch.6]). Collusion will
be taken to imply the existence of a relaiively formal and explicit‘agree—
ment regarding price and output levels. A further subcategorization for
2, Kahn (80, p.9] hﬁs called this the "first degree of collusion"; It
should, more appropriately, be called the first degree of R.M.D., since
collusion is usually understood to involve an agreement of some type.

3. The term "conscious parallelism" was introduced by William Hamburger
[62, p.226]).
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expositional purposes is made between price strategic R.M.D. and non-
price strategic R.M.D. In the course of the discussion, several well-
known models of oligopoly will be referred to. It is taken for granted
that the reader is familiar with these models, since they adorn the pages
of most intermediate microeconomic textbooks. Accordingly they are not

reproduced or explained in full heré.

II. Non-Collusive, Price Strategic, R.M.D.

When oligopolists recognize their mutual dependence, and expect that
their rivals will react to any price adjustment they make, the ceteris
paribus demand curve will only be appropriate for the special case in;which
rivals are expected to do nothing. More generally tﬁe firms will envisage

a mutatis mutandis demand curve: that is, one which will show the quan-

tity demanded at various prices, taking into account the reactions of
rivals, The expectation regarding the nature of the reactions of rivals
is possibly the greaﬁest single specification probhlem in oligopoly theory.
At one extreme of this “"conjectural variation" we might expect the rivals'
reactions to be completely malicious, intending to inflict the largest
possible damage upon the initiating firm. The other extreme is that
rivals' reactions will be cooperative in view of some mutually rewarding
strategy such as joint profit maximization. It is moré likely, however,
especially in the éase,of.non—collusive R.M.D., thét the conjecture of
firms regarding the ;ivals‘ reactions will lie somewhere between these
two extremes. Further, the reactions of rivals may differ amongst rivals

at any point of time, and for any one rival at different points in time.
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(i) The "Minimax" Behavioural Assumption

The "minimax" assumption of game theory is an application of the
first extreme. Under this assumption the firm will choose the strategy
which affords the best of all worst-possible outcomes, presuming that
its rival wishes to inflict the maximum damage. Shubik [132, pp.419-425],
[133, pp.86-91], has applied this assumption to the Edgeworth duopoly
model. It is instructive to pursue this a little further since this
assumption has important implications for the amplitude (and hence the
frequency) of the price cycle. It will be recalled that in the earlier
chapters we assumed that the buyers lucky enough to purchase at the lower
price were chosen randomly with respect to their expected consumers'
surplus. Shubik has aiso examined the polar case where residual demand
is minimized by the choosing of customers for the lower-priced commodity

in descending order of their expected consumer surplus.

If a firm expects its rival to choose its customers in this manner
then its enviséged demand curve for all pricés higher than the rival's
price will no longer be given by the equation (2.2) which was discussed
in‘chapter two. Iﬁstead, the contingent demand curve, equation (2.1)
beéomesithe envisaged demand curve. This equation becomes the upper
section of the firm's demand'curve‘because the lower-priced seller is
ekpeéted to have selectively satisfied all of those customers represen-
ted by the wpermost end of the market deﬁand curve up to the point of
his full capacity. Residual demand is thus equal to the lower part of

; the market demand cufve,vto the right of the last buyer which the lower-

priced seller was able to satisfy.
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Hoﬁ does this affect the price cycle? éonsider Fig. 5-I. Where
the price ceiling under the "minimization" assumption is found on the
continéent demand‘curve dd', where the associated marginal revenue curve,
mr', intersects the marginal cost curve, and is consequently the price
P'. Note that this price is lower than Pm' which would be the price
ceiling under the "random" assumption. The price floor for the "mini-~
mization" assumption is found when the higher—pficed firm would prefer
to raise price to P' rather than cut it further. From casual observation,
it would appear to be guite close to the clearing price Pe in Fig. 5-I.
The floor price for the "random" case must be substantially above Pe'
since the profit rectangle at that price is obviously smaller than that
on the'appropriate reaction function (which in this case is coincident
with the MR curve) at price Pm.4 Thus both the floo: and ceiling prices
may be lower under the "minimization" assumption, and certainly will not
be higher. The amplitude is smaller however, as compared to the "“random"
case, since the ceiling price differential is greater than the floor

price differential.

The reduction in the amplitude of the price cycle arouses the sus-

picion that the "minimized" residual demand case may be stable at times

4. The price floor for the "random" case cannot be below that for the
"minimization" case, since the same or a higher price can be obtained
for any given quantity in the former case, as the reaction function
[equation (2.2)] emanates from the contingent demand function, (which
is the appropriate reaction function when residual demand is minimized).
Thus, as prices are being pressed downwards, it will be more profitable
to raise the price against the random residual demand before (or no
" later than) it will be more profitable to raise the price against the
minimized residual demand. ~
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Fig. 5-I Reduction in the Amplitude of the Price Cycle due

t6 the Minimax Assumption.
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when ﬁhe "random" case would be unstable. Consider Fig. 5-II. Supposc
prices have degenerated to Pe. If residual demand has formed randomly,
price wili then be raised to Pm (along a reaction function coincident
with MR) since this is more profitable. This price would be undercut

and instability would prevail. But if residual demand had been minimized,
the price would bhe stable at Pe' since no higher or lower price is more
profitable. ©n the basis of the reasoning in chapter two, we can say
that the more elastic is the market demand, and/or the larger the plant
sizes relative to the market size, the more likely that the "minimization”
assumption would lead to stable prices when the '"random" assumption would

not.

It is a relatively simple matter to apply the minimization of residual
demand assumption to‘the other cases, as we saw in chapter four where the
demand function of the identical products oliéopolist was modified to fit
that assumption. Our findings regarding the smaller amplitude of the
price cycle appear, untuitively, to apply to the other cases as well.
Whenever there is price'instability under the random formation of resiaual
deﬁand (or the feedback effect) this instability would he expected to be
of lesser amplitude, or perhaps disappear, if the lower-priced firm chose
the "best" customers first. We note that it is somewhat unreasonable to
expect a firm to be ahle to discriminate amongst its customers on the
basis of their expect consumer surplus.5 Alternatively, perhaps the
buyers organize themsélves, in order of expected consumer surplus, in
order to qualify for the lower price. Both of these interpretations

5. The firm may wish to act like this in order to force the other
firm(s) into eventual bankruptcy.
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Fig. 5-II Removal of the Price Cycle due to the Minimax
- Assumption.
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involve the well-known problems inherent in attempting to make inter-

personal comparisons of utility.

We now turn to some situations more in accord with what we more
commonly observe in the actual business world, where firms appear to be
more likely to adopt a live-and-let-live policy, rather than to exhibit

the aggressiveness which characterizes minimax behaviour.

(ii) Conscious Parallelism and Price Leadership

Given that the cost and other advantages mentioned in the introduc-
tion to this chapter may accrue to the firm when its output level is
relatively stable, we shall make the initial assumption that all firms
wish to maintain.their output level. A firm intending to initiate a
price change may expect all other firms to adjust their own prices by

the same proportion. With this assumption, the mutatis mutandis demand

function, for the identical products case of either duopoly or oligopoly,

will be the equal-prices demand curve encountered previously, that is
D, = m, Q. e v . o« (5.1

where Di is the demand for the ith firm; m, = 1/n in the identical
products and symmetric product differentiation case, and is the share

of the ma;ket at equal prices for the 1 th firm; i =1, 2, 3, ..., n;
and Qi is thé total market demand at the price level of the ith (and all)
firms. This exp;essién is also valid for the symmetric and continuous

case of product differentiation. If each firm sets its price along this
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demand curve, the outcome of the identical products case, and the sym-
metric-continuous product differentintion-case,‘ofvboth duopoly and
oligopoly (with identical cost structures) will be that all firms set
the industry monopoly price. This follows directly from the analysis of
chapters two, three, and four, and presumes that huyers are chosen ran-

.domly.

When costs differ, and/or product differentiation is not symmetric,
the profit maximizing prices along the firms' equal-prices demand curves
will differ, as we have seen in the preceding chapters. Looking first
at the identical products cases, (with differing costs) it would seem
that the higher cost firm(s) Qill appreciate the futility of attempting
to set price above that of the lower—cosf firm.. We may expect, there—‘
fore, that the lower-cost firm will be recognized as the price leader.
This mpdel is well known. (See [47, pp.360-36l1]). Each of the higher-
cost firms will eXpAnd output to the point where its marginal cost equals
the price chosen by the low cost firm, or until its sales equal 1/nth of
the total market demand at that price, whichever is the smaller. Not
shown in the typical textbook treatment of this price leadership model,
is the outcome if marginal costs of one .or more of the price-followers
equals price at an output level smaller than l/nth of the total market.
This will cause excess demand for the product at that price, and the
resultant feedback effect will cause the pricé-leader to raise price

until this excess demand is eliminated.

when cost structures and/or product differentiation parameters differ

we saw that prices would usually settle to a stable pattern of price
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differentials, when the firms envisage ceteris paribus demand curves.

Given R.M.D. and the assumption that any firﬁ will expect all other
firms to adjust price by the same proportion that the initiating firm
.does, we would expect ﬁhe'whole structure of prices to move upwards with
the established price differentials being unéhanged, and consequently
all firms enjoying their same relative sales position in the industry.
Perhaps not all firms would have the ¢ourage to initiate such a price
adjustment, but would certainly fdllow a move made by another -firm. A
"barometric" price leader may emerge, being a firm which commands the
respect of all other firms and which has strong consumer acceptance.
(sce [146, ch.18]). 1In the event that this firm's estimation of the
appropriate price level is not shared by other major firms, some further
small adjustments may be necessary to attain a structure of prices which

is satisfactory tolall firms. (See [127, pp.l170-1731).

The barometric price leader will adjust price to the level which it
judges as "appropriate”. This may not simply mean that the price-

leader seeks the price which will maximize all firms'profitabilities on

their mutatis mutandis demand curves. Rather it may mean that pricé is
adjusted to a level just below thaf which would ihduce any one firm to
ignore the consequences of his action and indepehdently cut price. We
note that the incenﬁive to make a price cut increases as the price level
moves closer to'the "cartel" level, since firms are more likely to have
excess capacity at higher priceé. The incentive to cut prices is ré—

6. See particularly pp.53-56 in chapter three and pp.87-92 in chapter
four. . v
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inforced if a significant time lag is expected before rivals find out
and react to the price cut. The incentive.to undercut prices is further
strengthened the greater is the probability that the rivals will not
react at all. That is, the rivals may tolerate relatively small price
cuts by an individual firm rather than precipitate a price war, or
involve themselves in cosﬁly re-ticketing of articles and informing the
public of the price changes. An.additional factor which appears to be
very important in the determination of the height of the actual price
level aone the non-cooperative floor level is the length of each firm's
time horizon. (See [137, pp.531-532]). Firms with relatively short
time horiéons will be more likely to desire short term gains at the
expense of more distant profits, and hence will be more likely to ini-
tiate price cuts. The adverse impact of frequent price adjustments on
costs and product differentiation parameters may well be recognizéd by
firms with a shorter time horizon, but other considerations such as im-
pending bankruptcy, old age of the owners, or capriciousness, may pre-
vail. The extent to which firms resist the temptation to cut prices
even though such an action would be profitable over a short time horizon,
may be referred to by an "index of industry discipline" which would
represent the loyalty of the firms to their joint welfare.7 This would
be very similar in concept to Fellner's "esprit de corps" in which the |
firm "places above individual advantage (his) good standing in the group,

or the interests of the group”. {46, p.43].

7. This concept is developed further in the next section of this
chapter.
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We might expect, therefore, that the actual level of the price
‘structure between the non-cooperative floor aﬁd the joint maximization
céilinq will vary amongst markets and over time, depending upon the
"conjectural variation", capacity utilization ratios, efficiency of
information systems, firms' time horizons, and the "index of industry
discipline". If all firms have little excess capacity, and/or are
certain that rivals will retaliate almost immediately, and/or if indus-
try "discipline" is strong, we would expect prices to be maintained
quite near to the joint maximization levels. For other structural,
behavioural,information, and "discipline" situations, the firms may
learn from experience that a stable level of prices can only be main-
tained at a level sufficiently near to the non-cooperative floor such

that the advantage to be derived from undercutting is marginal.

It would seem possible that the above could be specified algebrai-
cally, although it would depend very heavily upon assumptions underlying
the time horizons and the "conjectural variation" of firms, as well as
upon other more-easily handled assumptions. Since the "horizon" and
"conjectural variation" issues are very complex issuesbin reality, no
simple specification would suffice. For an empirical study it would
seem possible to experimenf with proxy variables, the experience with

which may contribute to a useful development of the theory.

(iii) The Kinked Demand Curve Put Straight

The "conjectural variation" assumption made by the price followers
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in a situation of price leadership is exactly that made in the kinked
demand curve (K.D.C.) model of oligopoly price behaviour. (See [61],
[149], and [146, ch.18}). If firms expect all firms to follow a price
cut, but that no-one will follow a price rise, which they initiate, then

the firm's imagined demand curve is kinked at the prevailing price.

The K.D.C. model is unable to explain the general level or structure
of the prevailing prices. Given the analysis of the preceding chapters,
however, we are able to contribute to this question. With regard first
té the structure of prices there are two major possibilities. Firstly,
prices may have been degenerating to the non-cooperative levels, {explained
in chapters three and four) when the firms eventually recognized their
mutuél dependence, and learned tﬁe futility of their price cutting. If
they then expect that further price cuts will be matched and that price
increases will be ignored by rivals, then their imagined curves are kinked
at the last price which they set. Alternatively, perhaps the firms had
already bid prices down to the non-cooperative floor levels, and upon
reflection realized the error of not recognizing their mutual dépendence.
The emergence at this point of a price-leader (or cartel organiéation)
wéuld allow all prices to be raised by a proportion which the price-leader

(or cartel) judges as appropriate.

The actual level which is chosen will depend upon the extent teo which
the price-leader feels prices may be raised beforé it becomes too tempting
for any firm to undercut the chosen price level for individual gain. Our
analysis allows us, upon observation of a kinked demand situation, to

state how far prices have been raised above the non-cooperative floor
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price, or alternatively, to what extent do prices fall short of the
"cartel” price level. To see this, recall that the kink in the demand
curve gives rise to a vertical discontinuity in the marginal revenue
curve, and that if the firm is profit maximizing, the marginal cost at
that output must have a value equal to one of the limits, or between
the 1imits, of the discohtinuity in the marginal revenue curve. (See
(r141), [(871). Now, note that if the marginal cost curve intersects
the uppermost point of the discontinuity, then marginal cost is at that

point equal to the marginal revenue associated with the ceteris paribus

demand curve. - We saw in precediné chapters that this is the equilibrium
condition for the non-cooperative floor price. Alternatively, if the MC
curve intersects the lowermost point of the discontinuity, then the firm's
price is at the "cartél" level, since the MR associated with the mutatis

mutandis demand curve is here equal to the marginal cost.

Refer to Fig. 5-I1I, overleaf. If the price for any particular firm

was set at Pf, the kink arises at point H where the ceteris paribus demand

curve dldi crosses the mutatis mutandis demand curve DD'. The latter

curve is the "share of the market" demand curve, and may be regarded as
being eqﬁal to m Qi in the notation of this analysis. The marginal

revenue curve is dl A B MR, Note that the marginal cost curve, MC, passes

through point A, and is thus equal to the marginal revenue associated with

the 4.4’ demand curve at price P The firm has no incentive to either

171 £°
raise or lower its price independently, and thus this is the non-cooper-
ative floor price, (if, similarly, no other firm adjusts price). Now

let the firms jointly raise price at the suggestion of a price leader or
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Fig. 5~-II1 Upper and Lower Limits to the Kink in the
Kinked Demand Curve.
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collusive organization. This particular firm will move along the DD'
curve shown. Price will be raised no higher than Pm, for at this price

the marginal revenue curve associated with the mutatis mutandis demand

curve intersects the marginal cost curve, at point F, and this is the
"cartel"” price level. Since no firm will follow a further price increase,
the demand curve is kinked at point G, and the marginal revenue curve

hecomes d2 E F MR.

Thus Pf is the floor price and Pm is the "cartel” ceiling price. To

the extent that price lies above Pf, the marginal cost curve will pass

through the discontinuity at a point further down the discontinuous sec-

tion. It follows that if we observe a kinked demand curve situation, we

could, by moving the kink up and down the mutatis mutandis demand curve,
asceftain the upper and lower limits to the price which the firm may set,
given the cost and demand parameters for all firms, and the market demand
.parameﬁérs. This, in turn allows us to say that the firm's price is X
dollars, or Y percent, above the non-cooperative floor price for that
firm, or below the "cartel" price forvthat firm. This suggests a means
to quantify the "index of industry discipline" which was mentioned above.
If we set the spread between the floor and cartel prices equal to unity,
then the index will be the fraction corresponding to the actual price

set by the firm.. That is:

where I is the value of the index, P, is the actual price at the observed

k
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kink, P_ is the non-cooperative floor price, and Pm is the "cartel" price.

f .

The index attains a maximum value of unity, when the actual price is the
“cartel" price, and a minimum value of zero when the actual price is the
non-cooperative floor price. Between these extremes the index will pro-
vide a linear scale of the loyalty firms feel towards the pricing decision
of the price leader(s), amongst other things, as we shall see in chapter
six. Note fhat the index may give different readings for different

firms within the same industry, since cost and demand conditions may vary
amongst firms. In this case we would need, for consistency, to refer to

the price-leader's index, or the lowest~cost-firm's index, for example,

in order to conduct inter-industry comparisons of the index.

The above explanation of the structure and level of prices in a K.D.C.
situation adds substéntially to the theory on this subject. To my know-
ledge, nobody has previously improved upon the "full-cost" rule-of-thumb
explanation of the price level and structure, given by Hall and Hitch in
their original paper [61]. We shall see, in an appendix to chapter six,
that the "full-cost" explanation is not necessarily inconsistent with the

above explanation.

Perhaps the major virtue of the K.D.C. model is that it offers an
explanation of price_rigidity in the face of cost and demand changes.
But the disfinction needs to be made between those changes which are
-specific to the partiéular firm under examination, and those which are
incufred by all or most firms in the industry. We often observe fifms
raising their prices in response to cost and demand changes which affect

all firms in the industry. For firm-specifié changes the firm does
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imagine a kink at the prevailing prices and will only raise or lower
price if the changed cost or demand conditions cause the marginal cost
curve to intersect the marginal revenue at a point other than within the
vertical discontinuity of the latter. For industry-wide changes, such
as a significant increase in the wage level, or a general upsurge in
demand, the firm will not envisage a kink at the prevailing price, since
it expeéts that all firms will wish to raise price. The fifm might assume
that all firms will follow a price rise which is sufficient to restore
the firm's profit margin to its previous level. Given the followship of

all other firms (or their simultaneous action) the mutatis mutandis sec-

tion of the demand curve. extends upward to the new price level, where it

) _ 8
would then kink. This is not made clear in the textbooks generally.

We note that when the price-leader raises price, or when all firms
independeﬁtly raise price, each firm's price is raised by a certain pro-
portion rather than by a certain absolute Amouht, in order to maintain
relative standinés in the market. If any firm attempted to raise price
more than probortionétely, we may envisage this firm as pricing above his

“kink, and relative market standings will change to the detriment of that
firm., If any'firm réised price less than proportionately this would pre-
sumably induce a competitive response from its rivals, and we may imagine
that fifm aé (temporarily) pricing below his kink. The demand curve for
the price;leadér would be of constant slope through its new price, since
all firms will follow both its price increases and decreases, as long as
8. Ferguson [47, pp;34é—347] and Bilas [18, pp.247-248] make no mention

of it. Scherer treats the joint reaction to an industry-wide change as a
"contradiction" of the K.D.C. model, [127, pp.148-149].
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this firm remains the accepted price leader.

III. Collusive, Price Strategic, R.M.D.

We turn now to the collusive variant of R.M.D., which arises when all
firms agree to adopt a set of objectives which presumably are expected to
enhance their joint welfére. In fact it would seem that explicit collu-
sion is only necessary when a non-collusive situation is unable to main-
tain the industry "discipline" required to prevent erosion of the price
level. Oné would expect the firms to have an incentive to organize a
collusive agreement whenever it is profitable for any one firm to insti-
tute a price cut, but where all firms eventually lose, relative to the.
situation of continuing collusive price levels. Each firm would be
expected to support a structure which prevents or inhibits any other

from initiating a price war.

Although thé firms agree explicitly to collude as to price, it does
not folloQ that they will choose the joint profit maximizing price. To
the extent that the cartel is unable to prevent one or more firms from
opting éut of the agreement, and to the extent that it would be profitable

to renege on the collusive agreement, the price level will need to be

below the cartel price,kin Qrder that the attraction of unilateral action
is lessened. Once again the exact location of the general price level
will depend on‘factors‘such as the extent of un-utilized capacity, the
time lag before price-shading‘is discovered, the probability of retalia-
torf price-cutting, the shortest time horizon of the member firms, and

the loyalty of the. firms to their joint welfare. 1In addition we should
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note that since the cartel is a joint organization of the firms, this
body may be able to exert additional pressures, such as boycotts to
suppliers of the price-cutting firm, which in turn may reduce the
expected profits, and hence the incidence, of price cutting. Collusion
need not be as overt and explicit as in a cartel, of course. It may be
implicit aﬁd informal, yet produce similar results, although the less
formal and explicit is the agreement the less joint pressure the fimms
would be expected to be able to bring to bear upon the recalcitrant firm.
Consequently we would expect the collusive price level to be lower when

collusion is less formal, ceteris paribus.

The existence of a collusive agreement implies a somewhat stronger
joint concern for the avoidance of price competition than does the exis-
tence of non-collusive (but parallel) action. The ability of the firms
to agreé upon a joint stratggy is evocative of the solid understanding
which they have regarding their interdependence of welfare and the advan-
tages that each will derive as & result of priée stability and output
predictability. The collusive price may be.raised to just below that
point where a dissehting or selfish voice is expected to be heard. Given
the peer-group pressure, the morale-boosting effects of a collusiQe agree-
ment, and the motivation which is demonstrated by the willingness of
firms to enter such an agreement, one would expect this point to be

higher, ceteris paribus, for a collusive group than for an.equiValent

group which exhibits only conscious parallelism. In addition the person-
alities in the industry, and the length of time that they have co-existed,

no doubt exercise some influence on the level to which prices may be
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raised.

A collusive agreement to maintain prices at a certain level will
probably cause the firms to imagine a kink in their demand curves at
the prevailing prices. Price increases would not be followed.(unless
instigated by the cartel leaders) and price decreases would attract
defensive price retaliation, apparently signifying the breakdown of the
previous price aéreement. Given the kink, we can ascertain the upper
and lower limits of the priée level, and thus calculate the index of

industry discipline represented by the actual price level.

The collusive agreement might be expected to be less satisfactory
for some members of the agreement than for others. Some firms may feel
severely constrained by the agreement, wanting to expand sales, but will
be reluctant to breakithe agreement by independently adjusting price.

An alternate outlet exists for their competitive tendencies, however, in

the form of non-price competition, and it is to this that we now turn.

IV. Non-Price Competition

When firms recognize their mutual dependence, and learn that price
competition causes output instability (which probably raises costs) and
may precipitate expensive price-wars, they mav be expected to look else-
where for a means to expand their profits. Advertising, product improve-
ment, changes in péckaging, and improved customer service are some of the
9. Scherer{127, Ch.6] elaborates upon this. Thé U.S. Steel industry,
in earlier years, exemplifies the value of social intercourse amongst

rival firm leaders as a means of maintaining industry "discipline.
See particularly [127, p.211, p.457].
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means by which a firm‘may increase its sales at its prevailing price
level. Non-price competition is a relatively safe means to increase
sales. It is not sudden, like price~competition, either in its conceé—
tion or its impact. The initiator of a non-price strategy may expect
a reasonable period of increased sales to elapse before its rivals are
able to respond in kind. Non-price competition is also much more subtle
than price competition, and not so easy to emulate. An effective adver-
tising campéign, or a beneficial product improvement may gain repetitive
sales that rivals can never recoup. Furthermore, non-price strategies
appear to be accepted as the "gentlemanly" means of competing, in large
part as a more acceptable outlet for the latent aggressiveness of firms,

than is price-competition. (See [127, ch.4]).

Marginalist theory suggests that firms will incur costs of additional
advertising up to the point where marginal cost of this increased adver-
tising just equals the marginal revenue which is attributable to the
increased advertising effort. (See Chamberlin [25, ch.7]). Both the
cost and demand cﬁrves are expected to move in an upwards direction, as
the advertising expenditure mounts. Since there are likely to be dimin-
ishing returns to'advertising, and increasing cost per unit of output,
we might expect an optimal level of advertising to be found by margiﬁalist

principles.

This is probably only true for a monopolist, however, or for a firm
which is sufficiently small relative to the market that its actions may'
pass unnoticed by any other firm. For oligopolists the benefit of an

advertising campaign depends in large part upon what rivals are simul-
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taneously doing. To some extent advertising effortsAare mutually can-
celling, and this will be especially so if rivals mount simultaneous
campaigns. 1t has been hypothesized that oligopolists face a prisoners'
dilemma problem with regard to advertising. (See {127, pp.335-337]).
Nue to the uncertainty concerning the campaigns their rivals may be
planning, they are forced to proceed with elaborate campaigns of their
own to avoid considerable loss of profits which would occur if their
rivals initiated ﬁew campaigns and they themselves did not. By acting
independently, and without sufficient comﬁunication amongst rivals, each
firm expends more than the optimum:' that is, the marginal cost of these

efforts exceeds the marginal revenue derived.

This unnecessary 1oss'of profits could be avoided, however, by col-
lusion as to non-price variables as well. 1If firms colluded with respect
to their product éifferentiation expenditures they would reduce the
mutually cancelling element and bring about the mafginal equality of
costs and revenues attributable to these efforts.10 But the impact of
further product differentiation is difficult to predict, and may leave
some firms unsatisfiedbwith the agreement. In addition, to close the
avenue of non;price competition may well increase the pressure for an
individual firm to resort to the potentially dangerous means of price-
competition. Thus it is not unexpected that firms in actual business
environments appear reluctant to engage in agreements regarding non-price
10. "Pfoduct differentiation expenditures" is being .used to include
advertising, packaging, promotion, services, etc. It is possible, of

course, that some product differentiation expenditures have mutually
amplifying effects when firms simultaneously indulge in them.
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strateqy, preferring to rely on the latter method of stimulating sales,
even in cases where demand at the established price levels is consider-

ably depressed.ll

Where the firm makes its pricing decision on the basis of its ima-

gined ceteris paribus demand curve, as in earlier chapters, we would

expect that firm to wish to adjust price, in most cases, after incurring
product differentiation expense. This is due to the unlikelihood that
cost and demand functions Qill react to additional expenditures in such
a way thqt the prevaiiing price would remain the profit maximizing price.
But; given R.M.D. and a kinked demand curve, there will be a given price
level for each firm, departure from which will cause profits to decline,
unlesé the price-leader(s) initiate the price adjustment. All firms
excepf the price~leader(s) are therefore limited in the amount of addi-
tional product differentiation expenditure they may incur in the short
run, to the poiﬁt where the marginal cost curve inﬁersects the upper-
most point of the verticdl discontinuity of the marginal revenue curve.
Any further expenditure, even if it did cause demand to increase by more
than costs, would be precluded by the firm's unwillingness to indepen-

dently raise price.

In terms of the Edgeworth models developed in this sfudy, the intent
of non-price competition is to change the values of the‘prodﬁct differen-
fiation parameters which appear in the firm's demand functions. The firm
wishes to obtain a larger share of the market at prevailing prices, and

11. A great deal of case study information on non-price competition is
available in Scherer [127], particularly chapter 14.
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to lése less sales if its price is undercut by rivals. 1In terms of
equations (4.14) and (4.15), the firm's demand functions, this trans-
lates to a desire to increase the share of "continuous" buyers when
prices are equal (viz. mi); to reduce the reciprocal of the slope of
the individual firms demand curve (viz. dqi/dpi); and to increase the
"loyal" demand by increasing the value of the intercept, Hi, and by
reducing the slope term, Gi' which appear explicitly in equation (4.11)
of the previous chapter. The extent to which these parameters actually
change depends upoh the effectiveness of the advertising and promotion
expenditures, of course. To gain a net increase in sales, a firm's non-
price strategy must be superior to those of its rivals, and/or it must
attract new buyers into the market.12 Conversely, and as intimated in
an earlier chapter, certain policies of a firm may have an adverse impact
on that firm's product differentiation parameters. Poor public relations,
due to frequent price adjustments, discrimatory hiring, indiscriminatory
firing, pollution, and the like, may be expected to alienate potential

customers.

It should alsé be ﬁoted that price instability in the differentiated
products cases of dudpoly and oligopoiy, which could conceivably arise
as a result of the feedback effect, is ruled very unlikely as a result
of ﬁhe firm's recogﬁition that its aétions have a public relations impact.
The instability which afose was dependent upon the assumption that firms
take into account only the immediate effects of raising pricé against the
12. In which case the market demand value Q. will be increased. There

are, in fact, likely to be external benefitslof an individual firm's
advertising efforts. See [127, p.334]).



~128-
feedback demand. 1If in fact consumers become annoyed or resentful of
such a policy, the firm's product differentiation parameters may change
over time as a consequence. The firm will expect, or eventually learn,
that periodically exploiting the market by raising price against the
feedback demand, causes it to lose sales in the longer term. Thus the
profit maximizing response to this would be to allow prices to stabilize

at the level to which they would otherwise degenerate.

No attempt will be made here to specify the impact of non-price stra-
tegies upon the demand function of the individual firm. It would appear
to be a very complex matter, and is largely peripheral to the aims of this
study. Some work on this area has been done, by Baumol [13] and Schuster

[128] particularly, and much remains to be done.

V. Conclusion

when the firms of an industry recognize their mutual dependence, a
number of mbdifications‘must be made to the predictions which arose from
the models of earlief chapters. Firstly, if firms do recognize their
mutual dependence but do not come to any agreement or understanding, they
may expect their rival(s) to attempt to ﬁinimize the residual (or feed-
back) demand by a process of discrimination amongst customers. We saw
that, in the identical products case of duopoly, this strategy would
reduce the amplitude of the price cvcle, or remové it altogether, com-
‘pared with what would happen undgr én assumption of random choice of

" customers. Shubik has stressed the dependence of the cycle upon the

assumptions underlying the "reconstitution" of the residual demand.
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(See [132, pp.419-428], [133, pp.8l1-113], and {130, pp.31-34]). The
above discussion is the first, to my knowledge, which explicitly outlines
the nature of this dependence. It can be shown, furthermore, that the
minimization of the residual or feedback demand will reduce or remove the
fluctuations in prices, if such fluctuations would otherwise exist, in

each of the other models discussed in the preceding chapters.

Attention was then given to the implicit and informal understandings
which may arise from the firms' R.M.D. This gave rise to a consideration
of price-leadership models in which we expect one or more firms to raise
the general price structure to some level exceeding the non-cooperative
price floor. This level would be the highest price the leader(s) expect
can be charged without any firm preferring to initiate an indpendent price
adjustment. It is believed that a confribution has been made to the
literature on the kinked demand curve, as a result of the earlier analysis.
By observation of the placement of the firm's marginal cost curve in re-
lation to the discontinuity in the marginal revenue curve, we are able
to say how far above the non-cooperétive floor price, and how far below
the "cartel" price, is the firms present price. This breakthrough allowed
the construction of an "index of industry discipline" which would appear
to be useful for inter-industry comparisons of collusive loyalty in the

short run context.

The firms' recognition of their mutual dependence may lead them to
enter into more explicit and formal agreements, the quintessence of which
is the cartel. The extent to which firms may raise prices above the non-

cooperative equilibrium levels will depend upon certain factors which were
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cnumerated, but we would expect the general level to be above that which
would prevail without such a collusive agreement. Non-price competition
is expected to assume considerable importance when firms recognize that
their price adjusﬁments may be easily matched. Advertising and promotion
efforts provide a means of increasing sales which‘is neither as easy to
copy, nor as likely to provoke aggressive reactions, as compared with

price strategy.

For the most part, the demand functions of the firm have not been
respecified to incorporate‘the modifications which R.M.D. requires. The
“minimax" case allowed a relatively simple change in the functions as we
saw. But if the firm does not know what to expect hy way of retaliation
from his rivals, its demand function for independent price adjustments
becomes indeterminate. 1In order to have determinate demand functions we
made a number of simple assumptions concerning rivals' reactions to price
changes by an individual firm. There is no great specification problem
for the constant-market-shares demand curve, or for the kinked demand
curve. When non-price competition is allowed, however, specification
becomes considerably more difficult. One could not simply express
increased sales as a function of current (or past)‘product differenti-
ations exp;nditures, since a wide dispersion of results may occur, depen-
ding upon what rivals‘are simultaneously doing. Once could not even
discuss sales responses to product differentiation expenditures of a

single firm, with ceteris paribus, since dollars spent on product dif-

ferentiation will not likely have the same qualitative impact for any

two firms, or for any two different advertising campaigns.
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In the following chapter the firms consider the long run impli-

cations of their actions.
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CHAPTER 6

LONG RUN CONSIDERATIONS

T. Introduction

In this chapter we depart from the assumption that firms will attempt
to maximize their profits in the short run. By replacing that objective
function with one relating to the long run, we are able to introduce a
number of new strategies into the models discussed so far. These strate-
gies include pricing to prevent entry of new firms, efforts to bankrupt
a rival, and changing the scale of plant. The issue of full-cost or
markup pricing is discussed in an appendix, and is found not necessarily

inconsistent with this analysis.

It was noted in the previous chapter that when firms recognize their
mutual dependence they will look beyond the immediate and direct results
of their pricing decision. We saw that a firm might abandon the obijec-
tive of maximizing immediate profits in févour of a less aggressive
strategy which is expected to garner a larger profit over a longer period
of time. The time horizon envisaged by the firm may or may not exceed
the 'short run' period of that firm, but since changes in plant size
were not considered in the preceding discussién it was implied that firms

were attempting to maximize profits over the short run. Given that
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bharriers to the entry of new firms are not absolute, short run profit
maximization implies a similar sort of myopia to that criticized in the
preceding chapter, since it infers that firms do not foresee that their
profits may attract new firms, and that their future profits may sub-

sequently be reduced.

But if the.time horizons of firms are shorter than the short run
period, firms will attach no significance to the entry of new firms, and
short run profit maximization is rational behaviour. To proceed, we
require some basis for the presumption that time horizons are generally
longer than the short run period. Following the Berle and Means Study
{14} a great deal of attention was given to the fact that the firms in
a wide range of oligopolistic markets were generally very large in re-
lation to the cconomy as well. (See Scherer [127, ch.3]). Rather than
being owned and managed by a single entrepreneur, large firms are charac-
teristically of corporate form, with the attendant feature of separation
of ownership and control. The corporation is regarded,by shareholders
and management alike, as .an ongoing institution, a legal entity which
will exist in perpetuity despite turnover of shareholders and replacement
of managers. The interests of the owners and managers are served by the
continued survival 6f the firm. Moreover, both these groups could be
expected to see that it will be to their continuing benefit if the firm
at least maintains its relaﬁive standing in the industry, and perhaps in
the economy generally. Thus it appears reasonable to contend that the

relevant time horizons which exert influence on the pricing decision in
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oligopolistic markets are longer than the short run. If, on the other
hand, oligopolists were primarily sole proprietors (with no heirs) we

might expect the converse.

Thus it would seem to be a generally untenable proposition that firms
which are concerned with their long term existence and market standing,
would at the same time aétempt to maximize their short run profits.
Pursuit of the 1atte; may induce the entry of new firms, which in turn
may jeopardize the attainment of the former. If not short run profit
maximization, then what is the firm's objective? Baumol {12] has sug-
gested sales maximization, subject to the meeting of a (minimum) profit
constraint. Others have suggested the maximization of multivariate
utility functions, where profits, and other objectives generate utility.
[34], [159]. Growth has been suggested as the prime aim of the firm.
[116], [96], [11]. 'Satisficing' rather than maximizing has been sug-
gested in response to the claimed inadequacy of the data systems and
control mechanismskof the firm. [139] A lively debate ensued over a
prolonged period as to the validity of the various theories. (For a
review see Machlué [§5]). No solid consensus of opinion has emerged,
with the advoéates each claiming that their particular behavioural

assumption is valid for a least some business firms.

II. The Objective Function Replaced.
A more promising contender for the firm's objective function is that

1. This is supported by the discussion concerning time horizons and the
firm's objective functions in Silberston's review article. [137,
pp.530-533].
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firms attempt to maximize their long run profits. (See [46, p.36],
{150, p.42n], (16, p.299), [2, passim], [69, passim] and ({173}, for
example) . This accords well with our reasoning that firms wish to
continue their existence and at least maintain their market standing.
Iong run profits are necessary for the attainment of these objectivgs,
and if the estimation of long run profitability takes into account the
possibility of entry, this will avoid the conflict which arises with

short run profit maximization.

Moreover, it would seem that many of the proposed alternatives to
short run profit maximization are compatible with a strong concern for
longer run profits, given the uncertainty that exists in the estimation
of future profits. The sales maximization hypothesis, for example, may
be equivalent to a long run profit maximization hypothesis, where repeat
purchases are a feaﬁure of the market, where loyalty to particular firms
over time is strong, or where there is a "lock-in" effect of complemen-
tary saies. (e.g. special films for special cameras and special pro-
jectors for the speéial film, replacement parts and accessories for
consumer durables, and the like). Maximizing sales, subject to a profit
minimum in the short run will ensure a continuing flow of customefs in
the long run, which in turn augers well for the firm's continued existence

and relative market standing.

The growth of the firm certainly requires profits, since these are
an important source of the necessary finance. And since growth is pre-
sumably desired over a protracted period, then long run profits will be

preferred over profits which may be short-lived. Multivariate utility
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functions which include the goodwill of customers and the public gener-
ally, the comforts of a quiet life, etc., may similarly amount to long
run profit maximization. The firms continued existence and market
standing require continuing public goodwill, and the preference of some
managers for the quiet life will presumably inhibit the firm's propen-
sity to be continually seeking short run profit maximization which in
turn could induce new entry. In effect we are saying that firms do
what they do in thé short run because they expect that their actions now
will enhahce profits some time in the future. A firm which makes a
charitable donation, contributes to a political campaign, installs anti-
pollution equipment vo}untarily, or refrains from a price rise at the
suggestion of Government officials, is no doubt thinking in terms of the
public relations impact of its action, which in turn will influence
future profitability of the firm. Similarly, expanded sales now, at the
expense of additional profits, are expected to generate repeat purchases
in the future. The lower price which is set in the short run to expand

. ‘ 2
sales, serves to broaden the future market for the firm's product.

But the future is uncertain, and a firm's actions in the short run

can only be based upon its expeétations concerning the long run course

of events. Hence if firms perceive their futures differently we would
expect‘them to behave differently in the short run, in response to the
same stimuli. In retrospect the firm might see that its expectations
were poor, and may revise its future plans accordingly. But changes
2. Williamson [160] and Leland [88] show the differences which arise

when the firm alternately maximizes sales, growth, or long run profits.
In many cases the results do in fact converge with each other.
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occur in the business world and the circumstances surrounding a decision
are seldom the same at different points of time, and thus uncertainty
continues to exist in varying degrees. This is a central point in the
argument of the 'satisficing' school of thought regarding the firm's
objectives. Firms, it is said, face considerable uncertainty asbto
costs and demand even in the short run, and adjust prices, promotional
expenditures and other variables whenever it appears that one of their
minimum objectives will not be attained. Once the sales objective is
attained, for example, the managers apply their efforts to satisfying
the next constraint which is not yet met, by adjusting control variables
on the basis of their imperfect information systems and their imperfect
expectations of the effect of these adjustments. 1In effect, satisficing
managers appear to act by short run criteria designed to ensﬁre the.con—

tinued existence and maintained market standings of the firm they control.

Of course;, the objective to maximize long run profits is not the sare
as to ensure continuity of existence and the méintenance of relative
market staﬁding. The maximization of long run profits is defined as
maximization of the present value of the expected future stream of annual
profits. Depending upon the conformation of.this stream, and upon the
discount rate applied, maximization of this sum may dictate heavy exploi-
tation of the market in the first few periods, with a much reduced share
of the market over subsequent periods. In fact, going out of business
is quite compatible with this view of long run profit maximization, but
is completely incompatible with the objective of continuity and growth.

For firms with relatively long time horizons however, the discount rate
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would be relatively low, and immediate profit maximization would only
be called for in the case where it is impossible to prevent entry,
unless rapid secular decline in market demand is envisaged. 1In the
light of the uncertainty which exists, one might expect firms to adopt
fairly cautious attitudes, to minimize the possibility of unwanted out-
comes such as the dilution ofvtheir market share and reduced future
profits. Further, the firm must view the expected profits of future
periods with increasing skepticism the further into the future it looks.
Thus at any particular point in time, the firm will be predominantly
concerned with its existence over the next few time periods, and will
take actions that are expected to be profitable, yet not alienate con-
sumer goodwill or invite vigorous competition from existing or potential

firms.

Thus we explicitly state the firm's objective function as follows.
We assume that the firm attempts to maximize its expected long run pro-
fits, subject to its continued existence and maintained relative market
standing.3 Note that the firm's conception of long run profits is
subject to its vision being clouded by the uncertainty of future events.
Such an objective function would be extremely difficult to specify, how-
ever, (sée {11, [46, ch.5]), and it is doubtful that firms would ever
attempt to do so. But an outward manifestation of this objective might
well be a strategy of éricing to deter the entry of new firms, for it
is the entry of new firms which poses the greatest threat to the firm's

3. 1If continued existence implies negative long run profits, the firm
is expected to eventually exit the industry, of course.
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continued existence, market standing, and profitability. We turn now
to this issue of "limit" pricing, and other short run strategies con-

sistent with the revised objective function.

III. Short Run Behaviour

In this section we shall discuss three strategies which firms may
employ in the short run in an attempt to achieve the maximization of
long run profits. In the first place, firms may place an upper limit
on their short run price, which is low enough that entrants expect to
be unable to.maké a profit. Secondly, established firms may éttempt to
force the exit, takeover, or merger of one or more existing firms, and
thus expand market shares and/or experience economies of scale. And
thirdly, established firms, béth separately and jointly, may erect and
maintain barriers to entry in the form of produét differentiation expen-

ditures.

(i) Limit Pricing

The idea of pricing to limit or deter the entry of new firms arose
from the works of Kaldor (82], Andrews [2], Harrod [63], and Bain [4].
The theory solidified following later works by Hicks [69], Hahn [59],
Bain [7] and Sylos-Labini [150]. An account of the development is avail-
able in Osborng [113] and a good outline of the simple model is in
Scherer [127, pp.219-234]. More reéent advances are those by Baron
[9] and Gaskins [54]. We shall examine the two major cases, mutations

of which present no significant problems.
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In the first case, the firms jointly recognize, (or follow the
example of the price~leader, who recogniies) the potential of entry of
small-scale, relatively-high-cost firms at the periphery of the induétry.
If allowed to enter, these firms may prosper and grow and eventually
make substantial inroads into the market share‘and profitability of the
original. firms. Preferring to avoid this, the existing fifms set price
just below the level of minimum average costs which the entrant firm is
expected to incur. The potential entrant thus never enters, as he does
not expect to earn even a normal profit. In the second case the existing
firms hold no cost advantage over the potential entrant, which is expec-
ted to be a relétively large-scale firm. The existing firms are motivated
to set the price at a level such that the entry of another firm would
depress the price below the entrant’s minimum average costs, given that
the existing firms maintain their production at the pre-entry levels.

The potential entrant is thus inhibited by the expectation that his entry

would not be profitable.

Is limit pricing a rational, long run profit maximizing strategy?

One wonders why the firms should lower the price befdre the point when
the entrant actually enters the industry. if the existing firms have a
cost advantage they could presumably lower prices after entry occuré, and
drive the entrant out again, suffering reduced profits (or losses) only
for the duration of the actual skirmish. Several factors weigh against
this,.however. First, prevention is probably better than cure. Once a
firm has entered, and especially if’it is backed by wealthy or conglo-

merate interests, it can be expected to make a sustained effort to "ride
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out the storm", and may make accelerated efforts to reduce costs and/or
achieve economies of scale. Secondly, the existing firms' credibilities
are weakened by first charging entry-inducing prices, and then threaten-
ing to hold prices down until the entrant is ruined. The entrant may
hang on for a prolonged period in the expectation that the existing
.firms will relent and allow the new firm to "join the crowd". In this
case, the pre-existing firms may incur reduced profits, or losses, for
a substantial period. Thirdly, the extent of price reduction required
to deter entry is much less than that required to force the same firm to
leave. The entry-deterring price is just below minimum average costs,
while the exit-forcing price is just below minimum average variable
costs. It may well be preferable to set the former price over rela-
tively long periods, rather than the latter over relatively short periods.
And fourthly, forcing an éntrant to leave the industry might be construed
as illegal predatory pricing by the relevant aﬁthorities, and attract
censure, cease andéd desiét orders, or fines, to the conspiring firms.
Thus setting the entry-deterring price, plus making the implied threat
of stiff competition if subsidized entry is threatened, may well be the

long run profit maximizing strategy.

Regarding the large-scale entry model, the major problem is that
successful deterring of entry depends upon the credibility of the threat
made by the existing firms that they will maintain their output at pre-
entry levels and allow the resultaht excess demand to press prices below
thevlevel of minimum average costs. The potential entrant might reason

that the existing firms will eventually accept his entry, in their own
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interests, and all firms will raise the price to the new entry deterring
level and thus restore profitability. The original firms wish to pre-
vent entry and thus should make their threat explicitly and apparently
in the greatest sincerity, but if their bluff is called we would expect
them to take the rational course and accept the entrant into their limit
pricing agreement such that they may quickly adjust price to a more pro-
fitable long run level. Thus it would seem that entry of a large-size
low-cost firm could not be prevented, unless the entrant firm's finan-
cial backing was inferior to that of the existing firms. For example,
if the entrant must make profits within a certain period in order to
repay creditors, and the existing firms' financial reserves were more
than sufficient to cover losses during this period, and both the entrant
and existing firms knew this( then entry may be successfully deterred,
if the threat made by the existing firms to maintain output is suffici-

ently credible.

There are circumstances in which the exiéting firms will not practice
limit pricing even when their objective is to maximize long run profits.
Bain [7, p;22] introduced the term "blockaded eﬁtry" to describe those
cases where the limit price exceeded the short run profit maximizing
price. The existing firms in this case wéuld have no incentiQe to raise
prices high enough to atﬁfact entry, and would maximize long run profits
by maximizing successive short run profits. In this case, bafriers to
entry are likely to be very great, either in the form of absolute cost
4disadvantagés, product differéntiation loyalties, or inébility of the

market to support another firm operating at minimum optimum scale. Bain
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also introduced the term "ineffectively impeded" entry, to describe the
case where the limit price is so low that firms find it advantageous to
attract entry until a higher limit price is appropriate. That is, the
firms maximize short run profits for the first few periods and then adopt
limit pricing in subsequent periods, since this strategy is expected to

contribute more to long run profits (see {7, ch.l]).

A word of clarification is necessary regarding '"the" limit price.
First, the above analysis refers to a static market demand situation.
If the entrant expects the market to expand, or to eventually "win over"
a substantial portion of the market, he may enter despite the limit price,
in the'expectation of eventually making profits. The simple limit price
theory implies that if the entrant cannot make‘positive profits initially,
it will be deterredvfrom entry. But firms may enter expecting to make
initial losses which will later be outweighed by profits. Entry takes
place, one presumes, if the present value of expected future profits
exceeds the present value of expected initial losses by enough to make
this a more attractive investment proposition than the investor's other
opportunities. But this needs to be qualified tQ cover the case where
profits begin too late, that is, after the entrant has been declared
bankrupt and has dissolved. 1If creditors fore-close before the entrant
"breaks-even", and the firm is uﬁable to re-finance its loans, then the
entry will be unsuccessful. Given the uﬁcertainty involved in predicting
future profits the entrant would no doubt prefér.a suitable safety margin

included in the "break-even" period.
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Secondly, sinée the limit price depends upon the expectations of
the existing firms with respect to the cost structure of the potential
entrant firms, there is a risk element involved. If the limit price
is not, in fact, low enough to prevent entry, due to prediction errors,
then entry will occur anyway. If the firms are risk-averters, they will
set a lower limit price than otherwise, to reduce the consequences of
errors in their predictions. The more averse to the risk of entry are
the established firms, the greater margin for error they are likely to
have between the limit price and expected minimum cost levels of potential

entrants. (See [9, p.670]).

In terms of the model developed in the precéding chapters of this
thesis, the introduction of limit pricing is relatively simple. Recog-
nition of mutuél dependence is a prerequisite, of course, and either the
price leader, or the coilusive body, will choose the price level on the
hasis of their expectagions concerning the limit price. Thus we have
added another criteribn to the "appropriateness" of the chosen price.

In chapter five the appropriate price was the highest price that would
inhibit unilateral price adjustments. The added consideration is that
the érice is not so high that it will attract entry of new firms. The

lower of these two prices will be the one chosen, since it will both

deter entry and inhibit unilateral price action.

The index of industry loyalty thus takes on another dimension, when

we consider that the price charged by the firm depends upon the potential

of entry as well. The index, which simply describes the relationship of
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the firm's actual price level to the range in which it might lie, does
not explain the level of price. But the explanatory factors are now
two-fold: that is, the threat of independent price cutting from within
the group, and the threat of incursion by new entrants. The actual
price may in fact be the firms' estimation of the "limit" price, if the
threat of independent price cutting does not occur until price is some-
where above‘the "limit" price. But note that the index says nothing,
per se, about the height of fhe barriers to entry. This would need to
be experessed as some function of the monetary value by which price
exceeds average costs. The index simply indicates the relative location
of the actual price between the upper and lower price limits: viz. the

complete collusion-blockaded entry price, and the zero collusion price.

(ii) Predacity, Takeover, and Merger

Since the exit of any firm would presumably expand the market share
and enhance profits of all or most other firms, a more positive strategy
té ensure long run profitability might be to drive rival firms into bank-
ruptcy. This strategy will only be employed if entry is blockaded, or
"effectively impeded”, of course. 1In the latter case the firms will need
to practice limit pricing to maintain the increased degree of market con-
centration. Given that new entrants will not nullify the effect of the
exit of a firm, predatory pricing requires either that the intended vic=-

4 tim has significantly higher costs than the other firms', or that the
intended victim has significantly more restricted access to loan finance.

A price war of sufficient duration would, in either of these circumstances,

cause the intended victim to actually leave the industry due to his over-
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whelming losses. Predatory pricing is almost necessarily a joint
‘activity, since predacity by any single firm would usually spread its
effects too thinly over all other firms. The price war and consequent
losses or reduced profitability would be over in a much shorter period
if they were thé result of a collusive strategy on the part of a subset
of firms, or if the price leader took it upon himself to lead prices

downwards to eliminate one or more rivals.

wWhen firms serve different geographical areas, or where product dif-
ferentiation extends over a spectrum, price discrimination may be a suf-
ficient form of predatory pricing. 1If the intended victim sells primarily
in one geographical area, or has relatively few product lines, a "local-
izéd" price war might be all that is required to force that firm's exit.
The "éost" of the price war to the other‘firms would be less in aggregate,
and presumably the distribution of this "cost" amongst the other firms
will be roughly proéortionate to the benefits derived subsequent to the
exit of .one or more firms. 1If not, the relatively disadvantaged firms
‘may be offered side payments or other concessions in the "implicit bar-
gaining" process of oligopoly markets, (see {46]), to induce them to

cooperate, if their cooperation is necessary.

In most advanced economies, however, predatory pricing is specifi-
cally outlawed by legislation intended to preserve competition in the
interest of consumers and the public generally. But the illegality of

predatory pricing need not cause it to be abandoned as a competitive

strategy. Just as pollution, although illegal, is sometimes indulged

in because it is more profitable to pollute and pay fines if detected,
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one might expect the predatory pricing decision to be more economic
than legal in its foundations. It is more likely to be indulged in,
one presumes, the lower is the likelihood of detection, conviction,
heavy fines and/or imprisonment of the conspiring personnel, given a

situation where predacity is potentially profitable but illegal.

The potential profitability of predacity will depend upon the firms'
expectations regarding future profits under the status quo, as compared
with future profits during and after the price war. As well as expected
future price levels, cost expectations are paramount. Elimination of
rivals would expand the market shares of the remaining firms, and may
allow the attainment of economies of firm size and/or of plant size.
Other costs changes may be foreseen as the result of changing technology
and factor prices. On the demand side, expectations must be formed re-
garding the growth of the market over time, and possible changes in
consumer taste and preference patterns. In the light of all these con-
siderations then, the .price leader or a collusive bloc of firms will
opt either to continue the status quo, or institute a predatory pricing

policy.

Other policies of predacity may be followed, and, if they are more
subtle, may be preferred to predatory pricing, since the risk of convic-
tion will presumably be lower. One such policy might be to threaten
boycotté of suppliers if they were to supply thé intended victim (which
wouid need to be a relatively small customer of the supplier, vis-a;vis
the aggregate of the conspirators' demand). Another policy designed to

destroy a rival might be to conduct advertising or rumour campaigns which
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tend to denigrate the intended victim's reputation or product. Con-
trived bad publicity may be very difficult to nullify, given the per-
suasiveness of certain media forms and the consumer's inability to

confirm the validity of either side of the story.

If unable to force the exit of a rival the predator firms may instead
attempt to take-over the firm, and subsequently retire its plant and
equipment, and/or expand sales and profitability. Mergers are similar
in intent, sinﬁe they are presumably undertaken to achieve economies of
size, or to "rationalize" industry capacity, advertising expenditures,
research and development efforts, and othér duplication. (See [127,
pp.103-122j and [146, ch.8]). Althéugh profit considerations may dic-
tate the take-over or merger of one or more firms, this avenue is only
available when all parties to the transaction are willing, unless a
stock market take-over is possible.4 Independence of spirit, stubborn-
ness, or misanthropy, may over-ride simple profit considerations in the
real world, of course. ﬁoreover, takeerrs and mergers may be subject
to official permission being given by the above-mentioned custodians of

effective competition. If judged contrary to the public interest, the

union is prohibited, and the parties are then left to pursue some lesser

degree of joint action, or become competitors again.

Takeover and merger activity may be represented, in the context of

the model developed here, as an additional non-price competitive strategy,

4, 1If the owners of the firm which is to be taken over believe the firm
is worth more than the offer, they will not be willing, of course.
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to the extent that a reduced price is not necessary to effect the take-
over or merger.5 Predacity intended either to force another firm's
exit, merger or takeover, enters the present model under the question of
the "appropriateness" of the price chosen by the price-leader(s). The
price~leader(s), if convinced that inc;eased concentration of the market
will enhance.the long run profits of themselves, or of all remaining
firms, will lead ?rices down to a level which is considered sufficiently
low to force one or more firms to comply with the wishes of the price-

leader (s).

Thus there is another explanatory factor behind the index of industry
discipline. Prices may be held below the cartel level, not due to the
fear of unilateral price adjustments, and not due to the fear of new
entry, but in pursuit of increased concentration of the market.6 We
note that the term "industry discipline" is appropriate for the concept
of the firms resisting the impulse to.undercut prices for individual
gain, but is less appropriate as a descriptive term for the limit or
predatory price.v Let us use the term "index of oligépoly price" to mean
the value of the index when price is chosen in a long run context, and
retain the "index of industry discipline" to refer to the degree to which
firms feel they can raise price without inducing unilateral price cuts

from existing competitors. Thus the index of oligopoly price could not

5. In the event that a party to the takeover or merger is initially
unwilling to be a party, reduced price levels (with consequent lower
profits) may help change the firm's mind.

6. In this vein, and considering that predatory pricing is often
illegal, the price-leader(s) may set the price such that the peripheral
firms are able to exist, but are unable to expand their scale of
operation or market share, over time.



~150-
exceced the index of industry discipline, although these would be equal
if the limit price was at a higher level, (and predacity was not con-
sidered feasible). The actual price will be the lowest of the limit
price, the predatory price, or the highest price which the price-leader(s)

dare set without inducing unilateral price action.

(iii) Product Differentiation Rarriers

A third class of strategies which a firm may invoke in the short run
is to strengthen its product differentiation advantages. Thus, a poten-
tial entrant will bhe confronted by even greater limitations upon the
price it may charge for any given quantity, and upon the cost that will
be incurred to sell any particular quantity. Product differentiation
barriers may>be erected jointly by the established firms, and/or indivi-
dual firms may seek to strengthen their particular position against the
incursions of a new firm. Joint action may take the form of eulogizing
the virtues of lohg-standing experience in the industry, and the rami-~
fications for superior service, durability of the product, trade-in
values, and the like. In other words, the established firms may seek to
cultivatg a prejudice against the products of new firms, which in turn
may be very difficult and quite expensive for the entrant firm to over-

come. The expectation of this expense and difficulty may inhibit entry.

Produbt differentiation efforts by individual firms have already
been discussed in the context of non-price competition, but when the
potential of entry is recognized, some firms more than others may feel
the need to ereét barrieré around their own particular product. Since

products are differentiated, the entrant's product will be a closer
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substitute for some productsthan for others. The entrantvmay have the
discretion of entering the product differentiation spectrum at any point,
and each estahlished firm would no doubt prefer that the entrant steal
sales from the 93335 firms rather than itself. Thus, firms will make
efforts not to be the weakest link in the chain; that is, to avoid

having its product easily imitated by a new entrant.

Just as in the non-price competition framework firms might tend to
"overspend" on product differentiation efforts, it is feasible that a
similar prisoner's dilemma problem will exist with respect to barrier-
raising expenditures. Fach firm faces the possibility that if it spends
less than its rivals it may be "entered against"” by a new firm. To pro-
tect itself against this outcome, each firm will be motivated to spend
at least as much as it expeéts its rivals to spend, with the probable
result that some element of their expenditures are mutually-cancelling.

A collusive agreement may be possible but this would be likely to en-
counter problems similar to those mentioned in the previous chapter.
Bainb[7, ch.6] has indicated that product differentiation barriers are
perhaps the most important deterrents to new entry, since the other major
barriers (absolute costs and scale economies) are likely to be eroded by
technological progress and conglomerate entry. Limit pricing is often
insufficiently prohibitive, and post-entry predacity is illegal. It is
evident then that firms will be concerned with product differentiation

as perhaps the most effective means of preventing entry. Any short run
analysis wbich purports to show that firms spend too much on advertising,

and other product differentiation efforts, may be missing the point of
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these expenditures.

Increased product differentiation expenditures for "barriers"
purposes may be treated in this model as a fixed cost, since they are
intended as a precautionary tactic to protect future output levels.
(Expenditures for non-price competition purposes no doubt have both a
tixed and variable cost element, although it may prove extremely diffi-
cult to separate them in practice). Since all firms are inclined to
undertake product differentiation expenditures due to the prisonér's
dilemma problém; we would expect these expenditures to be incurred by
all firms as a "built-in" element of ;heir costs. Price determination
proceeds as the model suggests. A structure of price differentials will
evolve which is to the satisfaction of all firms. If there is no agree-
ment arising out of the R.M.D., then all firms will set their non-
cooperative floor prices, which depend upon the relative cost and product
differentiation advantages of the particular firms. When any one firm
changes the relative cost and/or product differentiation position, by
virtue of its advertising efforts for example, a new structure of price
differentials is expected to develop. To the extent that firms impli-
citly or explicitly agree to follow the price-leadership of a firm, the
general price'levei will bé above the floér level. It will be below the
cartel level to the extent that unilateral price adjustments, entry of

new firms, and predatory pricing are considered.

IV. Long Run Adjustment

The short run is usually defined in terms of the fixity of factor
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inputs, and, strictly, as the period of time it takes to vary the input
of the "most-fixed" factor. At the end of the short run the firm may
change plant size, technology, or location, to any other possible com-
bination known to it, and then continues operating in the next short
run period. It is evident that the short run periods of the various
firms are not likely to be coincident. Any one firm may embark on a
new short run period, while other firms remain constrained to their
"0ld" output and cost ranges. In the analysis of the preceding chapters
however, we presumed that all cost functions remained constant while the
price adjustment process was carried out. But with non-coincident short
run periods, the period of "peace", during which no firm introduces new
plant, may be quite shortlived. Thus prices may be adjusting towards a
set of equilibrium values, when a new set of equilibrium values becomes
appropriate. R.M.D. takes care of perhaps most of this apparent price
instability, however, since prices may be adjusted more quickly and
directly to ;he newly "appropriate" levels, and/or non-price competition
may replace price adjustménts, as we saw in chapter five. Note that
the entry of new firms is similar in impact to the expansion of plant
size by an existing firm, and the exit of a firm has the same conse-
quences as contraction of plant size. Firms become aware that cost and/
or demand conditions have changed, and may wish to change the level and/

or structure of prices.

Firms will change the scale, technology, or location of plant, on

the basis of actual changes in the state of technology, factor cost ratios,

and market size or composition, since these will most likely cause the
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present plant to be non-optimal. But expectations of future changes
will also influence the decision. 1If growth of the market, changing
tasfes, and improving technology are expected, then the firm may include
these factors in its calculations, attaching weights to reflect the
degree of certainty and risk aversion which the firm feels. Similarly
new products may be introduced on the basis of expectations regarding
the trend of consumer tastes and the desirability of being "first on

the scene" if the product were to gain wide consumer acceptance.

There would seem to be three fairly compelling reasons why firms
will build new scales of plant which incorporate excess capacity, even
when no increase or change in the composition of market demand is

7 . . . . :
expected. First there is the precautionary motive. If the firm were

to experience mechanical breakdown, or a labour strike, demand will be
satisfied for a thle out of inventories, and some customers may elect
to wait for delivery. When the firm is back in prodﬁction it will wish
to "catch up" with demand and restore its preferred inventory levels,
to guard against sales losses it would incur if a similar stoppage

occurred too soon afterwards. Secondly, there is the aspirational

motive. No doubt the firm aspires to expand its sales and/or market
share. 1If it has some capacity in reserve it is able to take advantage
of other firm's production stoppages and unexpected increases or shifts

in demand.  Thirdly, there is the defensive motive, which is directed

7. Excess capacity is defined, for these purposes, to mean the ability
to produce more than the current output level at a similar level of
average costs. Firms may be expected to choose plants which allow
constancy, or near~constancy, of average costs over a wide range of
output, since this allows flexibility of output levels without sub-
stantial changes in per unit costs.
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primarily against potential entrants. If the existing firms have excess
capacity, potential entrants will be less likely to enter the industry,
since the existing firms will be able to satisfy expected and unexpected
increases in market demand of probably considerable magnitudes. Alter-
natively, if entry forced prices down, the existing firms would not immed-
iately meet their full capacity constraints, and would therefore allow

no full capacity feedback effect to benefit the entrant.

In terms of the model, with firms attempting to maximize their long
run profits, we would thus expect firms to take the decision to build new
plant as soon as it became "worthwhile" to do so. The decision will be
based on actual and expected cost and demand factors, and the resultant
new plant would bhe expected to contain a significant proportion of 'plan-
ned' excess capacity.8 This excess capacity has certain implications for
the price iﬁstability which arose in earlier chapters due to the limited
capacities of the firms. It will be recalled that price instability
occurred in the product differentiated duopoly and oligopoly models if,
at some point in the downward progression of prices, it became more pro-
fitable for any firm to raise price against the feedback demand. We saw
that the feedback demand is larger, at any particular price of the
initiating firm, the smaller are the full capacity output levels of the
other firms. This Qas illustrated in chapter three by Fig. 3-IV. There,
it was shown that larger plant capacities relative to any given market
demand will cause prices to stabilize, due to.the reduced size,vor non-
8. The likelihood of excess capacity persisting in long run equilibrium

has been suggested, via different reasoning, by Harrod [63], Hicks [69],
and Hahn [59].
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existence, of the feedback demand. Thus, if firms plan to have signi-
Ficant excess capacity, at expected output levels, then we expect the
feedhack effect to be correspondingly smaller. 1In conjunction with the
firm's recognition of the public relations impact of price instability,
discussed in chapter five, this development virtually rules out cyclical

price instability in the product-differentiated models.

In the identical-products models, planned excess cépacity, by itself,
will remove price stahility only if this causes either firm in the duopoly
model, or any n - 1 firms in the oligopoly model, to be able to supply
the entire demand at a price equal to minimum average variable costs.

Tt was illustrated in chapter two, by Fig. 2-II, that the amplitude of
the price cycle increases as capacity sizes are enlarged relative to the
market, until the cycle abruptly disappears when the Bertrand capacity
condition is met. The existence of planned excess capacity therefore
tends to enhance price instability in the identical products case. Re-
cognition of mutual dependence, however, is expected to militate against

instability, as we discussed in chapter five.

V. Conclusions

Long run profit maximization was introduced as the objective func-
tion of the firm. Ratﬁer than adopt the conventional approach that the
firm maximizes the sum of the discounted‘future profits stream, we recog-
nize that the firm is likely to be unable to make such calculations in
its uncertaih_environment. Instead, the firm will pﬁrsue strategies

which it believes will enhance long run profits. It will attempt to
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broaden its market over time by product differentiation efforts, by
building excess capacity in case it has the opportunity to expand sales,
and by attempts to increase the market concentration of the industry
via takeover, merger, and forced exit. On the other hana, the firm
might make efforts, independently, and jointly with the other firm(s),
to prevent the entry of new firms. Limit pricing,threats of retali-
ation, product differentiation barriers, and excess capacity are the

major means of achieving this latter okjective.

These longer run considerations are likely to cause the price level
to be stable in those product-differentiated cases where price instabil-
ity would otherwise prevail. This follows from the firms motivation to
build excess output capacity in the long run with its subsequent impact
upon the size of the feedback demand.9 In the identical products case,
planned excess capacity is expected to further destabilize the price
level, except where it allows the Bertrand capacity condition to prevail.
As compared tb the short run cases where price was stable, we expect the
long iun éonsiderations to céuse price to be stable at a lower level.
This is true to the extent that barriers to entry are less than complete,
and that fi;ms may wish to eliminate an existing competitor. If entry
is "blockaded" we recognize that price may rise as high as the "cartel"
level, if there is no threat of unilateral price action from existing

firms, and if there is no intention to impoverish an existing firm.

9. Stability of prices also follows if the firms agree to adopt a
"limit" price,of course. :



The term "index of oligopoly price" was introduced to describe the
degree to which price is below the "cartel" level, and above the non-
cooperative floor, when long run considerations are taken into account.
The index of industry discipline refers ohly to the extent to which firms
would raise prices before any one firm would be tempted to independently
cut price, and without consideration being given to potential entry or
elimination of a competitor. The value of the index of oligopoly price
is obtained from equation (5.2). The actual price set.will be whichever
is the lowest, of the limit price, the predatory price, and the highest

price which can be set without independent price cutting.

The major contributions of this chapter, to the literature of this
area, are as follows. The limit pricing model was incorporated into the
analysis of the preceding chapters, and may provide the upper limit to
the price which firms choose. A second possible determinant of the price
level is the predatory price; that whicg is calculated to impoverish
one or more firms. The index of industry discipline, introduced in
chaéter five;.was broadened to become the index of oligopoly price, when
long run considerations are reflected in the actual price level. Thrée
motives for the building of planned excess capaciﬁy were suggested: pre-

cautionary, aspirational, and defensive, or entry-inhibiting.

In the appendix to this chapter, the issue of full-cost or markup
pricing is examined. Although this principle has been said to be con-
trary to the conventional theory of the firm, it is found to be cquite

compatible with the foregeing analysis.
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APPENDIX A to CHAPTER 6.

Markup or Full-cost Pricing

The marginalist theory of the firm has been heavily criticized for
its presumption that firms "know" the values of costs and revenues over
a substantial range of outputs, and are thus able to maximize profits by
adjusting price and/or output until the marginal equality is achieved.
Fmpirical studies of actual pricing policies of business firms have tended
to show that firms operate with considerably less information and greater
uncertainty than is supposed by the marginalist analysis. Hall and Hitch
[61] were perhaps the first to indicate that rather than marginalist
principles, the rationale underlying pricing decisions for many firms

was that the selling price is determined as a "markup" over "prime cost"”.

"Prime cost" includes labour and material outputs, and specifically
excludes overhead costs, and thus accords fairly well with tﬁe economist's
concept of average variable costs. The "markup" is a percentage of these
costs which»ié added on, and which is intended to contribute to overhead
cost§ and the.firm's profits. A common presumption in‘fhe markup pricing
literature is that firms will choose the markup to achieve only "normal”
profits, and thus ndt attract entry of new firms. Price is then equal
to the averagé total costs, or the opportunity cost of all factors emploved

per unit, and hence the term "full-cost" pricing. (See [63], [69], [59]).
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[t is clear however that the markup need not always be that which allows
normal profit, since if entry is impeded at all, a price above average
cost will still inhibit entry, and in any case the respondent firms admit
to adjustihg ﬁhéir.markup percentage up and down on occasions when mar-

ket conditions change significantly. (See [6l, pp.19-20}).

An alternative approach to the cost base of the final price is the
"standard volume" average cost which is reportedly used by some large
corporations. This approach is employed when the actual volume of sales
is subject to significant uncertainty, but where the price is typically
constant over an extended period of time, as in the automobile market.
(See [127, p.1741). To calculate S$.V.A.C. the firm estimates its total
costs, incluaing overheads, at a volume of production chosen on the basis
of that firm's sales ih the preceding year or two. This "standard" volume
may be chosen somewhat conservatively, at say, 80% of the firm's full
capacity output. The markup which is then épplied is intended to return
a target profit rate at the "standard" volume of sales. To the extent
that actual sales fall short of the "standard” volume, profits fall short
of the target level, or rate. Conversely when sales exceed expectations,

profits are similarly greater.

.The examination of this type of pricing decision has generated con-
siderable controversy. Machlup {93] has defended the marginalist theory
with reasoned argumént, while Earley {41] has added impassioned empiricism.
Ffiedman\[SZ, ch.ll offers the view that if a theory predicts adeguately,
it is valuable in épite of the unrealism of its assumptions. Alchian [1]

and stigler [146, ch.7] have propounded the principle that profits are
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essential to the survival of the firm in a Darwinian husiness world.
Hahn [59] and Andrews [2] have implied that markup pricing is a rational
policy for firms which are in market equilibrium, since they are simply

maintaining the status quo.

In fact, the marginalist and markup pricing principles may be recon-
ciled as follows. We know, from elementary price theory, that marginal
revenue is related to price, and the coefficient of price elasticity of

demand, as follows:

Now, assuming that the firm wishes to maximize profits, we have

me = p (1-3)

or

If costs are constant over the relevant range of output, MC = AVC. Hence,

Suppose e = 5, then P = AVC (5/4) or

P = AVC + %-(AVC)



-162~
that is, price is equal to a 25% markup on average variable costs. In
choosing the size of the markup the firm may, in effect, be making a

rough estimate of the coefficient of price elasticity. (See [18, p.231]).

Two main-assﬁmptions were ﬁade in the above reconciliation. The first
was that the firmbwoﬁld chéose the markup percentage‘to maximize profits;
It has been argued in chapter six that this is probably a quite reasonable
assumption if taken in the long ruﬁ viewpoint, with due cognizance being
given to potential entry. The second assumption, that average variable
costs are constant in the neighbourhood of the firm's current output, is
fairly well founded both‘in the short and the long run senses, according
to various.empificaivstudies. (See Shermén'[l2l,‘pp.55—60] ahd Bain [6]).
Thus the réconciliaﬁion of the markup principle and the margiﬁalist prin—
ciple appears to be 6n fairly solid ground when the latter is taken in
its long run contéxt.,'The greater part of the controversy revolved
around the observation that firms did not maximize their short run pro-
fits. The controversy dissolves if the objective function of the observed

firms was to maximize their long run profits.

Thus we féll back on. the Friedman-like view that firms may attempt
to maximizé their_(ldng rﬁn) profits, but that'they do.it in their own
way; léckin§ the'pre§ise iﬁformétion reqﬁired by:the economist's'finely—
honed tools; Méchlup f93] makes a very convincing case that firms attémpf
to mgximize profits, but do it ih terms of aQerage or total, rather than
marginal, cohcepts. It'is noted in various parts of the literature that
the margin added td costs Qaries with market conditions, barely contfi—

buting to overheads when demand is slack, and allowing high profits when
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demand is strong. The caveat is often appended, however, that care is
taken not to set a profit margin so high that new firms are attracted to
enter the industry. (See {41}, [93], [59}, [6l]). All of this would
seem to be consistent with the presumption that firms, in the face of
various elements of risk and uncertainty, attempt to maximize their long

run profits.

Furthermore, thé adoption of markup pricing policies, by the firms
in an industry, facilitates their collusioﬁ or “conscious parallelism".
Where cost structures are similar, the "agreement" may be quite informal
or tacit, otherwise a trade association or other subset of firms may
announce a "representative" average cost figure and a "fair" profit
margin. Responses by businessmen to the Hall and Hitch, and Earley,
surveys ([61], [41]), show a strong belief in the "fairness" of price,
and the ethical position involved in departiﬁg from the "fair"_price.

A price which allows a high profit margin might be taken to imply an
intent to "gduge" the consumer, whilst a low profit margin might be
construed as an attempt to bankrupt a fellow businessman. Avoiding
these extremes locks the firm into an "ethical cartel" and helps pre-
serve the stability of prices and of market shares. '[93, pp.541-543].
The full or prime cost of each firm, if costs are similar, or of the
price-leader or "representative" firm if costs are dissimilar, may thus
be used as the focal point for collusive or parallel pricing behaviour.
1. The idea of the€ "ethical cartél" is clearly related to the concept
of "industry Yoyalty" which was described in chapter five. The index
of industry loyalty would indicate the collusive strength of the impli-
cit agreement involved in the ethical cartel. The more strongly do
firms hold the belief that prices divergent from the (designated) fair

price are unethical or immoral, the more firms will forego the oppor-
tunity to increase their individual profits by unilateral price adjustments.
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Finally, markup pricing simplifies the problem of allocating over-
head costs amongst different types of output when the fiyrm produces joint
products. The markup applied to each product's prime costs will reflect
the degree of competition that partiéular product encounters in its mar-
ket. Where demand is more elastic and competition more intense, markups
will be lower, as compared to other products which compete in markets
where collusion or "conscious rarallelism" prevail. The producté with
higher markups contribute more to overheads and profits than do the more
competitive lines. Overall, the markup policy is probably intended to
return a target profit rate, which must not be so high as to attract
entry of new fifms. Similarly, if new entrants could produce one of
the products. alone, without producing the other products which are "joint"
to the existing firms, then the markup on that particular product must

not be so high as to attract entry.

In conclusion, it would appear that a policy of markup pricing is
not inconsistent with the model which has been developed in the preceding
chapters. Rather it is an alternate means of choosing price. Once we
recognize that the firm haé very little information regarding its demand
curves, and that it must proceed by trial and error in choosing the opti-
mum price, a fule-of-thumb method appears eminently sensible. ' The actual
markup depends upon a number of factors, not the least of which are the
threat of entrz,and the threat of unilateral price aétion, which were
argued to be méjor determinants of the value of the index of oligopoly

price developed here.
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CHAPTER 7

CONCLUSION

I. What has been done

The aim of this study was, as stated in chapter one, to clarify,
extend and synthesize certain existing strands of the theory of the
firm. The intended result was that a theory of the firm should arise
which is capable of adding to our understanding of the market behaviour
of firms, price ‘levels and structures, non-price strategies emploved,
and the actual sales levels of the individual firms. To achieve this
objective, several issues were analysed in greater depth than had been

done previously, and a number of theoretical innovations were introduced.

The analysis began with the simple Fdgeworth duopoly model, and
systematically departed from the more restrictive assumptions of that
model. At each stage the>mode1‘was subjected to close scrutiny, to
détermine whether or not prices would stabilize. If so, at what level,
and with what price differentials, would prices settle? If not, over
what range wogld prices vary? We found that prices are typically un-
stable when prodﬁéts are i&entical, and typically stable when products

are differentiated,iin both the'duopoly and oligopoly cases. Product

differentiation was defined in two senses, (those of symmetry and con-
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tinuity), and was seen to play an important role in the determination of
the price level and structure. Recognition of mutual dependence allowed
prices to be raised abové the non-cooperative floor 1e§els, but long
run considerations may prevent the firm from raising price to the "cartel"
level in the short run. These results are detailed in the text of chap-
ters two to six, and are sﬁmmarized in the concluding section of each

chapter. They need not be re-iterated here.

What is the explanatory power of this model when applied to a par-
ticular market situation? Can it explain why a particular firm sets a
higher price, yet satisfies a disproportionately large part of market
demand? Alternatively can it explain why very small firms exist on the
periphery of industries, cﬁarging high prices to consumers who want a
special variant of the comﬁodity? Both of these guestions could be
answered oﬁ the hasis of the relative cost and préduct differentiation
advantages of the firm, as explained in chapters three and four. The
general level of prices may be above the non-cooperative floor, and
prices may remain fixed over extended periods of time, by the reasoning
of chapters five and six. An index of oligopoly price was constructed
to describe the extent to which the firm's actual price level lay above
the floor price and below the "cartel" price. A high index value wouid'
suggest substantial barriers to entry, strong industry discipline, and
that eliminétion of existing competitors was probably not intended. A
low index value could indié%;e either insubstantial barriers to entry,
or weak industry discipline, or the price-leader's intention to eliminate

a rival firm. We could not say which, a priori, and would need to look
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closer at the underlying factors and the past experience of the industry.

What does the model predict? It predicts that prices will not
generally fluctuate cyclically, given the recognition of mutual depen-
dence. Moreover, firms will be reluctant to raise price unless they
are the recognized price-leader, or unless there is the strong expectation
that all other firms will simultaneously raise prices as well. Firms
will indulge in non-price éompetition to improve their sales at the given
price level, and for the purposes of strengthening a barrier to the entry
of new firms. Firms will build excess capacity in order to protect their
sales level, to gain sales when the opportunity arises, and to inhibit
the entry of new firms. Firms will tend to set prices which are lower

than those which would maximize their short run profits.

The major contributions of this study to tbe existing literature
would appear to concern the'demand functions of the firms. Product dif-
ferentiation was introduced in the more general case of asymmetry and
discontinuity of aggregate consumer preferences. Parameters to describe
these phenomena were inserted in the demand functions, and these helped
to generate price and sales differentials amongst the firms. When the
firms recognize their mutual dependence they are expected to raise prices

N
above the non-cooperative floor levels, each by the same proportion, in
order to maintain their relatlive positions. At the new price levels firms
will envisage a kinked demand curve, unless they are the recognized price
leader, or are confident that all firms will follow a price increase as

well, due to a similar cost or demand increase. The intensive examination

of the price determination process, in the non-cooperative framework,
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allowed the conclusion that the non-cooperating floor price will be the
lower limit of price in the conventional kinked demand curve model. The
upper limit will be the "cartel"” price, or the point where the firms

marginal cost curve intersects the mutatis mutandis marginal revenue curve.

The actual price can thus be represented by the "index of oligopoly price"
which was introduced here. 1In addition to the innovations, it is expected
that some of the previous models may be more easily understood by virtue

of their exposition here.

IT. Directions for Further Research

Much remains to be done in the theory of the firm. 1In this study a
number of questions were left unanswered. One of these was the specifi-
cation of the weights which one wéuld need to attach to the prices of the
oligopolists in the,asymmetrically differentiated case to obtain a unique
value for market dgmand at every (weighted) mean price of the firms, re-
gardless of which firms set which prices. Anothér was the accurate speci-
fication of the fuli capacity feedback effeét in the‘differentiated pro;
ducts oligopoly case, although this becomes sdmething of an intellectual
curiosity in a wor{@ of mutual dependence recognized and long run con-
siderations, as ;; have seen.

The impact of advertising, and other product differentiation expen-
ditures, upon the product differentiation parameters in the firm's demand
function was also left unexplored. Similarly the factors underlying the
index of industry discipline, which cause one industry. to collude "better"

than another, yemain largely uncxamined. The question of how the price-
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leader estimated the limit price, the predatory price, or the price which

will induce unilateral price action, also was not examined in any detail.

ITI. Possible Empirical Tests

It would seem that parts of the model developed here could be sub-
jected to empirical testing. It would be instructive to confirm, or
deny, a number of the assumptions that were employed in the model. Some

of the questions which might be pursued are as follows. Do firms imagine

ceteris paribus curﬁes, and do the slopes of tﬁese differ amongst firms?
Is the parameter ﬁ constant over the range of prices considered by the-
firms? , Do the firms' product differentiation parameters stay constant
from year to‘year, or do they change in response to annual model changes,
for example? Do the "loyal" markets of the firm differ in size and
elasticity? Do they‘eQen exist? Is the feedback or residual demand
ever contemplﬁted? Is ﬁhe market deménd éurve adequately represented

as being linear over the range of prices charged?

..Do collusive organizations maintain a higﬁer index of oligopoly price
than groups of firms which are merely consciously parallel?  Are prices
raised by simila; proportions by all firms, in response to a price-
1eaders action, or subsequent to a general cost‘increasé} for example?
Does thg-index of oligdpolf price vary over time in a particular indus-
try?  _boes it vary across industries; and can this be related t6 some
proxy variables for industfy disciplineAand fhe exteht of entry barriers?
Does fhelsttuctﬁre of priqes change when a firm introduces néwA(low~cbst)

plant, or when product innovation occurs? How much excess capacity do
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firms desire to have? These, and other issues, would seem deserving

of empirical investigation.

IV. Policy Conclusions

. The index of oligopoly price may prove to be of some value for
policy in the areas of price control and illegal price agreéments, for
example. 1If tﬁe index Qere calculated'for a Particular firm, and was
Seen to increase substahtially due to reduced coSts, with output con-
stant, a price éontrol ﬁoara might establish gtounds for demanding that
prices decrease.at the retail lével to reflect this saving. Alternatively,
if the index were caiculated for a group of firms, and was found to be
guite high, this migh; provide cause for'an invéstigation regarding the

possibility of collusive price-fixing.

To calculate the index, one would need to have information regarding

the slopes of the ceteris‘paribus and mutatis mutandis démand curves in
the vicinity of the actuél price/éales coordinate of the firm. In addi-
ﬁion tﬁe firm's'mafginal‘cost curVe would need ﬁé be estimated. The
former requirement would'séem to pose the greater ?roblem. E#timates
of the market déﬁand; plus an esfimation of the parameter m for the

particular firm may allow'avsatisfactory representation of the mutatis

mutandi§ demand curve. With regafd to the ceteris paribus demand curve,
one mgy be:able ﬁo extrﬁpolate from recent expefiences of unilateral
price adjustments in that particular industry. Alternatively it could
be estimated oﬁ‘the basis of thé number and closeness of éubstitutes,

for example.
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