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We develop a unified sequence of models to examine the determinants of price, output,
profitability and concentration for different kinds of oligopolistic market. We relate various
magnitudes of significance to judges of welfare ar:d to policy makers, such as consumer surplus,
profit, or added benefits of employment or trade surplus, to observable magnitudes such as the
size and concentration of the market. It emerges that various appropriately formulated
Herfindahi indices are useful in several of these relations. We attempt to present resuits in a way
that is useful for empirical investigations and pay particular attention to applications in trade
and development.

1. Introduction

Modz:ls of oligopoly that permit empirical evaluation of welfare have made
substantial progress from Bain’s important work on structure-performance
relationships. This paper offers some further developments of the more
modern theory and applies the framework to some relatively new questions.

The earliest models expressed a measure of performance, such as the profit
rate, as a function of a measure of structure, such as a concentration ratio.
The form of the functional relation was governed by the oligopolists’
conduct. In fact the studies were largely ad hoc, the choice of the measure
being dictated by data availability, and the specification of the functional
form by the linear regression format. A further problem was the implicit
assumption of exogeneity of the structure. Since conduct involves setting
quantities or prices for outputs, it is hard to see how any theory of oligopoly
could take a concentration index to be exogenous. Finally, the welfare
implications of the performance measure were usually left very tenuous.
Surveys and discussions of this work can be found in Weiss (1971), Scherer
(1980, ch. 9) and Jacquemin and de Jong (1977, pp. 142-144).

*We are grateful to John Cable, Keith Cowling, Paul Stoneman and a referee for very helpful
comments.

0014-2921/82/0000-0000/5$02.75 © 1982 North-Holland

EER--E
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A significant step forward was to base the relationship on an explicit
model of conduct, as in Stigler (1964) and Cowling and Waterson (1976).
Such theorising pointed out preferred choices of the measures of structure
and performance, usualiy respectively the Hirschmann-Herfindahl index and
the price-cost margin. However, the issue of exogeneity was not considered,
and the price-cost margin was not explicitly translated into a welfare
measure. Fncaoua and Jacquemin (1980) define a Lerner index of monopoly
nower for the industry as a function of similar indices for the individual
firms. Axioms that establish a qualitative link between the industry Lerner
index and the level of welfare restrict the functional form. By choosing
different weighting schemes compatible with the axioms, we can express the
industry Lerner index in terms of different concentration indices. However,
the quantitative connection between such measures and welfare is still weak.

This last defect was partly remedied by Dansby and Willig (1979). They
expressed  the best conceivable local welfare improvement from an
oligopolistic equilibriam in terms of a concentration index. Diffcrent
assumptions about conduct led to the choice of a different index. Apart from
its local nature, this approach has the shortcoming of providing only an
upper bound for achicvable welfare improvements. This is because the
guantity changes in the direction of steepest ascent of welfare may not in fact
he feasible using the available instruments.

In this paper we present a unified treatment with the same ultimate aims,
namely to link performance and structure in oligopoly, but without these
defects. First, our analysis is based on explicit models, so the relevant
measures of structure and performance emerge naturally. Next, our welfare
analysis is expilicit and global, 1.e., we compute the deadweight loss associated
with the oligopolistic equilibrium directly instead of relying on a proxy like
the price--cost margin. We do also obtain expressions in terms of this margin
to facilitate estimation. Thirdly, although the relation between the two
endogenous variables measuring structure and performance can be
instructive, we keep in mind its limitations, and carry out comparative statics
in terms of variables which appear more naturally as exogenous like demand
and technology parameters or policy variables like tax rates.

We wish to emphasize two special aims. First, we have tried to cast the
theory in terms of observables as far as possible, in order to improve its
applicability. To this end, we have often used special functiona! forms and
approximations. Secondly, and with greater novelty, we have attempted to
extend the applications of the approach beyond its traditional confines of
industrial organisation in a closed advanced economy. It is apparent that
there are significant elements of oligopoly in contexts of international trade
and developing countries. In extractive and manufacturing industries, and
even in agriculture, there is often significant concentration due to the
presencc cf transnational firms, governmental coordination of trading
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activities, or their being channelled through a small number of trading
houses. The available literature studies the repercussions of international
competition on domestic structure—performance relationships, e.g. Hitiris
(1978) and Pagoulatas and Sorenson (1976), or on regulatory policy, e.g.
White (1974) or Katrak (1979), but not oligopoly in international trade itself.

In such contexts, there are special features we have to take into account
when evaluating welfare. In the usual treatment of a modern industry, it is
implicitly assumed that the marginal cost in the market is a good measure of
the social opportunity cost of resources. This is often less true in
international trade due to inappropriate exchange rates, and in less
developed countries due to domestic factor market distortions. Methods have
evolved for evaluating shadow prices in such contexts where they differ from
market prices. We show how the expressions for the deadweight loss can be
modified to incorporate the necessary corrections.

A second issue concerns the appropriate model of conduct. Most
conventional structure-conduct-performance studies are based on a
generalised Cournot model with conjectural variations. This is a surprisingly
rich model, and arguably the best available tool for studying industrial
oligopoly. However, in some situations in developing countries, it may be
more appropriate to think of large foreign firms as being in a position of
leadership relative to a competitive fringe of small domestic firms. Therzfore
we examine a model of price leadership in section 3, following the conjectural
variations model developzd in the next section. Section 4 contains concluding
remarks.

For the most part, we confine the formal mocel to one of quantity or price
setting. Other variables such as advertising, or research and development
expenditures, can be incorporated at the cost of greater algebraic complexity.
We indicate some implications for these dimensions that are suggested by
our simple basic model.

2. Counjectural variations

2.1. The model

We derive in this sub-section the equilibrium price and output of each firm
in a conjectural variations model of an industry with a homogeneous
product and a small number of firms. Once equilibrium has been calculated
one can work out other measures, in particular concentration and welfare
loss, fairly easily. We consider in subsequent sub-sections various
applications, modifications and re-interpretations of the model. In sub-
section 2.2 we introduce foreign owned firms, and in sub-section 2.3 we
consider the problem of a firm choosing where to locate production. If
market costs and prices do not reflect social opportunity costs then
calculations of welfare losses have to be modified: this problem is examined
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in sub-scction 2.4 using shadow prices. A re-interpretation of the model is
offered in sub-section 2.5 which shows how it can be used to analyse a world
market for primary products produced by different countries and purchased
by different firms. Some effects of technical progress are discussed in sub-
section 2.6 and in subsection 2.7 we show how parameter changes, such as in
costs, affect concentration in equilibrium.

The output of firm i is x;, and total output is X =) ; x;. Writing p for the
market price, let the inverse demand function for the market be

p=p(X). ()

Equilibrium depends on the conduct of the firms, or the ‘rules of the game’.
While no unique, universally valid, solution can be given, a wide variety of
plausible outcomes can be captured in a conjectural variations model.

(Y V2

We take firm s belief about the responses of other firms to its output
changes as given by

dx,/dx;=ax,/x;) for k#i (2)

Thus a 17, increase in x; is believed to provoke an &%, increase in the output
of cach of the other firms. The case =0 is that of Cournot; the extreme
2=1 is where each firm believes that the others will always try to preserve
their market shares. Cases of u<0 are also conceivable, working towards
‘accommodating’ behaviour on part of other firms, an example being here
they adjust their outputs to keep price constant. Our model allows then
collusive behaviour which may be tacit.

The assumption that « is the same for each firm’s belief about each other
firm is, of course, special, and is made for algebraic simplicity, which
improves the applicability of the theory. It captures the case where all firms
are in the oligopoly on broadly equal terms.

The coefficient o can be interpreted as a subjective probability of
retaliation by other firms. For examp's, if a is the probability that firms will
respond by preserving their market shares and (1 —a) is the probability of
Cournot behaviour, the outcome will be the same, provided there is risk
neutrality in the sense that firms maximise their expected profits. A related
interpretation is that (1 —a) is the degree of credibility of a threat of output-
maintenance by other firms.

Given its beliefs about other firms’ actions, firm i will calculate its
perceived or expected marginal revenue,

dipx)dx;=p + xi¢'(X){ 1+, (x.‘/x.-)}

k#i

=pli—[a+(1-o)s/e}, ©)
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where
¢= —(p/X)(dX/dp)=elasticity cf market demand,
and

s;=x;/X =market share of firm i.

We assume that each firm has constant unit variable (equal to marginal) cost,
¢; for firm .

To maximise its profit, firm i will set the perceived marginal revenue equal
to marginal cost. This yields the relation

p{l —[a+(1—0)s])/e} =c;, (4)

provided firm i decides to supply to this market at all. The only serious
problem this qualification can pose arises if a=1. Then (4) cannot hold for
all i when the c; are unequal. When all firms try to maintain their market
shares, only the lcast-cost ones survive. We henceforth leave that case aside,
and assume a-<1. Then we can concentrate attention on the firms which are
active; suppose there are n of them.

Adding eq. (4) across the active firms, we have

p{n(l —afe)—(1—w)/e} =Y ¢, (5)

where the summation on the right-hand side is understood to be over the
range of i going from 1 to n. Since ¢ is a function of p, eq. (5) can be solved
for its only unknown p. The solution is simple and explicit if ¢ is constant.
We therefore approximate the demand curve by a constant-elasticity curve,
i.e., we take

X=Ap~-. (6)

This conforms with the practice of regarding the elasticity of market demand
as an exogenous parameter in much of industrial economics.
Then (5) can be solved for the price. Writing ¢=) c¢;/n, we have

p=_¢/{1—aje—(1—a)/(ne)}. ' (7

In the Cournot case, this becomes p=c/{1—1/(ne)}, i.e., the average firm’s
cost marked up by a factor corresponding to the perceived demand elasticity
facing the average firm. If the other parameters and variables are known or
observed, (7) ailows us to calculate o.
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Once the cquilibrium price is known, it is easy to compute the other
magnitudes. On dividing (4) by (5), we can solve for firm i's share

si=(e— /(1 =) = (c/O){(e —-)/(1 — ) — 1/n}. (8)

Then, knowing the market size X, we can find firm i’s sales x;= Xs;.

Egs. (7) and (8) define the market price and the firm’s market shares in
terms of the basic parameters of the problem: demand elasticity, costs, the
number of firms, and the conjecture parameter. This permits some
comparative statics: for example, market share decreases as the marginal
cost increases, with s; 2 I/n according as ¢; 2¢.

We can also relate the market shares to the price—cost margins by
rcwriting (4) as foilows:

si=(e/(1 —)X(p—c)/p)— /(1 — ). 9)

This is often useful, but it must be remembered that there are endogenous
variables on both sides of the equation.

The equilibrium having been determined, we now examine its effects, in
particular its costs and oenefits for various groups. To do this we need a
standard of comparison, i.e., an alternative to which the equilibrium we have
analysed may be compared. The most straightforward is to assume that the
product is bought from the cheapest source, i.e., at cost c* where

¢* =ming;, (10)
and that price is set equal to this marginal cost c*.

The attraction of this reference standard comes from the usual economic
ideas of production efficiency and marginal-cost pricing. Thus it serves as a
benchmark for the purpose of discussing the effects of concentration and
changes in concentration; it captures the notion that oligopoly forces
consumers to face prices which are ‘too high’. However, it must be
emphasised that we are not suggesting that the alternative state of affairs is
achievable, or that the countries should necessarily strive to establish it. In
particular, if there are any fixed costs of production, then marginal-cost
pricing would have to be accompanied by lump-sum transfers to cover the
firms’ losses. This would be particularly difficult in the context of
international trade.

The comparison of the equilibrium with the benchmark is shown in fig. 1.
The consumer surplus lost by the price being p rather than c* is the area
ABCD. The shaded area gives the firms’ profits ignoring fixed costs. The
honizontzl dimension of each step corresponds to the output of each firm, or
a group of equal-cost firms, and the height of the step is the cost.
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price

c* demand
curve
X quantity
Fig. |
The loss of consumer surplus can be evaluated as

P - B
[Ap~"dp=(A/(1—e){p' ~*—c*' 77}

=(Ap' /(1 —e){1 —(c*/p)* ~}

=(RA1—g){1—(c*/p) (11)

where R=pX is the value of sales in the market.

Since c* is not readily observable, we cast this into a different form. Let s*
be the market share of the least-cost firm (or of each of a group of firms with
equal least cost). This is easier to observe than ¢*. The model indicates that
the least-cost firm will also have the biggest market share. Thus, if it is
judged that there are say k firms with nearly equal and lowest costs, then s*
can be approximated bv CR(k)/k, where CR(k) is the wusual Fk-firm
concentration ratio. Now (4) implies

c*p=1-[o+(1 —ajs*]e. (12)

Substituting in (11), the lost consumei surplus becomes

fAP"‘dp=(Fi/(1 — g1 —(@+(1 —o)s*/e]' ~°}. (13)
c*
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If [x+(1 —2)s*]/c is small compared to unity (for example, if behaviour is
nearly non-collusive and the least-cost firm is small, or if the price-eiasticity
of demand is Yarge), we can use the approximation (! —z)°~1 -8z, valid for
small z. Then (13) becomes

pr"dpz(R/e)[aHl ~o)s*]. (14
A

This is the final expression for the lost consumer surplus in terms of
observable magnitudes. Note that s* is a measure of concentration: a new
one but closely related to the usual concentration ratios. The added feature is
that tiie number of firms to be chosen for inclusion in the measure is not
arhitrary. but is given by the economic consideration of their being the least-
cost firms.

Let us turn to the profit of the firms operating in this industry. This is
evaluated as

Il = Z‘P - C)x;
=RY ((p—c)iphx/X)
= Rz [fx+(1 —a)s;)/e]s;

=(R/e)f2+(1 —2)H] (15)

where H=) s} is the Herfindahl index of concentration for the market.

We have shown how certain concentration indices can reflect important
fzatures of the solution. It is also seen that the choice of an appropriate index
<an vary with the question being asked. Therefore it is important to have a
proper theoretical foundatior. which will indicate the relevant direciions for
empirical studies.

The simplest ‘Marshallian’ measure of welfare would be the sum of
consumer and producer surpluses. In terms of fig. 1, this would mean
subtracting the shaded area of producers’ gain from the area ABCD of
consumers loss to obtain the unshaded area as the net, or dead-weight, loss
from the oligopoly relative to marginal-cost pricing. Such an approach is
subject to 2 number of objections. some of which are particularly important
for our intended applications. An ever-present concern is that for distribu-
tion. If a dollar of gain to consumers is seen as more valuable than a dollar of
profit, this can be handled by giving a weight less than one to producer
surplus in the summation. Aggregate consumer surplus also neglects distri-
bution of mncoi:e amongst consumers. This could be dealt with, in principle,
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by similar weighting techniques for different consumer groups. In practice
this might be r~ther complicated. In any case, the choice of weights is a
matter of value judgement. We will therefore merely present separately the
different components which might be of interest to a policy-maker. A fine
enough division may not always be practicable, but separate calculations of
aggregate consumer surplus and profit are easy enough. Other specific
questions will be discussed as we turn to applications.

2.2. Foreign-owned firms

We begin with a case where some of the firms supplying to this market are
owned by foreigners. This can raise several new issues. At a minimura, in its
welfare evaluation the government may wish to treat the profits of domestic
and foreign firms differently. It is easy to compute separate expressions for
the two, and express them in terms of concentration indices, following the
same steps as in the derivation of (15), but extending the range of summation
only over the appropriate subset of firms. For foreign firms, writing their
profits as IT; and indicating summation as i ranges over them by Y, we
have

Iigy= (R/G)ZF[OC +(1 —a)s;]s;.

Now let up be the share of foreign firms in the market, and let Hy be the
Herfindahit index of concentration among the foreign firms only, i.e.,

.uF=ZFSi9 HF=ZP‘ (Si/ﬂr)z-
Then
Iy =(upR/e)o+ (1 —e)pupHgl. (16)

In exactly analogous notation for the domestic firms, we have
My =(upR/e)a+(1—-a)upHp]. f17)

The profit of each group of firms is thus related to the Herfindahl index of
concentration within that group. This again highlights the importance of
indices of concentration, and of choosing the appropriate one.

If the policy-maker treated domestic consumer surplus and profit equally,
but neglected foreign profits altogether, for example, the net welfare loss from
oligopoly compared to marginal-cost pricing would be given by (14) minus
(17).

2.3. Location of production

When some or all of the firms in this market are transnationais, they may
locate prodiction in one country to supply to another. Note that this

EER F
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question is distinct fron: that of ownership. If the market prices of factors
equal their social opportunity costs, there is no concern for the level of
production as such. However, when the two differ, policy-makers in the
home country may have welfare objectives like employment that are not
captured in the product-market deadweight loss expressions. Here we see
how such concerns relate to the oligopolistic market structure.

The constant marginal cost ¢; for firm i can be interpreted as the delivered
cost to the market. If the firm’s sources of supply are indexed by j, write ¢;;
for the constant marginai cost of supplying the market from source j. Much
of the traditional theory of transnationals can be seen as explaining th-
reasons for differences among tiie ¢;;; a recent survey is in Hood and Young
(1979, ch. 2). We build on this basis to find the optimum production plan.
Firm i will choose quantities x;; of supplies from the various sources to

minimise Y c¢;;x;; subject to Y x;=Xx;.
i i

This is obviously achieved by choosing only one non-zero x;;, namely that
for the source with the least cost among the c;;. This smallest cost is then c;.
In other words, the decision about the source of supply is a purely
technological one, independent of the oligopolistic structure. Therefore the
country’s cost-benefit analysis of its industrial production policy can be
conducied independently of its domestic regulatory policy.

This conclusion will have to be modified if there are significant fixed costs
so .hat decisions of whether to operate some supply sources at all are
important. Marginal costs varying significantly with output will also entail
modifications as will any government-imposed link between where
production takes place and the right to supply to a country. However, some
support for the above proposition can be found in the increasing world-wide
integration of production in industries like automobiles.

2.4. Shadow prices

Like most industry analyses, ours is of a partial equilibrium nature. It is
important to understand the practical significance of this in our context.
Once that is done, we can devise procedures to correct for the significant
effects that the =arlier simple framework neglects.

Fartial equilibium analysis focuses on one industry, effectively
summarising the rest of the economy in the forin of the marginal costs of
production in this industry. Some feedback effects, such as thcse on the
demand curve in this industry arising from the profit generated in it, can be
safely neglected so long as the indusiry is only a small part of the economy.
However, the mmplicit assumption that the marginal cost of output reflects
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the true social opportunity cost can be questioned on several grounds. The
commonest grounds are those of monopoly, external effects, taxes, and
administered prices and wages associated with non-clearing markets. If there
are significant distortions of this kind in the rest of the economy, then the
financial marginal cost facing the industry under study will differ from the
true social opportunity cost, and the difference cannot be calculated without
paying attention to the rest of the economy. This ‘general problem of the
second-best’ cannot be completely solved without constructing the model of
the economy as a whole. However, there are particular aspects of practical
significance that can be taken into account by some approximate devices.
The two that we discuss here concern employment and the balance of
payments.

Consider employment first. In a fully employed economy,.an extra perscn
in the industry in question can only be hired from the rest of the economy.
The social opportunity cost of this ernployment in a competitive labour
market is just the market wage rate. In an economy with unemployment or
labour-market distortions, the two may differ. In particular, in less developed
countries there are well-known systematic forces causing such differences; an
exposition of the issues and methods for calculating shadow wage rates can
be found in Little and Mirrlees (1974) and other manuals for cost-benefit
analysis. Here we show how we can use the shadow wage to obtain the
welfare effects of employment that arc on a comparable basis with the
product—market deadweight loss measures. We consider a closed economy
for algebraic simplicity; the additional features brought in by trade can be
incorporated as in sub-sections 2.2 and Z.3.

Suppose the shadow wage is a fraction @ of the market wage. Then a
fraction (1 —w) of the market cost of labour to the industry is not true social
cost. We should therefore exclude it from the costs, or alternatively add it to
the consumer and producer surpluses, to obtain a better measure of welfare.
Let labour costs be a fraction 8 of marginal costs. Then the added benefit
from employment is given by

(1= )0} cx;=(1 - W)IRY (c/p)xi/X)

=(l —w)OR{(1 --a/c)— (1 —x)H ¢}, (18)

using (4) for simplification.

Note that in principle the existence of oligopoly in our industry will affect
the value of the shadow wage rate, a fact which will have been typically
ignored by those computing that magnitude. However, this 15 a general
equilibrium consideration that may be safely ignored so long as the industry
is a small part of the economy.
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The trecatment of the balarce of payments is similar. If the home currency
is overvalued, the social opportunity cost of imports exceeds the official
financial cost. We can then say that the shadow price of foreign exchange is
highei than its market price. Suppose it 1s (14 4) times the latter. Then we
have to recognise that a further multiple 42 of any foreign exchange cocsts
must be subtracted from the consumer and producer surplus calculations.
The foreign exchange cost is all of the cost for firms who import the product,
and an appropriate fraction of the cost for those who produce locally. The
expression for the additional foreign exchange costs is then straightforward
to calculate, and involves Herfindahl indices for the appropriate segments of
the market. We omit the details to save space. Again, the problem is
particularly significant in less developed countries, and Little and Mirrlees
ctc. indicate methods of calculating the shadow cost of foreign exchange.

2.5, World markets for primary products

The organisation of markets for primary products which are extracted or
produced in a number of countries is a matter of great and increasing
importance. Many of these can be modelled as an oligopoly where country
supplies are channelled to the world market by private firms. Governments
astempt to extract some of the profits through royalties or taxes. For ease of
exposition, suppose that each country is linked to a distinct firm, with the
index i denoting a country and its firm. Let the extraction costs per unit of
output be b,. and the tax ratcs (¢;—b;), so the costs to the firms are ¢;. There
1s a world (derived) demand curve for the product, given by eq. (1).

The formal model of the oligopolistic equilibrium is exactly that presented
in the main part of this section, and the solution can be read off from egs.
(4+49). The new feature comes from the tax revenues of the countries,

T,=(c;—b,)x,. (19)

To understand the countries’ incentives to levy such taxes, we differentiate
this with respect to the tax rates, or equivalently, the ¢;. We have

(T, Cey=x;+ (¢, —b)Cx,/Ccy). (20)

The two terms on the right-hand side reflect the usuai conflict between
increased revenue on the existing tax base, and the erosion of this base, as
tax rates are raised. For a more detailed analysis of the second effect, we
note that ;= Xs;=Ap " °s; and

(D XHCx, Ce)= —(/pACp/Ce)s; + s,/ ;. (21)
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Now differentiation of (7) yields
ﬁp/ﬁ(‘,—=p/2(‘,,, (22a)
k :

while from (9) after some simplification,

0si/0c;=—(¢/(1 -a))(l/P)(Z €y / Y. () (22b)
k#i % k

These results give rise to an interesting E;conﬂict. At an initial point with no
taxes, the second term in (20) is zero. The revenue gain from a small per unit
tax is therefore proportional to x;. This tnakes the incentivc to initiate such a
system of taxes greatest for the largest (i":i.e.. least-cost) procucers. For further
marginal increments of the taxes, however, the base erosion effects arise.
From (21) and (22a) and (22b) wc see th.§tt both components of this effect are
larger for the lower-cost producers. Thu> the base erosion effect operates in
the direction of glvmg the larger, i.e., lower-cost, producers an incentive to be
more moderate in intercountry discussions on raising the tax rates. Both
these observations find support in the niarkets for crude oil, metal ores, etc.,
although in each case one can doubtless find other arguments that support
the same facts. :

2.6. Technical progress

A proper theory of technical progréss in oligopoly must be dynamic,
considering how market conditions affect and in turn are affected by the
research and deveiopment activities of the firms. Some recent attempts to
build such a theory have appeared in thge literature, for example, Dasgupta
and Stiglitz (1980). Further work alongE those lines would be outside our
present scope. However, some simple mfe rences from our earlier static model
enable us to shed some light on the ques; ion of the rate of technical progress
and its relation to concentration, and tol do so in a way that is empirically
testable in the familiar structurc-performince framework.

Central to nearly all analyses of the rates of growth of products and of
technical progress is the question of profitability. Consider a firm in an
oligopolistic industry of the kind that was examined in the first part of this
section. This firm’s profits are

H"=(P—Ci)xi. (23)

The firm can undertake activities to reduce its unit cost; these might be
research, exploration, or merely organisational improvement. Its incentive to
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do so comes from its perception of increased profits as the result. The
marginal profit yield of a reduction in ¢; comes from two sources. First is the
direct effect, namely the change in the right-hand side of (23) with p and x;
held fixed. Secondly, we have the effect of an induced change in x;, including
the expected response of other firms, and leading to a change in the market
price. It 1s natural, and logically consistent, to assume that the firm uses the
same beliefs about the responses of other firms in making this calculation as
it does in calculating its profit-maximising output choice. Then, the firm
being at such a perceived profit-maximising point in equilibrium, its
perception of a marginal effect on profit from an output change is of the
sccond order of smallness. This is just an unusual use of the Wong-Viner-
Samuclson envelope theorem. Thus the perceived response of profits to unit
cost changes is given by

clljée,= —x;, (24)
The firm’s cost-reducing activities will respond to this perceived return.
Consider a simple case where the proportional rate of cost-reduction is
linearly-related to the return, ie.,
‘l/!(.jld('l'/‘d‘)z —kxl‘, (25)
Multiplying by ¢, and vsing (4), we have

~deydr =ks, Xp{(1 —a/e)— (1 —x)/eds;}.

Adding over i, we obtain the rate of reduction of the average of the firms’
costs

— nde/de) = kR{(1 —a/e) — (1 - 2)/0)H},

—dérdt =(AR/m){(1 — a/e) — (1 — a)/e)H}. (26)

This shows that, other things equal, reduction of unit costs will occur on the

average more rapidly in large markets (large R), but more slowly in more
concentrated markets (large H).

2.7 Changes in concentration

Given the importance of the Herfindahl index in describing various
outcomes in this model, we ask how that index will change as costs of the
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firms change. We have
OH/dc; =2} 5{0s,/0c). 2N
J

We already have an expression in (22b) for &s/dc;, When jsi, we find
similarly

s /3¢, = e/(1 — a»(l/p)( ¢ / ) ck). (28)

Substituting into (27) and simplifying,

/
O0H/oc;=(2e/(1 —a))(1 /p)(] /Z c,‘){; CiSk— Si%, ck}. (29)

k

Thus a rise in the cost for firm i will raise the Herfindahl index if its own
share is less than the weighted average of all the firms’ shares, the relative
weights being simply the costs. The general intuition is clear: since the costs
of fitms and their market share are negatively relaied, a rise in the cost of a
low-share firm, by further lowering its share, will raise the concentration
index. What (29) does is to give a precise formulation of the relevant concept
of a low share.

3. Price leadership

In this section we consider an alternative market structure, where a group
of collusive firms coexists with a competitive fringe. This model may be
particularly appropriate in the context of some newly industrialising less
developed countries, where modern industry is dominated by large foreign
firms, and a fringe of competitive domestic firms supplies a closely related
product. With this application in mind, we construct a model of an industry
where the goods are imperfect substitutes, although the special case of a
homogeneous product is also examined. Other potential applications include
the world petroleum market, where the major companies (and countries)
attempt to exercise leadership and the independents follow. Related models
include Encoua and Jacquemin (1980), where the domina=t firms can be less
than perfectly collusive, and Dickson (1978), where the domestic firms act as
collusive price leaders with a fringe of competitive foreign firms.

With our main application in mind, we focus on the magnitudes of the
consumer surplus and the profits of the collusive firms, and also find the
effects on employment. The procedure is standard. We stipulate a system of
demand functions for the set of products. The conditions of equilibrium of
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the competitive fringe can then be used to obtain the residual demands for
the collusive firms, and their joint profit-naximising choices calculated. In
our partial equilibrium framework, it is harmless to aggregate the fringe
goods into one. We also assume this good to be produced under conditions
of constant average cost co; then its competitive price p, equals co. As to the
demané system, a constant-elasticity assumption is no longer appropriate.
The products are sufficiently close substitutes that demands can be reduced
to zero for sufficiently high prices. Therefore we use the approximation of
lincar demands.

There are n goods produced by the collusive group, with a vector ¢ of their
unit costs. and a vector p of prices. The demand for the fringe good is
dp,. p). ic.. it depends on its own price as well as the prices of the substitute
goods. The demands for those goods depend on the same (n+ 1) prices, and
are written as a vector function d(p,.p). We use the following linear
approximations:

dtpe. p) =do— boopo + bp. (30)
dipo.p)==a+ bl’o —Bp. (31

where B is a symmetric positive definite n-by-n matrix reflecting substitution
amongst the collusive goods, and b gives the substitution effects between the
fringe good and collusive goods.

The profits of the cellusive group are given by

I(py.p) =(p—cMa+bhp,— Bp). (32)

We suppose that p is chosen collusively to maximise (32). The first-order
condition for this is

(a+ bp, — Bp)—B(p--¢)=0, (33)
which gives a profit-maximising price

p=4p*+o). (34)
where
p*=B ‘(a+bpy). (33)

This has a simple interpretation. From the demand function (31) and the
definition (35), we see that d(py, »*)=0, i.e., p* is the price vector of collusivc
goods which, given p,, implies zero demand for these goods. Thus (34) tells
us that the collusive profit-maximising price vector is the average of the umt
cost and the price which completely chokes off demand.
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The profit-maximising output is obtained by substituting from (34) into
(31) and using p,=c,. We have

x=B(p*—p}=B(p—c). (36)
Then the maximised profits of the group are given by
N=(p—c)x=x'B™'x. - (37

Since the matrix B is positive definite, so is its inverse. Thus (37) is a
positive definite quadratic forn in the outputs x of the collusive group. Write
X for the total Y 1x;, and s for the vector of shares s;=x;/X. Note that with
heterogeneous products the sum Y ;x; must be taken after the x; have been
converted into common units; this could be achieved by defining the units of
each good so that a unit of good i has the same value as a unit of good j.
Then (37) can be written as

IT=Xs B 's). (38)

A positive definite quadratic form in shares is a convex function of the
shares, and therefore has many of the desirable attributes of a concentration
index. We consider a particularly simple and attractive case. Suppose the
substitution matrix satisfies

1 g B
Bt p
B B 1

where f lies between 0 and 1. Intuitively, this entails symmetry within the
group of foreign goods in the sense that substitution behaviour between any
pair is the same as that between any other pair. Then (38) becomes

I1=X*[B+(1—-pH), (40)

where H=Y ;s? is the Herfindahl index for the collusive firms.

The benefit to the country from the existence of alternatives to the fringe
good is given by the difference between the consumer surplus at prices (po, p)
and that at prices (po, p*); recall that p* is the price where there are zero
purchases of the foreign good, and that fringe firms producing at constant
costs and selling competitively always have py=c, and zero profits. The
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constiner surplus function consistent with the demand functions (32) and (33)
v be showa to be

S o= - “"\( )ei(Po)(Pe ( @1)

J\p) A\pPJ\~—

I herefore the benefit as measured by the consumer surplus is

f‘_’j (yo-P)— Z(p()- p*).

Substituting for p from (34) in (41), after routine manipulations, we find that
the consumer surplur gain is exactly 371, where I7 is the maximised collusive
profit as given by (40).

The potential gains from trade if the whole market were competitive would
be given by the surplus associated with the price vector (co,c) as compared

with that at the prices (¢, p¥), 1.€.,
Z“'o-")“z("m p*).

it 1s again straightforward to show that this expression equals 211.

These re.uirs are in soine ways extensions of the findings of Cowling and
Mueller (1978) and others on the welfare costs of monopoly. They can be
illustrated very simply using a diagram in the homogeneous product case. In
fig. 2. we show a linear residual demand curve for the price leader, and the

price
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B G \ marginal

c ' \C cost

AN

marginal
revenue

quantity

Fig. 2
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corresponding marginal revenue curve. The quantity produced by the leader,
BG, is equal to half of BC, the quantity that would arise if price were set
equal to marginal cost. The gain of consumer surplus from having a profit-
maximising price leader is the triangle ADE, which is half of this firm’s profit
DEGB, which is in turn half of the consumer surplus gain that would arise
with a competitive firm instead, namely the triangle ACB.

The implications of this model for a less developed country industrialising
with the involvement of transnationals can now be drawn. The presence of
the transnationals permits a benefit equal to half of their profits in
comparison with autarky. But we have also seen that the collusive behaviour
of the oligopolists means that the gains from trade are only one quarter of
their potential under an ideal competitive state, these potential gains being
twice the profits. Finally we established that for certain forms of the demand
functions these profits can be expressed in terms of the Herfindahl index for
the transnationals. Here once again, just as in the models with homogeneous
products of the previous section, a Herfindahl index is useful in summarising
market conditions, reflecting both profits of transnationals and net benefits
to the domestic economy. However, we should stress that the group of firms
over which such an index is to be calculated differs depending on the
component of net benefits being measured.

With heterogeneous products it is natural to think of advertising and
persuasion by firms to turn consumer demand in their favour. The potential
for this can be seen clearly in our model. We can write the trausnationals’
maximised profits (37) as

MM=(p—c)yB(p—c). (42)

This is a positive definite quadratic form in the profit margins (p—c). The
latter are given by the expression

3[B™Y(a+bpo)—c], (43)

from (34) and (35). The transnationals will therefore have an incentive to
rwake a and b as large as possible, given that all products are mutual
substitutes so that the matrix B~! Las all elements positive. Increasing a
means that the price-insensitive part of the transnationals’ demand is strong,
while increasing b means that small price reductions for their own goods
switch demand sharply away from the domestic good whose price is fixed by
the cost of production.

It is again straightforward to discuss the employment implications in this
model by linking them to output. Consider an extreme case where all of the
transnationals’ supply is imported f:om abroad. The loss in domestic sales
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from having the imports of the transnationals is
dol(Co. p*)—do(co. p)=b(p—c)=b'B " 'x. (44)

Thus employment loss depends linearly on the profit margins, or the outputs,
of the transnationals. If we assume additional symmetry in making all
components of b equal, ie., the domestic good substitutable to the same
extent with any of the foreign goods, then the loss of domestic firms’ sales
becomes simply proportional to X, the aggregate output of the transnationals.

4. Concluding remarks

Our intention in this paper has been to provide a unified treatment of
models of oligopoly and welfare which link peformance or outcomes to
market structure. We attempted to ~xpress results in terms of the underlying
parameters of the model, such as those for cost and demand, instead of
proxies like price—cost margins, and to identify those measures of structure,
e.g. concentration indices, and performance which emerge naturally in the
expressions for important aspects of equilibrium such as profits, welfare
losses and so on. One of our particular aims in the analysis has been to
produce results which are in terms of observable variables so that the theory
can readily be applied. Secondly we wished to show how the theory could be
interpreted and extended to allow the analysis of oligopoly in international
trade, for example the operation of transnationals in less developed countries.

In our discussion of a market for a homogeneous product with conjectural
variations by participating firms we have seen how the Herfindahl index
plays an important role in expressions for profit and welfare loss. We showed
how imperfections in markets for factors used in the industry could be
introduced into the welfare analysis. We offered a re-interpretation of the
model as one of several suppliers of a primary commodity to a world
market. A simple model of the relation between technical progress and
concentration was developed and we examined the relation between
parameter changes and concentration indices.

In section 3 on price leadership we introduced an analysis of collusive
firms producing different products combined with a competitive fringe,
motivated in part by a wish to provide a theorciical framework, and
especially indices, for the analysis of the operation of t-ansnational
companies in less-developed countries. We showed how even in this case of
heterogeneous products simple expressions for profits and welfare loss could
be derived and again the Herfindahl index played an important role.

We have found that received theories of oligopoly and welfare, if suitably
developed and extended, can provide a useful explanation of several features
of trade in the presence of oligopoly. Further we found that many important
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components of a welfarc analysis could be related to simple observable
magnitudes and indices so that the theory should be capable of useful
application to policy problems in the analysis of oligopoly with or without
trade and in both developed and less-developed countries.
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