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1. Introduction

It isatruth universally acknowledged that product markets are often far from competitive.
Economists have taken two main routes to addressing this fact. At the micro level, the field
of industrial organisation has developed a sophisticated array of models which focus on
strategic interactions between firms in a single market. At the aggregate level, many fields,
including international trade, macroeconomics and growth, have used models of monopolistic
competition to incorporate increasing returns to scale and product differentiation into general
equilibrium. Each of these approaches has contributed enormously to our understanding of
real-world economies. However, each ignores the insights of the other. Models of industrial
organisation typically take factor prices and aggregate income as given, and pay little attention
to interactions between markets. General-equilibrium models of monopolistic competition
typically ignore strategic behaviour by incumbents, and assume a perfectly elastic supply of
identical new firms, ready and able to enter in response to the smallest profit opportunity.

Many important issues could be illuminated by combining these two approaches, in other
words, by modelling oligopoly in general equilibrium. However, progress in this direction
has been held back by a number of related problems. The first is that, if firms are large in
their own market, and if that market constitutes a significant segment of the economy, then
the firms have direct influence on economy-wide variables. Assuming they behave rationally,
they should exploit thisinfluence, taking account of their effect on both aggregate income and
economy-wide factor prices when choosing their output or price. Such behaviour is both
implausible (apart from relatively rare cases where firms have monopsony power in local
factor markets) and difficult to model. Second, large firms influence the cost of living, and
rational shareholders should take this into account in choosing the profit-maximising level of
output or price. This difficulty was first highlighted by Gabszewicz and Vial (1972), who

interpreted it as implying that the predictions of general-equilibrium oligopoly models are



sensitive to the choice of numeraire. (See also Béhm (1994).) Finally, Roberts and
Sonnenschein (1977) showed that oligopolistic firms in general equilibrium typically have
reaction functions so badly-behaved that no equilibrium may exist.

These problems have held back the development of tractable models of oligopoly in
genera equilibrium. They have even found their way into textbooks. (See for example,
Bhagwati et al. (1998, p. 382) and Kreps (1990, p. 727).) In this paper, | draw on recent
work (Neary (20023, b, c)) where | argue that they can all be avoided in asimple way. This
is to allow firms to be "large" in their own sector, but to require them to be "small" in the
economy as awhole. Technically, the key to doing this is to assume a continuum of sectors,
each with a small number of firms. (In fact, any reasonably large number of sectors would
suffice, but it is much easier to work with the continuum case than with alarge finite number
of sectors.) Just asin models of perfect or monopolistic competition, firms cannot influence
national income or factor prices and so take them as given. Since the output of any one
sector is infinitessmal relative to national output, maximisation of profits leads to the same
real alocation irrespective of how they are deflated. Finally, with income effects absent for
any one sector, reaction functions are more likely to be well-behaved, and existence of
equilibrium is no more problematic than it is in partial equilibrium.

The purpose of this paper is to put this modelling strategy in context, and to consider its
implications for competition policy in a closed economy. In Section 2 | review the literature
on oligopoly in general equilibrium, a tiny one compared to the huge number of papers on
either oligopoly in partial equilibrium or monopolistic competition in general equilibrium.
Section 3 addresses a key element in implementing my approach, the specification of
preferences. Section 4 presents a simple model of oligopoly in general equilibrium and

derives some surprising implications for competition policy. Section 5 shows that analogous



results also apply in a free-entry model of monopolistic competition which is dual to the

oligopoly model of Section 4.

2. Alternative Approaches

A variety of approaches has been taken to resolving the difficulties with embedding
oligopoly in general equilibrium which | have highlighted. One strand of literature ignores
them, and assumes that the partial equilibrium oligopoly first-order condi¢ib;-a. /€)=c, ,
continues to apply in general equilibrium, even though firms are large relative to the economy
as a whole. (Here; is the market share of firmunder Cournot competition, arais the
price-elasticity of demand.) For example, Batra (1972) explored the implications of monopoly
for the two-sector growth model, while Melvin and Warne (1973) and Markusen (1981)
introduced monopoly and oligopoly into the two-sector Heckscher-Ohlin trade model
respectively. This tradition is continued by Ruffin (2002), though he explicitly describes the
typical agent in his model as behaving "schizophrenically, changing price as a producer and
accepting prices as given as a consumer.”

One aspect of firmisschizophrenia in these models is that they ignore their ability to
influence factor prices. A small number of papers has addressed this, explicitly assuming that
firms exercise monopsony power: see Bishop (1966), Feenstra (1980), Markusen and Robson
(1980), and McCulloch and Yellen (1980). Even in simple models, such as when output
prices are fixed by the small open economy assumption, this leads to considerable
complications without yielding much additional insight.

A different tradition is to assume that preferences are quasi-linear, so the utility function
IS X,+u(x), wherex, and x are the consumption levels of goods produced under perfect and

oligopolistic competition respectively. The inverse demand curvexisrthen independent



of income. This approach has been widely used in industrial organisation and related fields.
(See, for example, Dixit (1981), Vives (1985) and Ottaviano et al. (2002).) Models with
guasi-linear preferences are sometimes defended as being general equilibrium. (See for
example Brander and Spencer (1984, p. 198) and Konishi et al. (1990, p. 69).) But most
authors concede that, since all income effects fall on the good produced in the perfectly
competitive sector, and factor prices are typically assumed to be determined in that sector,
qguasi-linear preferences provide a secure foundation for partial equilibrium analysis but
nothing more.

Finally, a number of writers face up to the numeraire problem, warts and all. Gabszewicz
and Vial (1972) and Cordella and Gabszewicz (1997) assume that firms are owned by worker-
producers, who maximise utility rather than profits. In the same vein, Dierker and Grodal
(1998) assume that firms maximise shareholdegal wealth, taking account of how their
decisions affect the deflator for nominal wealth. These papers avoid the problem of
sensitivity to the choice of numeraire. However, their behavioral assumptions are not very
plausible, and the analysis required for even the simplest models of this kind is complex.

Given these difficulties of modelling oligopoly in general equilibrium, much more effort
has been devoted to modelling monopolistic competitidrhis is sometimes defended on the
grounds that models with a fixed number of firms are "short-run" (see for example, Ohyama
(1999, p. 14)), suggesting that free entry is the more general "long-run” case. But a casual
glance at many real-world markets shows that they continue to be dominated by a small
number of firms for long periods of time. A different rationale for monopolistic competition
is that, with profits driven to zero by free entry and exit, the problems noted above seem to
disappear. But as’dspremont et al. (1996) pointed out, this is only strictly true if a

continuum of monopolistically competitive firms is assunied.



A number of authors have explored the implications of allowing firms to be large in their
own market but small in the economy. Hart (1982) constructs an "island" economy in which
firms on one island are owned by shareholders on other islands, so avoiding the problems of
an endogenous deflator for profits. Shleifer (1986) and Murphy, Shleifer and Vishny (1989)
assume a large number of sectors, in each of which a monopolist faces a competitive fringe.
Rotemberg and Woodford (1992) construct a dynamic model of implicit collusion between
firms in a large (though finite) number of sectors. However, these papers were not primarily
focused on my goal of integrating the theory of industrial organisation with general

equilibrium analysis. In the remainder of this paper | sketch how this can be done.

3. Preferences
The key technical step in operationalising the approach | advocated in Section 1 is to find
a tractable specification of preferences. An obvious starting point is to assume that utility is

an additively separable function of a continuum of goods:

Ul{x@1] = g

fol u{x(z)}dz}, g’>0, u'>0, u"<0 (1)

This specification could be extended in a number of ways. The measure of integration could
be endogenous rather than fixed, permitting a dynamic version of the model; the sub-utility
functions could vary wittz as well asx(z); and they could allow for differentiated products
produced by each firm in sectar However, in the remainder of the paper it is convenient
to concentrate on (1).

Assume therefore that a representative consumer maximises (1) subject to the budget

constraint;



fO‘ px@dz < 1 ©
wherel is aggregate income. The inverse demand functions are:
P@ = —u'lx@)] 3)

where A is the marginal utility of income, the Lagrange multiplier attached to the budget
constraint, normalised by the derivatige The key feature of (3) is that, apart froky the
demand price of good depends only on variables pertaining to sectitself. The marginal
utility of income serves as a "sufficient statistic" for the rest of the economy in each sector.
It is this property of what Browning et al. (1985) call "Frisch demand functions", combined
with the continuum assumption, which allows a consistent theory of oligopoly. In each sector
z, firms takeA as given, but in general equilibrium it is determined endogenously. To solve

for A, multiply (3) by p(2) and integrate, using (2), to obtain:

=

A= éfolp(z)u’ [x(2)]dz where: o, folp(Z)zdz (4)

So A equals a price-weighted mean of the marginal utilities of individual goods, divided by
the (uncentred) variance of prices.

While any additively separable utility function gives the "sufficient statistic" property, the
general formu[x(2)] is not tractable, since the endogenous consumption levels appear on the
right-hand side of (4). Hence we need to consider some special forms for the sub-utility

function. The simplest case is where preferences are Cobb-Douglas:



gh) = exph, ulx@] = PRInxE), fo‘ B(2)dz = 1 (5)

HereA is the reciprocal of income\=1/I, and the inverse demand functions are unit-elastic,

with B(2) denoting the (infinitesimal) budget share of gand

_ 1B _ B®I 6
P@) A x(2) x(2) ©

These demand functions are attractively simple or extremely restrictive, depending on your
point of view. In any case, they are inconsistent with profit maximisation by a monopolist.
Alternatively, preferences may take the constant-elasticity-of-substitution form as in Dixit

and Stiglitz (1977):

gy = B ux@@] = x@°  0<6<1 (7)

Now the inverse demand functions are iso-elastic:

PR - %x(z)", n=-Ls1 ®)

where the elasticity of demanglis also the elasticity of substitution between every pair of
goods; whileA is an inverse Cobb-Douglas function of income and the true cost-of-living

index P;

0 1}n 9)

AMip@t. 1] = I where: P

fimora

These demand functions allow convenient solutions in models of monopolistic competition,
where they were first introduced. But in oligopoly they have unattractive implications:
outputs are often strategic complements in Cournot competition, and reaction functions may

be non-monotonic.



Finally, as in Neary (2002c), consider the case where each sub-utility function is

guadratic:

gy = h, ulx()] = ax(z) - Vebx(z)? (10)

Now the inverse demand functions and the marginal utility of income are:

ap - bl
" (12)

P@ = la-bx(@)] and  A[{p@}.I] =
OP

where |4 is the mean of prices and we have already defio?ds their (uncentred) variance.
Hence, a rise in income, a rise in the (uncentred) variance of pricesfatlria the mean of
prices, all reduc@ and so shift the demand function for each good outwards. However, from
the perspective of firms)y is an exogenous variable over which they have no control. While
(11) is the true demand curve, tiperceived demand curve is linear, as in Negishi (1961),
since firms treal as constant. Oligopoly models with linear demand functions are easy to

solve in partial equilibrium, which allows us to construct a tractable but consistent model of

oligopoly in general equilibrium.

4. Competition Policy in General Oligopoalistic Equilibrium
The specification of preferences discussed in the last section could be combined with any
one of a huge variety of assumptions about the supply side of the economy. For simplicity
| adopt here probably the simplest possible approach. It combines Cournot competition and
a given numben of firms in each sector with a Ricardian specification of technology and
factor markets. The first-order condition for a typical firm in secas: p(2)—c(2)=by(2)/A.

Solving for equilibrium output:



a- )uC(Z) (12)
b(n+1)

y2) =

The unit cost of production in each sector, ¢(z), equals the economy-wide wage rate, w, times
the sector’ s labour requirement per unit output, denoted by a(2): c(2=wa(2). The equilibrium
condition in the labour market requires that the exogenous labour supply L equal the total

demand for labour from all sectors:
= ! 13
L /;) OL(Z)I’l)?(Z)dZ ( )

Inspecting equations (12) and (13) shows that they are homogeneous of degree zero in two
nominal variables, the wage rate w and the inverse of the marginal utility of income, A™*. As
isnormal in real models, the absolute values of these variables are indeterminate, and, indeed,
uninteresting. Hence we can choose an arbitrary numeraire. (This will be a true numeraire:
unlike the cases discussed in Section 2, the choice of numeraire has no implications for the
model’s behaviour.) It is most convenient to choose utility itself as numeraire, so that A is
unity by choice of units.

To solve the model, evaluate the integra in (13), using (12):

B n+1bL

i2 (14)
g

w—[au
n

1 and o? denote the first and second moments of the technology distribution:

b= fol a(z)dz and o’ fol a(z)’dz (15)

For later use, note that the variance v* of the technology distribution is given by v* = g?— 2
A specia case, which serves as a convenient benchmark, is the featureless economy, where

all sectors have the same technology parameter o, the variance V* is zero, and so 0 = U=,



The first issue we want to examine is the effect of competition policy (in the sense of an
increase in the number of firms n in all sectors) on the functional distribution of income.

National income I, measured in utility units, equals the sum of wages wL and total profits I:
I = wL+1I, Inm = fol nn(z)dz (16)

To evaluate total profits, note that profits in each sector 1(2) equal [p(2)—c(2)]y(2). Using the

first-order condition and equation (12) gives:

o - bnfly(z)zdz = " _(a?-2apw+a*w?) (17)
0 b(n+1)?

| show in the Appendix that this can be written in terms of parameters as follows:

2 2 2
mo- v B (18)

bn+1® o> n o

From (14), the wage rate w is strictly increasing in n; while from (18) total profits are strictly

decreasing in n. Hence it follows that:

Result 1. A rise in n raises the share of wages in national income.

Thus competition policy has the expected effect on income distribution.
Next, we want to determine the effects of competition policy on welfare. Substituting the
direct demand functions implied by (11) into the utility function (1) and (10), gives the

indirect utility function (ignoring a constant):

0 = a-o (19)

To calculate the variance of the distribution of prices, we can use the Cournot equilibrium

10



price formula, p(z)=[a+nc(2)]/(n+1). Squaring and integrating yields:

0,2, = ——(a*+2anpw+n’o’w?) (20)
(n+1)

Substituting from (14) for w, this becomes (as shown in the Appendix):
2 a2 V_2 + (au—bL)2 (21)
(n+1)? o? o>

This is clearly decreasing, but not strictly so, in the number of firms. Hence:

Result 2: An increase in n raises welfare, strictly so if v?>0.

Since there are no other distortions in the model, we would expect this to be so. However,

the result is not strict, unlike Result 1, which has a surprising implication:

Coroallary: In the featureless economy, competition policy has no effect on welfare:

dU/dn=0.

Inducing entry by more firms in al sectors raises the demand for labour. But since the
aggregate labour supply constraint is binding, this merely redistributes income from profits
to wages without any gains in efficiency.

This result should not be seen as an argument against activism in competition policy. The
model is far too stylised to provide a basis for policy-making. In the readistic case where
sectors are heterogeneous, the welfare costs of oligopoly implied by (21) may be greater than
those implied by partial-equilibrium calculations in the tradition of Harberger (1954). Rather,

the result should be seen as an extreme case which brings out the importance of a general-
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equilibrium perspective. It was clearly stated by Lerner (1933-34), who also conjectured that
a suitable measure of the economy-wide degree of monopoly is the standard deviation of the
"degree of monopoly" (i.e., the price-cost margin) across all sectors. Equation (21) confirms
Lerner’s intuition, and shows how it relates to the underlying structural parameters in the
economy.

Finally, consider the effects of an increase in the technology variance, V%, at constant .

| show in the Appendix that equations (14), (18) and (21) imply:

Result 3: A mean-preserving spread in the technology distribution raises aggregate

welfare but lowers the share of wages in national income.

So aggregate welfare and the share of wages need not move together.

5. Competition Policy in Monopolistic Competition

Competition policy was modelled in the previous section as an exogenous increase in the
number of firms in each sector of the economy. In this section | show that the same results
go through if instead the fixed costs of operating a firm are taken as parametric, and entry
of new firms is assumed to be free. The model therefore becomes one of monopolistic
competition rather than of oligopoly.

It would be possible to assume that firms' fixed costs vary in some systematic way with
z. However, there is no basis for doing this within the model, so assume instead that they
take a constant value f in all sectors. Hence the equilibrium condition for free entry in sector

Zis

12



f = 1@ = by’ (22)
We can solve this for the equilibrium output of each firm and use (12) to solve for the

equilibrium number of firms in sector z (ignoring the integer constraint):

o = b and @ = 4@ (29)
Jbf

Asin models of monopolistic competition based on Dixit-Stiglitz preferences, the equilibrium
size of each firm depends only on cost and taste parameters. Adjustment to shocks in other
parameters comes about solely through changes in the number of firms.

We can now solve for the equilibrium wage. As in the previous section, we integrate the
labour-market equilibrium condition (13). The difference is that now the number of firmsin

each sector and not the output of each varies with z. This yields:
w = lla-ybf)n-bL] (24)

Comparing this with equation (14) in the last section, it is clear that a reduction in fixed costs
in monopolistic competition has a similar effect on the equilibrium wage as an increase in the
number of firms in oligopoly: both tend to raise w. Moreover, the competitive limits of the
two models (as f approaches zero and n approaches infinity, respectively) are identical.

To solve for welfare, use the first-order condition and the free-entry condition (22) to

solve for the equilibrium price in sector z

p@) = Bf +wa() (23)
Note that thisimplies afixed absolute price-cost margin, whereas in monopolistic competition
with Dixit-Stiglitz preferences, the relative price-cost margin is fixed. From (25), | show in

the Appendix that the variance of prices equals:
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2 2
o2 = b . (aubly (26)
O 0'2

Thisis clearly increasing (but not strictly so) in the fixed cost of production. Hence we can

conclude:
Result 4: A fall in f raises welfare, strictly so provided v*>0.

The interpretation of this result is identical to that of Result 2 in the previous section.
Competition policy has a similar effect on welfare under monopolistic competition as it has
under oligopoly: welfare cannot fall, and must increase provided the variance of the

technology distribution is strictly positive.

6. Conclusion

In this paper | reviewed previous approaches to modelling oligopoly in general
equilibrium, and drew on Neary (2002c) to propose a new view which in principle overcomes
their deficiencies: modelling firms as large in their own market but small in the economy as
awhole. On the one hand, firms face a small humber of local competitors, so they have an
incentive to compete strategicaly against them in the manner familiar from the theory of
industrial organisation. On the other hand, there is a continuum of sectors, so firms cannot
influence economy-wide variables such as national income and factor prices. Furthermore,
provided all profits are returned costlessly to the aggregate household, the implications of
profit maximisation are independent of tastes and of the normalisation rule for prices. Hence,
the approach avoids all the problems which have bedeviled previous studies of oligopoly in

genera equilibrium.
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Implementing this approach requires a tractable specification of preferences. In principle,
any form of additively separable preferences could be used, since they share the convenient
property that the demand facing each sector depends only on variables pertaining to that
sector and on the economy-wide marginal utility of income. For example, Dixit-Stiglitz
preferences (which imply iso-elastic perceived demand functions) could be used. However,
| have chosen to work instead with "continuum-quadratic" preferences (which imply linear
perceived demand functions), since they guarantee existence and unigqueness of equilibrium
at the sectora level, and hence allow convenient aggregation across sectors.

To illustrate my proposed approach, | constructed a simple model of oligopoly in general
equilibrium and used it to derive some surprising implications for competition policy. In
particular, | showed that the desirability of increasing competition depends crucially on the
distribution of what Lerner (1933-34) called the "degree of monopoly" across sectors. While
some authors, such as Francois and Horn (1998), have recognised that competition policy
should take account of general equilibrium constraints, a satisfactory analytic framework in
which to do so has not been available so far.

Of course, competition policy is modelled here in an extremely simple way: a parametric
increase in the number of firms in Section 4, or a parametric reduction in the fixed costs of
operating a firm in Section 5. In other respects too this paper has clearly only scratched the
surface of the new approach | have proposed. Even if continuum-quadratic preferences are
retained, a wide range of alternative assumptions about market structure, firm behaviour and
the workings of factor markets awaits exploration. For example, a richer theory of firm
behaviour should allow for strategic entry and entry-deterrence, since the assumption in
Section 4 that the number of firmsin all sectors is exogenous is highly artificial. However,

the standard assumption of completely free entry in all sectorsis just as unredlistic. | hope
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| have suggested the potential gains from exploring alternatives to the free-entry competitive

paradigm, while still retaining a general-equilibrium perspective.
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Appendix
Proof of Result 1. To evaluate total profits, substitute for w from (14) into the expression
in brackets in (17) and rewrite as a difference in squares:
a’ - 2apw + o*w? = a® - w(ap - o*w)

a’ - (au f”—;]bL)(au + ”;1bL)
¥+ ("—”bL)2 =X

o n o

; @7)

Substituting back into (17) gives the expression for profits in (18).

Proof of Result 2: To evaluate the level of welfare, proceed as in the proof of Result 1:

a’ +2anpw + n*c’*w? = a*® + nw(2ap +no’w)

a’+ [anp —(n+1)bL] [a(n+2)u - (n+1)bL}

1
o2

28
= a’+ [(n+1)(ap—bL) —au”(nﬂ)(au—bL) +ap]i2 (28)
= @+ (n+1)?(ap-bLY L
Substituting back into (20) gives (21).
Proof of Result 3: To establish how V? affects welfare, differentiate (21):
o w? - (au-bLy
> (n+1y2 (29)

= fM(auf%bL)(auf”TbL) <0

(n+1)2 n 7

Thisis negative, and so welfare in increasing in v, provided w in (14) is positive. The effect

of V2 on wages is negative, by inspection of (14). Finally, from (18), the effect on profits is:

17



na? 2 bL?

2 .
b(n+1) n (30)
= (au ¥ "*1bL) (au - ””bL) > 0

b(,ﬁl)Z n n

%8

Proof of Result 4. To evaluate the variance of prices, square and integrate (25) and then

proceed as in the proofs of Results 1 and 2:

Q
I

» bf + 2\/bf uw + a’*w?
bf + w(2\/bf p + 0*w) (31)
bf +|(an-bL) - /bf n][(an -bL) +\/Wu]§

which leads to (26).
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Endnotes
1| follow most of the literature in using "imperfect competition" to denote any type of market
structure other than perfect competition, and "monopolistic competition™ to refer to the
Chamberlin large-group case, where entry and exit are free. Not all writers use the termsin
this way. For example, "monopolistic competition” in Roberts and Sonnenschein (1977)
refers to models with a fixed number of firms, which | prefer to describe as oligopoly models.
2 |ronically, Dixit and Stiglitz adopted this assumption in an early draft of their 1977 paper,
but dropped it from the published version at the request of a referee. See Brakman and

Heijdra (2002).
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