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"On the Dixit-Stiglitz model of monopolistic competition™
Claude d'Aspremont, Rodolphe Dos Santos Ferreira and Louis-André Gérard-Varet

paru dans American Economic Review vol. 86/3, 1996.

Notice introductive

La concurrence imparfaite est un sujet de recherche majeur qui remonte a Augustin Cournot.!
Alors que la concurrence parfaite est un cadre bien défini, les imperfections de concurrence
peuvent prendre des formes diverses allant du monopole a l'oligopole, en passant par la
concurrence monopolistique qui combine de maniere subtile concurrence parfaite et monopole
avec un secteur de production comportant un grand nombre d'entreprises pratiquant la
différenciation de leurs produits. L'idée remonte a Joan Robinson et Edward Chamberlin qui
I'ont indépendamment suggéré en 1933. Toutes ces recherches sont restées cantonnées a des
analyses d'équilibre partiel. Modéliser la concurrence imparfaite dans un cadre d'équilibre
général est par contre une question plus complexe a laquelle de nombreuses réponses ont été
apportées depuis l'article de Takashi Negishi en 1961 et I'ouvrage de Hukukane Nikaido en
1975 qui tous deux se placaient dans un cadre de concurrence monopolistique. De nombreuses
autres tentatives ont été réalisées, toutes cherchant a construire des modéles ayant la généralité
du modele de concurrence parfaite auquel sont associés les noms d'Arrow et Debreu.
Cependant, a ce jour, aucun modéle n'a réussi a faire I'unanimité. On peut les placer dans deux
catégories. L'une associée a Negishi et suppose que les entreprises travaillent sur base d'une
demande percue. L'autre est associée a Nikaido et suppose qu'elles travaillent sur base de la
demande objective.? Le modéle d'Avinash Dixit et Joseph Stiglitz appartient & cette seconde
catégorie. L'article paru dans American Economic Review en 1977 a connu une longue
"carriére". Il repose sur un consommateur représentatif dont la fonction d'utilité contient deux
arguments, le travail utilisé comme numéraire, et un bien composite agrégeant I'ensemble des
biens produits par un secteur en concurrence monopolistique. Les entreprises sont identiques et
caractérisées par une fonction de codt linéaire associée a un co(t fixe. Quant au marché du
travail, il est supposé parfaitement concurrentiel et les salaires, ajoutés aux profits, constituent
le revenu du consommateur représentatif. Le travail étant pris comme numéraire, le salaire est
tout simplement normalisé a 1.

Concu au départ pour étudier la diversité optimale de production, le modele de Dixit et Stiglitz
a connu plusieurs variantes et élargissements. Alors que leur modéle est hautement particulier
et a rebuté plus d'un théoricien, son intérét se situe dans les solutions analytiques qu'il permet
d'obtenir. Ces solutions sont cependant des approximations dans la mesure ou elles reposent sur
une série d’hypothéses. En effet, si les entreprises integrent la demande dans leurs calculs,
jusgu'ou doivent-elles prendre en compte les effets de leurs décisions sur la demande, en

L Voir par exemple le recueil publié par Jean Gabszewicz et Jacques Thisse sous le titre Microeconomic theories
of imperfect competition. Old problems and new perspectives, publié en 1999 par Edward Elgar Publishing.

211 semble que cette distinction entre demande subjective et demande objective a été abordée pour la premiére fois
par Robert Triffin dans son ouvrage Monopolistic competition and general equilibrium theory publié en 1940 par
Harvard University Press. Il s'agit de sa thése de doctorat, rédigée sous la direction d'Edward Chamberlin, dans
laquelle il pose la question de I'équilibre général sans pour autant apporter de réelles solutions.



particulier I'effet de variations de prix ? C'est précisément a ce niveau qu'intervient la
contribution de Claude d'Aspremont, Rodolphe Dos Santos et Louis-André Gérard-Varet
(ADSGV). Dixit et Stiglitz se sont limités a I'effet direct et ont négligé les effets indirects, ce
qui conduit a une approximation acceptable uniquement si le nombre d'entreprises actives a
I'équilibre est élevé, ce qui suppose un codt fixe peu élevé. En particulier, ils ont négligé I'effet
sur le revenu qui intervient au travers des profits, ce que ADSGV appellent I'effet Ford, en
référence a la politique salariale d'Henry Ford, un effet qui intervient alors méme que les profits
sont nuls a I'équilibre. ADSGV explorent les mémes questions dans le cadre du modele élargi
de Blanchard et Kyotaki paru en 1987, dans lequel ils introduisent le marché du travail. L'effet
de variations de prix intervient cette fois aussi via les salaires, au-dela de I'effet Ford.

Une petite observation s'impose: ce papier illustre la complémentarité qui a existé entre trois
centres de recherche européens importants, le BETA, le CORE et le GREQAM. Vous avez dit
nostalgie ?

Pierre Dehez, été 2022.



On the Dixit-Stiglitz Model of Monopolistic Competition*

Claude d’Aspremont, Rodolphe Dos Santos Ferreira, and Louis-André Gérard-Varet!

Our purpose in this note is to revisit the popular monopolistic-competition model of Avinash
K. Dixit and Joseph E. Stiglitz (1977) and to stress the fact that the variant of this model used
in the recent macroeconomic literature is significantly different from the original. In particular,
by taking n as the number of active monopolists, the recent discussion of Dixit and Stiglitz
(1993) and Xiaokai Yang and Ben J. Heijdra (1993) about the advantages of neglecting terms of
the order 1/n in the computed elasticities, is significantly affected by the choice of the variant
of the model.

The basic model, presented in Section 1, has been used from the start by Dixit and Stiglitz to
study optimum product diversity. It is a simple general equilibrium model with n monopolistic
goods and a numeraire good, which can be interpreted as labor (or leisure) time or as the
aggregation of all the other goods in the economy. The variant of the model, analyzed in
Section 2, was independently developed by several authors for different simple applications in

macroeconomics.! It is an “enlarged model,” that includes an additional good, interpreted as

*Reprinted from The American Economic Review, 86(3), 623-629, June 1996.
TCORE, Université catholique de Louvain, 34 voie du Roman Pays, 1348-Louvain-la-Neuve, Belgium; BETA,

Université Louis Pasteur, 38 boulevard d’Anvers, 67070-Strasbourg, France; and GREQAM, Ecole des Hautes
Etudes en Sciences Sociales, 2 rue de la Charité, 13002-Marseille, France, respectively. Support from the Science
Policy Programming (PAI) of the Belgian State and from the Human Capital and Mobility program of the

European Commission is gratefully acknowledged.
'See, for example, Martin J. Weitzman (1985), Olivier J. Blanchard and Nobuhiro Kiyotaki (1987) and

d’Aspremont et al. (1990).



labor time but not taken as the numeraire. More importantly, the enlarged model does not lead
to a general equilibrium analysis until the wage rate, taken as given in a first step, is adjusted
competitively or strategically.

It is for the basic model that Yang and Heijdra (1993) (YH) give an alternative computation
method taking into account the price-index effect of individual pricing decisions. This effect
had been neglected in the original paper of Dixit and Stiglitz (1977) (DS), who were only
concerned with the large n case (ensured by low fixed costs and imperfect substitution between
the monopolistic goods). Limiting their model to the special case of a unitary elasticity of
substitution between the monopolistic goods and the numeraire good, YH obtain an explicit
solution. But YH’s solution is still an approximation, because it neglects the indirect effects
that feedback has on pricing decisions.

We will show that, in the enlarged model, taking into account this income-feedback effect
allows for an explicit solution and simplifies calculations. But in the variant, some meaningful
cases are incompatible with free entry and thus prohibit the use of DS’s approximation. However,
as we conclude in Section 3, this is not to say that their approximation should never be used.
On the contrary, the approximation hypothesis is a very useful part of Dixit and Stiglitz’s

contribution.

1 The basic model

We briefly recall the DS model. There are n + 1 goods and a representative consumer choosing

a consumption plan x € IR;LJrl so as to maximize the utility function

n s/(s—1)
o [] 0
=1

where U is a homogeneous, strongly quasi-concave, increasing function, s is the constant elas-
ticity of substitution inside the group of monopolistic goods i = 1,---,n, and commodity 0 is
the numeraire good. DS normalize the economy’s endowment of this good at unity, and suggest

that it can be interpreted as the labor (or leisure) time at the disposal of the consumer. A strict



convexity of preferences implies 0 < s < oo. Also, if the number of goods which is actually
produced in equilibrium is allowed to be less than n, monopolistic commodities must be gross
substitutes: s > 1. Utility is maximized subject to the budget constraint
n
To + Zpﬂi =1, (2)
i=1
where p; is the price of good ¢ and I is the consumer’s income.
We adopt a two-stage maximization procedure. First, for a given expenditure Y in monop-

olistic commodities, we determine the optimal consumption of good i:
1/(1-s)

N\ Y o
wi:(p> 7 with ¢ = Zp; 5 . (3)

q st
In (3) ¢ is the price index of the monopolistic commodities. Second, we compute the optimal
level of the quantity index, the consumption of the monopolistic goods,? and the optimal level

of xg, the numeraire good:

n s/(s=1)
y= (Z %(8_1)/5> S O4(q)£, zo = [1 —a(q)}, (4)
=1

where a(q) is the propensity to consume in the monopolistic sector.

Under the same increasing differentiable cost function C' (in units of labor), each monopolistic
commodity 7 is produced by a single firm. This firm chooses the corresponding price p; so as to
maximize the profit function p;z; — wC(x;), taking as given the prices of all other commodities
as well as the wage w (the labor market is assumed to be competitive), and on the basis of the
“true” demand function for good i. Of course, considering labor as the numeraire, w is put equal
to 1. When production is positive, the first-order necessary condition for profit maximization is
given by the usual equality of marginal revenue and marginal cost:

dx; pi

1
Di <1 - 6i> =wC'(x;), with & = R (5)

2In applications where the number of goods actually produced is fixed, an alternative, and perhaps more

n 1-s

straightforward, convention is to refer to the mean price P = ((1/n)> 7 p; Y/1=9) and to the aggregate
consumption X = n((1/n) > " gl /ey 1) = Y/P (see d’Aspremont et al., 1990, 1991). When the number

i=1 "1

of goods actually produced is endogenous, DS’s convention, however, proves itself more simply.



In (5), &; is the own-price demand elasticity of good i. Adding a condition of nonnegative profits

(piz; > wC(x;)) leads to the inequality:

2 (6)

O
Q
—~
8
~

In the case of gross substitutability (s > 1), if free entry is assumed, the number n* of active
firms in equilibrium is the largest integer in the set {1,---,n} such that the preceding inequality
is satisfied.

To calculate &;, DS use (3) and consider only the direct effect on demand of a change in p;,

neglecting any indirect effect through ¢ or Y. They thus get a demand elasticity:
ePS =, (7)

equal to the intrasector elasticity of substitution.
To calculate €;, YH use both (3) and (4), and take into account the influence of p; on g,

obtaining a demand elasticity:
1-s ’
efH = s-— (%) s—1+ %((j)) (J}
1 s 1-s s 1-s 1
= [ (®)7 s+ () x et + - at@)ota)

where o(q) is the intersector elasticity of substitution and where (p;/q)'~* = 1/n* in any sym-

(8)

metric equilibrium. Hence, demand elasticity appears now to be a weighted average of unity
and both intra- and intersector elasticities of substitution.

There is however no more reason to take a priori the income I as being fixed independently of
p;, than to neglect the effect of a change of p;, than to neglect the effect of a change of p; on the
price index ¢. If one insists on an objective approach, that is, on rational producers’ conjectures
about consumer’s behaviour, one may as well take into account the effect upon demand of a
change in price p; through the income I. This we have called the Ford effect (see d’Aspremont
et al., 1990, 1991), since historically Henry Ford was the first to acknowledge, as a producer,
such an effect. Indeed, income is the sum of the value of endowment (equal to one unit of labor,

putting w = 1) and distributed profits:

I=1+ Z(pj:vj — C($])) (9)
j=1
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Thus, income is inherently variable. As such, it is illegitimate to infer from the condition of 0
profits in a free-entry equilibrium, as YH apparently do, that, when firms deviate from equilib-
rium strategies, profits remain 0, and thus that income remains equal to endowment. Keeping
income fixed and equal to the given endowment (its equilibrium value) is just an approzimation,
similar to the one that keeps the price index fixed at its equilibrium value.

Let us admit that the first-order condition (5) is sufficient for a global maximum of the profit
function as implicitly defined by equations (3), (4) and (9). Then, by using these four equations
combined with a straightforward calculation, we can express the symmetric equilibrium value of

the demand elasticity €* as the sum of three terms:

e = s+ Lla*+(1—a*)o*—s
"+ (1 =)o o)
+ omataslat + (1—af)o* — ¢,

P S
where a* and ¢* are shorthand notations for a(¢*) and o(q*), respectively. In this equation
the first term corresponds to the DS approximation, the second to the YH partial correction
(corresponding to the price-index effect) and the third to the correction introducing the Ford
effect.® In the typical situation DS have in mind, s > max{1,0*} (when the substitution between
the monopolistic goods is large enough, at least larger than the substitution between these goods
and leisure), so that (for n* > 1) both the second and the third terms must be negative,* leading
to: e* < e*VH < ¢*PS Taking successively into account the two indirect price effects neglected
by the DS approximation leads to a gradual decrease in demand elasticity as perceived by the
monopolists, and hence to a gradual increase in monopoly power.

Now, using equations (3), (4), (5), (9) and (10), and given n*, it is in principle possible to

calculate the symmetric equilibrium values of all the endogenous variables. On the other hand,

3Equation (10) can be expressed as a quadratic equation:

n*e*? —[n*a* + (n* —1)s+ (1 —a)o*]e" + (n* —1)a*s = 0,

which has a unique solution £* in [1,00) if ¢ > 1. The symmetric equilibrium value of the demand elasticity *

is thus uniquely related in this case to n* and ¢* (through «a(q*) and o(¢*)), as in the YH approximation.
“Indeed, as it can be easily checked from (10), * + (1 — a*)o* < €* < s, with €* — o + (1 — a*)o™ and

e® — s,asn® — 1 and n* — oo, respectively.



assuming free entry, increasing returns and a large number n of potential products (so that
profits are 0 and I = 1), relation (6) — taken as an equality, together with equations (3), (4) and
(5) — determines the number n* of active firms:

*

% (07

n =

(11)

ag*’

where o = a(n*'/(0=%)ce*/(e* — 1)), in the case of the linear affine cost function C(x;) =
a + cxi, (a,c) € ]R?H, considered by DS. Taking o* as a function of n* and &* given by the
preceding expression, (11) implicitly defines n* as a decreasing function of €* in the relevant
domain. Thus, the DS approximation underestimates the equilibrium number of active firms
(and so does the YH solution): n*PS < n*YH < p*,

Therefore, it is clear that whenever the number of active firms is sufficiently large to make the
DS approximation acceptable, their approximation should be used, being obviously the simplest
one. Otherwise, if this number is too small, then one can use either the YH formula (8) or

preferably, to take into account all the indirect effects of price changes using formula (10).

2 The enlarged model

The DS model has been applied in several fields.” However, some of these applications, like
the one by Blanchard and Kiyotaki (1987), are based on a variant of the model, where labor is
introduced as an additional good and where the numeraire can be seen as a nonproduced good
aggregating the rest of the economy outside the monopolistic sector. The DS utility function U
becomes a component of a separable overall utility function, the other component representing
labor disutility. Thus the DS “market equilibrium” should be viewed as the partial equilibrium
of the monopolistic sector, the equilibrium in the labor market being determined at another
stage. Indeed, the “market equilibrium” parametrized by the money wage w determines the
labor “demand,” a relationship between aggregate employment and the money wage. Then,

maximization by the consumer determines the corresponding relationship on the supply side,

®See the references in Yang and Heijdra (1993).



taking into account the equilibrium price associated with each value of w. Finally, as a possibility,
the equilibrium value of w could be selected by equalizing labor “demand” and labor “supply.”

Income I is the sum of distributed profits and the value, in monetary terms, of the repre-
sentative consumer’s endowment. More precisely, this value is what he is able to realize, given

the money wage w: M +w ), C(z;) (where M is the money endowment). Formally,

I=|M+w)d Clx)| + Y [pjz;—wC(x;)] = M+Y. (12)
j=1 j=1

Since Y = a(q)I, it is then possible to express income as the product of its autonomous compo-

nent M and of the Keynesian multiplier:

1

==

M. (13)

Using (3) and (4), it is now easy to compute the demand for good i:

«=(5) motn™ w0

and the corresponding demand elasticity:

[ ()] ()

as a weighted average of the intra- and intersectoral elasticities of substitution (the coefficients

depend on the relative weight of the individual price p; in the price level ¢).6 Notice that the
expression for the demand elalsticity, given by (15) for this specification of the model, is even
simpler than the one obtained by YH (see equation (8)).

We will not formulate general assumptions to ensure the existence of an equilibrium. We
may, however, observe that the first-order condition (5), together with the nonnegative profits
condition (6), entail existence if, for any admissible price p; (such that profit and marginal
revenue are both nonnegative), the elasticity of marginal revenue is higher than the elasticity

of marginal cost (both elasticities being calculated with respect to price). This is always true if

5This expression for the demand elasticity is the one used by d’Aspremont et al. (1990, 1991).



demand elasticity is increasing or constant, in either the case of the linear affine cost function used
by DS, or the case of the isoelastic cost function suggested by YH (C(z;) = axf, (a,p) € ]R?H).
Thus, in the simple case of a constant intersectoral elasticity of substitution o, equilibrium can
be characterized by conditions (5) and (6), whenever we limit ourselves to the two following

clear-cut cases:”

(i) s>1and s > o, or
(i) s<1<o.

Case (i) corresponds to the case examined in the preceding section, and encompasses what
DS have in mind: monopolistic commodities are “good substitutes among themselves, but poor
substitutes for the other commodities in the economy.” With free entry, and hence an endogenous

number n* < n of active firms, a symmetric equilibrium is characterized by equations:

p; = n/Emhgr,
(16)
ot = 1 alg®) M
i T /6D I—a(g) ¢
for i =1,---,n*. The number n* of active firms is the largest integer in {1,---,n} such that
et = (I-X)s+ 1o
< 1+ (DS cost function) (17)
< ﬁ (YH cost function).

This type of equilibrium allows comparisons with the DS and YH solutions (assuming a
large number n, so that equilibrium profits are 0). To begin with, let us consider the case of
the linear affine cost function used by DS. The propensity to consume derived from a constant-
elasticity-of-substitution (CES) utility function parametrized by o, the intersectoral elasticity

of substitution, and by pu, the relative weight given to the numeraire good, is given by the

"It is also easy to check that the first-order condition (5) has a unique solution in p;, given ¢, with the DS cost
function, so that all equilibria are symmetric relatively to active firms in this case. The same is true with the YH

cost function if (1 — 3)s < 1, a condition which, however, implies that all firms are active in equilibrium.



expression: a(q) = 1/(1 + p°ng°~1). From (16) and (17), we easily obtain

s—1

M e 1 =
* s . 18
" (pw)e a exo(e* —1)1-@ (18)

Notice that the right-hand side is decreasing in * if £* > max{o, 1}. Excluding the case o = s,
where the DS approximation happens to coincide with the “true” solution (which takes into
account all indirect effects), the elasticity €* can only be smaller than the approximation s (see
(15)). Thus, the equilibrium number of active firms is in fact larger than predicted by the DS
approximation. Actually, the same holds for the YH solution (also smaller than s), as long as
5}/H > o, which is certainly the case in the example chosen by YH, where ¢ = 1. However, as
an alternative approximation, the YH solution does not lead us necessarily closer to the true
solution. Since this true solution is based on a demand elasticity e; that is a weighted average

of intra- and intersectoral elasticities of substitution, s and o, it is immediate that the DS

DS

approximation ;7 = s is good, whatever the number of active firms, when o is close to s. The

YH

elasticity €, ", a weighted average of s, o and 1, may then be a worse approximation of ¢;.
But should an approximation, however good, be preferred to the true solution? In their reply
to YH, DS argue that the price paid for abandoning their approximation, namely the restriction
to the special case of unitary elasticity of intrasectoral substitution, is very high. Strictly
speaking, this restriction is required because if one wants to obtain explicit solutions, and is in no
way inherent to the YH solution method. Unitary elasticity of intersectoral substitution is just a
particularly simple special case, in which the YH approximation happens also to coincide with the
true solution. The true solution, however, by its simplicity, does not depend on such restriction

to get explicit results. This is especially obvious if one adopts, as YH do, the isoelastic cost

function. The equilibrium number n* of active firms is then determined by (17) independently

of any reference to equations (16), since ¢;, contrary to SE/H , is constant in prices in a symmetric
situation:
. s—o
N~ —— (19)
s—1/(1=p5)

We thus get, for case (i) and in a free-entry equilibrium with 0 profits, a simple true solution



without any drastic restriction on the parameter space of the model.®

If returns are nonincreasing or if the number n of potential products is small, profits are not
necessarily 0. However, equations (16) still hold, even if equation (17) does not.

The same applies to case (ii). In fact, this case is always incompatible with free entry: all

commodities must be produced, otherwise utility is identically 0. Moreover, the DS approxima-
DS

tion cannot be used in this case, since €;7° = s < 1 implies nonpositive marginal revenue. But

in this situation, which cannot be ruled out in principle, the true solution still applies.

3 Concluding remarks

In all the general monopolistic-competition models that assume the firms know the “true” de-

mand curve,’

a central issue is to determine what effects of agents’ strategic choices should be
taken into account in the description of an “objective demand.” Indeed, in contrast to the direct
effect of its own pricing decision on demand, which should always be taken into account by a
monopolistic firm, some or all indirect effects, like the effect through the price index or the effect
through income, might be neglected. In fact, the income-feedback effect, or “Ford effect,” can
even be decomposed into two effects, the effect through the wage income and the effect through
the dividends (see d’Aspremont et al. [1990] for a discussion).

In the basic model, all indirect effects are neglected by DS. This can be justified by assuming
a large number of active firms in equilibrium or by invoking their limited computational ability.

YH develop a partial correction of the DS approximation,'® which neglects both income effects,

but includes the price-index effect. This approximation is useful. By making the demand

80f course in comparison with a linear affine cost function, adopting an isoelastic cost function makes it more
difficult to get existence of an equilibrium number n* of active firms associated with zero profits, since, in that
case, the whole adjustment in the number of firms relies upon the variability of the demand elasticity * as a

function of n*.
9This is the so-called “objective” approach, used for example by Hukukane Nikaido (1975) to construct an

effective demand, as opposed to the “subjective” approach used for example by Takashi Negishi (1961).
10VWeitzman (1985) introduces a particular version of the enlarged model, which uses another partial correction

that neglects the price-index effect but not the income-feedback effects.

10



elasticity variable, an alternative to the case where increasing returns result from fixed costs
can be explored. This alternative is the convenient case where increasing returns are associated
with an isoelastic cost function, and gives simple explicit solutions.

In contrast, in the enlarged model, an explicit solution can be obtained as simply without

neglecting any indirect effects.
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