1 Introduction

The past twenty years have witnessed a significant increase in earning in-
equality; more precisely, “income polarisation” or “shrinking middle-class”
phenomena have occurred — see, e.g., Levy and Murnane (1992), Atkinson
et al. (1995), Jenkins (1995). This trend has been common to most OECD
countries, as well as to many less developed countries.

The effects of income distribution on households’ behaviour and growth
performance are widely discussed: see, e.g., the recent contributions by Ben-
abou (1996) and Gottshalk and Smeeding (1997), as well as the comprehen-
sive article by Aghion et al. (1999). By contrast, the body of research about
the effects of this change upon the firms’ behaviour and market structure
is much more restricted. This is a little bit surprising, given that income
distribution affects market demand functions, and hence should in principle
influence the optimal behaviour of firms.

In this paper we show that, if the firms’ fixed costs are below a critical
threshold, income polarisation may lead to market concentration, that is, to
a smaller number of firms able to survive in the long run. This result is
obtained for any unimodal density function describing income distribution
of the consumers, in the framework of discrete consumers’ choices. Competi-
tion among firms is modelled as Cournot oligopoly, which obviously includes
perfect competition and monopoly as limiting cases.!

In a theoretical perspective, the set-up we work with is fairly general,
within the limits imposed by a discrete choice model:®> it deals with any
income distribution (the limitation that it is unimodal seems acceptable),
and with any market form covered by the Cournot setting. In this respect,
the paper encompasses recent studies dealing with related points, but limited
to specific forms for the density function of income or to peculiar forms of
imperfect competition (Benassi et al., 1999).

In the perspective of the empirical relevance of our contribution, sev-
eral studies show that Western economies have witnessed increasing market
concentration over the last decades in many sectors, and especially in the
large-consumption goods sector: see De Jong (1993), and Lyons and Ma-
traves (1996). Well established explanations rest on the increased competi-
tion due to trade liberalisation. Here we argue that, for some sectors, income
polarisation may well be among the reasons why market concentration has

LA recent study on the reaction of oligopolistic firms to shifts in market demand is
Hamilton (1999); like the present paper, it focuses on free-entry equilibria.

2The discrete-choice structure of demand, which is clearly most appropriate in the case
of durables, is quite common in the literature (e.g., Deaton and Muellbauer, 1983, ch.13;
Anderson et al., 1992).



been increasing: in this sense, there might be a link running from income
distribution to market structure, consistent with the observed data.

Two final points should be noticed: first, we treat income polarisation as
an exogenous shock; secondly, we do not take into account possible income
increases. Exogeneity of the income distribution is consistent with our partial
equilibrium approach, in the sense that we assume away any feedback effects
from market concentration to aggregate income distribution. As far as the
second point is concerned, in the real world income polarization has been
associated with increases in average income; however, we abstract from the
latter and focus on mean-preserving shocks to income distribution, in order
to sort out the effects of purely distributive changes.

The outline of the paper is as follows: section 2 presents the basics of the
model; section 3 performs comparative statics exercises, taking into account
the effects of income polarisation; comments and conclusions are gathered in
section 4.

2 The basic model

We consider, in turn, (i) the demand side, describing the income distribution,
the optimal decision of consumers, and the resulting market demand function;
(74) the optimal decision of symmetric firms in an oligopoly setting & la
Cournot.

2.1 Income distribution and demand

We model the demand side of the market as a continuum of consumers,
each of whom is identified by the income y he is endowed with.The latter is
continuously distributed as F : [Ymin, Ymax] — [0, 1] over some support such
that 0 < Ymin < Ymax- LThe only assumptions we impose on F (apart from
differentiability) are that (a) the density f(y,0) = 0F(y,0)/0y is unimodal;
(b) it is subject to mean preserving shocks — i.e., if we take a real parameter
f as a mean preserving spread, an increase in # translates itself into the
distribution f (-,6) being more dispersed around the given mean.® If we
denote the interior mode by m € (Ymin, Ymax), We can write formally (a) and
(b) as the following properties:

3Using a mean preserving spread amounts to ranking equal-mean distributions by
second-order stochastic dominance. It is well known that such ranking is equivalent to
Lorenz dominance: 6 is thus an inequality index satisfying the Pigou-Dalton’s “principle
of transfers” (Atkinson, 1970).
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These properties yield a useful result, summarized in the following proposi-
tion:

Proposition 1 If 0 is a mean preserving spread of the distribution F(y,0),
then:

(i) there exists a value Y € (Ymin, Ymax) Such that 8F(y’9) >0 for all y €
(Ymin, ¥), with strict inequality somewhere;
(i1) there exists a value § <y such that i (y’
strict inequality somewhere.

>0 for all y € (Ymin,Y), with

Proof. For ease of notation, let G(y,0) = %. Then the following

holds: (1) G(Ymin,?) = G(Ymax,?) = 0, which follows from # not altering
the distribution’s range; (2) 3y such that G(y,0) > 0 for all y < ¥, with
Y > Ymin and strict inequality somewhere, since by the definition of mean
preserving spread (property (b)) the integral cannot be negative around i,
This proves claim (i); (3) G(y,0) < 0 for some y > ¥, by the same property,
as the integral function is zero around yp.c. All of this implies that G(y, 0)
crosses zero at least once in the interior of [Ymin, Ymax), the first time at y
from above. Hence G exhibits a local maximum 7, between ¥y, and 7.
There follows that aa{gz, > 0 for all y € (yYmin, ¥) (with strict inequality
somewhere). Then claim (i7) follows trivially, since by Young’s theorem on
0G0 _ 9f(y.0)

cross derivatives Dy = 50 - |

The basic idea is illustrated by the following figure, where the simple
case of single crossing of the distribution is described (it should however be
stressed that we do not impose single crossing): there is a value 7 such that
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for all y < 7% both the density and the distribution are raised by an increase
of the mean preserving spread 6. Notice that 77 might not be arbitrarily close
t0 Ymin, as is apparent from Figure 1.%

~«

Figure 1: The function G

We assume that any given consumer buys one unit of the commodity
whenever its price p is lower than his ‘income’ y — which of course amounts
to interpreting y as the consumer’s reservation price.” If one normalizes to
unity the total population, market demand is then simply

the (positive) elasticity of which can straightforwardly be derived as n(p, 8) =

2.2 The Cournot equilibrium

The supply side of the model is described by a symmetric Cournot setup,
with non-decreasing marginal and average variable costs, and non-negative
fixed costs. Assume then that the market is served by n identical firms, and
let C(¢;), ¢ = 1,...,n, denote variable costs and Cys(q;) = C(q;)/q; average
variable costs: we have C'(¢;) > Cy(q;) > 0, and C”"(g;) > 0 for ¢; > 0. We
also assume C'(0) € [Ymin, Ymax)-

4Consider e.g. a symmetric Beta distribution f(y,6) = 3°(1 — y)?/B(0), with 6 > 0,
y €10,1] and B(#) = f(l) y?(1 — y)?dy. Then a decrease in # is a mean preserving spread
in the distribution, and § = 1 (quadratic distribution) yields 7 = 0.253 — that is, around
the 25th percentile of the distribution.

5This is clearly the most direct way to link reservation prices to income. Since we are as-
suming no specific functional form for income distribution, our argument only requires that
a unimodal income distribution generates a unimodal distribution of reservation prices,
and that a wider spread in income distribution be mirrored into a wider spread of the
distribution of reservation prices.



Given the market demand function (1), firm ¢ maximizes its profits. In
this setting it is easier to solve the Cournot model in prices along the lines
suggested, e.g., by Kreps (1990, ch.10). This entails that the individual
demand curve faced by firm ¢ may be written as

Gi(pisp—i;0) = 1= F(pi,0) = > ¢;(pj,p—j; 0
J#i

where p_; = {p;}, ;- The function to be maximized is

mi(pi, p—i; K, 0) = ¢;(pi, p—i5 0)pi — C(qi(pi, p—i50)) — K (2)

where K > 0 denotes fixed costs, and the Cournot conjecture entertained by
firm ¢ is 0g;/0p; = 0. Firm ¢’s first order condition for profit maximization
is
87'('1'
Op;

:1_F<p7,79) [ C/ plu Zq]_o
J#i

Invoking symmetry, p; = p; = p for all ¢, 7 = 1, ..., n, and hence
ZQJ _1 1_F(p79))7
J#i

we obtain that in equilibrium

87'('1'
Ipi lps=p

= 21— F(p.0) = [p— C'()f (p.0) =0 )

which of course amounts to the familiar Cournot condition (1 — —)p =
Equation (3) solves for the sought-for short-run equilibrium price p*(n 9)

Dropping the i subscript, the corresponding equilibrium profit of the
generic firm is

=+ (1-F@p*0)p - C (5 (1-F@'0)) - K (4)

Clearly, the equilibrium number of firms n* is detemined by the zero profit
condition ¢ = 0, which yields an implicit function n*(K,).5 In the Ap-
pendix we show that, given our assumptions on costs and demand, one such
equilibrium exists and exhibits the (standard) properties summarized in the
following:

6We treat n as a continuous variable, following a well established practice (e.g., Mankiw
and Whinston, 1986).



Proposition 2 Consider the normalized demand curve Q(p,0) = 1—F(p,0),
where F(p,0) is a unimodal income distribution and 6 a mean preserving
spread. Assume that (i) average variable costs C(q)/q are nondecreasing in
q; (i1) marginal costs C'(-) are non-decreasing in q and such that Ymm <
C'(0) < Ymax- Then (a) the symmetric equilibrium price p*(n,0) obtained
from (3) is monotonically decreasing in n, that is % < 0; and (b) the long
run Cournot equilibrium price p*(K,6) = p*(n*(K,0),0) decreases monoton-
tcally to its perfect competition level as K tends to zero, that is %% > 0 and
limg 0 p*(K,0) = limg_o p*(n*(K,6),0) = C'(0).

Property (a) is known as ‘quasi-competitiveness’: it refers to industry
output increasing as n increases. It should be noticed that property (b)
(monotonic convergence to the competitive equilibrium) is not necessarily
implied by the first (e.g., Ruffin, 1971).

3 Income distribution and the number of firms

The behaviour of the function n*(K,#) will tell us how the long-run equi-
librium number of firms adjusts to changes in demand brought about by
variations in 6, i.e. by mean-preserving increases in income dispersion. One
can approach this problem by totally differentiating the zero profit condition.
This gives

on® [ dp*
Op

dndn+ci§)9d9)+%2dn+aa7;d920 (5)
Notice that the first term is not nil - that is, one cannot take advantage of
the envelope theorem, since the firm does not maximize profit as defined by
(4). There is an obvious externality involved, due to oligopolistic interaction:
Om¢/0p as derived from (4) is different from Om;/Op; as defined in (3). The
latter is clearly nil, while the former is not — indeed it is positive for n > 1,
precisely because we know that Om;/0p; = 0: by comparing the two, it is
easily checked that there is a factor 1/n of difference, such that the two
collapse to the same (nil) value for n = 1 under monopoly, or under perfect
competition as n tends to infinity - in both cases there is no externality.”

This being said, we are able to derive the paper’s main result, to the
effect that, if the fixed cost K is sufficiently low, shifting the mass of incomes
towards the tails of the distribution always decreases the equilibrium number
of firms surviving in the long-run.

"This is shown formally in the proof of Proposition 3, below.
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Proposition 3 Consider the normalized demand curve Q(p,0) = 1—F(p,6),
where F(p,0) is a unimodal income distribution and 6 a mean preserving
spread. Assume that (i) average variable costs C(q)/q are nondecreasing in
q; (ii) marginal costs are non-decreasing in q and such that Yy, < C'(0) <7,
where §J < Ymax 1S defined by Proposition 1. Then the long-run zem pmﬁt
condition of the symmetric Cournot equilibrium with n firms zmplzes <0,
if the fized cost K is sufficiently low.

fdn

5, the expression for which is

Proof. We are interested in the sign o
straightforward from (5)

ontdp” | O
dn  Op do " 90

do —  omcdp* N one
Op dn ~ On

From Proposition 2(a) above, we know that % < 0. From the same Propo-
sition, we also know that limg .o p*(n*(K,0),0) = C’(0), this limit being
reached monotonically as K decreases: hence there exists some K > 0 such
that, for all K < K, p* € (C'(0), ), where 7 is defined in Proposition 1. For
all such K, this directly implies gd%* < 0: indeed, d(; is obtained by totally
differentiating (3)

a4 () f(p,0)) — [p— C'()]| 2L
a £, ) 9f(p.9)

B~ I 0+ O f(p.8) ~ Ip - C'()EED
which is negative whenever p* < 7 , as by Proposition 1 % > 0 and
% > 0, Whﬂe the denominator is negative by the second order condi-
tions. Also, Z- > 0 for n > 1, as 8 =1(1-F(p,0) - f(p O (pr — () >
g_;: = %(1 F(p 0)) — [p* — C'()]f(p*,8) = 0. Fmally, p* < 7 implies
o = —Lpr—C'()) 85 < 0, while pricing above margmal cost implies

o — —n—12( —C'()) (1 = F(p*,0)) < 0. There follows that & < 0. m

The proof of Proposition 3 is based on the idea that lower values of the
fixed costs increase competition via a higher number of firms: the equilib-
rium price is accordingly driven down to the point where p* < 7y, so that
Proposition 1 applies.

The economics behind this can be summed up as follows. Income polar-
isation towards the tails has a twofold effect on the demand faced by firms
selling at a sufficiently low price. On the one hand, demand decreases due
to some consumers becoming too poor to be able to buy, while the parallel
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higher density of consumers in the upper tail of the distribution is immate-
rial, as it results only in a higher consumers’ surplus. On the other hand,
given the number of firms, demand becomes more elastic, due to a higher
density of consumers whose reservation price is closer to the initial price.
Accordingly, firms are subject to both a decrease in demand and a higher
competitive pressure dictated by the new demand conditions. This results in
lower profits which leads to a decrease in the number of firms able to survive,
i.e., to higher market concentration.

4 Final comments

The endogenisation of market structure has always been a key topic in eco-
nomic research. This paper contributes to this issue, suggesting a role for
personal income distribution — a role which, to our knowledge, has not yet
been investigated in detail. In particular, in this paper we have shown that
the degree of income dispersion may affect the number of firms, via the mar-
ket demand size and its elasticity.

This theoretical point can also shed light on some recent observed phe-
nomena: specifically, polarisation in income distribution and increasing mar-
ket concentration are two facts, that have characterised the last twenty years,
both in the United States and in the EU countries. In a partial equilibrium
perspective, these facts may be brought together along the lines suggested
by our theoretical model — where the general framework is that of discrete-
choice, unimodal income density and oligopoly behaviour a la Cournot on the
firms’ part. In this context, we envisage a causal link running from income
polarization to market concentration.

Clearly, having consumers choosing discretely, and working in partial
equilibrium proved to be quite helpful in two ways. The former assumption
allowed us to establish a link between income and consumption, which does
away with the issue of preference homotheticity; the latter allows to neglect
possible feedback effects from market structure (and hence functional distri-
bution) to personal income distribution. While both aspects are obviously
relevant, our results are nevertheless robust with respect to two important
features: they hold for any unimodal distribution, and can be applied to any
market structure covered by the Cournot model.
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Appendix

Here we prove equibrium existence, as well as the properties stated in Propo-
sition 2. Existence and quasi-competitiveness are proved mainly for later
convenience — indeed, our model satisfies the conditions studied by Amir and
Lambson (2000), who generalize previous work by MacManus (1964) and
Roberts and Sonnenschein (1976). Convergence to the competitive limit has
been studied by Ruffin (1971) under conditions on demand more restrictive
than ours.

We gather here our assumptions:

(1) C’( ) =0, C'(¢) > 0and C"(q) > 0 for g > 0;

(2) Cy(q) >0 forg>0
(3) Ymin < C"(0) < Ymax
(4) ( ) > ( for y e (yminv ymax)
Existence
At a symmetric equilibrium, the two (first and second order) conditions are
S1=F@"0) =" = C'(;1 - F@"0)]f(p"0) =0 (A.1)
—f@", 02+ C"()f(p",0)] — [ — C'()) 2L < 0 (A.2)

We show that (i) for any n > 1, there is a p* such that (A.1) and (A.2)
are satisfied; (i7) profits are non negative, depending (obviously) on K. Of
course, (7) and (1) together make up a short run Cournot equilibrium.

(i) To ease notation, (A.1) can be written as h(p*,n,0) = 0, where
h(p,n,0) = (1= F(p,0)) — [p — C'(+(1 — F(p,0))|f(p,0). For any given
finite n > 0 and 6, A(Ymin, 7,0) = = — [Ymin — C" (2)]f (Yumin, 0) > 0: trivially,
if f(Ymin, @) = 0; but also if f(ymin,d) > 0, since C”(-) > 0 implies C'(1/n) >
C’(0) > Ymin by Assumption 3. On other hand, there is a p < ynax such that
h(p,n,0) < 0: P = Ymax i f(Ymax) > 0, 8 —[ymax — C" (0)]f (Ymax, ) < 0;

while if f(ymax) = 0 we note that —ah(ym‘;‘ 20— [ymax — C (())]—W(yg;x"’) >0

by Assumption 4 (implying M < 0), so that h(p,n,0) < 0 for any p
close enough to yyax- By Contlnulty, there exists a p* € (Ymin, Ymax) Such that
h(p*,n,0) = 0. To prove (A.2), note that h crosses the 0-axis at least once

from above; let p* be one such crossing point, where clearly %};’“9) < 0: we

have 0 < —240n0) _ DG e 01()] 4 [1 4+ 207 () £ (5", 0)]f (", 0) + L202

< %;’Q)[p* —C'()] +f(p*,0)24+C"(-) f(p*,0)]. The last inequality holds for
any n > 1.
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(i) There has to be a value K > 0, such that for all K < K equilibrium
profits are non negative. This is directly implied by Assumption 2, as (for
any finite n) p* > Cy(£(1 — F(p*,0)): hence, for K = 0 profits are strictly
positive at such n, and there follows that such K exists.

Quasi-competitiveness
Since p* satisfies h(p*,n,0) = 0, clearly dp*/dn = —% / g—’;. We know from
the above that at p*, g—’; < 0. On the other hand, for given p*, % = —n—lz[(l —

F(p*,0))+C"(-)f(p*,8)] <0. Hence p* decreases as n increases.

Monotonic convergence
In order to prove that limgx_.op*(n(K,0),0) = C'(0), we first note that
limg on(K,0) = oco: by Assumption 2, for any finite n profit is positive
at K = 0, since p* > C)s. Now observe that lim, .., p*(n,0) = C’(0). To
this end, suppose to the contrary that

lim p*(n,0) = p # C'(0)

n—oo

Then we would have

Jim h(p*,n,0) = 0 [p— C'(0)]/(5,0) # 0
which cannot be, since it violates (A.1).

As to monotonicity, it is easily checked that the long run equilibrium
number of firms n*(K,#) verifies On*/OK < 0. Indeed, by the zero profit
condition w(p*(n),0) — K = 0 (where 7(p*(n),0) is gross profits), and using
quasi-competitiveness, one can see that d7/dn < 0 and hence dn*/0K < 0.
Monotonicity of p* then follows.
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