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Abstract

We show that, contrary to the key result of the standard Cournot—Nash oligopoly model, industry profits can
increase with the number of firms if input prices are not exogenous but are determined by bargaining in bilateral

oligopoly.
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1. Introduction

It is a cornerstone result of the standard Cournot model of oligopoly that industry profits will
decrease as the number of firms competing in the product market increases. The nature of this
relationship influences, inter alia, the incentives of firms both to merge and to deter entry by new
firms: it is a fundamental determinant of market structure. In this paper, we show that under bilateral
oligopoly, when downstream firms’ costs are not exogenous but are determined through (Nash)
bargaining with upstream agents, the relationship between industry profits and the number of
competing firms depends on the relative bargaining power of the downstream and upstream agents. If
the former have sufficient bargaining power, then there is a range over which industry profits increase
with the number of firms competing in the product market.

As far as we are aware, this is a new result. Dowrick (1989) considers a bilateral oligopoly—in
which unions act as the upstream agent—and shows how the bargained wage varies with the number
of firms, but does not focus on the relationship between profits and the number of firms. Horn and
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Wolinsky (1988) examine a differentiated oligopoly with upstream agents (unions) and downstream
firms, but assume a duopolistic market.

The rest of this paper is organized as follows. In Section 2, we outline the basic model and in
Section 3 we draw out the implications of the model for the relationship between industry profits and
the number of Cournot competitors. Section 4 concludes.

2. The model

We follow Horn and Wolinsky (1988) in supposing that the upstream agents are firm-specific trade
unions bargaining with firms over the wage rate. We analyze a non-cooperative two-stage game in
which n identical firms produce an identical good. In the first stage (the labor market game), each firm
independently bargains over its wage with a local labor union: bargaining is decentralized. The
outcome of the labor market game is described by the solution to th@on-firm pairs’ sub-game
perfect best-reply functions in wages. In the second stage (the Cournot product market game), each
firm sets its output—given pre-determined wage choices from stage 1—to maximize profits. We
proceed by backward induction.

2.1. Stage 2: the product market game

Let linear product market demand be written as:
p=a-—bX (1)

whereX =3 | x. Profit for the representative firincan be written as:

771=[a—biilxi—wi]xi (2)

wherew, is the outcome of the wage bargain for union-firmn this short-run analysis, we exclude

non-labor costs. We also assume a constant marginal product of labor, and set this as a numeraire.
Under the Cournot—Nash assumption, differentiation of Eq. (2) with respect toelds the

first-order condition for profit maximization by firm from which it is straightforward to derive firm

I’'s best-reply function in output space as:

a—wi—bzlxj . (3)
j=i
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T

Solving across tha first-order conditions, the@ best-reply functions can be re-written as sub-game
perfect labor demand equations. From Eq. (3) for example, the expression foisfilmbour demand
is

'Similarly, Naylor (1999) considers unionized oligopoly in the context of international trade and economic integration, but
does not allow the number of firms to vary.
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X = +11)b |:a— nw, — b 12::1 xj:|. (4)

j#=i

It is useful to express firnn's profits in terms of the vector of all firms’ wages. Substituting Eq. (4)
into Eq. (2), we obtain

1 $ 2
s —m[a— nw; +j21Wj:| : (5)

=i
From Eq. (5), it follows that in symmetric equilibrium, witl, = w,
L [a—w]?, Vi (6)
m = - 1 1
" (n+ 1D

where w is the outcome of the Stage 1 wage-bargaining game. It follows from Eq. (6) that, in
equilibrium, industry profits are given by

& n
= -=——]a— W|2. 7

2 2177' (n+1)2b[ : "
We note that ifw is given exogenously (or if unions have no bargaining power) then, withw in
Eqg. (7), industry profits are falling im, the number of firms in the industry, as

d -1 _
(%nﬂ) _ (nn+ 1)3b[a —WJ2<0, (8)

for n>1.

2.2. Sage 1: the labour market game

We assume that the representative trade union has the objective of rent-maximization. Far union
bargaining with firmi, the union utility function is written as

U, =[w, — wlx, 9)

wherew denotes the wage which would obtain in a competitive non-unionised labour market. Under
the assumption of a right-to-manage model of Nash-bargaining over wages, we write the maximand
as:

B=Ulm"" (10)

where we assume that disagreement payoffs are Berepresents the union’s Nash-bargaining power
in the asymmetric wage bargain.
Substituting Egs. (4), (6) and (9) into Eq. (10) yields
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B=——""—
(n+1)20-Pb
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[w; — W][a —nw, +> Wj:| . (11)
j=1
The first order condition derived from the Nash maximand is

a—Bi—;w—v_vﬁfl a—nw +iw o a—nw +iw
GW_(n+1)2(1—B)b[ i ] S A o

j#i j#i

—(2- B)nw, — VV]} =0, (12)
from which it follows that, in symmetric sub-game perfect equilibrium,
Wew =W+ % (13)
Substituting Eqg. (13) into Eq. (7) gives equilibrium industry profits of
PO RS C Sy | R (14)

(n+ 1720 — An— b

3. Industry profits and competition

We now investigate how industry profits vary with the number of firms in the market.
Differentiating Eq. (14) with respect to, we obtain

Xm) __ eopnt : )
N DIm— gn_ppl AN TUnT AN )a—w] (15)

which is positive—implying that industry profits are non-decreasing in the number of firms—if the
following condition is satisfied:

2-pBn°—2n—38=0 (16)

Initially, consider condition Eq. (16) for the special case tBat 1. In this case, the condition is
satisfied for —1=n=3. It follows that for this monopoly union case industry profits are at a
maximum whenn = 3. Fig. 1 depicts Eq. (15) for this case g8f= 1.

We now address the question of how the industry profit-maximising valuevafies withB. We do
this by evaluating Eq. (14) for different particular valuesnoénd solving for the critical values ¢
associated with intersections of the industry profit functions for the different valuasTdfe industry
profit functions forn=1, 2, 3 and 4 are plotted againgtin Fig. 2. In bold, we highlight that part of
each profit function associated with maximum industry profits, given the valy@ of

From Fig. 2, we can see that, in equilibrium, industry profits are at a maximum:



R.A. Naylor / Economics Letters 77 (2002) 169-175 173

on

Fig. 1. The derivative of industry profits with respectripfor g = 1.

(i) whenn=1if0=8<0.25
(i) whenn=2 if 0.25< B <0.8
(ilwhenn=3if 0.8<B =1

At the critical valueB’ = 0.25, industry profits are equal for=1 andn =2 and for the critical
value 8" = 0.8, industry profits are the same for=2 and n= 3. It follows that the industry
profit-maximizing number of firms is increasing, up to a maximumme# 3, in the extent of union
bargaining power.

The intuition for the result is straightforward. In the standard oligopoly model, an increase in the
number of firms unambiguously reduces industry profits through increased product market competi-
tion. For the bilateral oligopoly case developed in the current paper, this profit-reducing product
market demand effect still operates, but is offset by a profit-enhancing effect within the labour market,
arising from the endogeneity of wages. The profit-enhancing effect occurs because thenrigg in
increasing the product demand elasticity faced by each firm, has the effect of increasing the elasticity
of the derived demand for labour, as implied by the Marshallian conditions for labour demand. This
leads unions to bargain for lower wages, given a union concern for employment implied by Eqg. (9).
The wage reduction effect of an increasenins captured in the model by Eq. (13), from which it
follows that the equilibrium bargained wage is decreasing.in

For the profit-enhancing effect to dominate, it must be the case that the increas@daoces a
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Fig. 2. Industry profits and bargaining power for particular values.of

reduction in the bargained wage of sufficient magnitude to more than offset the profit-reducing effect
associated with greater product market competition. This can occur only if initial wages are
sufficiently high. It follows from Eqg. (9) that wages are decreasing but are increasing if8. Thus,

the profit-enhancing effect of an increaseninequires both thag is sufficiently large and that itself

is sufficiently small. In the model specified in the current papanust be less than 4 for it to be the
case that profits can increase withThe smaller isB, the smaller is the range of over which profits

are increasing, as we have shown.

4. Conclusions

We have shown that in a unionized bilateral oligopoly with decentralized bargaining, industry
profits are initially increasing in the number of firmrg,in the product market if unions have sufficient
bargaining powerp. The standard oligopoly result is turned round because an increaseauses a
profit-enhancing fall in bargained wages and this dominates the standard profit-reducing effect of an
increase inn if B is sufficiently large and ifn itself is sufficiently small. As we have focused
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exclusively on the case of the rent-maximizing urfion, it follows that the results also obtain in a
standard upstream agent/downstream agent setting, in which all agents are profit-maximising firms.
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