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Abstract

We show that a firm’s profits under Cournot oligopoly can be increasing in the number of firms
in the industry if wages are determined by decentralised bargaining in unionised bilateral oligopoly.
The intuition for the result is that increased product market competition following an increase in the
number of firms is mirrored by increased labour market rivalry which induces (profit-enhancing) wage
moderation. Whether the product or labour market effect dominates depends both on the extent of
union bargaining power and on the nature of union preferences. An incumbent monopolist will have an
incentive to accommodate entry if the labour market effect dominates. We also show that this incentive

is stronger if the incumbent anticipates that, post entry, it will be able to act as a Stackelberg leader.

Keywords: Oligopoly, wage bargaining, profits and entry.
JEL classification: D43, J50, L13.

*The authors are grateful to Keith Cowling, Andrew Oswald, Mark Stewart, Mike Waterson, Huw Edwards and Arijit

Mukherjee for helpful comments and discussion.
tDepartment of Economics, University of Warwick, Coventry CV4 7AL, UK. Email: Robin.Naylor@warwick.ac.uk
tDepartment of Economics, University of Warwick, Coventry CV4 7AL, UK. Email: C.Soegaard@warwick.ac.uk.



1 Introduction

In the standard Cournot model of oligopoly, each firm’s profits decrease as the number of firms competing
in the product market increases. This fundamental result in microeconomics was formally established by
Seade (1980a)." One important implication, for example, is that incumbent firms have an unambiguous
incentive to deter entry by new firms. In this paper, we show that when firms’ costs (wages) are determined
by decentralised bargaining between (downstream) firms and (upstream) labour unions in unionised bilat-
eral oligopoly, then the relationship between profits-per-firm and the number of firms depends on relative
bargaining power and on union preferences. If unions are relatively powerful and place sufficient weight on
wages relative to employment, then an increase in the number of firms in the market can raise the profits
of each firm, reversing the standard Cournot result. The intuition for the result is that increased product
market competition following an increase in the number of firms is mirrored by increased labour market
rivalry which induces (profit-enhancing) wage moderation. The greater the bargained wage, the greater the
wage moderation effect. There is no wage moderation effect under centralised bargaining, as in that case
there is no labour market rivalry. The basic model we develop considers decentralised bargaining between a
firm and an organised labour union. As Booth (1995) and others have argued, the bargaining model is likely
to be relevant wherever workers can exert bargaining power, whether or not they are formally organised into
labour unions. For example, as Lindbeck and Snower (1988) have shown, ‘insider’ power is likely to prevail
even in the absence of organised unions.

One implication of this result is that firms in unionised bilateral oligopoly do not necessarily have in-
centives to deter entry: a duopolist’s profits can exceed those of a monopolist, for example. A corollary of
this is that the presence of unions might be associated with an increase rather than a decrease in product
market competition. Thus, the model identifies a mechanism to counter that analysed in the classic model
of Williamson (1968), according to which unions are associated with inhibiting product market competition.
We also show that if a firm has a first-mover advantage in the Stackelberg sense, the result is strengthened:
any marginal benefit of entry is greater if the incumbent firm is, post entry, able to act as a Stackelberg
leader. Hence, in our framework, a Stackelberg leadership may be associated with an enhanced willingness
to accommodate entry. A second corollary of our model is that when the bilateral oligopoly is characterised
by upstream profit-maximising firms — rather than by utility-maximising labour unions — the profits of each
downstream firm are necessarily falling in the number of firms, as in the standard model. This is because the
firm-firm bilateral oligopoly can be characterised as a special case of the union-firm bilateral oligopoly, in

which we can show that the upstream agent’s preferences are such that the implicit weight on the bargained

IEarly work by Bain (1956) and Sylos-Labini (1962) sparked an interest in the broader topic of the effects of entry. The first
formal attempts to directly study these effects are, to the best of our knowledge, found in Frank (1965), Okuguchi (1973) and
Ruffin (1971).



price is not sufficient to cause profits to increase with entry.

Our finding that each Cournot firm’s profit can increase with the number of firms may also arise in
different environments. Recently, Matsushima and Mizuno (2012) consider a simple Cournot model where
downstream firms engage in process R&D. They find that the profits of upstream input suppliers may
increase with entry since more upstream suppliers leads downstream firms to engage in more R&D, correctly
anticipating a fall in the input price which comes about from entry in the upstream market. Mukherjee
and Zhao (2009) have shown that profits of some incumbent firms may increase if they are relatively cost
efficient relative to other incumbent firms and relative to Stackelberg followers.?2 Their finding is, unlike
ours, independent of the vertical structure.®> Naylor (2002) shows conditions under which industry profits
are increasing with the number of firms in the market, but does not address the issue of the individual firm’s
profit level. It is less surprising that industry profits can increase with the number of firms as such a result
is anyway consistent with falling profits-per-firm. In the related literature on unionised oligopoly, Dowrick
(1989) develops a framework in which unions act as the upstream agent and shows how the bargained
wage varies with market size, but does not focus on the relationship between profits and the number of
firms. Horn and Wolinsky (1988) examine a differentiated oligopoly with upstream agents (unions) and
downstream firms, but assume a duopolistic market.* In the literature on unions and entry deterrence, the
usual approach builds on Williamson’s (1968) insight that incumbent firms might collude with unions to
enforce industry-wide wage premia in order to deter entry. Unions are seen as an employer instrument to
preserve product market power. In the model we outline below, it emerges that in the presence of unions firms
might have reduced incentives to deter entry: indeed, in contrast to the Williamson insight, unions might
have a pro-competitive impact within an imperfectly competitive product market. In a related literature,
Bughin (1999) compares firms’ and unions’ preferences over bargaining scope and finds that entry deterrence
is an influence on the choice of bargaining agenda.

The rest of this paper is organized as follows. In Section 2, we outline the basic model and in Section 3
we examine how firms’ profits vary with the number of firms. Section 4 augments the basic model to the case
of a Stackelberg leader. Section 5 addresses the issue of firm-firm rather than union-firm bilateral oligopoly.
Section 6 examines the sensitivity of the results to assumptions regarding the level at which wage bargaining

takes place. Section 7 closes the paper with conclusions and further remarks.

2The requirements for their result to hold are rather specific. In fact, all of the following must be satisfied: there must be a
large number of cost inefficient incumbents relative to cost efficient incumbents and entrants, and the cost difference between

the incumbents, and that between the efficient incumbents and entrants must also be large.
3Similar papers which demonstrate a positive relationship between firm profits and entry due to a vertical structure include:

Tyagi (1999), Matsushima (2006) and Mukherjee et al. (2009).
4Similarly, Naylor (1999) considers unionised oligopoly in the context of international trade and economic integration, but

does not allow the number of firms to vary.



2 The Model

We model upstream agents as firm-specific trade unions bargaining with downstream firms over the wage
rate. We analyse a non-cooperative two-stage game in which n identical firms produce a homogeneous good.
In the first stage (the labour market game), each firm independently bargains over its wage with a local
labour union: bargaining is decentralised. The outcome of the labour market game is described by the
solution to the n union-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.

(i) Stage 2: the product market game

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

where X = 3" | x;. Profit for the representative firm i can be written as:

T = [a—mei—wi] T (2)

where w; is the outcome of the wage bargain for union-firm pair ¢. In this short-run analysis, we exclude

non-labour costs. We also assume a constant marginal product of labour, and set this as a numéraire.

Under the Cournot-Nash assumption, differentiation of (2) with respect to x; yields the first-order condition
for profit maximisation by firm ¢, from which it is straightforward to derive firm i’s best-reply function in
output space as:
1 n
T = op a—wi—bej . (3)
Jj=1
i
Solving across the n first-order conditions, the n best-reply functions can be re-written as sub-game perfect

labour demand equations. From Equation (3) for example, the expression for firm 4’s labour demand is:

1 n
X (n —+ 1)b a nw + J:::l wj ( )
J#i

It is useful to express firm ¢’s profits in terms of the vector of all firms’ wages. Substituting (4) in (2), we

obtain,

1 n
T = ——57 a—nwi—&—ij . (5)
j=1

J#i



From (5), it follows that in symmetric equilibrium, with w; = w,

Tl v (©

T =

where w is the outcome of the Stage 1 wage-bargaining game. We note that if w is set exogenously at the
competitive level, w , or if unions have no bargaining power, then, with w = w in (6), the firm’s profits are

falling in n, the number of firms in the industry, as

dﬂ'i 2 __12

=———[a—u]

dn (n+1)3b

<0, (7)
which is the standard Cournot oligopoly result.

(i) Stage 1: the labor market game
We assume that the representative trade union ¢ bargaining with firm ¢, has the objective described by the

Stone-Geary utility function:
Ui = [w; — @]QO‘x?(l*a), (8)

where w denotes the wage which would obtain in a competitive non-unionised labour market. We choose the
quadratic form for the Stone-Geary utility as this captures the special case of rent maximisation if o = 1/2.%
Under the assumption of a right-to-manage model of Nash-bargaining over wages, we write the maximand

as:
B =U/x"", (9)

where we assume that disagreement payoffs are zero. ( represents the union’s Nash-bargaining power in the

asymmetric wage bargain.

Substituting (4), (6) and (8) into (9) yields,

2(1-ap)
_ 1 w208 -
B; = (n 1 1)Zi—aPpiti—2aP [w; — W] a —nw; + Z:l wj (10)
=
J#i
The first order condition derived from the Nash maximand, (10), is
1-2ap
0B; 2[’[01 — @]20(’871 -
dw,  (n+ 1)20-eB)pitp—2a8 |7 i Z; Y
=
X ¢ af afnwi+2wj — (1 —=af)nfw, —w] p =0, (11)
=1
=

5This form will be convenient for comparison with the case of firm-firm bilateral oligopoly considered in Section 5 below.



from which it follows that, in symmetric sub-game perfect equilibrium,

_ af

From substitution of (12) in (4), we can represent symmetric equilibrium output by

L n(l —ap) S
T O B ra(l—ad @ (13)

Substituting (12) in (6) gives equilibrium firm profits of

_ w(-apy i
ST G 1baB F(l—aBE e T 19

It follows from Seade (1980a, 1980b) that the Cournot product market equilibrium characterised in (13) and
(14) satisfies sufficient conditions for stability. For the linear demand case considered here, the sufficient
conditions are that b > 0 and n > 0. The difference between our model and that of Seade (1980a) is that
in our model costs are not exogenous, but are the result of strategic bargaining in the Stage 1 game. In the

next section of the paper, we consider comparative static properties of the model.

3 Firm profits and the number of firms

We now investigate how the profits of each firm in sub-game perfect Nash equilibrium vary with the number

of firms in the market. We establish Proposition 1.

Proposition 1. Profits-per-firm increase in the number of firms if and only if unions care sufficiently about

wages and have sufficient bargaining power.

Proof. Differentiating (14) with respect to n, we obtain

om; 2(1 — aB)n - P
on T DPlap (i —agpp e A eBlle—ul’ (15)

which is non-negative — implying that firm profits are non-decreasing in the number of firms — if and only if
the following condition is satisfied:

af > n?
1—af —

(16)
O

From (16), it is clear that firm profits are more likely to be increasing in the number of firms the larger are
both « and 8 and the smaller is n. If the product of o and  is close to unity — for example, if wages are set

by monopoly unions (8 = 1) with an objective function close to wage rate maximisation — then the value of



n over which firm profits are increasing in the number of firms is potentially large. We proceed by re-writing

(14) as

B n?(1 — )2
~ (n+1)2b[8 +n(1—0))2

[a -], (17)

T, =

where § denotes the product of o and . Evaluating (17) for various values of n yields:

2 —12

For n =1, Tijn=1 = { ( ; ) } o —bw] . (18)
_ {20 -0\ [a—w)?

For n =2, Tijn=2 = { 32-0] } b (19)
_ _ {301 =9\ [a—w?

For n = 3, Tijn=3 = {4[3 0] } b (20)
_ _f40 =)\ e -]

For n = 4, Tijn—d = {5[4 — 3] } T (21)

From comparison of (18) and (19), it follows that the profits of each duopolist exceed those of a monopolist

if § > 2. That is,
: : i 2
Tiln=2 > Tijn—1 if and only if § > do = 3 (22)

where &5 is the critical value of § such that the profit of each of two firms under n-firm Cournot oligopoly
(with n = 2) is just equal to the profit level associated with the case of monopoly, in which n = 1. Similarly,

we can show by successive pair-wise comparisons of (19), (20) and (21) that

A 6
7ri|n:3 > 7Ti|n:2 lf and Only lf 6 > (53 = ?, (23)
and that
. 12
ﬂ-i\n:4 > 7Ti|n:3 if and Only if 5 > 54 = ﬁ (24)

Indeed, it can be demonstrated that the critical level of § is always less than one: implying that for sufficiently
high §, an increase in n always leads to an increase in firm profits. We can show this by evaluating (17) at
the value of n = N and at the value of n = N 4+ 1 and comparing. It is straightforward to show that the
value of the individual firm’s profits when n = N + 1 exceeds profits when n = N if and only if

N(N +1)

5>5N+1:7N(N+1)+17

(25)

where & N1 is strictly less than unity V N. In reality, however, § is unlikely ever to be sufficiently high that
firm profits increase in n over and above the values considered explicitly in conditions (22) through (24).
The implication of this is that profits-per-firm will be maximised when the oligopolistic industry consists of

only a small number of firms. The novelty of our result is that this number is not necessarily equal to one.



Figure 1: Profits-per-firm against 6 = a3, for selected n
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Figure 1 plots (18) through (21) in (m;,d)-space and uses (22) through (24) to demonstrate the critical
values of ¢ at which the maximal values of profits-per-firm shift with the number of firms. Consider now
Figure 2 which represents (22) through (24) in («, 8)-space to depict the combinations of « and S which
produce iso-profit contours for successive increments in the value of n. In Region A, for example, all
combinations of o and /3 lie below the iso-profit schedule which satisfies (18) and (19) simultaneously. In
this region, then, a monopolist’s profits always dominate the profits-per-firm associated with any alternative
value of n, n > 1. Conversely, in Region B, each firm in a duopoly market earns profits which exceed those
of the monopolist. Finally, Region C' represents combinations of a and g such that profits-per-firm are
maximised when there are three firms competing in the Cournot oligopoly, and Region D when there are

four or more firms.



Figure 2: Iso-profits curves for successive increments in n

What is the intuition for our result that profits-per-firm increase in the number of firms in the market
if 6 = af is sufficiently high and n sufficiently low? In the standard oligopoly model, an increase in the
number of firms unambiguously reduces profits-per-firm through increased product market competition which
reduces product price. We can see this mechanism working in the model of bilateral oligopoly developed in
this paper. We substitute (4) in (1) and solve for the equilibrium price. This gives:

1
T n+1

D (a + nw), (26)

where w is given by (12). From (26), it follows that

(n+1)?

dp n  dw a—w
n n+1dn_[ ]- 27

Assuming that Z—Z’ < 0, as we demonstrate below, it follows from (27) that j—ﬁ must be negative: an increase
in n leads to a fall in product price.
In addition to the profit-reducing effect of the fall in product price, however, the increase in the number

of firms competing in the market also induces unions to moderate their wage demands. We can see the result



simply by differentiating (12) with respect to n, which yields

dw 0(1—9)

= m(a—@)ﬁo‘ (28)

Furthermore, this wage moderation effect captured in (28) is increasing in the product § = of. It is readily
shown from (28) that % < 0. At one extreme, for example if a8 = 0, then there is no wage moderation
effect associated with an increase in the number of firms: that is, there can be no wage moderation effect if
unions exert no influence on the wage, as is implied by a8 = 0.

Thus, the presence of unions with influence over wages induces a (profit-enhancing) wage moderation
effect to accompany the (profit-damaging) price-reducing effect of an increase in n. Which effect dominates

depends both on the product a5 — as shown in (28) — and on the size of n itself. To see this, consider (27)

] dw

once more. As n becomes very large, the fraction .75 tends to one, implying that Z—Z tends to equal -

minus the diminishing but positive term in square brackets. Hence, for sufficiently large n the absolute size
of the price effect dominates that of the wage effect. For small enough n, however, the fraction 7 in (27) is
sufficiently less than one that ‘é—l: exceeds j—z and the wage moderation effect dominates, causing an increase

in n to raise profits-per-firm for sufficiently high values of o and £.

3.1 Entry deterrence incentives

Following Williamson (1968), unions have been characterised as a potential instrument with which incum-
bent firms can deter further market entry. In the standard Cournot oligopoly model, with profits-per-firm
unambiguously decreasing in the number of firms in the market, there is an unambiguous incentive for firms
to attempt to restrict entry. This was the explicit focus of the analysis of Seade (1980a) in establishing the
nature of the relationship between the number of firms and profits-per-firm in the standard Cournot oligo-
poly model. But in the unionised bilateral oligopoly framework we have developed in the current paper, the
very presence of unions with influence over wages leads to the possibility that, at least for small n, profits-
per-firm increase with n. Thus, if (decentralised) unions have sufficient influence over wages, a single-firm
monopolist might have incentives to encourage rather than to deter entry by one or more firms. If this were
the case, a potential monopolist might accommodate that number of Cournot rivals which maximise profits
per firm. Alternatively, the presence of influential unions might induce an incumbent monopolist toward a
multi-divisional structure with distinct plants operating as if in competition with one another.

In the current paper, we analyse the effects of entry in the presence of labour unions following the
standard assumption that firms are identical. As Seade (1980a) observes, with a non-homogeneous industry,
entry cannot be interpreted simply as an increase in firm numbers: it becomes necessary to model the
nature of the marginal firm and its entry/exit decision. In the next section, we model one type of industry

non-homogeneity, one that gives an incumbent firm a first-mover advantage in the industry.
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4 Firm profits with a Stackelberg leader

Thus far we have studied the effects of entry when all firms compete a la Cournot, without consideration of
any structural advantages due to incumbency. In this section, we examine how the Stackelberg first-mover
advantage of an incumbent firm affects the basic results in the previous section. This analysis is somewhat
more complicated due to the asymmetric nature of the game played by, on the one hand, the Stackelberg
leader and its union, and on the other, that of the follower firms and their unions. In equilibrium, unlike
in the Cournot case, labour costs will differ across bargaining pairs in a way which depends on the firms’
order of moves. Denote by z; the output of the Stackelberg leader, by xj the output of follower k =1, .., m,
and by X_; = Z;@n:l x) the aggregate output of the m followers, which are assumed to be identical to each

other. Profits of the leader and that of a typical follower, respectively, can be written as:
m=[a—bX —w]x; and 7w =[a—bX —wg]xg, (29)

where X = xz; + X_; denotes the aggregate output of all firms. The game now has the following stages:
in the first, each firm independently bargains over its wage with a local labour union; in the second, the
Stackelberg leader decides how much to produce; and in the final stage, m Stackelberg followers make
their output decisions. The Stone-Geary utility functions representing the preferences of the union in the

Stackelberg firm, and that representing workers in all of the m symmetric followers, respectively, are:
Uy = [w — w22 and Uy = [wy — 02,7 vV k. (30)
The maximands for the two types of firms, respectively, are:

By =UPr/"" and B, =Ulm," V¥V k. (31)

Since the solution procedure for this game is similar to the Cournot game described in the previous section,
we restrict the formal derivation to Appendix A, where we show that the output produced by the Stackelberg

leader with m followers is:

(1—6)(6+2m+1)

= — ). 32
= Em i+l —mir o (32)
The expression for the leader’s profits can also be solved as:
1 1—06)2(0+2 1)2
= U=0@+2m+ )" 2 (33)

(m +1)4b {2m + 1 4 6[1 — m(1 + 0)]}
We note that evaluating (33) for different values of m would give us the critical values of § which are the
counterparts of the expressions derived in (18)-(21) for the Cournot case.
We now investigate how entry affects the profits of the Stackelberg leader. Denote by (M) the Stack-

elberg leader’s profits when there are M followers, and by A,;m the difference between the leader’s profits

11



with M followers and its monopoly rents, Ayym = m (M) — m(0). Using (33) we obtain:

(1-9)*(a —w)*
Ab(M + 1)

[6+2M +1)* — (M + 1) [2M + 1+ 8[1 — M(1 + 0)]]?
[2M 41+ 6[1 — M(1 + 6)])°

Ay =m (M) —m(0) = . (34)

Similarly, denote by Ay 417 the difference between a Cournot firm’s profits with N competitors in the market

and its monopoly profits. We can write the expression for Ay 17 using (17):6

Anypm=m(N+1)—x(0) =

(1 0Plo W [N 12— (V2P VU0
+

4b (N+220+ (N +1)(1—0)2

Proposition 2 concerns the relative magnitudes of Ap;m; and Anyq7:

Proposition 2. The marginal increase in the profits of an incumbent monopolist is greater if, post entry,
the firm is able to act as a Stackelberg leader rather than as one of a number of Cournot oligopolists:
Ay > Anqa7. 1t follows that the range of 6 for which profits per firm increase with entry is greater under

Stackelberg competition. Hence, entry is more likely in environments favourable to Stackelberg leadership.
Proof. See Appendix B O

The extent to which the Stackelberg leader benefits at the margin from entry exceeds the equivalent marginal
benefit accruing to firms under Cournot competition. There are two mechanisms at work. First, the Stack-
elberg leader’s response to entry is always more aggressive at the margin relative to the equivalent Cournot
firm for all values of §. In other words, the Stackelberg leader always increases output by an amount greater
than an incumbent firm competing & la Cournot. The latter increases output in response to entry only for
values of & where profits-per-firm are increasing in entry, but it never increases output by an amount greater
than a Stackelberg firm. The aggressive output response on the part of the Stackelberg leader is particularly
beneficial for high values of § where the competition-induced benefits from wage moderation dominate the
price reducing effects, and hence, through this channel a Stackelberg firm captures a greater share of the
net benefits from entry. Second, since the Stackelberg leader is the largest employer in its market, it will
also exert a greater downward pressure on its bargained wage, thereby increasing its net gain relative to a

Cournot firm. These effects are formally established in Proposition 3:

Proposition 3. A firm with a first-mover advantage responds more aggressively to entry than a firm compet-
ing d la Cournot through its output choice. Moreover, the Stackelberg firm exerts greater downward pressures

on its negotiated wage for high values of J.

Proof. See Appendix C O

6Note that m = 0 describes the case of monopoly, a leader with no followers, which corresponds to the case of n = 1 in

Section 3 on Cournot oligopoly. Similarly, m = 1 corresponds to n = 2 etc.
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5 Firms as upstream agents

Suppose that the upstream agent is not a utility-maximising trade union but is a profit-maximising firm

with the objective function
i = (w; —w)x;, (36)

where w represents the upstream firm’s fixed input price and w; now denotes the price of the intermediate
product sold by upstream firms to their downstream firm pair. Bargaining is still assumed to be locally
decentralised with an equal number of upstream and downstream agents.” Then the firm-firm Nash bargain

over the intermediate product price solves

BF =P xi 7P, (37)

i i

Formally, this problem is equivalent to that described in equations (10) through (14) above, with the implicit
value of a set at one-half. Hence, even in the extreme case in which upstream firms have all the bargaining
power, so that 5 = 1, the implicit value of the product 6 = af is never greater than one-half. Hence, it
is always less than the critical value, 52, above which profits-per-duopolist exceed those of a monopolist.

Proposition 3 follows.

Proposition 4. Profits-per-firm in the downstream industry are never higher than in the case of monopoly

when upstream and downstream agents are both characterised as profit-maximising firms.

Proof. From condition (22) — see also the graphic representations in Figures 1 and 2 — it follows that the
critical threshold value of 52, exceeds the maximum of ¢ associated with the case in which upstream agents

are profit-maximising firms. O

6 Centralisation of wage bargaining

In the basic union-firm model outlined in Section 3, we assumed explicitly that wage bargaining occurs at the
decentralised level of the individual union-firm pair. The extent to which wage bargaining is decentralised
or is centralised at either the industry or economy-wide level varies across countries and over time. The
classic macroeconomic work of Calmfors et al. (1988) has exploited variation across countries in the level
at which wage bargaining takes place in order to infer the nature of a relationship between the level of
centralisation and a country’s macroeconomic performance. It has been argued that industry-level wage

bargaining produces the worst possible outcome because it fails to internalise potential adverse externalities

"This assumption is more plausible in the union-firm case where the existence of the union can be thought of as arising as
an institutional response to the existence of the firm. A similar story to explain a one-to-one matching between the number of

upstream and downstream agents in the case of firm-firm bargaining is less convincing

13



associated with union-firm wage bargaining. In contrast, it is argued that both fully decentralised bargaining
and fully centralised bargaining force bargaining agents to internalise wage externalities and hence yield
efficient outcomes. Consider the basic Cournot model of Section 3, but incorporating the assumption that
all unions and firms negotiate jointly over the level of wages. Then the Nash maximand defined in (9)

becomes
8 1-5
B = (3 u) (Xn) (38)
where Y 7 is the sum of the individual firms’ profits - given by (6) - and Y U is the sum over the unions’
utility functions - given by (8). In the Nash maximand, it is assumed that all bargained wages will be equal:
thus, w; = w by assumption. Substituting this and the sum over (4), (6)) and (8) in (38) yields the Nash
centralised wage-bargaining maximand:

¢= o )28 2(1—af
B = (n + 1)2(1—aB)p1+5—208 [w — @]**Pa — w]?1=F). (39)

The first order condition derived from the centralised-bargaining Nash maximand is then

aBC _ =—12a87,, _ 1—2ap8 _
dw 2?r[zw+ 1;2](104[;%1;2]26!/3 . {aﬁ L(j} _ﬂ - aﬁ)} ' .

Setting this first order condition equal to zero and solving for w yields:

w=w; =w+ af(a —W). (41)
This establishes Proposition 5.

Proposition 5. Under centralised bargaining, the wage is independent of n, the number of firms in the

industry.

It follows from Proposition 5 that in the case of centralised bargaining, there is no wage moderation
effect associated with an increase in n. This lies behind Calmfors et al. (1988) and related analyses (see also
Moene et al., 1993) . Tt also follows from (41) that with perfect competition and decentralised bargaining,
unions have no effect on wages: all wage externality effects are internalised. To see this within our model,
let n become very large: then the bargained wage given by (12) tends to the competitive non-union level,
w. With centralised (industry-level) bargaining, in contrast, even with large n, the wage will be set above
the competitive level, as shown in (41). Under decentralised bargaining, a wage externality arises only
with the introduction of imperfect competition, represented by a falling and finite value of n. Increasing
n is associated with increasingly internalising the negative wage externality: which is just an alternative
interpretation of what we have previously referred to as the wage moderation effect of increasing the number

of firms in competition.
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7 Conclusions

In this paper, we have developed a simple model of a unionised oligopoly in order to demonstrate that the
standard cornerstone Cournot result that profits-per-firm are falling in the number of firms in the product
market is not necessarily valid when firms’ input prices are determined endogenously through bargaining
with upstream agents (labour unions). We have shown that if wage bargaining is decentralised (that is, firm-
specific), then profits-per-firm will increase with the number of competing firms if unions care sufficiently
about wages, relative to employment, and possess sufficient bargaining power. One corollary of this result is
that if unions do possess sufficient influence over wages, it is no longer clear that incumbent firms will have
an incentive to deter market entry. Wage bargaining in the model is interpreted as firm-specific bargaining
with labour unions. To the extent that non-union labour also possesses bargaining power, the model is likely
to be of wider significance.

The intuition for our result is that when wages are determined endogenously through bargaining, an
expansion in the number of firms has a wage moderation effect which offsets the detrimental effect on firm
profits associated with competitive reductions in product price. The more workers care about wages and
the more powerful they are in bargaining, the greater is this wage moderation effect. We have shown that
the conditions necessary for unions (as the upstream agent) to have the (unintended) effect of translating an
increase in firm numbers into an increase in firm profits are not satisfied when the upstream agents are profit-
maximising firms. We have also shown that the result holds only if union-firm bargaining is decentralised.
Under centralised (industry-wide) bargaining, there is no wage moderation effect associated with an increase
in the number of firms: this is because the bargained wage is independent of firm numbers under industry
bargaining. Finally, we have looked beyond the Cournot case to a setting in which an incumbent monopolist
becomes a Stackelberg leader in the event of entry. We find that such a firm is more likely to gain from entry

than a firm which anticipates facing Cournot competition post entry.

Appendix A

As usual, the Stackelberg game is solved backwards so we begin by determining the output of the followers.

Maximising the profits of follower k in (29) yields:

1 m
xk=2—b a—wk—bej—bxl . (42)

Jj=1
J#k
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Solving these m reaction functions for x; and X_; yields:

1 m
T )b a—mwk+j§::1wj—bxl ; (43)
L J#k
1 B m
X =— — —mb . 44
) b ma ;wk mxl‘| (44)

The output of the Stackelberg leader can now be found by maximising its profits in (29) using (44). This
yields:

1 m
n=g awl(m+1)+;wk]. (45)

Substituting (45) back into (43) and (44) yields the following expression for output of follower k and aggregate

output of all followers:

1 m
ik
1 u ]
X | =— 7 - 2 E 1 . 4
LS m 020 lm“ (m + )kzlwk s D 1)

Now substituting (45) and (47) into (1) gives an expression for the common equilibrium price:

1

P Sm 1)

a+ (m+ 1w + iwk] . (48)
k=1

Using this expression for the price we can derive profits of the Stackelberg leader and a follower, respectively,

as:

m 2
T = _ la —(m+ Dw + Zwk] ; (49)

(m +1)4b —
2
1 m
=1
;#k

The bargained wage rate for a particular firm is derived from the labour market game described in the
previous section. To solve for the wage of the leader and a typical follower, respectively, we substitute (45)
and (46) into the expressions for U; and Uy in (30), and then substitute the resulting expressions into the

maximands in (31). This yields, respectively,

= ! —12af
By ~ plHA—20B226(1-0) [4(m + 1)]1-P [w; — W]
m 2(1-ap)
A ol o

k=1
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and,

1

_ _ 208
Bi T plHB—2aB (i + 1)2(—aB)22B(1—a)41—B [ =]
2(1-ap)
x |a—(2m+ Lw, + (m+ Dw; + ij . (52)
j=1
j#k

Maximising (51) and (52) with respect to w; and wy, yields the expression for wages of a leader and a follower,

respectively:

_adPm+1+0]+{(2m+1)(m+1) = 0[0 + m(m + 2+ d(m + 1))} w (53)
= @m+ 1)(m + 1)+ 0[L — m(m + 6 + md)] ’

_ad(1+0)+{2m+1—05[0+m(l+0)]}w E4
Wk 2m + 1+ 6[1 — 6(m + 1)] ’ (54)

where symmetry of followers, k = 1, .., m has been imposed. Equilibrium output and profit for the Stackelberg
leader, respectively, can now be obtained by substituting (54) into (45) and (49). This yields the expressions
in (32) and (33).

Appendix B

Proof of Proposition 2. Subtracting (34) from (35) for M = N:
N2(1 = 6)%(a — w)?
Ab(N + 1)(N +2)2[2N + 1+ 6[1 — N(1 +8)]° [N(1 — 6) + 1)
X {AN* (1 —8)® +4N3 (1 - 8) (3 + 6 (2 +8) — 40) + N? (13 — 115 + 405 — 426?)

AM’ﬂ'l - AN+17T =

+ 2N (76% — 46* +116% — 136 + 3) + (0 + 1) (86> = 76 + 1) }. (55)

This expression is non-negative if and only if the term in {-} is non-negative. The first three terms in the
expression are non-negative, whereas the last two can be positive or negative. Evaluating {-} at N =1

yields:
32 — 26 — 1362 — 150* + 46% > 0. (56)

It is easy to see from (55) that the expression in {-} is increasing in N. Hence, Ay > Anqq7. Proposition
2 also claims that the range of § for which the Stackelberg firm gains from the entry of M followers is
larger than for the equivalent Cournot firm facing N competitors. This claim follows from the fact that the

Stackelberg firm’s profit gain (loss) from entry is greater (smaller). O
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Appendix C

Proof of Proposition 3. Evaluating (32) at m = M = and M = 0 yields:
M§(1—96)(1+6)(a—w)

M) — — Ay — .
alM) = a0) = Awd = Gy o T 5= N(1+ o)) &7
Similarly, evaluating (13) at n = N 4+ 1 and n = 0 yields:
N1 —-96)(a—w)[0(N+2)—(N+1)]
N+1) - =Ang =
9N +1) = a(0) = Ana 2%(N +2)(N(1—6) + 1) (58)
Subtracting (57) from (58) for M = N:
N(1—=0)(a—w)[3N +1+6+6>N —2N§(N +1
Apg —Ang = 2b( X )| ( )] >0, (59)
(N+2)2N+14461-NA+O))HN(1-=6)+1)
which is clearly non-negative. This proves the first part of the proposition.
Evaluating (54) at M =1 and M = 0 yields:
Ma(1 = 8)[(1+ 6)(M +1) + M](a - )
M — = A = —
wi(M) = wi(0) = Anrn (M +1)2M + 1+ 6(1 — M(1 +9))] (60)
Similarly, evaluating (12) at n = N 4+ 1 and n = 0 yields:
B N6l —9)(a—w)
w(M) —w(0) = Apyw = NA—o)+1 (61)
Subtracting (60) from (61) for M = N:
(N6)2(1 —6)(a —w)
A —Ayw = — <0, 62
ML= AN = T N T D)2N 1461 - N1+ 0)|[NIL—=0)+ 1] — (62)
which is unambiguously non-positive. This proves the second part of the proposition. O
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