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This paper aims to study the stability issue in a Cournot duopoly with codetermined firms. We show that
when both firms codetermine employment together with decentralised employees' representatives, a rise
in wages acts as an economic (de)stabiliser when the wage is fairly (high) low, while under profit
maximisation a rise in wages always acts as a stabilising device because the parametric stability region mono-
tonically increases with the wage in such a case. Moreover, a rise in the union's bargaining power has a de-
stabilising effect, exceptwhen thewage is lowand thefirmpower is alreadyhigh. Therefore, under codetermination
a change either in thewage orfirmpower in theNash bargaining plays an ambiguous role on stability.We also show
with numerical simulations that complex dynamics can also occur.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

A well known stylised fact about labour markets is the existence,
especially in some important European countries such as Germany, of
codetermination laws, according to which workers in large firms
have nearly the same decision rights as capital owners. On the one
hand, codetermination rights mainly concern employment, with
wages being apart from the field of application of such laws. On the
other hand, even if one abstracts from codetermination laws,2 in sever-
al countries it is observed that: (1) a distinction is made, especially in
Europe (for instance, Scandinavian countries and Austria) between
centralised (e.g., national or economy-wide level) unions that set the
wage for an entire industry in a country, and decentralised (e.g., firm
or district level) unions that negotiate over employment alone, and
(2) decentralised wage setting procedures, which however establish
wage contracts of long lasting effectiveness (e.g., the three-year con-
tracts often observed in the US), and local bargaining over employment

of higher periodicity do exist. Both make the case of bargaining over
employment relevant.

An interesting study that has tackled this issue out from a point of
view of a static bargaining game in a Cournot duopoly, is Kraft (1998).
The author interestingly shows that: (i) bargaining over employment
alone is the dominant strategy with respect to profit maximisation if
the union power is not too large (which seems to be the case under co-
determination laws),3 and (ii) “codetermination is welfare maximiz-
ing!” (see Kraft, 1998, p. 200). Therefore, given both the empirical
relevance of decentralised bargaining on employment alone and the
surprising theoretical features about welfare maximisation evidenced
by the literature above mentioned, we observe that so far nobody has
considered, at the best of our knowledge, the effects of codetermination
on product market stability in a duopoly with quantity competition.
However, this is not an irrelevant issue to be dealt with given the long
lasting debate on pros and cons of union power in both decentralised
and centralised bargaining. The present paper aims to fill this gap in
the economic theoretical literature by extending the duopoly model by
Kraft (1998) in a dynamic context. The out-of-equilibrium dynamics is
based on the assumption of “bounded rational” firms as suggested, for
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instance, by Dixit (1986) and recently popularised by the literature on
dynamic oligopolies (see, e.g., Bischi and Kopel, 2001; Fanti and Gori,
2012; Naimzada and Tramontana, in press; Puu, 1998; Tramontana,
2010).

Wefind that an exogenous increase in the labour costs under codeter-
mination destabilises the Cournot–Nash equilibrium when the wage is
low enough (while playing a stabilising role for further increases in the
wage when it is already high, but only whether the unions' power in de-
termining employment is fairly low), while under profit maximisation a
rise in wages plays an unambiguous stabilising effect. Moreover, raising
the relative union's bargaining power essentially tends to destabilise
the equilibrium (by increasing the parametric instability region), except
when the wage is low and the firm's power is already high.

Therefore, in order to keep the Nash equilibrium in a Cournot duop-
oly stable, the union's power in determining employment should be as
low as possible: it should at most be close to the near-parity when the
wage is fixed at not too high a level. In a similar way, we observe that
an increase in wages, which is beneficial for stability when unions are
absent or when their power in fixing employment is low, tends to
destabilise the market equilibrium when the power of unions is high,
unless the wage is high enough. This leads to a counterintuitive re-
mark: under codetermination, when the power of unions in fixing em-
ployment is high (i.e., higher than the power of firms), it is convenient
for stability to reduce (increase) wages when they are already low
(high).

The present study contributes to two growing strands of literature
on: unionised oligopolies (see, e.g., Bughin, 1995; Correa-López and
Naylor, 2004; Dowrick, 1989, 1990; Fanti and Meccheri, 2011; Kraft,
1998), and dynamic oligopolies (see, e.g., Bischi et al., 2010), and pro-
vides a novel analysis on the dynamic effects of bargaining on employ-
ment without wage negotiation.

The rest of the paper is organised as follows. Section 2 builds on the
model, Section 3 introduces expectations and analyses the local stabil-
ity properties of the unique positive Cournot–Nash equilibrium, show-
ing the existence of local bifurcations and the emergence of complex
dynamics with numerical simulations. Section 4 concludes.

2. A Cournot duopoly with codetermined firms

Themodel is outlined in accordance with Kraft (1998). Without loss
of generality, we consider a normalised Cournot duopoly for a single
homogenous product with a negatively sloped inverse demand given
by p=1−q1−q2, where p denotes the price and q1 (q2) is the output
produced by firm 1 (firm 2). The average and marginal costs for each
single firm to provide one additional unit of output in the market are
equal and constants at 0bwb1, wherew represents the wage negotiat-
ed by unions at the economy-wide level, with employment Li being de-
termined at (i th) firm-specific level (i={1,2}). The hypothesis of
constant average and marginal costs implies that firm i produces
through a production function with constant (marginal) returns to la-
bour, that is qi=Li (see, e.g., Bughin, 1995; Correa-López and Naylor,
2004; Dowrick, 1989, 1990).

The objective of every firm is to maximise profitsΠi(w,Li)=pqi−wLi
with respect to employment, while the objective of unions is tomaximise
utility Ui(w,Li)=(w−w°)θLi with respect to employment, where θ>0 is
the relative weight attached by unions towages andw° is the reservation
or competitive wage. Without loss of generality, we set θ=1 and w°=0
henceforth. We assume that both firms codetermine employment
with firm-specific unions. Since the production function is
qi=Li, the Nash bargaining between firms and unions takes the
form:

Vi ¼ 1−qi−qj−w
� �

qi
h iβ

wqið Þ1−β
; 0≤β≤1; ð1Þ

where the control variable is qi and β (1−β) is the relative
bargaining power of firms (unions). Therefore, the best reply
function of the ith firm is determined by:

∂Vi

∂qi
¼

1−qi−qj−w
� �

qi
h iβ

wqið Þ1−β 1−qi 1þ βð Þ−qj−w
h i

1−qi−qj−w
� �

qi
¼ 0⇔

qi ¼
1−qj−w
1þ β

⋅

ð2Þ

3. Expectations, equilibrium and local stability

Let qi(t) be firm i's quantity produced at time t=0,1,2,…. Then,
qi(t+1) is obtained as:

qi t þ 1ð Þ ¼ argmaxqi tð ÞVi qi tð Þ; qej t þ 1ð Þ
� �

; ð3Þ

where qej(t+1) represents the quantity that the rival, i.e. firm j, today
(time t) expects will be produced in the future (time t+1) by firm i. As-
suming now heterogeneous (i.e., bounded rational4 and Cournot-
naïve5) expectations by each firm (see, e.g., Tramontana, 2010) about
the quantity that the rival will produce in the future period, the two-
dimensional system that characterises the dynamics of the economy is
the following6:

T :
q1 t þ 1ð Þ ¼ q1 tð Þ þ αq1 tð Þ ∂V1

∂q1 tð Þ:
q2 t þ 1ð Þ ¼ q2 tð Þ

8<
: ð4Þ

where α>0 is a coefficient that tunes the speed of adjustment of player
1's quantity with respect to a marginal change in V1 when q1(t) varies.
Notice that the intensity of the reaction of the bounded rational firm is
given by αq1(t), which is proportional to the quantity produced by
firm 1. Therefore, through the use of Eqs. (2) and (4) we get:

T :
q1 t þ 1ð Þ ¼ q1 tð Þ þ α 1−q1 tð Þ−q2 tð Þ−wð Þq1 tð Þ½ �β wq1 tð Þð Þ1−β 1−q1 tð Þ 1þ βð Þ−q2 tð Þ−w½ �

1−q1 tð Þ−q2 tð Þ−w

q2 t þ 1ð Þ ¼ 1−q1 tð Þ−w
1þ β

⋅

8>><
>>:

ð5Þ

From Eq. (5) it can be seen that a rise in β has a threefold effect on
the marginal value of the Nash product of player 1 and, hence, on the
intensity of the reaction, i.e. the quantity it will produce, in the future
period. First, it increases the relative bargaining power of firm 1. Sec-
ond, it tends to reduce the reaction of player 1 through a direct nega-
tive effect. Third, it reduces the quantity produced by rival (firm 2) at
time t and then it tends to increase the reaction of player 1 through
an indirect positive effect. As regards wages, an exogenous positive
shock on w, by increasing production costs, tends to reduce firms'
profits while also raising the utility of unions. Moreover, as a direct ef-
fect, a rise in w plays an ambiguous role on the marginal value of the
Nash product and then both the direction and intensity of the reaction
of the bounded rational firm are ambiguous through this channel. In-
deed, as an indirect effect, an increase in wages tends to reduce the

4 In the standard dynamic Cournot duopoly with profit-maximising firms, each
bounded rational player uses information on current profits to adjust (i.e., to increase
or decrease the quantity produced at time t+1) depending on whether marginal
profits are either positive or negative (see Dixit, 1986).

5 Cournot (1838) was de facto the first author to use naïve expectations in an oligop-
oly model.

6 It is important to note that we have chosen to present the model with heteroge-
neous (i.e., bounded rational and naïve expectations) for analytical tractability. Indeed,
the results of the present study holds even when both (codetermined) firms have
bounded rational expectations as well as when one firm is profit-maximising and the
rival is a codetermined firm, and both are bounded rational players.
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