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Abstract

In a sector in which oligopolistic firms face a sector-specific labour supply constraint, there may be no market-

clearing wage. Instead, at some wages, there can be two equilibria, one with involuntary unemployment and one

with unfilled vacancies.
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1. Introduction

The consequences for labour markets of imperfect competition in output markets have been

extensively studied; relevant surveys are Dixon and Rankin (1994); Silvestre (1993, 1995). A recurrent

question in the existing literature is whether, with imperfect competition in the product market, labour

demand stays below labour supply at all positive wages. Such an outcome requires that marginal revenue

becomes negative at a sufficiently low output level, or, equivalently, that output demand is sufficiently

inelastic. Whilst the seminal paper of Hart (1982) excludes this possibility by an assumption on the

marginal revenue curve, Dehez (1985); Silvestre (1990) show that such involuntary unemployment at all

positive wages can indeed occur in Hart’s model. This literature has been refined and extended by

Schultz (1992); d’Aspremont et al. (1991); Kaas (1998); Lasselle and Svizzero (2001). Thus there are a
* Corresponding author. Fax: +43 1 4277 9374.

E mail addresses: leo.kaas@univie.ac.at (L. Kaas), Paul.Madden@man.ac.uk (P. Madden).

http://www.elsevier.com/wps/find/journaldescription.cws_home/505574/description#description
http://kops.ub.uni-konstanz.de/volltexte/2009/8862/
http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-88629


176
number of results which show how there may be no positive wage clearing the labour market,

competitive wage adjustment forcing wages to zero1.

In this paper we also develop a model of labour market disequilibrium combined with imperfectly

competitive output market equilibrium. The decisive, differentiating features of our model are that our

(single sector) oligopolists face a sector-specific labour supply constraint2, and that signalling labour

demand involves both job creation costs and rationing when there is aggregate excess labour demand in

the sector. Indeed we assume a sufficiently elastic output demand function which precludes the

phenomenon of the first paragraph. Instead our model generates a profit function kink which leads to

the non-existence of a wage that clears the labour market, and the existence of some wages where there

are two disequilibrium outcomes, one with involuntary unemployment and one with unfilled vacancies.

Attempts to clear our labour market by competitive wage adjustment would produce a persistent

disequilibrium cycle.

Whereas the above-mentioned literature considers general equilibrium models of oligopolistic or

monopolistic competition, our paper focuses on the partial equilibrium of a single sector of an economy,

where output demand and labour supply schedules are not explicitly derived from utility maximising

workers/consumers. However, it is straightforward to integrate our model in a multi-sector general

equilibrium model in the spirit of Blanchard and Kiyotaki (1987) in which a continuum of consumers

demand consumption goods from all sectors, but supply labour in only one sector, as we remark below.

Section 2 introduces the model, Section 3 contains results and Section 4 concludes. Lengthier proofs

are contained in an Appendix available from the authors on request.
2. The model

We consider a sector of an economy in which nz 2 identical firms produce a homogenous output

good from inputs of homogenous sector-specific labour under unit constant returns, yi = li, i = 1, . . . n.
Firms face an output demand function whose inverse we denote by P( y1 + . . . + yn) and which has

constant elasticity q, qa(0, n). On the labour market, firms face a common labour supply L, and they

take the money wage w as given3.

The usual argument for existence of a positive market-clearing wage with a sufficiently elastic output

demand and sector-specific labour goes as follows: when there is Cournot competition between n>1

firms facing a demand function of elasticity 1/q with qa(0, n), labour demand is a function of the wage

of elasticity 1/q. Hence, as the wage tends to zero, labour demand tends to infinity, and vice versa, so the

labour market must clear at some positive wage. However, this argument is problematic since firms

ignore the input supply constraint in the standard Cournot game. We assume instead that firms
2 There is empirical evidence suggesting that industry specificity contributes more to the wage profile than firm specificity,

thus providing insights about the importance of industry specific human capital (see Neal, 1995; Parent, 2000).
3 Alternatively consider a general equilibrium model. In each of a continuum of sectors, a single good is produced by n

firms, and a continuum of workers of mass L each supply one unit of labour inelastically. Consumers have CES preferences

over the continuum of goods with substitution elasticity q. In each sector, output demand has constant elasticity q and L is the

labour supply. Our single sector equilibria correspond to symmetric equilibria in such a model. A related model (without our

non existence feature) is found in Kaas and Madden (2004).

1 Strictly speaking, the labour market is in equilibrium at zero wage at which workers are indifferent between being

employed or not.
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simultaneously decide about the number of jobs they create, anticipating that labour demand may be

rationed whenever the total number of jobs exceeds labour supply.

Specifically, firms create a number of jobs Jiz 0, i = 1, . . ., n, and they pay a cost c>0 for each job

opening. As in the literature on labour market search (see e.g. Pissarides, 2000), these costs can be

thought of as recruitment costs (capturing costs of advertising and interviewing) that are incurred with

every job. After firms create jobs, workers and jobs are matched according to a frictionless and

symmetric matching technology. Thus, the fraction of vacancies that are filled is the same for every firm,

and it equals one whenever the number of workers exceeds the number of jobs. Hence, actual

employment levels at the n firms are

li ¼ Jimin 1;
L

J1 þ . . .þ Jn

� �
; i ¼ 1; . . . ; n: ð1Þ

With the workers matched to jobs, firms produce output to be sold at the market price P(l1 + . . . + ln).
The firms therefore make profits

piðJ1; . . . ; JnÞuðPðl1 þ . . .þ lnÞ wÞli cJi; i ¼ 1; . . . ; n;

where the employment levels li follow from the matching technology Eq. (1). We are interested in

fixwage equilibria J1 = . . . = Jn= J which are a symmetric pure strategy Nash equilibria of the one-stage

game in which firms create jobs simultaneously to maximise their profits at the given wage w. By

focusing on a symmetric equilibrium, we consider the best response problem of firm 1 only. Denote by

p( J1, J) = p1( J1, J, . . ., J) the profit of firm 1 provided that firms 2, . . ., n offer the same number of jobs

J. When the total number of jobs is less than the number of workers, there is unemployment, and firm 1’s

profit function is

pðJ1; J Þ ¼ pUðJ1; JÞuðPðJ1 þ ðn 1ÞJÞ w cÞJ1; if J1 þ ðn 1ÞJVL:

Hence, whenever there is unemployment, firms face Cournotian profit functions with unit costs equal

to w+ c. On the other hand, when the total number of jobs exceeds the number of workers, there are

excess vacancies, and firm 1’s profit function is

pðJ1; J Þ ¼ pVðJ1; JÞuðPðLÞ wÞL J1

J1 þ ðn 1ÞJ cJ1; if J1 þ ðn 1ÞJzL:

When there are excess vacancies, aggregate employment and output equal L, irrespective of the

number of jobs at firm 1. Hence, firm 1 takes the output price P(L) as given, but competes with the other

firms for the number of workers, which are allocated according to the proportional rationing scheme.

The first derivatives of these two profit functions w.r.t. J1 are

pU
1 ðJ1; J Þ ¼ PðJ1 þ ðn 1ÞJ Þ 1 q

J1

J1 þ ðn 1ÞJ

� �
w c; ð2Þ

pV
1 ðJ1; J Þ ¼ ðPðLÞ wÞL ðn 1ÞJ

ðJ1 þ ðn 1ÞJ Þ2
c: ð3Þ
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Both pV and pU are strictly concave in J1. However, the composite profit function p needs not be

concave, but has a kink at the transition from unemployment to excess vacancies. There are three types

of potential fixwage equilibria J1 = J: a market-clearing equilibrium in which J= L/n, an unemployment

equilibrium with J< L/n, and a vacancy equilibrium with J >L/n. We will now explore the conditions

under which these equilibria exist.
3. Fixwage equilibria

We are first interested in the existence of a market-clearing equilibrium. If w is a market-clearing

wage, there must be an equilibrium J1 = J = L/n. Since the profit function of firm 1 has a kink at

( J1, J)=(L/n, L/n), J1 = L/n is a best response to J= L/n if and only if p1
U(L/n, L/n)z 0z p1

V(L/n, L/n)

(because each of the two profit functions is differentiable and concave). Using Eqs. (2) and (3), these

conditions are equivalent to

PðLÞ 1
q
n

� �
czwzPðLÞ n

n 1
c: ð4Þ

Hence, these two conditions can be satisfied only if

czPðLÞq n 1

n
: ð5Þ

If Eq. (5) is not satisfied, there exists no market-clearing equilibrium. When job creation costs are low

relative to the degree of output market power (measured by the inverse of the output demand elasticity

q), the profit function kinks upwards at the transition from unemployment to excess vacancies. Hence,

when firms i>1 each create J = L/n jobs, firm 1 either finds profitable upward deviations to some J1>L/n

(when the wage is low) or to some J1 < L/n (when the wage is high), or to both (for intermediate wages).

Consequently, no market-clearing equilibrium wage exists4. Conversely, if Eq. (5) is satisfied, the

interval of wages in Eq. (4) is non-empty. Thus, each of these wages is a market-clearing equilibrium

wage because J1 = L/n is a best response to J= L/n.

Proposition 1.

(a) If Eq. (5) is satisfied (i.e. job creation costs are high), there exists a market clearing equilibrium at any wage

w satisfying Eq. (4).

(b) If Eq. (5) is not satisfied (i.e. job creation costs are low), there exists no market clearing equilibrium at any

wage.
4 It can also be shown that the existence of an asymmetric pure strategy market clearing equilibrium requires a condition,

which is even stronger than Eq. (5).
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The non-existence result is due to the upward kink (or non-concavity) of profit functions. A further

consequence of this non-concavity is a discontinuity of best response functions. Specifically, if Eq. (5) is

satisfied, best response functions are continuous, and, as we will show in the following propositions,

there exists a unique equilibrium at any given wage which depends continuously on the wage. On the

other hand, if Eq. (5) is not satisfied, best response functions are discontinuous. As a result, there exist

multiple fixwage equilibria for some wages, and the equilibrium correspondence is discontinuous.

We present next the results on the existence of unemployment equilibria.

Proposition 2.

(a) If Eq. (5) is satisfied, there exists a unique unemployment equilibrium J < L/n for all w > PðLÞð1� q
n
Þ � cwhich

is given by PðnJ Þð1� q
n
Þ ¼ cþ w, and there exists no unemployment equilibrium for all other wages.

(b) If Eq. (5) is not satisfied, there exists

wUa PðLÞ 1
q

n

� �
c;PðLÞ c

n

n 1

� �

such that there exists a unique equilibrium for all wzwU, and there exists no unemployment equilibrium for all

w<wU.

Part (a) of this Proposition refers to the well-behaved case of continuous best response functions.

In this case, unemployment tends to zero as the wage falls to the highest market-clearing wage w ¼
PðLÞ 1 q

n

� �
c. In part (b), best response functions are discontinuous. As the wage falls below the

lowest unemployment wage wU, it becomes profitable for firms to create a large number of jobs, so as

to create an excess demand for labour and to attract workers from the other firms. When the firms do

so, however, they suffer a decline in the output price (for output increasing to the full employment

output) and they increase their total costs of job creation. But when c is low relative to the degree of

market power, the gains from attracting workers are large relative to both the costs of creating excess

vacancies and to the profit loss due to the fall in output price.

A similar picture emerges for the final case of vacancy equilibria. For high job creation costs, a

vacancy equilibrium exists for all wages up to PðLÞ c n
n 1

at which excess vacancies become zero. On

the other hand, for low job creation costs (relative to the degree of market power), a vacancy equilibrium

only exists up to a wage wVabove which firms prefer to create few jobs and unemployment, so as to gain

from the increase in output price.

Proposition 3.

(a) If Eq. (5) is satisfied, there exists a unique vacancy equilibrium

J ¼ ðn 1ÞðPðLÞ wÞ
nc

L

n

for all w < PðLÞ � c n , and there exists no vacancy equilibrium for all other wages.

n 1
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(b) If Eq. (5) is not satisfied, there exists

wVa PðLÞ 1
�

n

� �
c;PðLÞ c

n

n 1

� �

such that there exists a unique vacancy equilibrium for all wVwV, and there exists no vacancy equilibrium for all

w>wV.

It is now clear from parts (a) of Propositions 1–3 that there is a unique fixwage equilibrium at any

wage when Eq. (5) is satisfied. If Eq. (5) is not satisfied, a fixwage equilibrium would not exist at

some wages if the lowest unemployment wage exceeded the highest excess vacancy wage, i.e. if

wU>wV. However, existence of a fixwage equilibrium can be guaranteed at all wages. As the proof of

Proposition 4 reveals, best response functions can have at most one discontinuity which must be an

upward jump from an unemployment best response J1 < L (n 1)J to an excess vacancy best

response J1>L (n 1)J as J increases, and the best response is a continuous and concave function

otherwise. This behaviour of best response functions leads to the existence of at least one symmetric

pure strategy equilibrium at any wage (hence implying wUVwV). Moreover, a continuity argument

implies that wU <wV.

Proposition 4. If Eq. (5) is not satisfied, wU <wV.

Propositions 1–4 are illustrated in Fig. 1 and summarised in the following theorem.

Theorem 1.

(a) When job creation costs are high, there is a unique fixwage equilibrium at any wage. The equilibrium exhibits

unemployment for high wages, excess vacancies for low wages, and market clearing for intermediate wages.

(b) When job creation costs are low, there exists no market clearing equilibrium wage. For high wages, there

exists a unique unemployment equilibrium, for low wages there exists a unique equilibrium with excess

vacancies, for intermediate wages there exists one equilibrium with unemployment and one with excess

vacancies.
V

U

Fig. 1. Labour market disequilibrium.
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Note that, when job creation costs are zero, condition Eq. (5) is not satisfied, and Proposition 1

implies that there exists no market-clearing wage. Proposition 2 remains valid and implies that there are

unemployment equilibria for all wzwU <P(L).

However, fixwage equilibria with excess vacancies fail to exist, as the proportional rationing scheme

induces firms to drive job openings to infinity whenever the wage is less than P(L) and whenever other

firms signal an excess demand for labour. Such overbidding behaviour and failure of existence of

fixwage equilibria at given wages are well-known features of manipulable rationing mechanisms (see

e.g. Bénassy, 1982). To guarantee existence, some non-manipulability of rationing is required. For

instance, if we assume that firms have some capacity level J >L/n so that they cannot credibly attract

workers beyond this level, vacancy equilibria at J = J exist for all wVP(L) when c= 0.
4. Conclusion

With output market imperfect competition and sector-specific labour, the paper shows how there may

be no wage which clears the labour market and a range of wages at which there are two fixwage

equilibria, one with involuntary unemployment and one with unfilled vacancies. When a competitive

labour market is in disequilibrium, firms and workers have strong incentives to adjust the wage: with

excess vacancies, the wage goes up and with unemployment, the wage goes down. Whereas in other

literature with persistent involuntary unemployment, such competitive wage adjustment drives the wage

to zero, here the wage would permanently fluctuate between disequilibrium periods of involuntary

unemployment and excess demand for labour.
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