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ABSTRACT

Labour Market Efficiency, Wages and Employment when Search
Frictions Interact with Intrafirm Bargaining*

In search of a macroeconomic theory of wage determination, the agnostic
reader should be puzzled by the apparent contradiction between two
influential theories. On one hand, in the standard search-matching theory with
wage bargaining, hiring cost and constant returns of labour, the bargaining
power of employees allows them to get rents and gives rise either to
overemployment or to underemployment compared with the first best. On the
other hand, in Stole and Zwiebel’s theory of intrafirm bargaining with no hiring
cost and decreasing returns of labour, the bargaining power of employees
does not allow them to get rent and always gives rise to overemployment. In
this Paper, we try to reconcile these approaches. A simple matching model
with large firms and diminishing marginal productivity of labour allows us to
show that the two limit cases described above yield a mix of robust and non
robust results: in the most general case, employees get rents and there is
more frequently overemployment compared to the efficient allocation than in
the standard search-matching model.
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NON-TECHNICAL SUMMARY

Real wages have consistently declined in the US between the early 1970s and
the mid-1990s. Despite a debate on the relevance of the price indices
throughout this period, (see e.g. Gottschalk, 1997), one may think that this
evolution of wages is linked to the evolution of bargaining structures in line
with the organization of firms. Indeed, the diffusion of new production
methods, management practices and monitoring technologies, perhaps
associated with the diffusion of technical progress and the IT revolution, is
more and more likely to lead to an individualization of wage-setting.

From this perspective, Stole and Zwiebel’s (1996a and 1996b) papers are
very provocative. Stole and Zwiebel provide a rigorous intrafirm bargaining
model where employees and the firm engage in individual wage negotiation.
Under the assumption that contract incompleteness does not enable either
party to commit to future wages and employment decisions, they show that
intrafirm, e.g. individual, bargaining yields no rent for employees and gives
rise to overemployment compared to a competitive labour market. The basic
idea of Stole and Zwiebel is that a firm with a diminishing marginal productivity
of labour can decrease the bargained wage, which is proportional to the
marginal productivity of labour, by increasing employment. In Stole and
Zwiebel’s setting, firms overemploy strategically, up to the point where
workers get their reservation wage.

The underlying reason of workers’ bargaining strength in their approach is, as
is clear from their bargaining structure, that employment during the bargaining
stage is a fixed input (i.e. is predetermined) due to adjustment costs in
employment left outside the model. Accordingly, and this is our starting point,
an intrafirm bargaining analysis would be more relevant if conducted in a
framework where such labour adjustment costs exist, and better, are
endogenous to labour market conditions; what would happen then to the two
prominent results of Stole and Zwiebel, that wages are driven down to the
reservation wage and to the overemployment result? And to what extent does
the partial equilibrium approach they have taken affect some of the
conclusions?

This is a difficult question to answer ex ante; indeed, these results contrast
quite drastically with those of the standard matching model of unemployment,
which is one of the models most often utilized to analyse unemployment. This
model precisely incorporates a general equilibrium analysis of individual
bargaining in the presence of adjustment costs to labour. It is thus a natural
complementary theory of wages and employment.

In its standard form, developed by Pissarides (1985, 1990), and more recently
by Mortensen and Pissarides (1999), wages are bargained between each



employer and employee, and each firm has only one job, that can be either
vacant or filled. In this framework, it is well known that employees get a rent,
since they benefit from higher welfare than unemployed workers. Moreover,
the condition under which wages are determined is not likely to lead to social
efficiency, because there are trading externalities that are not taken into
account during the negotiation process. More precisely, social efficiency is
reached only if the so-called Hosios-Pissarides condition (see Hosios, 1990) is
fulfilled. This condition states that social efficiency is reached if the share of
the surplus gained by workers is equal to the elasticity of the matching
function with respect to unemployment. Otherwise, there is underemployment
if the workers’ share is larger and overemployment if it is smaller.

It is widely accepted that the one firm–one job assumption is chosen for the
sake of simplicity, and can easily generalize to a large firm with many
employees. Pissarides (1990) provided an analysis of the negotiation process
in the large firm. The results obtained by Pissarides are often evoked, but
rarely proved in the particular framework in which they are used. For instance,
Andolfatto (1996), among many others, evoked Pissarides’ results to utilize a
matching model of the business cycle with large firms. Perhaps as a
coincidence, Andolffato’s article was released in the same issue of the AER as
Stole and Zwiebel’s paper. Importantly, it was recognized in the literature that
decreasing returns to scale in a large firm search model would create
complications and notably overemployment: the earliest paper ackowledging
this result was Bertola and Caballero (1994), more recent models with such a
feature being Marimon and Zilibotti (2000) and Bertola and Garibaldi (2001).

Obviously, intrafirm bargaining cannot emerge if it is assumed that each firm
has only one job, or if the marginal productivity of labour is constant, as it is
done in the standard matching model of unemployment. In other words, to
what extent does the Stole and Zwiebel analysis call into question the results
of the standard matching model of unemployment?

In order to answer this theoretical question we use a simple matching model
with large firms that includes, as limit cases, the intrafirm bargaining model
with no hiring cost and decreasing returns to labour on the one hand, and the
standard matching model with constant returns, small firms with one employee
and hiring costs on the other hand. This allows us to show that both limit
cases yield a mix of robust and non-robust results. In the general case,
employees get rents and there is frequently overemployment, even when the
Hosios-Pissarides condition is fulfilled.
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Abstract

In search of a macroeconomic theory of wage determination, the agnostic reader should
be puzzled by the apparent contradiction between two influential theories. On one hand, in
the standard search-matching theory with wage bargaining, hiring cost and constant returns
of labor, the bargaining power of employees allows them to get rents and gives rise either to
over-employment or to under-employment compared with the first-best. On the other hand,
in Stole and Zwiebel’s theory of intrafirm bargaining with no hiring cost and decreasing
returns of labor, the bargaining power of employees does not allow them to get rent and
always gives rise to over-employment. In this paper, we try to reconcile these approaches.
A simple matching model with large firms and diminishing marginal productivity of labor
allows us to show that the two limit cases described above yield a mix of robust and non
robust results: In the most general case, employees get rents and there is more frequently
over-employment compared to the efficient allocation than in the standard search-matching
model.

1 Introduction

Real wages have consistently declined in the US between the early 70’s and the mid 90’s. Despite
of a debate on the relevance of the price indices throughout this period, see e.g. Peter Gottschalk
(1997), one may think that this evolution of wages is linked to the evolution of bargaining
structures in line with the organization of firms. Indeed, the diffusion of new production methods,
management practices and monitoring technologies, perhaps associated with the diffusion of
technical progress and the IT revolution, is more and more likely to lead to an individualization
of wage setting.

From this perspective, Lars Stole and Jeffrey Zwiebel’s (1996a and b) papers are very
provocative. Stole and Zwiebel provide a rigorous intrafirm bargaining model where employees
and the firm engage in individual wage negotiation. Under the assumption that contract incom-
pleteness does not enable either party to commit to future wages and employment decisions, they
show that intrafirm, e.g. individual, bargaining yields no rent for employees and gives rise to
over-employment compared to a competitive labor market. The basic idea of Stole and Zwiebel
is that a firm, with a diminishing marginal productivity of labor, can decrease the bargained
wage, which is proportional to the marginal productivity of labor, by increasing employment.

∗We thank Mathias Dewatripont, André Zylberberg and seminar participants at ECARES, ULB.
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In Stole and Zwiebel’s setting, firms over-employ strategically, up to the point where workers
get their reservation wage.

The underlying reason of workers’ bargaining strength in their approach is, as clear from
their bargaining structure, that employment during the bargaining stage is a fixed input, i.e. is
predetermined, due to adjustment costs in employment left outside the model. Accordingly, and
this is our starting point, an intrafirm bargaining analysis would be more relevant if conducted
in a framework where such labor adjustment costs exist, and better, are endogenous to labor
market conditions; what would happen then to the two proeminent results of Stole and Zwiebel,
that wages are driven down to the reservation wage and to the over-employment result? And, to
what extent the partial equilibrium approach they have taken affects some of the conclusions?

This is a difficult question to answer ex-ante; indeed, these results contrast quite drastically
with those of the standard matching model of unemployment, which is likely one of the model
the most often utilized to analyze unemployment. This model precisely incorporates a general
equilibrium analysis of individual bargaining in the presence of adjustment costs to labor. It is
thus a natural complementary theory of wages and employment.

In its standard form, developed by Christopher Pissarides (1985, 1990), and more recently by
Dale Mortensen and Christopher Pissarides (1999), wages are bargained between each employer
and employee, and each firm has only one job, that can be either vacant or filled. In this
framework, it is well known that employees get a rent, since they benefit from a higher welfare
than unemployed workers. Moreover, the condition under which wages are determined is not
likely to lead to social efficiency, because there are trading externalities that are not taken into
account during the negotiation process. More precisely, social efficiency is reached only if the so-
called Hosios-Pissarides condition (see Arthur Hosios 1990) is fulfilled. This condition states that
social efficiency is reached if the share of the surplus gotten by workers is equal to the elasticity
of the matching function with respect to unemployment. Otherwise, there is under-employment
if he workers’ share is larger and over-employment if it is smaller.

It is widely accepted that the one firm-one job assumption is chosen for the sake of simplicity,
and can easily generalize to a large firm, with many employees. Pissarides (1990, Chapter 2)
provided an analysis of the negotiation process in the large firm. The results obtained by
Pissarides are often evoked, but rarely proved in the particular framework in which they are
used. For instance, David Andolfatto (1996), among many others, evoked Pissarides’ results to
utilize a matching model of the business cycle with large firms.1

Obviously, intrafirm bargaining cannot emerge if it is assumed that each firm has only one
job, or if the marginal productivity of labor is constant, as it is done in the standard matching
model of unemployment. In other words, to what extent Stole and Zwiebel analysis calls into
question the results of the standard matching model of unemployment?

In order to answer this theoretical question we use a simple matching model with large firms
that includes, as limit cases, the intrafirm bargaining model with no hiring cost and decreasing
returns to labor on the one hand, and the standard matching model, with constant returns,
small firms with one employee and hiring costs on the other hand.

This allows us to show that both limit cases yield a mix of robust and non robust results. In

1Perhaps as a cöincidence (but is there any?), Andoffalto’s article was released in the same issue of the
A.E.R. as Stole and Zwiebel’s paper. Importantly, it was recognized in the literature that decreasing returns to
scale in a large firm search model would create complications and notably overemployment: The earliest paper
ackowledging this result was Giuseppe Bertola and Ricardo Caballero (1994), more recents models with such
feature being Ramon Marimon and Fabrizio Zilibotti (2000) and Giuseppe Bertola and Pietro Garibaldi (2001).
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the general case, employees get rents and there is frequently over-employment, even when the
Hosios-Pissarides condition is fulfilled.

The model is presented in Section 2. Section 3 is devoted to the analysis of the decentralized
equilibrium with large firms. The decentralized equilibrium is compared to the efficient allocation
in section 4. In the concluding comments of Section 5, we discuss the pros and the cons of each
limit case.

2 The model

We consider a continuous time economy with two goods: A numeraire good, produced by firms,
and labor, supplied by workers. There is a continuum of infinitely lived workers, which size
is normalized to one. Each workers supplies one unit of labor. Search costs imply that firms
need time and resources to hire workers. Accordingly, it is costly to replace an employee. The
existence of worker replacement cost gives rise to negotiation within firms. Following Stole and
Zwiebel, it is assumed that all wages are instantaneously and continuously negotiated. We shall
first focus on the labor demand problem before presenting wage negotiation.

2.1 Labor demand and hiring costs

There is a large representative firm with diminishing marginal productivity of labor inputs2.
Thus, production, denoted by Y, is obtained thanks to a concave production function denoted
by F (N), where N stands for employment. To recruit, the firm incurs hiring costs per unit of
time γ and per vacancy posted. Assuming that the mass of aggregate contacts between the mass
of vacancies, denoted by V, and unemployed u is h(u, V ), a constant returns to scale function,
increasing and concave in each argument, then, the probability to fill a vacant slot per unit of
time is given by:

h(u, V )/V = q(θ) with q0(θ) < 0, q(0) = +∞,

where θ = V/u denotes the ratio of vacancies to unemployed workers (the tightness of the labor
market). Note that θ is exogenous to the firms’ decisions.

The workers leave the firm with exogenous probability s. In our framework, employment N
is a state variable that cannot be increased instantaneously. Let us denote by Π(N) the value
of the firm, by r its discount rate and by w(N) the wage, possibly a function of the employment
level of the firm, since wages are continuously and instantaneously negotiated at any employment
level. Denoting employment at date t by N , and employment at date t+ dt by N+, the law of
motion of jobs writes as:

N+ = N(1− sdt) + V q(θ)dt (1)

The value function of the firm, Π(N), solves the Bellman equation:

Π(N) = Max
{V }

1

1+ rdt
[F (N)−w(N)N − γV ] dt+Π(N+) , (2)

2Assuming decreasing returns to labor can amount to suppose constant returns to scale with predetermined
capital stock. This assumption will be discussed below.
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subject to the law of motion of jobs (1). The first-order and the envelope conditions for an
optimal choice of V write as:

−γ + q(θ)J(N) = 0, (3)

rJ(N) = F 0(N)− w0(N)N − w(N) + J̇(N)− sJ(N), (4)

where J(N) = Π0(N), and the dot stands for the derivative with respect to time. Equation (4)
shows that the marginal value of a job depends on the impact of a marginal hiring on the wage
of all workers, i.e. −Nw0(N).

2.2 Intra-firm wage bargaining

The expected discounted value of employment is denoted by E, whereas the expected discounted
value of unemployment is denoted by U . If b denotes the utility flow of risk-neutral workers
when non-employed, then E and U solve:

rE = w(N) + s(U −E) + Ė, (5)

rU = b+ p(θ)(E − U) + U̇ , (6)

where p(θ) = h(u, V )/u = θq(θ) with p0(θ) > 0, stands for the instantaneous matching proba-
bility of unemployed workers

Wages are continuously and instantaneously negotiated. Since firms need time to hire work-
ers, employment is considered as a state variable during the negotiation process. Wages are
determined according to the usual Nash bargaining game given the mass of employees present
in the firm: This implies that the surplus of each job is shared according to the rule:

βJ(N) = (1− β)(E − U), (7)

where β ∈ [0, 1] is an index of the bargaining power of workers. It is worth noticing that labor
demand (3) implies that the marginal value of a job is always non negative. Accordingly, the
surplus sharing rule (7) implies that E ≥ U.

Given the value J(N) of a marginal job, defined in equation (4), the surplus sharing rule
(7) together with (5) and (6) defines a differential equation for w(N), which writes, in a steady
state, as:

w(N) = (1− β)rU + β[F 0(N)−Nw0(N)]. (8)

This form of wage equation, derived by Stole and Zwiebel, is different from the equation
usually obtained in the standard matching model with constant returns to scale, in which the
term Nw0(N) does not appear. Here, this term is present, because one takes into account
that firms renegotiate all wages if an employee quits after a disagreement. Stole and Zwiebel
argue convincingly that wage equation (8) defines a “stable” wage profile in which, prior to
production, no individual employee can benefit from a renegotiation with the firm, and the firm
cannot benefit from renegotiation with any employee given the further wage renegotiations that
such a renegotiation would induce.

Equation (8) solves3 as:

3One assumes as in Stole and Zwiebel that the conditions for the existence of the integral in (10) are satisfied
(these conditions are not very restrictive). This allows us to get rid of the constant term in the solution for the
wage: In this case, this constant term can be shown to be zero, under the supplementary condition that the wage
is finite when N → 0.
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w(N) = (1− β)rU +N−1/β
N

0
x
1−β
β F 0(x)dx. (9)

Henceforth, for the sake of simplicity, it is worth using a Cobb-Douglas formulation for
F (N) = Nα, then, one gets:

w(N) = rU + β
F 0(N)

1− β(1− α) − rU . (10)

The wage is equal to the reservation wage, rU, plus a term that will be shown to be positive
in equilibrium.

3 Labor market equilibrium

3.1 Existence and Uniqueness

One can now determine, first the wage profile, second the (unique) level of equilibrium employ-
ment and labor market tighness.

Indeed, in equilibrium, (3), (4), (5), (6) and (7) imply that the wage satisfies:

w(N) = rU +
γ

q(θ)

β

1− β (r + s) (11)

It is interesting to remark that, despite intrafirm bargaining, the wage paid to workers when
firms have made their optimal employment decisions is above the reservation wage, rU, contrary
to Stole and Zwiebel, but that the wage (as shown below) goes continuously to the reservation
wage when search frictions (represented by search costs γ) vanish.

We can now establish the existence and uniqueness of the equilibrium value of (N, θ) or more
conveniently, of (u, θ) where u = 1−N is the unemployment rate. The steady state equilibrium
value of θ and u can be defined by two equations. First, there is a steady-state condition on flows
of workers between employment and unemployment. There are uθq(θ) exits from unemployment
and (1−u)s entry into unemployment per unit of time. Accordingly, the flow equilibrium reads:

(1− u)s = uθq(θ). (12)

This labor flow equilibrium (12), referred to as the Beveridge Curve, defines a negative relation
in the plane (θ, u) with limits (+∞, 0) and (0, 1) – see Figure 1.

Second, combining the labor demand defined by (3) and (4), and the wage equation (10),
together with the identity N = 1− u, and after manipulations4, one gets:

F 0(1− u) = [1− β(1− α)] b+
γ

1− β βθ +
r + s

q(θ)
. (13)

This equation defines a Vacancy Curve, which is a positive relation between the unemploy-
ment rate and the labor market tightness in the plane (θ, u), with limits (θ0, 0) and (+∞, 1),
where θ0 is defined by F 0(1) = [1− β(1− α)] b+ γ

1−β βθ0 + r+s
q(θ0)

. Accordingly, (12) and

(13) define a unique equilibrium with θ > 0, u ∈ ]0, 1[.
4Notably, rU on the right hand side of (10) is obtained from (3), (4), (6) and (7) and writes rU = b +

[γβθ/(1− β)].
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Figure 1: The labor market equilibrium.

3.2 Limit cases

Let us first focus on a limit case in which the production function exhibits constant returns to
scale (in Cahuc and Wasmer 2001, we showed that this corresponds to the case with perfect
capital adjustment and constant returns to scale in total factors, as discussed in Pissarides,
1990). In that case, one has α = 1, and F 0(N) is a constant, denoted by y, assuming y > b
in order to get a non-trivial solution with positive employment. The results obtained here are
exactly those of the standard matching model. Indeed, from (10), w = (1− β)rU + βy implying
that F 0(N) > w > rU : Employees get rents and the marginal productivity of labor is larger
than the wage.

The basic model of Stole and Zwiebel, with decreasing returns to scale and no hiring cost,
delivers very different results. This can be shown by studying the limit case in which γ → 0. In
that case, assuming that F 0(1) > b, (12) and (13) imply – see appendix A – an infinite labor
market tightness with full employment (u = 0). Thus, (11) and (13) imply:

w = rU = F 0(1)/(1− β(1− α)) > F 0(1). (14)

¿From equation (14), one can deduce that intrafirm bargaining with decreasing returns to scale
and no hiring cost yields no rent for employees and a marginal productivity of labor smaller
than the wage.

The intuition is a straight application of Stole and Zwiebel’s results. The wage equation
(10) shows that wages decrease when employment increases, given that the marginal product
and hence the surplus will decrease with employment. Firms thus can strategically exploit this
feature to increase employment and to reduce their wage bill. What happens here is that firms
over-employ compared to the competitive case in which the effect of employment on the wage
is not taken into account. As shown by equation (14), in equilibrium, this over-employment
behavior entails a marginal productivity of labor smaller than the reservation wage. This leads
to a higher labor market tightness than in a situation in which the marginal productivity of
labor is equal to the reservation wage.
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Figure 2: The consequence of hiring costs on the marginal productivity of labor, the reservation
wage and the wage. Parameters values are: α = 2/3, b = 0.2, h(u, V ) =

√
u · V , s = 0.15, r = 0.05

These results are exactly opposed to those obtained with constant returns to scale and hiring
costs. What is going on in the general case, with decreasing returns and positive (and finite)
hiring costs?

3.3 General case

Figures 2 and 3 show that the ranking of the marginal productivity of labor, the wage and the
reservation wage, met in both limit cases are satisfied for particular ranges of the hiring cost γ
and the returns to scale parameter α.

On Figure 2, it can be seen that Stole and Zwiebel’s case, in which F 0(N) < w = rU, can
arise only for γ = 0. In this particular case, workers have no rent. Figure 2 clearly shows that,
on this issue, Stole and Zwiebel conclusion is not robust. Actually, in their paper, employees
never get rent because there is either no hiring costs, or hiring costs that can be shared between
employers and employees thanks to commitment made before recruitment. If some hiring costs
are not contractible, which seems compatible with Stole and Zwiebel’s assumption of contract
incompleteness, workers get rents. However, one can see, on Figure 2, that the marginal pro-
ductivity of labor is smaller than the wage for positive values of γ. On this issue, Stole and
Zwiebel’s analysis yields more robust results.

The situation described by the standard matching model, in which F 0(N) > w > rU, is
met only if the hiring cost is sufficiently high. For intermediate values of the hiring cost, the
labor marginal productivity can be smaller than both the wage and the reservation wage, or in
between the reservation wage and the wage.

Figure 3 shows that the situation met in the standard matching model arises only if the
technology is close to constant returns to scale. In our example, it appears that the labor
marginal productivity is bigger than the wage for a small range of values of α. In particular, if one
interprets the technology as a standard Cobb-Douglas production function with a predetermined

7
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Figure 3: The consequence of returns to scale on the marginal productivity of labor, the reserva-
tion wage and the wage. Parameters value are: γ = 0.02, b = 0.2, h(u, V ) =

√
u · V , s = 0.15, r =

0.05

capital stock, α amounts to about 2/3, and Figure 3 shows that the marginal productivity of
labor is smaller than both the wage and the reservation wage.

At this stage, we know that workers obtain some rent at least when firms incur some hiring
costs. In that sense, one may be led to think that Stole and Zwiebel’s prediction that there is
over-employment is a very specific case. However, such is not the result one gets when deriving
the welfare analysis that follows.

4 Efficiency

In the standard matching model with constant returns to scale, the decentralized equilibrium
with wage bargaining is efficient if and only if β = η(θ), with η(θ) = −θq0(θ)/q(θ) ∈ ]0, 1[ . This
is the Hosios-Pissarides condition. Let us define the steady state efficient solution when there
are decreasing returns to scale. Ignoring discounting for the sake of simplicity, the social planner
problem reads as:

Max
θ
F (1− u) + bu− γθu subject to u =

s

s+ θq(θ)

The first-order condition yields:

(1− η) F 0(1− u)− b = γ

q(θ)
[s+ η(θ)θq(θ)] (15)

Equations (3), (4), (6) and (8) allow us to write the decentralized equilibrium as:

(1− β) F 0(1− u)− b− (1− u)w0(1− u) = γ

q(θ)
[s+ βθq(θ)] (16)
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It is worth noting that condition (16) defines, together with the flow equilibrium condition
(12), a relation between θ and β that is not necessarily monotonic – see Appendix B, equation
(20). The implication of this result is that, in the decentralized equilibrium, the labor market
tightness θ, and thus employment, may have non monotonic variations with respect to the index
of bargaining power of worker β. There are two contributions of β to the variations of θ:

• a negative one, due to the effect usually met in matching models: Less surplus accruing
to the firm reduces job creations and thus θ.

• a positive one, due to the fact that firms exploit the possibility of intra-firm bargaining,
and over-employ to reduce worker’s wages. A higher bargaining power of workers makes
this possibility even more attractive for firms, exactly in the spirit of Stole and Zwiebel5.

The effect of β on wages and then on employment decisions is thus ambiguous. Such a
case of non-monotonocity is illustrated on Figure 4, plotting u(β) by exploiting the one-to-one
correspondence between θ and u. This example is obtained with values of the parameters that
differ from the previous case. Notably, α has been set to a lower value, namely 1/4.

Substracting the equations (16) and (15), one gets a condition that insures that the decen-
tralized equilibrium is efficient:

β = η(θ) + Λ , with Λ = −(1− u)w
0(1− u)(1− β)

F 0(1− u)− b+ γθ ≥ 0 (17)

This is a modified Hosios-Pissarides condition (i.e. β = η) which obviously corresponds to the
Hosios-Pissarides condition when wages do not react to changes in employment, i.e. w0 = 0.

As illustrated in Figure 4, where the socially optimal value of θ (equivalently, u) is also
reported (note that it is independent of β), the decentralized equilibrium and the social optimum
coincide sometimes, here for a value of β ' 0.98 much higher than the conventional η = 0.5 of
the Hosios-Pissarides condition. What happens here is that, due to the presence of the term
Λ > 0, itself resulting from w0(θ) < 0, firms need a higher β than in the standard Pissarides case
to obtain the same tightness of the labor market, since again they can exploit the diminishing
returns to scale to reduce the wage.

This effect is large in this example, and may lead to think that, sometimes, it is even
impossible to reach an efficient allocation when there is both intra-firm wage bargaining and
strong decreasing returns to scale: If indeed Λ was large enough, no β may insure the equality
in (17). One may remember a similar result by Giuseppe Bertola and Ricardo Caballero (1994),
also obtained in a matching model with intra-firm bargaining and heterogeneous search costs6.
However, this is not the case in our framework: We can prove that Λ is never large enough
to eliminate the possibility of an efficient decentralized equilibrium – see Appendix B. As
illustrated in Figure 4, when β is large enough, there is under-employment, and when β is low
enough, there is over-employment.

5This actually can be easily be seen from the expression (10) of the wage, which implies that w0(N) =
βF 00(N)/ [1− β(1− α)] , which absolute value increases with β at constant N .

6More precisely, Bertola and Caballero argue that the discrepancy between private and socially optimal allo-
cations relies on heterogeneity, claiming that “a social planner would need to use as many instruments as there
are active margins, and altering the Nash bargaining parameter β is not enough in the presence of cross-sectional
dynamic heterogeneity” (p. 454).
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Figure 4: The efficient (dotted line) and the decentralized (continuous line) unem-
ployment rate. Parameters value are: γ = 0.02, b = 0.26, h(u, V ) =

√
u · V ,

s = 0.2, r = 0.05,α = 0.25.

There are two additional remarks here: First, the non-monotonicity may suggest that several
values of β insure a socially optimum private equilibrium. However, we have not observed this
in our simulations – because there is always over-employment as β → 0. Second, the high value
of β ' 0.98 insuring the efficiency would suggest that the over-employment result of Stole and
Zwiebel is much more likely than in the standard matching analysis: In other words, far fewer
values of the bargaining power β lead to under-employment than it can be deduced from the
standard matching model.

5 Concluding comments

We have shown that employees are likely to get rents even though firms play strategically with
decreasing returns through intrafirm wage bargaining. In that sense, conclusions of the stan-
dard matching model are quite robust, since search frictions and individual bargaining provide
employees with quasi-rents. However, as soon as intra-firm bargaining is introduced in the gen-
eral model, a conclusion that was reached in Stole and Zwiebel (1996) is somehow justified,
though tempered: Namely, firms tend to over-employ – compared to the social optimum –
more frequently than what can be deduced from the standard matching analysis.

Both Pissarides (1990) and Stole and Zwiebel’s results rely on fast adjustment processes.
Indeed, in Pissarides, the constant returns to scale assumption is realistic only in the case of
instantaneous adjustment of the stock of capital, as Pissarides discusses and as we emphasized in
Cahuc and Wasmer (2001). Stole and Zwiebel’s main results hold, only when firms and workers
intantaneously renegotiate wages at each change in the level of employment, notably when an in-
dividual employee leaves because he disagrees with the employer in the wage bargaining process.
Since it is conventionally believed that firms actually face severe adjustment costs adopting new
capital, selling old capital or when bargaining wages, a general model of intrafirm bargaining in
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presence of such adjustments costs is necessary to have a better understanding of the effect of
distortions due to search frictions and wage bargaining on employment, real wages and economic
efficiency. Our paper, beyond the necessary clarification of these issues, is a first step in this
direction.
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Appendix

A The case with zero hiring cost

Let us study the equilibrium when γ → 0. Equation (13) can be written as:

βθ +
r + s

q(θ)
=
1− β
γ

F 0(1− u)
1− β(1− α) − b (18)

Since we assume that F 0(1) > b, one gets F 0(1−u)
1−β(1−α) − b > 0 for u ∈ [0, 1] , and (18) implies

that βθ + r+s
q(θ) goes to infinity. Under the conventional assumption that q(θ) goes to 0 when θ goes

to infinity (simply equivalent to having a zero recruitment rate for firms when the ratio of vacancy to

workers goes to zero), this implies necessarily that θ has to go to infinity when γ → 0. Therefore, (12)

implies that u = 0. Thus, equation (13) implies that the term γ
1−β βθ + r+s

q(θ) converges to a finite

number denoted by K where

K + b = F 0(1)/(1− β(1− α)).

In addition, under the assumption of strictly decreasing returns to scale for each argument in match-

ing, the term βθ dominates the term r+s
q(θ) when θ tends to infinity (to see this, notice that the term

1
q(θ) ∼+∞ θη(θ) where 0 < η(θ) < 1 is the elasticity of q to θ). This means that γθ β

1−β → K. This

implies that the reservation wage rU = b + γθ β
1−β tends to b + K = F 0(1)/(1 − β(1 − α)).Thus,

equation (10) entails equation (14).

B Welfare

Using the labor flow equilibrium equation (12), condition (15) can be written as:

F 0
θq(θ)

s+ θq(θ)
= b+

γ

q(θ) [1− η(θ)] [s+ η(θ)θq(θ)]≡ P (θ) (19)

Using (10) and (12), condition (16) also reads:

F 0
θq(θ)

s+ θq(θ)
= [1− β(1− α)] b+

γ

q(θ)(1− β) [s+ βθq(θ)] ≡ D(θ,β) (20)

It can be easily checked that dF 0 θq(θ)
s+θq(θ) /dθ < 0, and ∂D(θ,β)/∂θ > 0. One can also check that

P (θ) > D(θ, η(θ)), which implies that labor market tightness in the decentralized equilibrium, denoted
by θd, is bigger than its efficient value, denoted by θp if the Hosios-Pissarides condition is fulfilled. This
property, together with the labor flow equilibrium equation (12), which indicates that the unemployment

rate decreases with the labor market tightness, allows us to conclude that there is over-employment if

the Hosios-Pissarides condition if fulfilled.
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Figure 5: The value of θ when β → 0.

Moreover, Lim
β→0

D(θ,β) = b + γs
q(θ) < P (θ), ∀θ > 0. As shown on Figure 5, this implies that

θd > θp. Therefore, there exist values of β, sufficiently close to zero, which imply over-employment in
the decentralized equilibrium.

One also gets Lim
β→1

D(θ,β) = +∞ > P (θ), ∀θ > 0. Looking at Figure 5, it can be seen that this
implies that θd < θp if β → 1. Thus, there exist values of β, sufficiently close to one, which imply
under-employment in the decentralized equilibrium in a neighborhood of β = 1. Note that this is a proof
of existence, not of unicity, as the non-monotonicity in Figure 4 suggests.
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