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Preface

The consequences of the sudden and severe contraction of industrial output in the aftermath

of the financial crisis of 2007-2008 are increasingly being felt in the labor market. Rising

unemployment and job insecurity has greatly influenced wage bargaining interactions between

firms, workers and trade unions. It pointed out the necessity to understand how different were

the wage-setting process and the balance of power between the main actors in good times and

bad. As an answer to this issue, this dissertation investigates the wage-setting behavior of

firms, workers and trade unions, placing particular emphasis on how the interaction between

these three economic agents changes over the business cycle. The two first chapters of the thesis

analyze the fluctuations of the power of trade unions over the cycle, and relate these fluctuations

to the fluctuations of wages. The first chapter proposes a theoretical framework with search

and matching frictions and trade unions and shows how wage rigidity arises endogenously

due to the behavior of unions. The second chapter tests these predictions empirically, using a

panel of U.S. industries over the period 1987-2000. The results confirm the predictions that

wages are less correlated with productivity when collectively bargained. The intensification

of the countercyclicality of the labor share is at the core of the mechanism. The third chapter

proposes a model with wage posting and investigates how the monopsonistic power of firms

evolves along the cycle. The consequences in terms of wage dispersion are examined.

The first chapter of the dissertation proposes a dynamic model of the labor market which inte-

grates two main features: matching frictions and trade unions. To examine how trade unions

shape the volatility of wages over the business cycle, I decompose the volatility of wages into

two components: the volatility of the match surplus and the volatility of the effective bargaining

power. Formally, I define the effective bargaining power of the union as the share of the total

surplus allocated to the workers. Starting from the union’s objective function, I prove that its

effective bargaining power is endogenous and countercyclical. Intuitively, because the union

internalizes the relationship between the wage level and the job creation, it faces a trade-off

between the wage rate and the employment rate. Therefore, the union’s preferences (wage-

oriented or employment-oriented) fluctuate along the cycle and so does its effective bargaining

power. As a result, when the economy is hit by a productivity shock, the dynamics of the

union’s effective bargaining power partially counteract the dynamics of the total surplus and

this mechanism delivers wage rigidity. I specify a model in which a non unionized sector,

ix
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x

where wages are negotiated through a standard individual Nash bargaining, coexists with a

unionized sector. In the model calibrated with U.S. data, I find that a positive productivity

shock leads, on impact, to a compression of the union wage premium, followed by a steady

increase of this premium as the proportion of employed workers in the trade unions increases.

Relatedly, employment reacts stronger when wages are collectively bargained, but its pattern

features less persistence.

The second chapter documents the change in the cyclical properties of wages and the labor

share in the US and empirically relates these phenomena to the decline of the power of trade

unions. The correlation between real wages and productivity rose by 43% between the two

sub-periods 1948-1984 and 1984-2009. Based on the analysis of 119 US industries, the results

confirm that the declining power of trade unions participated largely to this phenomena. In-

deed, the labor share behaving less countercyclically as the power of trade unions decreases,

the procyclicality of wages is higher in industries with a low union coverage. This empirical

exercise confirm the prediction of the extended search and matching model presented in the

first chapter.

In the third chapter, I investigate a dynamic search and matching model with wage posting

where unemployed workers can receive several job offers each period. The combination of

search frictions and the possibility that workers have to choose among several job offers leads

to wage dispersion. Intuitively, the trade-off faced by firms between the size of their surplus

from the match and the duration of the vacancy explains why some firms decide to propose a

relatively high wage. I define the firms’ monopsony power as their ability to dictate the wage to

job searchers and show that monopsony power and wage dispersion are linked. To prove this,

I explore the dynamic properties of the labor market and find that in expansion, as the number

of job offers increases, the monopsony power of the firm dampens. Moreover, as the labor

market becomes more competitive, wages converge towards a unique (good) equilibrium. In

recession, as the probability that an unemployed worker only gets one offer goes up, the firms’

monopsony power increases. Because the labor market tends towards a pure monopsony, the

wage dispersion becomes smaller. The firms’ monopsony power is therefore countercyclical,

whereas the wage dispersion is inverted-U shaped.
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Cyclicality of Wages and Union Power

Abstract

This paper proposes a dynamic model of the labor market which integrates

two main features: matching frictions and trade unions. To examine how trade

unions shape the volatility of wages over the business cycle, I decompose the

volatility of wages into two components: the volatility of the match surplus and

the volatility of the effective bargaining power. Formally, I define the effective

bargaining power of the union as the share of the total surplus allocated to the

workers. Starting from the union’s objective function, I prove that its effective

bargaining power is endogenous and countercyclical. Intuitively, because the

union internalizes the relationship between the wage level and the job creation, it

faces a trade-off between the wage rate and the employment rate. Therefore, the

union’s preferences (wage-oriented or employment-oriented) fluctuate along the

cycle and so does its effective bargaining power. As a result, when the economy

is hit by a productivity shock, the dynamics of the union’s effective bargaining

power partially counteract the dynamics of the total surplus and this mechanism

delivers wage rigidity. Relatedly, employment reacts stronger when wages are

collectively bargained, but its pattern features less persistence.

Keywords: Search and matching; Trade unions; Cycles
JEL classification: J64; J51; E32

1
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2

1 Introduction

The role of trade unions is to protect the rights and interests of their members through
representation within firms. It includes negotiations with employers on behalf of the
workers for better wages and working conditions. Therefore, through their direct par-
ticipation in the wage determination process, trade unions impact the wage rate level
and shape its volatility. This paper integrates search and matching and trade unions
to propose a dynamic framework that accommodates two important sources of wage
volatility: the volatility of the match surplus and the volatility of the union’s effective
bargaining power, which is formally defined as the share of the total surplus obtained
by the workers. I then study how these two sources interact over the business cycle to
shed new light on the properties of the union wage volatility and thus on the properties
of the union wage premium volatility.

Specifically, the paper develops a tractable dynamic model that distinguishes and
compares two wage bargaining processes. The first one is the individual Nash bargain-
ing traditionally used in the search and matching literature. The second is characterized
by a collective Nash bargaining, where a unique trade union negotiates with firms on
behalf of its members, who are either employed or unemployed. Those firms react
in a second stage by deciding unilaterally how many vacancies to post. I show that,
when wages are collectively bargained, the maximization of the Nash product leads
to the following equilibrium condition: the share of the total surplus allocated to the
workers, I refer to this as the union’s effective bargaining power, is not constant but
rather fluctuates with the degree of labor market tightness. This new variable enters
the wage equation and its volatility gives rise to an additional source of wage volatility.
By studying the components of union wages, I make three contributions to our under-
standing of wage and unemployment fluctuations when wage negotiations take place
at a collective level. First, I propose a theoretical framework which allows me to ana-
lyze the union’s behavior over the cycle. In the present model, the union’s preferences
(wage-oriented or employment-oriented) are endogenous and react to the tightness of
the labor market. Moreover, the fluctuations of the union’s preferences are reflected
in the fluctuations of the union’s effective bargaining power. I demonstrate that this
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3

variable is in fact countercyclical, which leads to the second contribution of my work.
The union’s effective bargaining power enters naturally the wage equation. There-
fore, wage fluctuations are not only driven by the dynamics of the total surplus, but
also by the dynamics of this additional variable, whose cyclical properties are crucial:
the countercyclicality of the union’s effective bargaining power partially counteracts
the fluctuations of the total surplus which yields rigid wages. Collectively bargained
wages are less responsive to the business cycle than individually bargained ones, a
result which is consistent with, because directly derived from, the union’s utility func-
tion. Third, when the economy is hit by a positive productivity shock, the moderate
reaction of the union wage translates into a stronger response of employment. Since
the union’s effective bargaining power increases as the shock propagates, wages go
back slower towards their steady state values. In turn, the response of employment in
the union sector features less persistence.

This paper builds on Mortensen and Pissarides (1994) search and matching model
by introducing trade unions. Search frictions cause match-specific rents, as both the
employer and the employee would be worse off if the match ended, due to the delays
of filling a vacancy and finding a new job. Such a theoretical framework is promising
as it allows to explore different rent sharing rules, i.e. different wage setting processes.
Most of the search and matching literature proposes an individual Nash bargaining so-
lution, but alternatives have recently been investigated, often in order to improve the
ability of the model to account for the stylized facts of the business cycle .1 Despite this
growing strand of the literature, few papers focus on collective wage bargaining, even
though collective bargaining coverage is still high, particularly in Europe,2 despite the
overall decline in union density. In their role as a participant of wage negotiations,
their behavior affects necessarily the level and the volatility of wages. Because of

1Shimer (2005) points out that, at conventional parameters values, individually Nash bargained
wages are excessively volatile, depressing vacancy creation. As a result, employment is far less volatile
than in the data. Wage rigidity has been explored as a way to improve the performance of the model.

2For a recent study on wage bargaining institutions in most of European countries, United States and
Japan, see Caju, Gautier, Momferatou, and Ward-Warmedinger (2008). They provide among other data
on collective bargaining coverage and establish that this rate exceeds 80% in most western European
countries.
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this, it is important to take this institutional feature into consideration when model-
ing wage formation. Moreover, to introduce trade unions into a search and matching
framework is necessary in order to compare collective wage bargaining with individual
wage bargaining and to isolate its specificity. A first study integrating a trade union, in
the form of a monopoly union, in a search and matching framework is the one of Pis-
sarides (1986), extended subsequently by Delacroix (2006) and Garibaldi and Violante
(2004). These authors model wage determination in the presence of trade unions and
describe the negative impact of unionism on employment due to the union wage pre-
mium. However, they propose models in steady state which are incapable of giving any
insight on the specific volatility of collectively bargained wages. The model I develop
accounts for a dynamic structure of the role of trade union and allows a comparative
analysis of the dynamics of both types of wages.

In the present paper, I develop a bisectoral model economy: a non unionized sector
where wages are negotiated at an individualized level coexists with a unionized sector
where a union interacts with firms in a collective bargaining process over wages. The
crucial difference between the two wage setting processes is as follows. Search fric-
tions are turnover costs which give the workers or the union the power to bargain for
a wage higher than the reservation wage, higher than the wage for which the outsiders
would be willing to work. In an individual wage bargaining, an employed worker, in-
sider, makes full use of his bargaining power to push his wage to the highest possible
level, without taking into account the negative impact of this high wage on the firm’s
hiring decision and therefore on the unemployment rate. When wages are collectively
bargained, the presence of unions increases workers’ bargaining power as firms would
not be able to produce at all if both parties do not come to an agreement. This lower
fall back utility of firms enables the union to capture a larger share of the total rent. The
largely documented3 union wage premium reflects this difference in bargaining power.
More interestingly, the union internalizes the impact of wages on the firms’ incentive
to open vacancies and herewith gives consideration to the outsiders who face more
difficulty finding a job when wages are high. Indeed, the existence of unemployment

3See for example Blanchflower and Bryson (2002).
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5

and the threat of more unemployment is the major constraint of union power, and this
threat is materialized by the employer’s labor demand curve (the job creation curve).
The intuition works as follows. The concern of the trade union is the welfare of its
members, who can be either employed or unemployed. Therefore the union’s utility
function increases in both wages (though the insiders’ utility) and employment(though
the outsiders’ utility) and the negative relationship between these two variables rep-
resents the trade-off faced by the union. The level of wages the union is demanding
reflects its preferences over these two variables. As a result, for a same bargaining
power, the collectively bargained wage is lower than an individual one as employment
enters the utility function of the union.

The dynamic model I present allows me to compare how the two wage setting
processes affect the static characteristics of the labor market as well as its dynamic
properties. Therefore, I am able to point out the role of trade unions in shaping the
volatility of labor market variables. The argumentation consists of three steps. As a
start, I demonstrate that the preferences of the union over wages and employment fluc-
tuate depending on the tightness of the labor market. Indeed, the union’s preferences
reflect its members’ preferences, which are only based on the current status (insider
or outsider) of each member. Therefore, the composition of the union’s members, i.e.
the proportion of (un)employed workers, translates into the orientation of the union.
In good times, when the proportion of unemployed workers is low, the unemployment
issue is played down and the union pushes for high wages as a large proportion of its
members are employed and asking for a high wage rate. In bad times, when the stock
of unemployed workers is large, the union moderates the wages in order to boost hir-
ings. In addition, it is worth noticing that the union’s preferences translate directly into
the union’s effective bargaining power, which is defined as the fraction of the match
surplus gotten by workers. Therefore, the aforementioned mechanism has an impor-
tant implication: the union’s effective bargaining power is endogenous and decreasing
with unemployment. This finding is consistent with the empirical study of Aronsson,
Löfgren, and Wikström (1993) who test two models of wage determination, the first
characterized by a union’s bargaining power which is constant over time, the second
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where the bargaining power develops with unemployment and labor market character-
istics, using time series data for the Swedish construction sector. They find evidence
that unemployment tends to decrease the bargaining power of the union. Two other
papers (Campbell III (1997) and Fuess (2001)) confirm empirically this result. Using
U.S data, Campbell III (1997) finds that union wages are more sensitive to the unem-
ployment rate than non union wages. Fuess (2001) obtains from Japanese data that the
union power is positively correlated with GDP.

Second, I spell out how the union’s effective bargaining power affects wages. In
both sectors, the bargained wage is a weighted average of two threat points delimiting
the bargaining set, the weights being equal to the share of the match surplus obtained
by the workers. This share is endogenous in the collective bargaining setting. As a
result, the dynamics of the union wage are not only driven by the fluctuations of the
match surplus, but also by the fluctuations of the union’s effective bargaining power.

Central to my analysis is thus the additional source of wage volatility in the union
sector arising from the volatility of the effective bargaining power. In a third step, I
focus on the cyclical properties of this new variable, with the level of productivity as
the business cycle indicator, and prove its countercyclicality. To get the intuition be-
hind this result, consider a positive productivity shock. Both the union wage rate and
the employment level shift upwards, but employment reacts relatively smoothly.4 In
turn, the marginal rate of substitution of wage for employment increases, and it be-
comes more valuable for the union to foster employment as each worker benefits from
a higher surplus. On impact, the union converts the higher surplus into both higher
wages and higher employment, but the shift in its preferences creates a bias towards
employment. Subsequently, as the shock propagates in the economy and raises the
employment level, the union gives gradually more importance to the wage level. The
opposite mechanism works in case of an adverse productivity shock. Given the higher
reactivity of wages compared to employment, the union’s first concern is to avoid a
large decrease in the wage rate and therefore prioritizes wages over employment. In

4Note that firms take their hiring decision based on the difference between productivity and wage
rate. Employment fluctuates therefore less that wages. This is exactly the starting point of Shimer’s
critique.
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the following periods, as unemployment increases following the adverse shock, the
union tends to be more employment-oriented. The behavior of the union is therefore
totally explained by the changes in valuation of wages and employment over the cycle
and hence in changes in the marginal rate of substitution between these two elements.
A similar behavior, unions being more aggressive in bad time, is described by Free-
man and Medoff (1984) in their book What do unions do?, even though the underlying
argumentation differs. Indeed, they explain that one of the main factors behind the
countercyclicality of the union wage premium is “the greater capacity of unionized
workers to fight employers’ effort to reduce wages” when market conditions are un-
favorable. This has been proposed by the authors as the reason of the widening of
the union wage premium during the Depression of the decades 1920s, 1930’s. Blanch-
flower and Bryson (2004) confirm this theory, based on an empirical study of the union
wage premium in the US over the period 1973-2002.

The countercyclical properties of the union’s effective bargaining power is at the
core of the mechanism of wage rigidity. On impact, the dynamics of this variable
partially counteract the dynamics of the total surplus and make the union wage less
responsive to the business cycle. In the following periods, the response of the union
wage rate to the shock is more persistent in the presence of a union. Symmetrically,
employment reacts stronger on impact and features less persistence.

This model provides a convenient framework to analyze the role of unions in shap-
ing the volatility of wage and employment. In this sense, my paper is closely related to
three papers: Mattesini and Rossi (2007), Zanetti (2007b) and Faia and Rossi (2009).
These papers analyze how the response to productivity shocks of employment and
wage is affected by the presence of the union and find that the union dampens wage
dynamics and amplifies employment dynamics. However, none of these studies in-
tegrates trade unions into a search and matching framework, which is yet crucial in
order to understand the specific power of unions and its volatility, as well as the union
wage volatility. Moreover, a search and matching framework provides a natural way of
modeling the union’s objective function, from where the endogenous union’s effective
bargaining power is derived, and allows a clear comparison between individual and
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collective wage bargaining. Finally, the second source of wage volatility, which is at
the core of the origin of wage rigidity when wages are collectively bargained, is absent
of their analysis.

The paper proceeds as follows. The next section lays out the dynamic equations of
the model. I introduce within a search and matching framework a sectoral trade union
negotiating wages with firms on behalf of its members and I compare the wage forma-
tion process with a standard individual Nash bargaining setting. Section 3 focuses on
how the unions’ effective bargaining power evolves along the cycle and on how this
volatility impacts the volatility of union wages. Section 4 analyses quantitatively the
dynamic behavior of the model in case of disturbances (productivity shocks). Section
5 concludes.

2 The model

2.1 The environment

2.1.1 A dual labor market

Labor markets are generally characterized by both individual and collective wage for-
mation. The present model reproduces this feature. Indeed, in the bisectoral model
economy, two producing sectors coexist: the non unionized sector denoted by the su-
perscript N and the unionized sector denoted by the superscript U . The unique dif-
ference between these two sectors stands in the wage bargaining process. In the non
unionized sector, wages are negotiated at an individualized level, i.e. employers and
employees agree on wages through a bilateral bargaining process. In the opposite, in
the unionized sector, they are collectively bargained at the sectoral level, meaning that
a unique union negotiates wages with firms on behalf of its members. More precisely,
I make two assumptions regarding the unionized sector. First, based on the observation
that the bargaining process over wages takes mainly place at the sectoral level (OECD
(1994), Caju, Gautier, Momferatou, and Ward-Warmedinger (2008)), I assume that all

Tesi di dottorato "ESSAYS IN LABOR ECONOMICS"
di MORIN ANNAIG
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



9

the firms belonging to the unionized sector are engaged in collective bargaining over
wages. Second, the membership rule is such that each worker in the sector is union-
ized, regardless of his employment status.5

The workers are unable to switch between sectors because each occupation requires
specific skills and an extensive investment in training and qualifications.6 This seg-
mentation can be brought together with the dual labor market described by Doeringer
and Piore (1971) where a primary market with relatively high wages, high degree of
concentration, and powerful unions, coexists with a secondary market with opposite
characteristics.7 As presented in MacDonald and Solow (1985), the existence of some
sort of barriers prevents free movement across sectors.

Some empirical studies (Nickell (1997), Nickell and Layard (1999)) show that a
better measure of the unions’ size is provided by the collective bargaining coverage
rate, given the presence of excess coverage in several countries. This rate is sluggish
(Cahuc and Zylberberg (2004)) which justifies the assumption that the share of work-
ers belonging to each sector is fixed in the short run.

2.1.2 Timing

At the beginning of the period, an exogenous shock occurs. Existing matches have a
probability λi (where i = N,U denotes respectively the non unionized and unionized
sector) to end. Subsequently, firms post vacancies and searching firms and unemployed
workers meet. This matching process is time-consuming meaning that only a certain
percentage of unemployed workers and firms actually form a match each period. The
number of new matches in sector i at time t, mi

t , is determined through a matching func-
tion increasing in both the size of the pool of unemployed workers searching for a job
ui

t and the size of the pool of vacancies vi
t . At the end of the period, production takes

5In the more generalized case where workers who have been laid off for more than a certain number
of periods loose membership, the qualitative results would remain valid.

6The utilities sector makes a good example of the unionized sector, whereas the financial sector can
represent the non unionized one.

7See also Silvestre (1971) who uses such a labor market segmentation to describe the French industry
since 1945.
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place with a level of employment ni
t and salaries are paid. Notice that in this frame-

work, newly employed workers start to produce within the same period. This allows
firms to react immediately when facing a shock, in posting more or less vacancies.

Concerning the point in time when wages are negotiated, the two sectors differ.
In the non unionized sector, by the very nature of individual wage bargaining, wages
are negotiated once each firm-worker pair has been formed. Firms rationally antic-
ipate the outcome of the wage negotiations when deciding the number of vacancies
to post. In the unionized sector, I assume a right-to-manage timing, based on a se-
quence à la Stackelberg where the union first bargains with firms over wages and then
firms respond by unilaterally determining employment. This timing contrasts with the
one adopted in the search and matching literature but is common practice both in the
trade unions literature and in papers integrating trade unions into search and matching
frameworks (see Pissarides (1986), Mortensen and Pissarides (1999) and Delacroix
(2006)).

2.1.3 Stocks and flows

The labor force is homogeneous and normalized to one, out of which αN ∈ (0,1) be-
long to the non unionized sector and αU = 1−αN belong to the unionized sector.
Employment in sector i = (N,U) at the end of period t, ni

t , evolves according to the
following dynamics:

ni
t = α

i−ui
t +mi

t (1)

whereas the number of unemployed workers at the beginning of period t evolves as:

ui
t = α

i− (1−λ
i)ni

t−1 (2)

Plugging (2) into (1), I get:

ni
t = (1−λ

i)ni
t−1 +mi

t (3)
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Notice that the law of motion of end-of-period unemployment, ūi
t , is:

ūi
t = α

i− (1−λ
i)ni

t−1−mi
t

and that, by the normalization of the labor force:

ūN
t + ūU

t +nN
t +nU

t = 1

The matching process in sector i is summarized by the following function:

mi
t = σmui

t
σuvi

t
1−σu (4)

where σm is the matching process efficiency.

The vacancy filling rate is qi
t(θ

i
t) = mi

t
vi

t
, where θi

t = vi
t

ui
t

represents the market tight-

ness, and the job finding rate is pi
t(θ

i
t) = mi

t
ui

t
. The matching process presents a conges-

tion externality in the sense that the slacker the labor market, the higher the probability
for a vacancy to be filled and the lower the probability for an unemployed worker to
find a job.

2.2 Solving the model

Two optimal decisions have to be derived: the optimal hiring decision of firms, in
terms of number of vacancies to post for any anticipated (in the non unionized sector)
or observed (in the unionized sector) wage rate, and the optimal wage.

2.2.1 Vacancy posting decision

Firms are assumed to be large enough so that by the law of large number the fraction
of vacancies filled in each firm is equal to the vacancy filling rate of the sector.

Firms are similar which allows me to focus on a representative firm in each sector.
The output in sector i is given by: yi

t = ztni
t where zt is the productivity level common
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to both sectors. The production costs consist of the wage cost and the cost of post-
ing vacancies (c per vacancy). In the non unionized sector, the employment level is
determined before wages are negotiated. Therefore, in case wages would depend on
the scale of the firms, employers would have the possibility to manipulate the wage
through their employment policy. When choosing the number of vacancies to post,
wages would be taken into account as a function of the employment level. For simplic-
ity reason, I avoid this issue by assuming constant returns to scale in the production
function. As shown by Cahuc and Wasmer (2001), the intra-firm bargaining element
vanishes in this case. In the unionized sector, given that firms take their hiring deci-
sion in a second stage, once the wage rate has been negotiated, the wage schedule is
observed and such an intra-firm bargaining issue is therefore irrelevant.

The number of posted vacancies results from the following profit’s maximization
process:8

max
vi

t

F i
t (n

i
t) = ztni

t−wi
tn

i
t− cvi

t +EtβF i
t+1(n

i
t+1)

s.t. ni
t = (1−λ

i)ni
t−1 +qi

tv
i
t

The first order condition is given by:

∂F i
t

∂vi
t

= ztqi
t−wi

tq
i
t− c+Etβ

∂F i
t+1

∂ni
t

qi
t = 0 (5)

Using the envelope condition and equation (5), I obtain the expression of ∂F i
t

∂ni
t−1

:

∂F i
t

∂ni
t−1

= (1−λ)
c
qi

t
(6)

8Because the intra-firm bargaining element, which could arise in the non unionized sector, vanishes
due to the assumption of a constant returns to scale production function, I do not write down the con-
straint represented by the wage equation wN

t = wN
t (nN

t ).
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Plugging equation (6) into equation (5), I obtain the job creation equation (JC):

c
qi

t
= zt−wi

t +Etβ(1−λ
i)

c
qi

t+1
(7)

This result establishes that firms post vacancies up to the point where the cost of
posting a vacancy c times the expected duration of the vacancy 1

qi
t

equals the contribu-
tion of the worker to the flow of profit plus the vacancy posting cost saved by the firm
in t +1 in case the match does not end.

2.2.2 Wage negotiation

Wage negotiation in the non unionized sector In this sector an individual bargain-
ing process takes place over the wage between employers and employees once the
matching process has taken place.

The Nash-bargained wage maximizes the product of the net gains of agreement
for both parties. At the conclusion of the bargaining, the marginal match provides a
welfare W N

t to the worker, with W N
t being defined as:

W N
t = wN

t +Etβ
[
(1−λ

N +λ
N pN

t+1)W
N

t+1 +λ
N(1− pN

t+1)U
N
t+1
]

(8)

whereas the worker obtains a welfare of UN
t , with UN

t being defined as:

UN
t = b+Etβ

[
pN

t+1W N
t+1 +(1− pN

t+1)U
N
t+1
]

(9)

if the bargaining fails. Notice that, due to the homogeneity of the labor force and to
the similarity of the firms, the value of employment for the marginal worker is the
same for all the employees, regardless of the firm they are working in. As for the
firms, the marginal match contributes to the flow of profit up to the marginal value of
employment ∂FN

t
∂nN

t
, without regards to the vacancy posting costs which are sunk at the

time of the wage negotiation. Therefore, the expression for the value of the marginal
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job is:
∂FN

t

∂nN
t

∣∣∣
vN

t =v̄N
t

:= JN
t = zt−wN

t +Etβ(1−λ
N)JN

t+1 (10)

Hence, the Nash bargained wage results from the following maximization program:

max
wN

t

[W N
t −UN

t ]η
N
[JN

t ]1−ηN

where ηN ∈ [0,1] is the workers’ bargaining power.

The first order condition states that the share of the total surplus allocated to the
workers is equal to their bargaining power:

W N
t −UN

t

W N
t −UN

t + JN
t

= η
N (11)

Rearranging this first order condition and using the expression of the values JN
t ,

W N
t and UN

t , I obtain the equilibrium wage rate in sector N:

wN
t = η

N [zt +Etβ(1−λ
N)cθ

N
t+1]+ (1−η

N)b (12)

The bargaining set is delimited by two threat points and contains an infinity of
equilibrium wage rates. The sharing rule allocates a constant share of the bargaining
set to the worker and the firm. Unlike in the walrasian model, the wage does not equate
the worker’s productivity. Indeed, the wage rate is a function of two labor market
parameters: the cost of posting vacancies and the level of unemployment benefits.
Moreover, and more importantly, the wage varies with the degree of the labor market
tightness in the following period. To see this, consider an increase in the number of
posted vacancies in t + 1. The duration of a vacancy increases, along with the real
cost of posting a vacancy c

qt+1 . This translates in period t into a bigger saving of
hiring cost in case of match and therefore into a higher value of employment for the
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firm and a higher total surplus. The workers surplus being a fixed part of the total
surplus, the wage increases. The same reasoning can be followed with an increase
of unemployment which leads to a decrease of the worker’s surplus and finally of the
wage rate.

The efficiency condition, established by Hosios (1990), entails that the bargaining
power of the workers ηN should equal the elasticity of the vacancy filling rate to the
degree of labor market tightness σu. Indeed, if this condition is respected, the number
of posted vacancies is equal to the one which would prevail in an economy where firms
take into account that the vacancy filling rate decreases with the number of posted
vacancies.

Wage negotiation in the unionized sector Unlike several recent papers studying
trade unions and business cycles (Zanetti (2007a), Mattesini and Rossi (2007), Faia
and Rossi (2009)) who adopt a monopoly union model, I assume that, at the beginning
of each period, the union bargains with the firms over the wages. Subsequently, firms
decide unilaterally the number of vacancies to post, based on the wage rate previously
negotiated. This right-to-manage model, in line with Nickell (1982) and Nickell and
Andrews (1983), allows me to keep the analysis as general as possible.9

Net gain of agreement for the union. I assume that the unique concern of the
union is the welfare of its members, who are either employed or unemployed. At the
time the wage rate is bargained over, αU − uU

t members are employed and will attain
with certainty the level of utility WU

t at the end of the period, while uU
t members are

unemployed, out of which pU
t uU

t will form a match and attain the level of utility WU
t at

the end of the period, the remaining (1− pU
t )uU

t attaining the level of utility UU
t . The

utility of the union is assumed to be the sum of the end-of-period utility levels of its

9Right-to-manage bargained wages are not Pareto-efficient. Efficient contracts can be obtained if
firms and unions would bargained simultaneously over wages and employment, as shown by Leontief
(1946). However, as argued by Calmfors and Horn (1986) and Oswald (1993), negotiations do generally
not include employment explicitly.
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members and takes consequently the following form:

Ωt = (αU −uU
t )WU

t +uU
t [pU

t WU
t +(1− pU

t )UU
t ]

Ωt = nU
t (WU

t −UU
t )+α

UUU
t (13)

Because all the workers of the sector would be unemployed in case of failure of
the wage negotiation, the fall back welfare of the workers is αUUU

t . Therefore, the
union’s net value of agreement is nU

t (WU
t −UU

t ). As mentioned earlier, due to the as-
sumptions of homogeneity of the labor force and the similarity of the firms, the value
of employment for the marginal worker is the same for all the employees. Moreover,
due to the constant returns to scale production function, the wage rate is independent
from the level of employment and the welfare values WU

t and UU
t represent respec-

tively the employment and unemployment values of both the marginal and the average
worker. Because of this, WU

t −UU
t can be interpreted as the average worker’s surplus

and nU
t (WU

t −UU
t ) as the total surplus of the workers.

This utilitarian specification presents several advantages. First, this specification,
in keeping with MacDonald and Solow (1981) and Oswald (1982), is a common ap-
proach in the trade union literature (see Calmfors (1982), Sampson (1983), Kidd and
Oswald (1987), Pissarides (1986) among others). Second, it allows a immediate com-
parison of the workers’ objectives across sectors. Indeed, while each worker in sector
N seeks to maximize his own surplus W N

t −UN
t , the union aims at maximizing the

sum of the workers’ surpluses nU
t (WU

t −UU
t ). Both the workers and the union foresee

that their demands will affect the hiring decision of the firms. However, the specificity
of the unionized sector is that the union internalizes the negative impact of wages on
employment when negotiating wages, because it seeks to maximize not only the in-
dividual surplus but also the proportion of workers receiving this surplus. Third, the
search and matching framework provides a natural way of modeling the workers’ fall
back utility UU

t , which is not fixed but fluctuates with the expected evolution of the
degree of market tightness. Fourthly, the unions’ objective is directly derived from the

Tesi di dottorato "ESSAYS IN LABOR ECONOMICS"
di MORIN ANNAIG
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



17

members’ preferences, which is not the case with Stone-Geary utility forms. Moreover,
the unions’ specification, as described by equation (13), allows for political considera-
tions. Indeed, even if employment and wages have equal weight in the unions’ utility
function, I will show later in this section that the relative importance of these issues is
endogenous and varies along the cycle.

Net gain of agreement for the firms. For the firms, the fall back position is zero.
Indeed, if the bargaining with the union fails and no wage agreement is found, the
firms can not find any non unionized workers in the sector to be able to produce. If
the bargaining is successful, each firm gets an end-of-period profit FU

t + cvU
t , because

the vacancy filling costs, being paid at the middle of the period before the matching
process takes place, are sunk at the end of the period (even though they are not sunk
at the time of the bargaining).10 It is showed in Appendix A that, in both sectors, the
profit of the firms can be written as a function of the marginal value of employment:

F i
t = ni

tJ
i
t − cvi

t

This implies that the net gain for the firms is equal to nU
t JU

t . It also implies that JU
t

represents the firms’ ex post (i.e. once the vacancy filling costs have been sunk) em-
ployment value of both the marginal and the average match.

Wage equation. From equation (13), one can observe that the utility of the union
depends both on the rate rate and on the employment level. A high wage rate increases
the individual worker’s surplus, but, because the job creation curve is downward slop-
ing, lowers the incentive for the firms to post vacancies, and therefore lowers the em-

10This choice of eliminating the vacancy filling costs in the wage bargaining is done in order to ease
the comparison with the non unionized sector. Otherwise, the differences in the wage equations across
sectors would stem from both the difference in the level at which the wage bargaining takes place and the
difference in the timing (ex ante wage bargaining in the unionized sector, and ex post wage bargaining
in the non unionized sector).
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ployment rate.

Ωt = Ωt(wU
t ,nU

t (wU
t )) with Ω

′
w > 0, Ω

′
n > 0 and n′w < 0

The negative correlation between the wage rate and the job finding rate embodies the
trade-off faced by the union. This trade-off would disappear in case the vacancy post-
ing decision were taken before the wage bargaining and both wage negotiation pro-
cesses would lead to the same equilibrium. In this sense, the timing assumption is
crucial is this sector.11

The union maximizes therefore its objective function containing wage and employ-
ment, constrained by the firms’ labor demand function12, the job creation curve, and
the maximization program of this right-to-manage model is written as the following:

max
wU

t

[nU
t (WU

t −UU
t )]η

U
[nU

t JU
t ]1−ηU

s.t JC curve: c
qU

t
= zt−wU

t +Etβ(1−λU) c
qU

t+1

where ηU is the union’s bargaining power.

The FOC leads to the following equilibrium condition which states that the share
of the total surplus allocated to the workers is (see Appendix B.1):

WU
t −UU

t

WU
t −UU

t + JU
t

= η̃
U
t (14)

11To see this, consider the alternative timing were vacancies are posted ex ante. With this timing, the
hiring decision would be based on the expected, or promised, wage level. But the union can not credibly
announce that it will moderate the wage rate in order to promote hirings. Indeed, once the vacancies
have been posted, nothing prevent the union to deviate from its announcement and push the wage to
the highest possible level. With this timing, the level of employment nU

t would be taken as given. The
maximization program would be reduced to the case of the wage bargaining of the average match, which
is equal to the wage bargaining of the marginal match due to the constant returns to scale.

12For an empirical test of this maximization program, see Dertouzos and Pencavel (1981).
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where

η̃
U
t =

ηU σunU
t

σunU
t +(1−σu)mU

t
≤ η

U

I define the concept of effective bargaining power of a agent (workers or union) as
the share of the total surplus allocated to the workers . In the non unionized sector, bar-
gaining power and effective bargaining power are two similar concepts: the workers’
bargaining power equals the share of the surplus allocated to the workers (see equation
(11)). In the unionized sector, these two concepts are different: the union’s bargaining
power ηU does not equal the unions’ effective bargaining power η̃U

t .

It follows from equation (14) that the wage curve in the unionized sector is (see
Appendix B.2):

wU
t = η̃

U
t

[
zt +Etβ(1−λ

U)cθ
U
t+1

]
+(1− η̃

U
t )b−Θt (15)

where
Θt = Etβ(1−λ

U)
c

qU
t+1

(1− pU
t+1)

η̃t+1− η̃t

1− η̃t+1

Two comments are in order when considering the wage equation (15) and when
comparing it with the corresponding equation for the non unionized sector, equa-
tion (12). First, the structure of the equation is the same as in the non unionized
sector, with the two same extreme wage levels which demarcate the bargaining set,
zt + Etβ(1−λU)cθU

t+1 and b. Indeed, the third term in the right hand side of equation
(15), Θt , which indicates how the expected evolution of the union’s effective bargain-
ing power impacts the workers’ demand, becomes negligible as the persistence of the
model increases. Second, unlike in the non unionized sector, the sharing rule does not
allocate a constant share of the bargaining set to the union and to the firm. Indeed,
the weights, η̃t and (1− η̃t), are not fixed but endogenous. These remark leads to an
important result. The fluctuations of the wage rate in the unionized sector stem from
two different sources: the fluctuations of the total surplus and the fluctuations of the
union’s effective bargaining power.
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Union’s effective bargaining power. In order to get the intuition behind the prop-
erties of the union’s effective bargaining power, I write it as an expression of the
beginning-of-period stock of unemployed workers uU

t and the out-of-unemployment
probability pU

t :

η̃t = η
U

σu( 1
uU

t
−1+ pU

t )

σu( 1
uU

t
−1)+ pU

t
(16)

for which the following properties hold:

∂η̃t

∂uU
t

< 0
∂η̃t

∂pU
t

< 0

The union’s effective bargaining power is equal to its bargaining power ηU multi-
plied by a second term smaller than one and decreasing in both the beginning-of-period
unemployment level and the job finding rate.

To understand the negative correlation between the union’s effective bargaining
power and the beginning-of-period unemployment level, consider the union’s utility
function, equation (13). The union’s preferences reflect its members’ preferences,
which are only based on the current status (insider or outsider) of each member. In-
deed, the determination of the union’s preferences being renewed each period, no com-
mitment forces the workers to take into account their expected status in the following
periods. Therefore, the current composition of the union’s members, i.e. the propor-
tion of (un)employed workers, translates into the orientation of the union. If the period
starts with a large stock of unemployed workers, the union tends to moderate the pres-
sure on the wage rate to give the firms the incentive to post vacancies. The union is
naturally more willing to boost employment the more relevant the unemployment is-
sue is, because a relatively large proportion of its members are outsiders who benefit
from a moderate wage rate. By the same token, if the employment level is high at the
beginning of the period, the union is more wage oriented as the unemployment issue
is played down and a relatively large share of its members are employed and claiming
for a high wage rate.
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Consequently, I find the following salient result. The union’s preferences over
wages and employment, driven by the proportion of (un)employed workers within the
union, are endogenous and fluctuating with the situation on the labor market. Said
differently, the degree of market tightness reflects on the composition of the unions
and, through this channel, shapes the unions’ preferences over wages and employment.

Notice that in the theoretical case where there were no unemployment at the be-
ginning of the period (or more realistically, if unemployed workers were not taken into
consideration by the union), the union’s effective bargaining power would be equal to
its bargaining power ηU . The result would be similar to an individual Nash bargain-
ing. Indeed, in this case, the union’s members would all have the same preferences
over wages and employment (they would claim for a high wage rate), and the union
would make full use of its bargaining power to push the wage to the highest possible
level. The collectively bargained wage rate departs from the individually bargained
one only because the union is partly composed by unemployed workers who value em-
ployment and wages differently compared to employed workers. The heterogeneity of
the union’s members introduces political considerations and reflects the internal con-
flict within the union. The higher the proportion of unemployed workers, the stronger
the downwards pressure on the wage rate, the lower the union’s power to drag a large
part of the total surplus. As a result, the composition of the union impacts the outcome
of the wage negotiation.

Next, concerning the negative correlation between the union’s effective bargaining
power and the job finding rate, two observations have to be made. First, notice that
this job finding rate reflects the scale of the search frictions characterizing the labor
market. The smaller these frictions, the faster the job finding. Second, the match-
specific rents are generated by the search frictions. Therefore, the smaller the search
frictions are, the closer the labor market is from a competitive market, where the wage
rate equals the reservation wage. Combining these two observations, the mechanism
behind the negative correlation between the union’s effective bargaining power and the
job finding rate is the following. When the labor market converges towards a compet-
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itive market (when the search frictions becomes negligible), the probability to find a
job tends towards infinity and the workers’ surplus fades. This induces the vanishing
of the union’s effective bargaining power. In turns, the wage rate tends towards the
competitive outcome, i.e. the reservation wage. And vice versa.

3 Countercyclical union power

In this section, I seek to illustrate the mechanism through which wage rigidity arises
when wages are collectively bargained. The degree of wage rigidity is assessed based
on how the wage fluctuates when the economy is hit by a productivity shock.

3.1 Linearization

In order to analyze the channels through which the productivity shock affects the labor
market, I consider a log-linear approximation of the model.

• (End of period) employment dynamics:

n̂N
t =−λN

pN ûN
t +λ

Nm̂N
t n̂U

t =−λU

pU ûU
t +λ

U m̂U
t

• (Beginning of period) unemployment dynamics:

ûN
t =− pN

λN (1−λ
N)n̂N

t−1 ûU
t =− pU

λU (1−λ
U)n̂U

t−1

Using these two equations and the Beveridge curve, I can write:

n̂N
t = (1−λ)n̂N

t−1 +λ
Nm̂N

t n̂U
t = (1−λ)n̂U

t−1 +λ
U m̂U

t
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•Matching process:

m̂N
t = σuûN

t +(1−σu)v̂N
t m̂U

t = σuûU
t +(1−σu)v̂U

t

• Vacancy filling rate:

q̂N
t = m̂N

t − v̂N
t q̂U

t = m̂U
t − v̂U

t

• Job finding rate:

p̂N
t = m̂N

t − ûN
t p̂U

t = m̂U
t − ûU

t

• Labor market tightness:

θ̂
N
t = v̂N

t − ûN
t θ̂

U
t = v̂U

t − ûU
t

• JC curve:

θ̂
N
t = φ

N ẑt−φ
Nw̄NŵN

t +β(1−λ
N)θ̂N

t+1

θ̂
U
t = φ

U ẑt−φ
U w̄U ŵU

t +β(1−λ
U)θ̂U

t+1

where w̄i = wi

z , φi = 1
σuCi and Ci = c

zqi , i = N,U .

•Wage rate:

ŵN
t =

ηN

w̄N ẑt +
ηN

w̄N

[
β(1−λ

N)c̄θ
N]

θ̂
N
t+1 (17)

ŵU
t =

η̃

w̄U ẑt +
η̃

w̄U

[
β(1−λ

U)c̄θ
U]

θ̂
U
t+1 +

η̃

w̄U

[
(1− b̄)+β(1−λ

U)c̄θ
U] ˆ̃ηt + ˆ̃Ot (18)

where ˆ̃Ot = 1
w̄U

[
β(1−λU)CU(1− pU) η̃

1−η̃

]
( ˆ̃ηt− ˆ̃ηt+1)

and b̄ = b
z , c̄ = c

z and CU = c
zqU .
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• Union’s effective bargaining power:

ˆ̃ηt =−
(

γ
U(1−λ

U +
λU

pU )
)

ûU
t −

(
γ
U(1−σu)(1−λ

U)
)

θ̂
U
t (19)

where γU = (1−σu)λU

(1−σu)λU+σu
.

3.2 Countercyclical effective bargaining power and wage rigidity

Equation (19) reveals that the union’s effective bargaining power is countercyclical.
Indeed, uU

t being the beginning-of-period unemployment, it does not shift on impact
and the labor market tightness is obviously procyclical.

The intuition behind this property works as follows. Consider the utility function
of the union, equation (13), which is increasing in both the wage rate and the level of
employment. A productivity shock impacts both variables, but the wage rate reacts
relatively more than the employment level. Indeed, the vacancy posting decision being
motivated by the difference between the level of productivity and the wage rate, the
reaction of the employment level is smoother than the one of the wage rate. This leads
to the following observation: a productivity shock modifies the marginal utility of
both the employment level and the wage rate and hence modifies the marginal rate
of substitution between these two elements. Said differently, a productivity shock
alters the relative value that the union attaches to the employment level and the wage
rate. To see this, consider a positive productivity shock. The wage rate increases
relatively more than the employment level. After the shock, an additional increase
in the employment level therefore provides a higher level of utility than previously,
relative to an additional increase in the wage rate. The marginal rate of substitution of
wage for employment increases. This leads to a shift in the union’s preferences towards
employment. Intuitively, because the wage rate and therefore the worker’s surplus are
relatively reactive, it becomes more valuable for the union to foster employment when
a positive shock occurs as each worker benefits now from a greater surplus.

As a result, the orientation, or preferences, of the union fluctuates along the cycle
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in the following way. By the aforementioned mechanism, when a positive productiv-
ity shock occurs, the union becomes, on impact, more employment-oriented. In the
following periods, as employment goes up and the wage rate goes back to its steady
state value, the marginal utility of employment decreases while the marginal utility of
the wage rate increases. This leads to a decrease of the marginal rate of substitution of
wage for employment. The union gives therefore more and more importance to wages
relative to employment. The opposite occurs when the economy is hit by an adverse
productivity shock. The union becomes more aggressive on impact, and more populist
as the shock propagates in the economy.

Consequently, the wage rate is driven by two variables: the procyclical surplus from
the match and the countercyclical unions’ effective bargaining power. The fluctuations
of the second variable, which is fixed in the non unionized sector, is at the core of the
wage rigidity mechanism. Indeed, the dynamics of the union’s effective bargaining
power partially counteracts the dynamics of the total surplus and, as a result, dampens
the wage rate fluctuations.

My comments are twofold. First, the current model provides a micro foundation
for the wage rigidity. Collectively bargained wages are less responsive to the business
cycle not because of any ad hoc mechanism but because of the countercyclical prop-
erties of a union-specific variable which arises directly from the union’s maximization
program and enters the wage equation. Second, it is worth noting that the nature of
the wage rigidity arising here contrasts with a part of the literature that models either
constant wages either wages with a backward-looking component, often with the view
to amplify the volatility of unemployment and vacancies and thus to respond to the
Shimer critique. For instance, Hall (2005) followed by Shimer (2004) assume that
wages do not fluctuate with the cycle and are set at a constant socially acceptable level.
In Krause and Lubik (2007), the wage is a weighted average of the Nash bargained
wage and a wage norm. Gertler and Trigari (2009) introduce a staggered wage setting,
where only a certain proportion of the contracts are renegotiated each period. In Blan-
chard and Gali (2007), Christoffel and Linzert (2006) and Shimer (2010), the wage is
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a weighted average of the past wage level and a current equilibrium wage level13. In
the present model, the union wage rate fluctuates with the current productivity level
and is not an explicit function of its past value, i.e. it is not a state variable. Notwith-
standing, the union wage rate is function of the characteristics of the labor market at
the beginning of the period, specifically of the level of employment which determines
the composition of the union. Therefore, past labor market conditions impact the wage
rate indirectly through the beginning-of-period employment level. This opens a second
channel though which shocks propagate. It is in sharp contrast with the non unionized
sector, where such a propagation mechanism does not exist. Indeed, when wages are
individually bargained, they are independent of the beginning-of-period employment
level and hence of previous levels of productivity.

4 Quantitative assessment of the model

In this section the quantitative properties of the model are investigated by studying the
impulse response of the labor market to a positive productivity shock in both sectors.

4.1 Calibration

The calibration of the model is described in table 1. These values are chosen to match
the empirical regularities of U.S.

I interpret a period as a month. The discount factor is set to 0.991/3 which corre-
sponds to a yearly interest rate of 4% commonly used in the macro-RBC literature.

The log productivity level zt is assumed to follow an AR(1) process: log(zt) =
ρ log(zt−1)+ εt where ε ∼ N(0,σ2). The persistence of the technology shock is set to
ρ = 0.98 and the standard deviation to σ = 0,008. This standard calibration is used by
Rogerson and Shimer (2010) and is based on the estimations of Cooley and Prescott
(1995). The mean of z is normalized to one.

13This current equilibrium wage level is the Nash bargained wage level in Christoffel and Linzert
(2006) and Shimer (2010) and the marginal rate of substitution between consumption and leisure in
Blanchard and Gali (2007).
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Table 1: Calibration

Description Parameter Value
Stochastic process for labor productivity
Autocorrelation ρ 0.98
Standard deviation σ 0.008

Common parameters
Discount rate β 0.991/3

Elasticity of m with respect to u σu 0.5
Unemployment income b̄ 0.8
Efficiency of the matching process σm 0.6364 set to target θN = 0.5
Vacancy posting cost c 0.3553 set to target pN = 0.45

Non unionized sector
Separation rate λN 0.1/3
Workers’ bargaining power ηN 0.5

Unionized sector
Separation rate λU 0.1/3
Unions’ bargaining power ηU 0.9

I target the probability pN that an unemployed worker forms a match within the
period to 45%, implying unemployment spells of around two months. This choice is
consistent with Hall (2005) who estimates an monthly job finding rate of 0.48% and in
line with the measure of this rate presented by Rogerson and Shimer (2010) for the US
for the period 1948-2009. Each match has a probability to end λN set to 0,1/3. This
value is comprised within the broadly accepted range of 8%− 10% proposed by Hall
(2005) and is similar to Shimer (2005) who measures this exit probability at 0,1/3 in
average in the US. I target the degree of labor market tightness θN to 0.5, which is
consistent with the estimate of 0.539 obtained by Hall (2005).

Considering the matching process, two parameters have to be discussed. First,
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the weight on unemployment σu, which represents the elasticity of the matches with
respect to unemployment but also the elasticity of the vacancy filling rate with respect
to the labor market tightness, is set equal to 0.5. This value is consistent with the
range [0.5−0.7] proposed by Burda and Wyplosz (1994) based on estimations of the
matching function for some western European countries.14 Second, σm is obtained
from steady state calculations.

Following the literature, I set the value of ηN to 0.5 to satisfy the Hosios condition15

and therefore to obtain an efficient decentralized equilibrium. This value is suggested
by Mortensen (1994) and Mortensen and Pissarides (1994) for reasons of symmetry.

In contrast with the other parameters and targets, there exists a debate about the
value of non work activity b̄ = b/z, revived by the recent paper by Hagedorn and
Manovskii (2008) which proposes a new estimate of this value at 0.95. Indeed, unlike
Shimer (2005) who restricts the value of non work activity to the unemployment bene-
fits and sets b̄ equal to 0.4, Hagedorn and Manovskii (2008) additionally integrate the
home production and the value of leisure. Delacroix (2006) also distinguishes within
the unemployment income set at 0.6 a home production of 0.3 and unemployment
benefits of 0.3, the value of b is set at 0.6. In order to keep my results as plausible as
possible, I choose an average value of 0.8.

If the same effective bargaining power were applying for the workers in the non
unionized sector and for the unions in the unionized sector, the steady state values
would be equal in both sectors. This condition can be written as the following: ηU =
η̄U s.t. η̃(η̄U) = ηN .

That the presence of unions increases workers’ bargaining power is beyond dispute.
Indeed, the fall back level of utility is lower in case of collective wage bargaining as the
firms are not producing at all in case of disagreement. This observation requires to fix
the unions’ effective bargaining power η̃ greater than the workers’ bargaining power
ηN , or equivalently to set ηU > η̄U . In the search and matching literature, the value of

14See Petrongolo and Pissarides (2001) for a literature review on the estimation of the matching
function’s parameters.

15See Hosios (1990).
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the workers bargaining power is generally set at 0.5 for symmetry reason because of a
lack of evidence. There is not more evidence for the value of the unions’ bargaining
power ηU beside the observation that it lies in the interval [η̄U , 1]. I set ηU = 0.9
in the baseline calibration and propose in the last section to check the implications of
alternative values (ηU = η̄U , ηU = 0.7 and ηU = 1) for the model’s dynamics.

In order to ease the comparison between the two sectors and to identify the speci-
ficity of the collective wage bargaining, the separation rate in the unionized sector is
set equal to the one prevailing in the non unionized sector. A robustness check with an
alternative calibration for λU is provided in the last section.

The steady state of the model is shown in table 2. In the non unionized sector, the
steady state beginning-of-period unemployment rate u is at 7.1%. The same rate in 10
percentage points higher in the unionized sector. This result is quantitatively in line
with the one proposed by Delacroix (2006). The high level of the wage rate in the
unionized sector decreases the firms’ value of employment and restrains the vacancy
postings. As a result, the unemployment rate is higher and the unemployment duration
is larger.

Table 2: Steady State

Sector N Sector U
Wage 0.985 0.995
Vacancies 0.036 0.012
Unemployment rate 7.1% 17.1%
Unemployment duration 2.2m. 6m.

4.2 Dynamics

In this section, I first study the business cycle properties of the model with the baseline
calibration. In a next step, I check the robustness of the results for alternative values of
ηU and λU .
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4.2.1 Impulse responses to productivity

Figure 1 shows the response of the labor market to a positive productivity shock of
one standard deviation. In order to disentangle the effect on the labor market dynamics
of, in one hand, the difference in steady state (called steady state effect) and, in the
other hand, of the volatility of the effective bargaining power (called bargaining power
effect), I show with the dotted line the dynamics of a non unionized sector artificially
pushed at the steady state level of the unionized sector. This artificial case is referred to
as the intermediate sector. The difference between the dashed line (unionized sector)
and the dotted line only stems from the volatility of the effective bargaining power.
The difference between the plain line (non unionized sector) and the dotted line arises
from the difference in steady state between the two sectors.

Let us first compare the unionized sector with the intermediate one. The key of the
mechanism lies the countercyclical unions’ effective bargaining power, which contrasts
with the fixed workers’ bargaining power in the non unionized sector. On impact, its
decrease slightly dampens the volatility of the wage (the dashed line lies below the
dotted line), enough to create a extra surplus for the firms which react in posting more
vacancies. Relatedly, employment reacts more strongly. As employment goes up,
more employees call for a high level of wage, which results in unions being more
"‘wage-oriented"’. The unions’ effective bargaining power increases, slowing down
the returning of the wage towards its steady state. The firms’ surplus, as well as the
vacancies and the employment rate, decreases relatively sharply.

Second, I compare the non unionized sector with the intermediate one. It is inter-
esting to notice that even though the wage responds more in the intermediate sector,
employment reacts also more. The following reasoning explains this result. As argued
by Hagedorn and Manovskii (2008), what gives the incentive to firms to post vacancies
is the size of the percentage changes of the firms’ surplus in response to a shock. These
percentage changes are bigger the smaller the firms’ surplus. In the intermediate sector,
the workers’ bargaining power and therefore the wage are higher. The firms’ surplus
is smaller. Moreover, the vacancy duration is lower the higher the unemployment rate,
which leads to a lower saving of hiring cost in case of match in the intermediate sector.
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This decreases the total surplus and, the firms’ surplus being a fixed part of the total
surplus, the firms’ surplus. As a result, the percentage changes of the firms’ surplus
are bigger in the intermediate case, and so is the firms’ incentive to post vacancies.

4.2.2 Robustness

Analyzing the dynamic properties of the model using different values for ηU and λU

can be seen as a robustness check.

The value of ηU Given the lack of evidence to pin down the value of ηU , I propose
to analyze the response of the labor market for 4 values of ηU : ηU = η̄U (value for
which the steady states of both sectors are equalized), ηU = 0.7, ηU = 0.9 (baseline
calibration) and ηU = 1 (monopoly union). Figure 2 shows how the (workers and
unions’) effective bargaining power, the wage and the employment rate respond to the
positive productivity shock. An interesting aspect of the model is that the quantitative
effect of the volatility of the effective bargaining power becomes larger the higher the
unions’ bargaining power. Indeed, if this effect is negligible for low values of ηU , it
is striking in the monopoly union case. The reason for that can be seen in equation
(17). The change in the effective bargaining power ˆ̃ηt has a higher impact on the wage
the higher the steady state value η̃ and therefore the higher ηU . Moreover, the greater
the change in the wage, the greater the impact on the labor market tightness θU , the
bigger the change in the unions’ effective bargaining power. Intuitively, as ηU goes up,
the workers’ surplus raises and unions moderate the wage increase in order to boost
employment so that a higher proportion of workers can benefit from this surplus.

The value of λU One could argue that the separation rate is lower in the unionized
sector. The empirical literature proposes some evidence for this phenomenon. For
example, Freeman (1980) shows that, in the US, tenure is greater for workers covered
by union contracts and that the probability for their match to end is lower. Knight and
Latreille (2000) and Antcliff and Saundry (2009) find similar results in the UK. To be in
line with this strand of research, I consider the case where λU = 0.08/3 < λN = 0.1/3
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and compare the results with the ones obtained in the previous section.
As shown in figure 3, the bargaining power effect is not substantially modified by

the alternative calibration. The decrease of λU dampens the volatility of the effective
bargaining power but the overall effect on the wage and employment dynamics is small.
However, the alternative calibration modifies the steady state effect. Hirings increase
less than with the baseline calibration, because the firms benefit from a bigger surplus
when the exit rate is low and this leads to smaller percentage changes of the firms’
surplus. By the aforementioned mechanism, firm’s incentive to post vacancies is lower,
with explains the moderate increase in employment.

5 Concluding remarks

By modeling labor union in a search and matching framework, I develop a tractable
model of the labor market in which the bargaining power of the union is analyzed. I
show that the unions’ effective bargaining power fluctuates countercyclically, creating
a second source of union wage volatility and dampening the union wage fluctuations.
When hit by a positive productivity shock, the union reacts in moderating the wage in-
crease. I am therefore able to explain and micro-found the origin of the wage rigidity,
which generates in turn an amplification of the employment response.

This paper chooses a simplistic framework in order to give a good intuition on how
labor unions affect the labor market. This explains my choice of focusing only on the
labor market. The possible extension of the model, which can be addressed in future
research, is therefore to introduce the pricing policy of firms when allowing for inter-
action between the two sectors, which would lead to a study of the role of labor union
in shaping the volatility of inflation.

To conclude, the model presented in the present paper represents an improvement
over the current literature by bringing together two strands of research. It develops our
theoretical understanding of the source of wage and employment volatility as well as
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the role of labor unions in shaping these volatilities.
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A Profit of the firms and marginal value of employ-
ment

In this appendix, I drop the superscript i to simplify the notation.

The profit of the firms satisfies the following Bellman equation:

πt = ztnt−wtnt− cvt +Etβπt+1

Equation 10 states that the Bellman equation of the marginal value of employment Jt

is:
Jt = zt−wt +Etβ(1−λ)Jt+1

Therefore:

πt = ntJt−ntEtβ(1−λ)Jt+1− cvt

+Etβ[nt+1Jt+1−nt+1Etβ(1−λ)Jt+2− cvt+1]

+Etβ
2[nt+2Jt+2−nt+2Etβ(1−λ)Jt+3− cvt+2]+Etβ

3...

Using the law of motion of employment nt+1 = (1−λ)nt +qt+1vt+1, I obtain:

πt = ntJt− cvt−Etβ(nt+1−qt+1vt+1)Jt+1

+Etβ[nt+1Jt+1− cvt+1−β(nt+2−qt+2vt+2)Jt+2]

+Etβ
2[nt+2Jt+2− cvt+2−β(nt+3−qt+3vt+3)Jt+3]+Etβ

3...

πt = ntJt− cvt

+Etβ[nt+1Jt+1−nt+1Jt+1− cvt+1 +qt+1vt+1Jt+1]

+Etβ
2[nt+2Jt+2−nt+2Jt+2− cvt+2 +qt+2vt+2Jt+2]+Etβ

3...
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Using the equation of Jt : Jt = c
qt

, I get:

πt = ntJt− cvt +Etβ[−cvt+1 + cvt+1]+Etβ
2[−cvt+2 + cvt+2]+Etβ

3...

πt = ntJt− cvt

B Equilibrium wage in the unionized sector

B.1 Link between the worker and the firm’s surplus in the union-
ized sector

The maximization program of the union is the following (here again, I drop the su-
perscript i = U to simplify the notation but keep in mind that we are in the unionized
sector):

max
wt

[nt(Wt−Ut)]η[ntJt ]1−η

s.t JC equation:
c
qt

= zt−wt +Etβ(1−λ)
c

qt+1

FOC:

n′tJ
1−η

t (Wt−Ut)η +nt(1−η)J−η

t (Wt−Ut)η ∂Jt

∂wt
+ntηJ1−η

t (Wt−Ut)η−1 ∂Wt

∂wt
= 0

−n′t =−nt(1−η)J−1
t +ntη(Wt−Ut)−1

It comes from the definition of nt = 1−ut +mt that:

n′tw = σm(1−σu)utθ
−σu
t θ

′
tw
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Moreover, from the JC and the definition of qt I get:

θt =
[

σm

c

(
zt−wt +Etβ(1−λ)

c
qt+1

)] 1
σu

Therefore:
θ
′
tw =− σm

σuc
θ

1−σu
t

Plugging the expression of θ′tw in the expression of n′tw , I obtain:

n′tw =−(1−σu)mt

σuJt

Using this expression, the FOC can be rewritten:

(Wt−Ut)
(1−η

η
+

1−σu

σu

mt

nt

1
η

)
= Jt

Wt−Ut =
ησunt

(1−σu)mt +(1−η)σunt
Jt

which is equivalent to (14).

B.2 Wage curve in the unionized sector

For convenience I omit again the superscript i = U .
From (8) and (9), we have:

Wt−Ut = wt−b+Et(1−λ)β(1− pt+1)(Wt+1−Ut+1)

Using the condition (14) we can rewrite this equation as:

ησunt

(1−σu)mt +(1−η)σunt
Jt = wt−b+Et(1−λ)β(1− pt+1)

ησunt+1

(1−σu)mt+1 +(1−η)σunt+1
Jt+1
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Plugging the value of Jt = c
qt

= zt−wt +Etβ(1−λ) c
qt+1

into this equation:

ησunt

(1−σu)mt +(1−η)σunt
(zt−wt +Etβ(1−λ)

c
qt+1

)

= wt−b+Et(1−λ)β(1− pt+1)
ησunt+1

(1−σu)mt+1 +(1−η)σunt+1

c
qt+1

Rearranging leads to:

wt =
ησunt

(1−σu)mt +σunt

[
zt +Etβ(1−λ)

c
qt+1

]
+

(1−σu)mt +(1−η)σunt

(1−σu)mt +σunt

[
b−Etβ(1−λ)

c
qt+1

(1− pt+1)
ησunt+1

(1−σu)mt+1 +(1−η)σunt+1

]

wt = η̃t

[
zt +Etβ(1−λ)

c
qt+1

]
+(1− η̃t)

[
b−Etβ(1−λ)

c
qt+1

(1− pt+1)
η̃t+1

1− η̃t+1

]
with η̃t = ησunt

(1−σu)mt+σunt
.

wt = η̃t

[
zt +Etβ(1−λ)

c
qt+1

pt+1 +Etβ(1−λ)
c

qt+1
(1− pt+1)

]
+(1− η̃t)b− (1− η̃t)

[
Etβ(1−λ)

c
qt+1

(1− pt+1)
η̃t+1

1− η̃t+1

]

wt = η̃t

[
zt +Etβ(1−λ)cθt+1

]
+(1−η̃t)b−

[
Etβ(1−λ)

c
qt+1

(1− pt+1)
][
−η̃t +

η̃t+1(1− η̃t)
1− η̃t+1

]

wt = η̃t

[
zt +Etβ(1−λ)cθt+1

]
+(1−η̃t)b−

[
Etβ(1−λ)

c
qt+1

(1− pt+1)
][

η̃t+1− η̃t

1− η̃t+1

]
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This is equivalent to (15).

Figure 1: Impulse responses to a positive productivity shock

Note: Percentage deviation from the steady state following a positive productivity shock of
one standard deviation.
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Figure 2: Impulse responses to a positive productivity shock

Note: Percentage deviation from the steady state following a positive productivity shock of
one standard deviation.
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Figure 3: Impulse responses to a positive productivity shock

Note: Percentage deviation from the steady state following a positive productivity shock of
one standard deviation.
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Rising procyclicality of wages: what role for
trade unions?

Abstract

This paper documents the change in the cyclical properties of wages and the

labor share in the US and empirically relates these phenomena to the decline of

the power of trade unions. The correlation between real wages and productivity

rose by 43% between the two sub-periods 1948-1984 and 1984-2009. Based on

the analysis of 119 US industries, the results confirm that the declining power

of trade unions participated largely to this phenomena. Indeed, the labor share

behaving less countercyclically as the power of trade unions decreases, the pro-

cyclicality of wages is higher in industries with a low union coverage.

Keywords: Search and matching; Trade unions; Cycles
JEL classification: J64; J51; E32
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1 Introduction

Increased competition has created pressure for flexibility or variation concerning wages.
Particular attention is drawn on processes of wage regulation, particularly collective
bargaining. In 1977 in the US, 27 percent of private sector workers were union mem-
bers who had their employment terms established through collective bargaining. Union
coverage steadily lessened, resulting in a union coverage rate today below 14 percent.
A possible explanation of this phenomenon is that the elevated labor costs associated
with unionized workers became harmful to many firms. Moreover, the lack of flexibil-
ity in collective bargaining, particularly wage flexibility, seems not to square anymore
with the demand of the current economy, due to gap it creates between wages and per-
formance. The aim of this paper is to investigate this issue and to assess the impact of
trade union on the wage-productivity direct relationship.

I document three changes which occurred on the US labor market during the past
decades. First, the correlation of wages with productivity has increased. Said dif-
ferently, wages became more procyclical, the level of productivity being used as the
business cycle indicator. Second, the correlation of the labor share with productivity
dropped significantly (in absolute terms). Third, the power of trade unions, measured
both by union membership and union coverage, declined sharply over the period. I
connect these three phenomenons and show that the rising procyclicality of wages and
the declining countercyclicality of the labor share can both be partly explained by the
decline in unionization.

The mechanism driving this result is the following. The dynamics of collectively
bargained wages result from the combined dynamics of the total income, or total value
of production, which depends on labor productivity and employment, and of the labor
share, defined as the share of total income being earned by labor. Trade unions are
engaged in a broad bargaining activity with firms to negotiate collective agreements
defining wages, hours and working conditions. When focusing on wages, negotiations
are about wages by workers categories, about the total wage bill, but also about the
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total wage bill relative to the total income, i.e. the labor share. Hence, it is necessary
to analyze how unions affect the cyclical properties of the labor share in order to un-
derstand how they affect the responsiveness of wages to productivity. Intuitively, the
labor share reflects the preferences of the unions over wages and employment. Unions
can barely control the value of production of the firms, but do participate in the nego-
tiations over the sharing of this total income. If priority is given to the level of wages,
unions use all their bargaining power in order to extract a large part of the total surplus.
If priority is given to the level of employment, unions moderate the labor share in order
to give firms some hiring incentives. The labor share can therefore be seen as a way
used by unions to control fluctuations of wages and employment.

It has been largely documented in the literature (see for example Kydland and
Prescott (1990) and Gomme and Greenwood (1995)) that the labor share is counter-
cyclical. Several reasons has been given to explain this stylized fact: workers insurance
against income fluctuations (Gomme and Greenwood (1995), Boldrin and Horvath
(1995), Danthine, Donaldson, and Siconolfi (2005)), binding capacity constraint and
procyclicality of the capital share (Hansen and Prescott (2005), Cooley, Hansen, and
Prescott (1995)), adjustment costs (firing costs) (Vermeulen (2007)). In the present
paper, I do not focus on the countercyclicality of the labor share per se, but rather
on the marginal impact of trade unions on the correlation labor share - productivity.
Based on the analysis of 119 US industries over the period 1987-2000, I empirically
show that trade unions exacerbate the countercyclicality of the labor share. I make
use of the predictions of the search and matching model with unions, presented in the
previous chapter, to explain this effect. A change in the level of productivity mod-
ifies the unions’ preferences over wages and employment. More specifically, when
the productivity increases, wages move in the same direction, and it becomes more
profitable for unions to give priority to the level of employment. The opposite occurs
when the productivity slows down. This shift in unions’ preference is at the core of the
intensification of the correlation between labor share and productivity when wages are
collectively bargained. Rios-Rull and Santaeulàlia-Llopis (2007) and Choi and Rios-
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Rull (forthcoming) present another interesting feature of the labor share: it overshoots.
That means that, while the instantaneous response of the labor share to a technology
shock is negative, the overall effect is positive. The extended search and matching
model presented previously can also replicate this fact. Indeed, in a second stage,
as the technology shock spreads in the economy and impacts the level of unemploy-
ment, a second effect has to be considered: the ‘discipline effect’ of unemployment
on wages. In case of a positive productivity shock, the unemployment decreases in the
periods following the shock. Unions change back their preferences towards the level of
wages as the unemployment issue is played down and, as a result, the labor share raises.

My analysis yields two basic conclusions. First, the change in unions preferences
over the cycle (determined here by the fluctuations of the productivity) leads to a more
countercyclical labor share. Second, the intensification of the cyclical properties of the
labor share due to trade unions modifies the sensitivity of wages to the productivity
level. Indeed, when wages are collectively bargained, the dynamics of the labor share
counteract even more the dynamics of the total surplus and this mechanism leads to a
lower correlation between wages and productivity.1

A strand of the literature studies how trade unions impact the level of the labor
share. Schmidt-Sorensen (1992) concludes that the profit share, the inverse of the la-
bor share, decreases as the bargaining power of unions strengthens. This result is con-
firmed by Bentolila and Saint-Paul (2003), Macpherson (1990) and Conyon (1994).
The present paper complements this literature by proposing a dynamic analysis of how
trade unions impact the correlation between the labor share and the productivity. Also,
several authors analyze the role of unions in increasing the level of wages (Blanch-
flower and Bryson (2002), Dutt and Sen (1997)) but few focus on the role of unions in
shaping the volatility of wages. Babecký, Caju, Kosma, Lawless, Messina, and Rõõm
(2009) present evidence on the prevalence of downward wage rigidity and relate it
partly to institutional factors such as trade unions.

1See Swanson (2007) for a study on the procyclical properties of wages.
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At the same time, I am contributing to the small but growing literature documenting
recent changes in labor market dynamics. In a recent paper, Champagne and Kurmann
(2010) inspect the sharp increase in both the absolute and relative volatility of ag-
gregate wages since WWII. Kent, Smith, and Holloway (2005) investigate the varied
causes of the decline in output volatility since the 1970’s and propose changes in labor
market regulations as a possible explanation of this trend. Galí and van Rens (2010)
document the vanishing procyclicality of labor productivity. They show that this fact
may be explained by a reduction in labor market frictions.

The rest of the paper is structures as follows. Section two describes the stylized
facts on the procyclicality of wages, countercyclicality of the labor share and desunion-
ization. In section three, a theoretical search and matching model with unions is devel-
oped, shedding lights on the mechanism through which unions might affect the cyclical
properties of wages. Section four describes the empirical strategy, describes the data
and presents the main results. Section five concludes.

2 Rising procyclicality of wages, declining power of trade
unions

2.1 Cyclical behavior of wages and unionization: the facts

2.1.1 Data

The data on aggregate wages, employment, output and productivity come from the La-
bor Productivity and Costs (LPC) database of the Bureau of Labor Statistics (BLS).
The LPC program develops quarterly measures for the US non farm business sector
for the period 1947-2009. Data on total compensation include direct payments to labor
(wage, salary accruals, commissions, tips and bonuses), as well as indirect payments
(employers’ contributions to social and pension funds). Wages refer here to real com-
pensation per hour, i.e real compensation of employees and the self-employed divided
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by hours worked by all persons engaged in the sector. The measure of total output
refers to the non farm real GDP, to which is deduced outputs of general government,
non-profit institutions, paid employees of private households and the rental value of
owner-occupied dwellings. I refer to output as output per employee. Labor productiv-
ity is computed as the ratio of output over hours of labor input. Each series is logged
and HP-filtered.

The data on union density and union coverage are taken from Hirsch, Macpherson,
and Vroman (2001). These estimates are produced based on the Current Population
Survey (CPS) and the Bureau of Labor Statistics publication Directory of National
Unions and Employee Association.

2.1.2 Concept of cyclicality

An economic quantity is said to be pro(counter)cyclical when it tends to move in the
same (opposite) direction as the economy. Even though the economic activity is gener-
ally measured based on a composite index, the GDP is often used as a simple business
cycle indicator. The present paper focuses on wages and on their fluctuations along the
cycle. For this reason, I choose to assess the cyclicality of wages through their corre-
lation with labor productivity and not GDP. Although these two variables were highly
correlated before 1984, Galí and van Rens (2010) document the vanishing procyclical-
ity of labor productivity after this date. Indeed, the correlation between productivity
(output per hour) and output went from 0,6 for the period 1948-1984 to 0,25 for the
period 1984-2007. They explain this phenomenon by the reduction in labor market
frictions, which enables firms to adjust more easily their labor input on the extensive
margin. Firms have more recourse to changes in effort (or productivity) the higher
the frictions. Therefore, reduction in frictions should lower the correlation between
productivity (effort) and output.

The procyclicality of the productivity goes against the predictions of both neoclas-
sical and Keynesian theories of employment determination. It has been documented
and explain by several authors (see for example Lucas (1970), Bean (1990), Boddy
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and Alwan (1986)). The drop in the procyclicality of productivity brings us to believe
that what is measured by the correlation between wages and productivity is concep-
tually different from what is measured by the correlation between wages and output.
The former estimates to which extend workers’compensation depends on their own
productivity. It is therefore related to the concepts of individualization and flexibility
of wages. The latter measures how much wages fluctuate with the value of production.
Hence, it relates to the concept of redistribution of total income. In this paper, I am fo-
cusing on the correlation between wages and productivity, but I enlarge the discussion
with the analysis of the correlation between wages and output.

2.1.3 Facts

In this section, I document three stylized facts on changes in labor market dynamics:
the rising procyclicality of wages, the declining countercyclicality of the labor share
and the decline of the power of trade unions.

Table 1: Business cycle statistics of the labor share
1947-2009 1947-1984 1984-2009

Wages
σw 0,824 1,047
ρ(w,y) 0,319 0,31
ρ(w, prod) 0,347 0,503
Labor share
σls 1,062 1,16 0,91
ρ(ls,y) -0,679 -0,764 -0,453
ρ(ls, prod) -0,674 -0,8 -0,354

Rising procyclicality of wages Table 1 compares the business cycle statistics of
wages for two sub-periods: 1947-1984 and 1984-2010. As pointed out by Cham-
pagne and Kurmann (2010) and Galí and van Rens (2010), real wages became more
volatile over the period. This result is puzzling when drawing a parallel with the trend
of output volatility. Indeed, the second sub-period, called the period of the Great Mod-
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eration, has been characterized by a general decline in macroeconomic volatility (GDP
and employment in particular) and one could have expected the volatility of wages to
follow a similar trend. When focusing of the relative volatility of wages, illustrated in
figures 5 and 6, I obtain similar results as Champagne and Kurmann (2010): volatility
of output and volatility of wages evolve in opposite directions. As a result, the relative
standard deviation of wages rose significantly over the period, even though a return to
pre-1984 values seems to take shape in the last years.

Figure 1: Correlation coefficient between wages and productivity

Note: 5-year rolling window of quarterly HP-filtered data.

The increase in volatility of wages in absolute and relative terms does yet not dis-
close informations about the evolution of the cyclical properties of wages. Table 1
presents the change in the degree of procyclicality of wages over the two subperiods
1947-1984 and 1984-2010. While the correlation of wages with output remains con-
stant, the correlation with productivity is increasing (+43% over the two samples). To
further illustrate this trend, figures 7 (in appendix C) and 1 show the evolution of the
correlation coefficient between wages and output or productivity from the first quarter
of 1947 to the third quarter of 2010. If the wages-output correlation only rose slightly,
the increase in the wages-productivity correlation is more pronounced.
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Declining countercyclicality of the labor share In this section, I document the
cyclical properties of the labor share. I follow the Bureau of Labor Statistics in mea-
suring the labor share as the ratio of labor compensation to current dollar-output. As
discussed by Gomme and Rupert (2004), this measure faces some limitations. The
main criticism concerns the fact that, due to the incorporation of taxes and subsidies
into the value of production includes, the capital’s share does not constitute the coun-
terpart of the labor’s share. Indeed, indirect taxes and subsidies create a wedge between
these two series. Therefore, the BLS estimate understate the labor share. Moreover,
the dynamics of labor and capital’s shares are not perfectly related, the part of total in-
come absorbed by the government potentially forming a buffer / mediating them. For
this reason, the measure of value added should be preferred. Regrettably, data on value
added at the 3-digit SIC-87, that I am using in the empirical part, are not available.

Given the definition of the labor share, the estimate of the labor share - output
correlation is linked by construction with the estimate of the wages - output correlation.
To see this, let us consider the following decomposition (see appendix A for the full
decomposition):

ρ(ls,y) =−[
σy
σls
− σw

σls
ρ(w,y)] (1)

More specifically, the labor share - output correlation is a decreasing function of the
wages - output correlation and of the volatility of wages, and an increasing function of
the output volatility.

Figure 2 shows the evolution of the labor share across time. Shaded areas repre-
sent the NBER recessions. Clearly, the labor share moves countercyclically, which
is confirmed in the bottom part of Table 1 by its negative correlation with contempo-
raneous output (-0,679) and productivity (-0,674). Figure 8 and 3 plot the evolution
of these correlations (labor share / output, labor share / productivity) over the period
1947-2009. The sensitivity of the labor share to output and productivity decreased
substantially over the past decades. As stated in table 1, the sensitivity of labor share
decreases with respect to output (-41%) and with respect to productivity (-56%). More-
over, this drop is proportionally much larger than the rise of the correlation of wages
with output and productivity. Indeed, equation 1 tells us that the rising volatility of
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Figure 2: Countercyclical labor share

Note: Shaded areas are
NBER recessions.

wages as well as the declining volatility of output also explain these results. The com-
bined evolution of these three elements contributes to the substantial drop in the degree
of countercyclicality of the labor share over the period 1947-2009.

Decline of the power of trade unions The labor share represents the total income
sharing rule. Trade unions certainly affect the level of total income or real output,
but their main role is undoubtedly to negotiate labor contracts, particularly wages, on
behalf of their members. When engaged in collective bargaining over wages, trade
unions actually bargain with firms over the rules governing the sharing out of the total
income of a firm or an industry, i.e. they bargain over labor and capital shares.

As can be observed in figure 4, the proportion of workers belonging to labor unions
has declined considerably since the middle of the 1960’s, passing from 29,3% in 1964
to 12,4% in 2009. The excess coverage remaining constant over the period, union
coverage fell in the same proportion.
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Figure 3: Correlation coefficient between labor share and productivity

Note: 5-year rolling window of quarterly HP-filtered data.

Figure 4: Declining power of the trade unions

3 A simple search and matching model with time-varying
labor share

In this section, I present a simplified version of the model proposed in the previous
chapter which compares the outcome of two wage negotiation processes: individual
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and collective wage bargaining processes. I presently focus on collectively bargained
wages and show how trade unions modify the equilibrium wage outcome. I subse-
quently emphasize the impact of unions on the cyclical properties of wages.

3.1 Introducing trade unions in a search and matching model

Timing The timing is the following. At the beginning of the period, an exogenous
shock occurs. Existing matches have a probability λ to end. I assume a right-to-
manage timing, based on a sequence à la Stackelberg where the union first bargains
with firms over wages and then firms respond by unilaterally determining employ-
ment. Therefore, after wages have been bargained, firms post vacancies and searching
firms and unemployed workers meet. This matching process is time-consuming mean-
ing that only a certain percentage of unemployed workers and firms actually form a
match each period. The number of new matches at time t, mt , is determined through
a matching function increasing in both the size of the pool of unemployed workers
searching for a job ut and the size of the pool of vacancies vt . The functional form
of the matching function is: mt = σmut

σuvt
1−σu . At the end of the period, production

takes place with a level of employment nt and salaries are paid. The labor force is nor-
malized to one, therefore, nt = (1−λ)nt−1 +mt . Notice that in this framework, newly
employed workers start to produce within the same period. This allows firms to react
immediately when facing a shock, in posting more or less vacancies.

The vacancy filling rate is qt(θt) = mt
vt

, where θt = vt
ut

represents the market tight-
ness, and the job finding rate is pt(θt) = mt

ut
.

Vacancy posting decision Firms are assumed to be large enough so that by the law
of large number the fraction of vacancies filled in each firm is equal to the vacancy
filling rate of the sector. Moreover, firms are similar which allows me to focus on a
representative firm in each sector. The production function is yt = ztnt where zt is the
productivity level. The production costs consist of the wage cost and the cost of posting
vacancies (c per vacancy). The vacancy posting decision is governed by the following
rule (see Appendix B for a full characterization of the maximization program):
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c
qt

= zt−wt +Etβ(1−λ)
c

qt+1

This result establishes that firms post vacancies up to the point where the cost of
posting a vacancy c times the expected duration of the vacancy 1

qt
equals the contribu-

tion of the worker to the flow of profit plus the vacancy posting cost saved by the firm
in t +1 in case the match does not end.

Collective wage bargaining I assume that the economy is totally unionized and that
the unique concern of the union is the welfare of its members, who are either employed
or unemployed. At the time the wage rate is bargained over, 1− ut members are em-
ployed and will attain with certainty the level of utility Wt

2 at the end of the period,
while ut members are unemployed, out of which ptut will form a match and attain the
level of utility Wt at the end of the period, the remaining (1− pt)ut attaining the level
of utility Ut

3. The utility of the union is assumed to be the sum of the end-of-period
utility levels of its members and takes consequently the following form:

Ωt = (1−ut)Wt +ut [ptWt +(1− pt)Ut ]

Ωt = nt(Wt−Ut)+Ut

Because all the workers would be unemployed in case of failure of the wage ne-
gotiation, their fall back welfare is Ut . Therefore, the union surplus coming from the
wage agreement is nt(Wt−Ut).

2Wt is the employment value of the marginal (and due to the constant returns to scale production
function, average) worker:

Wt = wt +Etβ
[
(1−λ+λpt+1)Wt+1 +λ(1− pt+1)Ut+1

]
3Ut is the value of unemployment:

Ut = b+Etβ
[
pt+1Wt+1 +(1− pt+1)Ut+1

]
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The firms would benefit from nt workers, each bringing a value Jt
4 to the firm.

Moreover, their fall back position is zero. Indeed, if the bargaining with the union fails
and no wage agreement is found, the firms can not find any non unionized workers to
be able to produce. Therefore, the firms surplus coming from the wage agreement is
ntJt .

The union and the firms maximize their objective functions containing wage and
employment, constrained by the firms’ labor demand function, the job creation curve.
The maximization program of this right-to-manage model is written as the following:

max
wt

[nt(Wt−Ut)]η[ntJt ]1−η

s.t JC curve: c
qt

= zt−wt +Etβ(1−λ) c
qt+1

where η is the union’s bargaining power.

The FOC leads to the following equilibrium condition which states that the share
of the total surplus allocated to the workers, or labor share, denoted by η̃t is:

η̃t ≡
Wt−Ut

Wt−Ut + Jt
=

ησunt

σunt +(1−σu)mt
(2)

It follows from the functional forms of Wt , Ut and Jt that the wage curve in the
unionized sector is:

wt = η̃t

[
zt +Etβ(1−λ)cθt+1

]
+(1− η̃t)b−Θt (3)

where
Θt = Etβ(1−λ)

c
qt+1

(1− pt+1)
η̃t+1− η̃t

1− η̃t+1

4Jt represents the firms employment value of both the marginal and average match:

Jt = zt −wt +Etβ(1−λ)Jt+1
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3.2 Trade unions and the cyclical properties of wages

Equation (3), which describes the wage outcome when wages are collectively bar-
gained by trade unions, has to be compared with the corresponding equation in a model
without unions.5 In the basic search and matching framework, the Job Creation curve
is similar, but the wage equation differs. The individually Nash bargained wage results
from the following maximization program:

max
wt

[Wt−Ut ]η[Jt ]1−η

where η ∈ [0,1] is the workers’ bargaining power.

The first order condition states that the share of the total surplus allocated to the
workers is equal to their bargaining power:

Wt−Ut

Wt−Ut + Jt
= η (4)

and the equilibrium wage rate is:

wt = η[zt +Etβ(1−λ)cθt+1]+ (1−η)b

When wages are individually bargained, the search and matching model tells us that
the labor share is acyclical (ρ(η,yt) = 0), and as a result, that wages only move with the
level of productivity (or, depending on the model specification, with the output level
through the marginal productivity). This result is explained by the fact that workers do
not take into consideration the current level of unemployment when negotiating with
firms over wages. More importantly, they do not take into consideration the impact of
an increase of their wage on the unemployment rate. Workers always make full use of
their bargaining power to push their wage to the highest possible level. In doing so,
they get a share of the total surplus equal to their bargaining power, which leads to an
acyclical labor share.

5See Mortensen and Pissarides (1994) for a presentation of the basic framework.
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The extended model with trade unions draws another conclusion. When wages are
collectively bargained, equation (2) indicates that the labor share fluctuates with the
cycle, through the fluctuations of the (un)employment rate and labor market tightness.
More specifically, the labor share evolves according to:

ˆ̃ηt =−
(

γ(1−λ+
λ

p
)
)

ût−
(

γ(1−σu)(1−λ)
)

θ̂t

where γ = (1−σu)λ
(1−σu)λ+σu

and hats characterize log-deviations from the steady-state. The
beginning-of-period unemployment rate ut is not contemporaneously affected by a
shock of productivity and the degree of labor market tightness is procyclical. As a
result, the labor share moves countercyclically, which contrasts with the individual
wage bargaining. Given equation (3), it implies that wages are less procyclical when
bargained by unions.

Summarizing, compared to the wage equilibrium in a basic search and matching
model, the outcome when wages are collectively bargained is distorted in the following
way: the union internalizes the effect of a change in wages on the level of employment
and in doing so dampen the volatility of wages. The mechanism works as follows.
Both wages and employment enter the union’s utility function and the union foresees
that the level of wages has an impact on the hiring decisions of firms. Depending on
the labor market tightness, the union will give the priority to the level of wages or
to the level of employment, and its preference over these two elements evolves along
the cycle. This means that the union does not have the incentive to always make full
use of its bargaining power to push the wages to the highest possible level and this
leads to a gap between the constant bargaining power and the endogenous effective
bargaining power. The labor share, equal to the effective bargaining power, reflects
the preferences of the union over wages and employment. As a final result, a positive
productivity shock affects less wages as the labor share decreases, in order to enable
a bigger increase in employment. The converse happens when productivity is seen to
go down: the labor share increases, unions being willing to minimize the effect of the
bad shock on the compensation of workers. Thus, wages are less procyclical when
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bargained by a union.

4 Empirical findings

4.1 Methodology

This section addresses an empirical test of the proposition that trade unions decrease
the procyclicality of wages, that is, that the responsiveness of wages to changes in
productivity decrease with the representativeness of trade unions. Also, in light of
the theoretical results presented in the previous section, I am testing for the impact of
trade unions on the degree of countercyclicality of the labor share. Indeed, the model
has clear prediction on the channel through which wage rigidity arises when wages
are collectively bargained. Wages are predicted to fluctuate less the higher the union
representativeness because of the bigger counteracting fluctuations of the labor share.

I proceed in two steps. First, making use of a panel data on US industries, I regress
the growth rate of wages, ∆(wit), on the growth rate of productivity, ∆(prodit), on
industry unionization rates, on an interaction term and on several controls:

∆(wit) = β1∆(prodit)+β2unionit +β3unionit ∗∆(prodit)+β4controls+αi + εit (5)

where i is the industry index and t the sub-period index. β1 measures wages pro-
cyclicality when wages are not negotiated by unions. β3 embodies the impact of unions
on the degree of procyclicality of wages. A negative β3 would suggest that wages are
less procyclical in more unionized industries. My controls include Size and Skill. Fol-
lowing Traca (2005), I include a measure of the average size of the firms in each in-
dustry, measure which captures the implicit assurance in terms of wage variations that
big firms potentially provide to their employees. I also control for the degree of skill
intensity in each industry. Indeed, as Champagne and Kurmann (2010) point out, the
skilled workers face more wage volatility. Therefore, including the skill composition
into the regression allows to control for this effect. Industry fixed effects are included,
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so the estimates only reflect within-industry variation.

Second, I apply the same empirical strategy on the labor share:

∆(lsit) = γ1∆(prodit)+ γ2unionit + γ3unionit ∗∆(prodit)+β4controls+αi + εit

Here, a negative γ3 would be interpreted as an evidence in favor of the extended
search and matching model presented in the previous section, in which the labor share
is more countercyclical the higher the union representativeness.

4.2 Data sources and variable definitions

Wages, productivity, output and labor share Data on wages, labor productivity, output
and labor share come from the Major Sector Productivity and Costs data from BLS
presented in the first section and are defined similarly. Data are released at the SIC-87
level for the period 1987-2000 and at the NAICS-02 level for the subsequent years. The
NAICS classification structure differs largely from the SIC classification, preventing
from a good comparability across time, particularly for low levels of disaggregation
of the NAICS classification. Hence, the sample I use ends in 2000. I use measures of
the growth rate of this four variables (denoted by ∆). I also run regressions using, for
each of these variables, the log-deviation from the Hodrick-Prescott trend (denoted by
‘_dev’).

Union I use a panel of US industry-level data for the period 1987-2000. I obtain
industry unionization data for 1987 onwards from the Union Membership and Cov-
erage Database constructed by Barry Hirsh and David Macpherson. This database
provides private and public sector trade union membership, coverage and density es-
timates compiled from the Current Population Survey (CPS) using BLS methods. Es-
timates are disclosed at the CPS industry classification level. Using the concordance
table provided by the authors between the CPS industry classification and the SIC-87
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industry classification, I obtain data on union membership, coverage and density at the
SIC-87 level for the period 1987-2000. The CPS industry classification used for the
subsequent years is unfortunately based on the NAICS-02 classification. The variable
union represents the union coverage.

Size Data on the number of establishments and number of employees are taken
from the County Business Patterns undertaken by the US Census Bureau. Data are
available at the SIC-87 industry level for the period 1986-1998. My measure of firms
size is the number of employees divided by the number of establishments within each
industry.

Skill The proportion of high-skilled workers at the SIC-87 industry level is esti-
mated based on data from CPS Merged Outgoing Rotation Groups (MORG) which
is a household survey conducted by the BLS to measure labor force participation and
employment. I define high-skilled workers as workers whose highest completed level
at school is more than high school. I derive the proportion of high skilled workers by
MORG-classification industry for each year and use the SIC-87 / MORG-classification
concordance table to obtain skill estimates at the SIC-87 level for the period 1987-
2002.

4.3 Results

4.3.1 Procyclicality of wages and unions

I start by studying the cyclical response of wages. The first column of table 2 displays
the β1 coefficient of equation (5). Not surprisingly, the coefficient is positive and
significantly different from zero. In a second stage, I explore the relationship between
wage procyclicality and trade unions, by interacting the growth of productivity with
a measure of union coverage. Column 2 shows that union coverage pushes towards a
negative effect of productivity growth, corresponding to less procyclical wages. This
confirms that procyclical wages are more prevalent in less unionized industries. In
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columns 3, 4 and 5, I control for the size of the firms and the skill composition. Results
are unchanged: the coefficient on the interaction term of productivity growth and union
remains negative and significant. Interestingly, one can observe that wages are more
procyclical for skilled workers.

Table 2: Trade unions and the cyclicality of wages

(1) (2) (3) (4) (5)
∆ w ∆ w ∆ w ∆ w ∆ w

∆ prod 0.0866∗∗∗ 0.1947∗∗∗ 0.1914∗∗∗ -0.1911∗ -0.2163∗

(0.000) (0.000) (0.000) (0.028) (0.043)
union*∆ prod -0.0069∗∗∗ -0.0112∗∗∗ -0.0057∗∗ -0.0091∗∗∗

(0.000) (0.000) (0.007) (0.001)
union 0.0007 0.0006 0.0010 0.0006

(0.360) (0.575) (0.228) (0.596)
size*∆ prod 0.0012∗∗∗ 0.0010∗∗

(0.000) (0.003)
size -0.0000 0.0000

(0.680) (0.941)
skill*∆ prod 0.0116∗∗∗ 0.0126∗∗∗

(0.000) (0.000)
skill 0.0009 0.0010

(0.051) (0.102)
Constant 0.0000 -0.0104 -0.0098 -0.0562∗ -0.0558

(0.990) (0.319) (0.533) (0.028) (0.105)
Observations 1841 1659 1302 1299 1020
p-values in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

All regressions with industry fixed effects.

4.3.2 Countercyclicality of the labor share and unions

As discussed in the previous section, the fluctuations over the cycle of unions prefer-
ences over wages and employment raise the sensitivity of the labor share to the eco-
nomic activity. Unions use and adjust the labor share so as to control fluctuations of
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wages and employment. Hence, wages should react less to the cycle when they are
collectively bargained, due to the bigger fluctuations of the labor share.

Keeping these predictions in mind, let us now look at the evidence. In table 3, the
dependent variable is the growth rate of the labor share. Column 1 shows that the labor
share moves countercyclically , which is consistent with table 1. In column 2, the nega-
tive sign of the coefficient of the interaction term union∗ prod_dev implies that unions
push towards a negative effect of prod_dev, corresponding to a more countercyclical
labor share.

Table 3: Trade unions and the cyclicality of the labor share

(1) (2) (3) (4) (5)
ls_dev ls_dev ls_dev ls_dev ls_dev

prod_dev -0.4060∗∗∗ -0.1970∗ -0.1911∗ 0.2443 0.0892
(0.000) (0.020) (0.045) (0.144) (0.656)

union*prod_dev -0.0116∗∗∗ -0.0079 -0.0081 0.0002
(0.001) (0.076) (0.076) (0.985)

union 0.0007 0.0017∗ 0.0008 0.0021∗∗

(0.215) (0.012) (0.266) (0.009)
size*prod_dev -0.0005 -0.0013

(0.506) (0.282)
size 0.0000 0.0001

(0.790) (0.688)
skill*prod_dev -0.0112∗∗ -0.0075

(0.005) (0.111)
skill 0.0001 0.0003

(0.805) (0.580)
Constant 0.0000 -0.0143 -0.0434∗ -0.0212 -0.0694

(0.998) (0.222) (0.039) (0.463) (0.067)
Observations 557 459 363 375 297
p-values in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

All regressions with industry fixed effects.
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4.3.3 Sensitivity analysis

Business cycle indicator In table 4 (appendix D), I use real output as the business
cycle indicator and regress the growth rate of wages on the output growth rate. The
main result is unchanged. The sign of the coefficient of the interaction between vari-
ation of output and union remains negative and significant, which is in line with the
model.

Growth rate vs deviation from the trend Table 5 (in appendix D) present the results
of similar regressions where fluctuations in wages and output are measured by the
deviation from the HP trend. The role of unions in shaping the degree of cyclicality of
wages is unchanged: wages are less procyclical the higher the union coverage.

Union coverage vs union density Union coverage represents the percentage of work-
ers who are covered by a collective agreement, without to necessarily be member of a
union. To ensure that the results are not driven by the choice of the measure of union
representativeness, I repeat the empirical exercise using a measure of union density.
The results are presented in table 6 (in appendix D). The similarity of the results can
be explained by the small and constant over time excess coverage in the US.

Effect of unions on the degree of cyclicality Another empirical way of assessing
the effect of trade union on the cyclical response of wages is the following: to esti-
mate for each industry the β1 coefficient of equation 5 without the union variable, and
subsequently to regress this industry-specific coefficient on a measure of unionization.

5 Concluding remarks

I have documented three stylized facts of the US labor market: the rise of the procycli-
cality of wages, the decline of the countercyclicality of the labor share and the decline
in unionization. Based on the analysis of a database of US industries for the period
1987-2000, I have shown that the decline in unionization accounted for an increase
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in the correlation between the labor share and the productivity level, and through this
channel, lowered the correlation between the wages and the level of productivity. My
findings point out the need to understand jointly the cyclical behavior of wages and the
labor share and to study the institutional factors which impact them both.
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A Decomposition of the correlation labor share - out-
put

ls represents the labor share, y the output and w the wages.

ρ(ls,y)=
cov(ls,y)

σlsσy
=

cov(w− y,y)
σlsσy

=
cov(w,y)

σlsσy
− cov(y,y)

σlsσy
=

σw

σls
ρ(w,y)− σy

σls
ρ(y,y)=−[

σy
σls
− σw

σls
ρ(w,y)]

B Job Creation Curve

The number of posted vacancies results from the following profit’s maximization pro-
cess:

max
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t

F i
t (n

i
t) = ztni
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t +EtβF i
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The first order condition is given by:

∂F i
t

∂vi
t

= ztqi
t−wi

tq
i
t− c+Etβ

∂F i
t+1

∂ni
t

qi
t = 0

Using the envelope condition and the previous FOC, I obtain the expression of ∂F i
t

∂ni
t−1

:

∂F i
t

∂ni
t−1

= (1−λ)
c
qi

t

Plugging this equation in the FOC, I obtain the job creation equation (JC):
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C Figures

Figure 5: Standard deviation: wages and output

Note: 5-year rolling window of quarterly HP-filtered data.
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Figure 6: Relative standard deviation of wages

Note: 5-year rolling window of quarterly HP-filtered data.

Figure 7: Correlation coefficient between wages and output

Note: 5-year rolling window of quarterly HP-filtered data.
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Figure 8: Correlation coefficient between labor share and output

Note: 5-year rolling window of quarterly HP-filtered data.

D Tables
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Table 4: Trade unions and the cyclicality of wages

(1) (2) (3) (4) (5)
∆ w ∆ w ∆ w ∆ w ∆ w

∆ output 0.3247∗∗∗ 0.4092∗∗∗ 0.3977∗∗∗ 0.4585∗∗∗ 0.5700∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000)
union*∆ output -0.0055∗∗∗ -0.0065∗∗∗ -0.0012 -0.0032

(0.000) (0.000) (0.393) (0.056)
union 0.0019∗∗ 0.0023∗∗ 0.0019∗∗ 0.0025∗∗

(0.002) (0.006) (0.003) (0.005)
size*∆ output 0.0004∗∗∗ 0.0004∗∗∗

(0.000) (0.000)
size 0.0000 0.0001

(0.887) (0.487)
skill*∆ output 0.0012 -0.0019

(0.380) (0.299)
skill -0.0003 -0.0003

(0.450) (0.496)
Constant -0.0004 -0.0267∗∗ -0.0347∗∗ -0.0202 -0.0332

(0.851) (0.002) (0.009) (0.304) (0.215)
Observations 1841 1659 1302 1299 1020
p-values in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

All regressions with industry fixed effects.
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Table 5: Trade unions and the cyclicality of wages

(1) (2) (3) (4) (5)
w_dev w_dev w_dev w_dev w_dev

output_dev 0.2172∗∗∗ 0.3562∗∗∗ 0.4250∗∗∗ 0.8651∗∗∗ 0.8677∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000)
union*prod_dev -0.0223∗∗∗ -0.0162∗∗∗ -0.0056 -0.0131∗

(0.000) (0.000) (0.146) (0.011)
union -0.0000 0.0008 0.0004 0.0012∗

(0.947) (0.151) (0.250) (0.014)
size*prod_dev -0.0169∗∗∗ 0.0038

(0.000) (0.157)
size 0.0000 -0.0003

(0.961) (0.514)
skill*prod_dev -0.0172∗∗∗ -0.0181∗∗∗

(0.000) (0.000)
skill 0.0001 -0.0001

(0.539) (0.522)
Constant -0.0000 0.0003 -0.0088 -0.0068 -0.0015

(1.000) (0.945) (0.325) (0.366) (0.892)
Observations 924 826 649 658 517
p-values in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

All regressions with industry fixed effects.

Tesi di dottorato "ESSAYS IN LABOR ECONOMICS"
di MORIN ANNAIG
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



79

Table 6: Trade unions and the cyclicality of wages

(1) (2) (3) (4) (5)
∆ w ∆ w ∆ w ∆ w ∆ w

∆ prod 0.0866∗∗∗ 0.1918∗∗∗ 0.1840∗∗∗ -0.1932∗ -0.2290∗

(0.000) (0.000) (0.000) (0.024) (0.028)
int_prod_pmem2 -0.0071∗∗∗ -0.0113∗∗∗ -0.0060∗∗ -0.0093∗∗∗

(0.000) (0.000) (0.006) (0.001)
pmem 0.0010 0.0009 0.0013 0.0008

(0.201) (0.386) (0.158) (0.494)
size*∆ prod 0.0012∗∗∗ 0.0010∗∗

(0.000) (0.004)
size -0.0000 0.0000

(0.664) (0.939)
skill*∆ prod 0.0117∗∗∗ 0.0129∗∗∗

(0.000) (0.000)
skill 0.0009∗ 0.0010

(0.045) (0.097)
Constant 0.0000 -0.0137 -0.0137 -0.0594∗ -0.0586

(0.990) (0.178) (0.375) (0.018) (0.083)
Observations 1841 1659 1302 1299 1020
p-values in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

All regressions with industry fixed effects. union measures the union density.
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Wage dispersion, monopsony power and business
cycle

Abstract
This paper investigates a dynamic search and matching model with wage post-

ing where unemployed workers can receive several job offers each period. The

combination of search frictions and the possibility that workers have to choose

among several job offers leads to wage dispersion. Intuitively, the trade-off faced

by firms between the size of their surplus from the match and the duration of

the vacancy explains why some firms decide to propose a relatively high wage.

I define the firms’ monopsony power as their ability to dictate the wage to job

searchers and show that monopsony power and wage dispersion are linked. To

prove this, I explore the dynamic properties of the labor market and find that in

expansion, as the number of job offers increases, the monopsony power of the

firm dampens. Moreover, as the labor market becomes more competitive, wages

converge towards a unique (good) equilibrium. In recession, as the probability

that an unemployed worker only gets one offer goes up, the firms’ monopsony

power increases. Because the labor market tends towards a pure monopsony,

the wage dispersion becomes smaller. The firms’ monopsony power is therefore

countercyclical, whereas the wage dispersion is inverted-U shaped.

Keywords: Monopsony; Wage differentials; Cycles
JEL classification: J42; J31; E32
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1 Introduction

Large observed differentials in wages are not only on account of different levels of
skill, qualifications, status, tenure, age or sex. Homogeneous workers in terms of ob-
servable characteristics are often paid differently for similar jobs, phenomenon which
represents a challenge in terms of theoretical modeling.1 If explanations based on
unobservable workers heterogeneity (heterogeneity in preferences over non-wage job
characteristics (Bhaskar, Manning, and To (2002)), heterogeneity in unobservable abil-
ity (Murphy and Topel (1987), Postel-Vinay and Robin (2002))) or on workers in-
complete information about the wage distribution (Winter-Ebmer (1998)) have been
proposed, some authors argue that such a wage dispersion can be obtained with per-
fectly homogeneous workers having complete information about wages. As a pioneer,
Burdett and Mortensen (1989) propose a model without heterogeneity where search
frictions are at the core of th wage dispersion. Several papers follow this stream (see
for example Mortensen (1988), Mortensen (1998), Burdett and Mortensen (1998) and
Acemoglu (2001)) to explain the wage dispersion equilibrium. An empirical research
by Polachek and Xiang (2005) assesses that workers receive on average about 30-35%
less pay compared to what they would have earned if they would have met each firm.
Even if the explanation they give of this gap is related to imperfet information, this
mesure gives a good evalutation of how far wages are from the perfectly competitive
equilibrium and how powerful the firms are to impose wages. If the current literature
is able to present models which replicate this phenomenon, to my knowledge nobody
has studied the dynamic properties of this gap, and therefore of the firms monopsony
power, as well as of the whole wage distribution. The purpose of this paper is therefore
to propose such a study, in order to analyse how the wage setting decisions of firms
evolves along the cycle.

As Manning (2003) argues, the labor market behaves like a monopsony, not in
the sense that the buyer is unique, but because the labor supply is upward-sloping
(Hoffman (1986)). As long as the wage provides a utility greater than the value of

1See for an overview
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unemployment, a slight decrease in the wage does not lead to the worker’s resigna-
tion. Similarly, if an unemployed worker receives a unique job offer within the period,
he may accept it whatever the wage as long as the value of doing so is higher than
the opportunity cost (staying unemployed and hoping for a better offer next period).
Therefore, when facing monopsonistic firms, the workers’ bargaining power vanishes.
As a consequence, wages are unilaterally fixed by firms, prior to the matching pro-
cess, and set at the lowest possible level, the workers’ reservation wage (see Diamond
(1971)).

As Burdett and Judd (1983) point out, firms have yet an incentive to propose differ-
ing offers if the probability that the unemployed worker knows only one offer is below
one. Any mechanism leading to this generates wage dispersion. Search frictions is a
natural way of explaining why the set of offers proposed to an unemployed worker is
limited. The search process is time and effort-consuming, meaning that each period,
unemployed workers only meet few firms. However, search frictions are not sufficient
to create wage dispersion. The traditional search and matching model à la Mortensen
and Pissarides (1994) grants each unemployed worker with the probability to meet
(and match) one vacancy per period. If so, the monopsonistic equilibrium uprises.

In the model I develop, I make therefore two assumptions. First, the labor market
is imperfect due to search frictions. Second, unemployed workers can receive more
than one offer.2 This second assumption drives me away from Burdett and Mortensen
(1989)’ model in which workers have to respond to offers as soon as they arrive. In
so doing, I am able to distinguish between the meeting process and the matching one.
Firms make take-it-or-leave-it wage offers to workers, and matches are formed only
when the wage offers are accepted by the workers. The rejection probability of an offer
depends on two elements that determine the workers’ bargaining power: the number of
offers proposed to the unemployed worker and the wage level proposed by other firms.

2Said differently, wage dispersion does not appear in the two extreme cases of perfectly competitive
labor market (each worker is facing all firms offers, therefore the wage equilibrium is unique) and
monopsony. These two assumptions are therefore necessary to obtain an intermediary case.
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The larger the proportion of firms proposing a relatively low wage, the larger the prob-
ability that an unemployed worker faces only low-wage offers, out of which one will
be accepted. In the other hand, the larger the proportion of firms proposing a relatively
low wage, the higher the acceptance probability of a job offer of a firm proposing a
relatively high wage. Hence, firms face a trade-off between the size of their surplus
from the match and the speed at which the vacancy is expected to be filled. Subse-
quently, the wage distribution is endogenous and the equilibrium is characterized by
the coexistence of low-wage and high-wage firms.

This paper shows moreover that the wage distribution stemming from the afore-
mentioned trade-off fluctuates along the cycle. The workers choose the proposal which
provides the higher wage. Therefore, they become pickier as the number of offers in-
creases (in expansion) which subsequently constraints firms to post higher wages. This
means that the workers’ bargaining power, which emerges through the possibility that
the workers have to refuse the wage offers, increases in good times, when workers can
choose among more job offers. The opposite happens in recession. Said differently,
the monopsony power of the firms, decreasing with the rejection probability, is coun-
tercyclical. At the same time, the probability of refusing relatively low wage offers
increases in good times, forcing to the convergence in wages (firms proposing rela-
tively low wages find it more difficult to find unemployed workers willing to accept
the offer) towards a competitive unique wage equilibrium. In recession, a similar wage
convergence process occurs, yet towards the pure monopsonistic wage equilibrium, be-
cause the probability that unemployed workers only get one offer (that they will accept
whatever the wage) is higher. The wage distribution is therefore more dispersed when
the economy is around the steady state.

The paper proceeds as follows: Section 2 presents the model incorporating wage
posting into a search and matching model. I show how wage dispersion arises in such
a framework. Section 3 describes the specific vacancy filling rate when unemployed
workers can get several offers per period. This particularity is crucial to understand the
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countercyclicality of firms’ monopsony power. Empirical evidence will be presented
in section 4. I expect a support for the theoretical framework developed in the two
previous sections. Section 5 concludes.

2 The model

2.1 Timing

Each period is characterized by the following timing. At the beginning of the period, a
proportion λ of the existing matches exogenously splits up. Subsequently, the matching
process takes place. Due to search frictions, only a certain fraction of vacancies and
unemployed workers actually meet each period. I depart from the standard search
and matching model in assuming that unemployed workers can get more than one job
offer and that searching firms can meet several candidates each period. This realistic
assumption gives an interesting active role to the workers and allow me to analyze to
which extend the workers’ job acceptance decision constraints the firms’ wage setting
decision. Firms make take-it-or-leave-it offers to job candidates. In case of acceptance,
matches are created and production takes place.

2.2 The workers

A continuum of identical workers of measure one participates in the labor market.
Each period, ut unemployed workers are looking for a job. Each of them receives up
to NO offers per period, each with probability st = s(θt), where θt = vt

ut
is the degree of

labor market tightness at time t. The slacker the labor market (the lower θt), the lower
the probability for an unemployed worker to get a job offer.

The workers’ wage acceptance rule is simple. They compare the offers received
during the period and accept the job which provides the higher wage. If two firms
propose the same wage, they toss a coin.
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2.3 The firms

I consider one-job firms. Each period, vt vacancies are unfilled. Each firm meet a maxi-
mum of NC candidates per period, each with probability qt = q(θt). As for the workers,
the state of the economy, reflected by θt , determines the probability of meeting each
candidates. The slacker the labor market (the lower θt), the higher the probability qt .

2.4 Wage dispersion

In the present model, employers play active role not only as job creators but also as
wage setters. Wages are set so as to maximize the value of a vacancy. Free entry how-
ever ensures that this value is equal to zero at any time t. Firms play a mixed strategy
in the wage posting game, trading off between their surplus and the vacancy filling
duration. To understand this trade-off, consider the following Bellman equations for
the value of a vacancy and the value of a job for a type-i firm, which means proposing
a wage wit .

The value of posting a vacancy for firm i is equal to:

Vit =−κ+QitJit +(1−Qit)βVit+1

where κ is the cost of posting a vacancy, β is the discount rate, Qit is the time t prob-
ability that a vacancy matches with an unemployed worker and Jit is time t value of a
job for a firm i. Jit can be written:

Jit = xt −wit +β

(
(1−λ)Jit+1 +λ(1−Qit+1)Vit+1

)
where xt is the aggregate productivity level.

It is important to notice that Vit is the value of a vacancy for firm i at the moment
the vacancy is posted, i.e. before the matching process. In contrast, Jit is the value of
employment for firm i at the moment the production takes place, i.e. after the matching
process.

Tesi di dottorato "ESSAYS IN LABOR ECONOMICS"
di MORIN ANNAIG
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



87

In equilibrium, free entry drives the value of a vacancy Vit to zero. This condition
states that each vacancy type is equally valuable, which opens the room to wage dis-
persion in equilibrium. Indeed, any wage rate in (wt ,w̄t) can be proposed by a firm,
the corresponding vacancy filling rate ensuring the equilibrium condition. wt and w̄t

are respectively the lowest wage rate that an unemployed worker can accept and the
highest wage rate that a firm can provide. For tractability reason, I focus on a simple
case where only two wage rates can be proposed, wbt and wgt , with wgt ≥ wbt . This
means that, in the economy, good firms, denoted by the subscript g, and bad firms, de-
noted by the subscript b, coexist. Firms can choose either to post a good-job vacancy,
i.e. offering a relatively high wage wgt , expecting the vacancy to be filled quickly, or
bad-job vacancy, i.e. proposing a relatively low wage wbt in order for the job value to
be high. Gt is the proportion of good-job vacancies at time t.

The equilibrium condition Vgt = Vbt = 0 determines Gt , the proportion of good
firms in time t, as a function of wbt and wgt . Once Gt is determined, Nature chooses
the type (bad, good) of each firm.

2.5 Wage rates

Literature on wage posting traditionally assumes that an offer is a commitment to pay a
constant wage flow until the match is hit by a λ-shock. In order to carry out a dynamic
analysis where the total surplus from a match evolves along the cycle, the assumption
of a constant wage can not be kept. Indeed, the wage has to remain in the endogenous
interval (wt ,w̄t). Therefore, in the present model, I assume that instead of imposing the
wage level, firms impose the sharing rule of the total surplus from the match.

3 Countercyclicality of the firms’ monopsony power

3.1 Vacancy filling rate

For tractability reason, I consider that NO = 2 and NC = 1. Two conditions are neces-
sary in order for a match to be created: the firm should receive at least one applicant
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and at least one applicant should accept the offer.

First, I consider the probability that a bad firm/unemployed worker match is cre-
ated. The firm is connected with an unemployed worker with probability qt . Given the
randomness of the meeting process between vacancies and unemployed workers, this
probability is the same for good and bad firms. qt only depends on θt which is an indi-
cator for the state of the economy. If the unemployed worker gets only one offer during
the period, he accepts it with probability one, as long as wbt provides a welfare greater
than the value of unemployment. However, if the unemployed worker receives two
offers, he accepts the bad firm’s offer only if the other offer is also a low-wage offer,
which occurs with probability 1−Gt . In this case he will choose randomly between
the two offers and the acceptance probability is 1−Gt

2 .
An unemployed worker gets each offer with a probability st . Therefore, receiving

exactly one offer conditional of receiving at least one offer happens with probability
p1t :

p1t =
2st(1− st)

2st(1− st)+ s2
t

and receiving exactly two offers conditional of receiving at least one offer happens
with probability p2t :

p2t =
s2
t

2st(1− st)+ s2
t

The probability abt that an unemployed worker accepts the bad-job offer is there-
fore:

abt = p1t + p2t
(1−Gt

2
)

Therefore, the bad-vacancy filling rate can be expressed as:

Qbt = qtabt

Second, I consider the probability that a good firm/unemployed worker match is
created. If the unemployed worker gets only one offer during the period, he will ac-
cept it with probability one, as long as wgt provides a welfare greater than the value
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of unemployment. However, if the unemployed worker receives two offers, he will
accept the good firm’s offer if the other offer comes from a bad firm, which occur with
probability 1−Gt , and if he chooses this offer out of two good offers, which occur
with probability Gt

2 .
The probability agt that an unemployed worker accepts the good-job offer is there-

fore:
agt = p1t + p2t

(
1−Gt +

Gt

2
)

And the good-vacancy filling rate can be expressed as:

Qgt = qtagt

The advantage of good firms in terms of vacancy filling speed can be designed as
the difference in job offer acceptance rates:

agt −abt =
s2
t

2(2st − s2
t )

> 0

The higher the wage offer, the higher the rate at which the vacancy is filled.

3.2 Dynamics analysis

In expansion, the labor market becomes tighter. θt and therefore st increase. This has
the following impact on the number of offers an unemployed worker receives:

∂p1t
∂st

= − 2s2
t

(2st−s2
t )2 ≤ 0

∂p2t
∂st

= 2s2
t

(2st−s2
t )2 ≥ 0

In expansion, an unemployed worker faces in average a higher number of offers
and become therefore pickier. Both types of firm record a decline in the job offer
acceptance rate, but bad firms are more severely affected. Indeed, abt , agt and agt−abt
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are impacted in this way:

∂abt
∂st

= −Gt
s2
t

(2st−s2
t )2 ≤ 0

∂agt
∂st

= −(1+Gt)
s2
t

(2st−s2
t )2 ≤ 0

∂(agt−abt)
∂st

= s2
t

(2st−s2
t )2 ≥ 0

Even if both job offer acceptance probabilities decrease, the advantage of good firms
increases with the cycle. The duration of bad-firm vacancies raises more than the one
of good-firm vacancies. The vacancy value differential Vgt−Vbt , which is equal to zero
in equilibrium, widens, as showed by (see Appendix A for derivation details):

∂(Vgt −Vbt)
∂st

= qt

[
∂agt
∂st

[(Jgt − Jbt)−β(Vg,t+1−Vb,t+1)]+
s2
t

(2st − s2
t )2

(Jbt −βVb,t+1)
]

(1)
This derivative is positive, meaning that posting a good vacancy becomes more

valuable than posting a bad one. This is due to the fact that the relative duration of
a bad vacancy increases. Bad firms can therefore be tempted to decrease the wage
it proposes in order to keep the balance between wage level and vacancy filling rate.
However, this strategy is not implementable. As a result, some bad firms shut down,
and new good firms post vacancies. The change in proportion in favor of good firms
will have a second impact on the low-wage offer acceptance probability. Indeed, as the
proportion of good firms increases, the probability that an unemployed worker gets a
high-wage offer as a second offer increases, which decreases the bad-offer acceptance
probability.

As the number of offers unemployed workers face increases, the labor market be-
comes more competitive. Wages are therefore less dispersed and converge towards a
high wage level. Monopsony power and wage dispersion are therefore the two faces
of the same coin. The decrease in the monopsony power is explained by the fact that
the labor market is more competitive. Moreover, firms are able to post different wage
offers only because they have some monopsony power. As the labor market becomes
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more competitive, both the monopsony power and the wage dispersion dampen.
On the contrary, the labor market behaves more like a monopsony in recession.

Indeed, in bad times, the probability of getting two offers (and therefore of being
able to compare the job offers) decreases, which allows firms to make fully use of
their monopsony power. Moreover, it becomes less interesting for good firms to pro-
pose high wages given that the probability that low-wage offers are accepted becomes
higher. Wage dispersion reduces as more firms have the incentive to propose bad-job
offers, and the economy tends towards a unique (bad) wage equilibrium.

4 Concluding remarks

I have investigated how the monopsonistic power of firms evolves along the business
cycle. The core mechanism is the following: workers gain some bargaining power
as they receive more job offers. The risk for the firm to face an offer rejection de-
creases its power to dictate the wage, i.e. its monopsonistic power. The results are
the following. In peaks, wage dispersion may decrease as wages converge towards the
competitive wage level. In troughs, wage dispersion may decrease as wages converge
towards the monopsonistic wage level. In intermediate states of the economy, disper-
sion is large. An empirical exercise could be undertaken, using data from the European
Community Household Panel (ECHP). The monopsony power of firms could be prox-
ied as the part of the wage which is not explained by observable elements. A similar
methodology, based on the measure of the wage residual, has been used by Polachek
and Robst (1998) and Polachek and Xiang (2005) to estimate workers’ incomplete in-
formation about their potential wage. The basis of the empirical investigation would
be formed by two regressions. The first regression would estimate the correlation be-
tween the mean of the residuals and the unemployment rate (which is an indicator of
the business cycle). The second regression would estimate the correlation between
the variance of the residuals and the unemployment rate. This would allow me to
test whether and how wage dispersion fluctuates along the cycle and if wages tend to
converge towards a good (competitive) equilibrium in expansion and towards a bad
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(monopsonistic) equilibrium in recession. I expect this empirical part to support the
theoretical model developed in the paper.
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A Vacancy value differential

The value of a vacancy of type i is:

Vit =−κ+qtaitJit +(1−qtait)βVi,t+1

Therefore, the vacancy value differential between the two types of firm is:

∂(Vgt −Vbt)
∂st

= qtJgt
∂agt
∂st

−βqtVg,t+1
∂agt
∂st

−qtJbt
∂abt

∂st
+βqtVb,t+1

∂abt

∂st
(2)

From the expressions of ∂abt
∂st

and ∂agt
∂st

, I get:

∂abt

∂st
=− s2

t

(2st − s2
t )2

+
∂agt
∂st

(3)

Plugging equation (3) into equation (2), I obtain:

∂(Vgt −Vbt)
∂st

= qt

[
∂agt
∂st

(Jgt−βVg,t+1)+
s2
t

(2st − s2
t )2

(Jbt−βVb,t+1)−
∂agt
∂st

(Jbt−βVb,t+1)
]

∂(Vgt −Vbt)
∂st

= qt

[
∂agt
∂st

[(Jgt − Jbt)−β(Vg,t+1−Vb,t+1)]+
s2
t

(2st − s2
t )2

(Jbt −βVb,t+1)
]

which is equivalent to equation(1).
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