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1 Introduction

As the New York Times reports on January 2012: "[...] industry analysts had been skeptical
of the combined potential of the two automakers since Fiat took control of Chrysler after it
emerged from its government-sponsored bankruptcy [...] Once Fiat takes full ownership, the
Chief Executive O¢ cer Mr. Marchionne will be faced with the delicate decision of whether to
locate its corporate headquarters in Italy, the United States or possibly a neutral location."
Meanwhile, the NYT also notes: "Fiat said that it would withdraw from the leading employers�
group in Italy as it pushed for more �exibility with its labor agreements, which the European
Central Bank has deemed fundamental if Italy is to increase growth and pay down its crippling
debt. The decision by Fiat, the country�s largest manufacturer, comes a little more than a week
after the employers�group, Con�ndustria, signed an agreement with labor unions that aimed
to weaken national legislation that would liberalize the labor market by allowing employers
to negotiate contracts with the workers at individual factories rather than be tied to national
contracts. Mr. Marchionne [...] has threatened to pull all production out of Italy if Fiat is
not allowed to override national contracts and negotiate directly with its workers."
While the speci�c case of the automobile industry in Italy discussed above can be of little

interest for the wide audience of economists, the above example brings a series of general
interesting questions that we want to answer in this paper: How relevant are contractual
incompleteness and labour institutions for investment and productivity growth? Which are
the channels through which such institutions in�uence these outcomes? Does the size of these
e¤ects depend on the degree of sunkness and/or the timing of investments by �rms? In
this paper we try to answer the above questions by focusing on the relation between sunk
investments, unions�bargaining power and the underlying hold-up problem. In particular, we
construct a search and matching model with sunk capital investments and ex-post collective
wage negotiations to look at the e¤ects of unions�bargaining power on the rate of growth
of investment and labour productivity. We then put the model to data by evaluating the
quantitative e¤ect of coverage of union bargaining agreements on growth of investment per
worker and hourly labour productivity across manufacturing sectors in a set of OECD countries
during the period 1980-2005.
We show that higher union power has a relatively stronger negative e¤ect on investment

and productivity in sectors with a larger proportion of sunk physical capital. The reason rests
on the classic concept of hold-up as analysed by Grout (1984): in a setting in which �rms
make their investment decisions before the wage negotiation takes place, a positive shock on
unions�bargaining power increases the quasi-rents workers receive (via higher wages) without
paying any capital cost; anticipating this, �rms decide to invest less. In this paper, we further
develop the basic intuition of Grout (1984) in a matching model with capital investment:
in particular, we extend the model proposed by Acemoglu and Shimer (1999) by allowing
for di¤erent sunk capital intensities across sectors. In our model, the degree of sunkness is
captured by the amount of capital that �rms cannot relet in case there is no production. A
positive shock on the union�s bargaining power lowers the rate of investment per worker and
labour productivity relatively more in high sunk capital sectors. The intuition goes as follows:
stronger union�s bargaining power pushes unemployed workers to search for jobs in the sectors
where the hold-up problem is more serious and wages are expected to be higher. Moreover,
higher union power dampens vacancy creation in both sectors (because expected pro�ts are
lower), but less so in the one with a larger share of sunk capital, where the increase in job
applications reduces the expected duration of a vacancy and the opportunity costs of idle
capital equipment. In order to avoid that all unemployed workers stop applying for their jobs,
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�rms in the sectors with low sunk capital react by reducing capital investment less than the
�rms operating in sectors with a higher share of sunk capital.
We test the theoretical predictions of the model using di¤erent sources of data for growth

of investment per worker and labour productivity in manufacturing sectors using a di¤erence-
in-di¤erence approach as proposed by Rajan and Zingales (1998). In particular, we interact
an indicator of union power at the country level (the coverage of union bargaining agree-
ments) with a sectoral measure of sunk capital intensity (one minus the share of used capital
investment in total capital investment at the industry level), as recently proposed by Bala-
subramanian and Sivadasan (2009) and derived from US industry data.
Our paper is associated to di¤erent strands of literature. It is related to the literature on the

hold-up problem with relation-speci�c investments and contractual incompleteness in which
under-investment occurs if contracts cannot be enforced (Williamson, 1985; Grossman and
Hart, 1986; Hart and Moore, 1990).1 In this context, Grout (1984) shows that, when there is
rent sharing, irreversibility of capital investments and the structure of wage bargaining reduce
investments. In fact, when long term contracts are not binding and capital investment is
sunk, unions have the ex-post incentive to appropriate quasi-rents determining lower levels of
investment.2 This intuition is discussed with reference to the UK Trade Union Immunity Laws,
which prevented �rms from suing a trade union that ex-post breached a labour agreement thus
generating losses for the �rms. More recently, Card et al (2011) propose a two-period model
showing that the hold-up problem is likely to be mitigated if there is a credible threat of
liquidation by the �rm in the second period. Using a matched employer-employee dataset for
the manufacturing sector of the Veneto region in Italy, they test the empirical predictions of
the model and �nd evidence that unions appropriate rents but after deducting the full cost of
capital, suggesting that investment might be at its e¢ cient level, even if the precision of their
estimates do not allow them to exclude modest degrees of hold-up.3

Our paper is also referred to the studies on the cross-country e¤ects of labour market
regulations and institutions. In this setting, Fiori et al (2012) look at the e¤ect of the inter-
action of labour and product market regulations on employment in OECD countries, and �nd
that product market liberalisation is more bene�cial when �ring restrictions are higher, and
that bargaining power of unions has negative employment e¤ects. Using a sample of �rms for
a group of EU countries, Cingano et al (2010) show that employment protection legislation
reduces investment per worker and value added per worker especially in high reallocation sec-

1General equilibrium e¤ects of speci�city are studied by Caballero and Hammour (1998), who analyse how
the market system provides an ine¢ cient solution to the unresolved microeconomic contracting problems. More
recently, Acemoglu et al (2007) show that contractual incompleteness favours the adoption of less advanced
technologies, and that the impact of contractual incompleteness tends to be stronger when there are impor-
tant complementarities among the intermediate inputs, thus shaping the pattern of endogenous comparative
advantage. Such intuition is empirically con�rmed by Nunn (2007).

2Muthoo (1998) discusses the conditions that have to be ful�lled for investment levels to depend negatively
on the degree of sunk costs. See also Che and Sakovics (2004) for a recent theoretical discussion of the hold-up
problem.

3See Manning (1987) and Cavanaugh (1998) for early attempts to empirically evalutate the Grout e¤ect. For
papers that study the e¤ects of unions on investment and productivity see Hirsch (1991) for the US, Morikawa
(2010) for Japan, Addison et al (2007) for Germany, and Machin and Wadhwani (1991) for the UK among the
others. See Metcalf (2003) for a cross country analysis of the e¤ects of unions. See the papers by Doucouliagos
and Laroche (2003a, 2003b) for meta-analyses on the relationship between unions and productivity and unions
and tangible investments. See also Boeri et al (2001) for an exhaustive discussion of recent stylized facts and
interpretations concerning the role of unions.
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tors.4,5 Finally, our paper is also related to the literature on the relationship between unions�
power, the structure of wage bargaining and macroeconomic outcomes (Cuckierman and Lippi,
1999).
The paper contributes to the literature in four main directions. First, we generalise the

search and matching model of Acemoglu and Shimer (1999) by allowing for di¤erent extent
of sunk capital across di¤erent sectors of the economy. In such a framework, we show that
mobility of workers, by in�uencing vacancy creation and capital investment, is key to analyse
the relative importance of the hold-up problem across di¤erent sectors. In second place, by
using a di¤erence-in-di¤erence approach, we perform a direct test of the most important theo-
retical mechanism through which unions can negatively a¤ect investment, namely the hold-up
problem arising from the interplay between contractual incompleteness and sunk capital in-
vestments. Thirdly, ours is the �rst paper, to our knowledge, that investigates the e¤ects
of unions on productivity and investment in a cross country-cross industry comparison using
a consistent source of data. Finally, we further explore the possibility that the relevance of
the hold-up problem is in�uenced by features of the system of industrial relations and labour
regulations that have somewhat been neglected in the previous literature, such as the con-
centration/fragmentation of unions, the possibility to go on strike after a contract has been
signed, and the quality of labour relations.
Our empirical results imply a yearly investment growth di¤erential over the period 1980-

2000 of about 1.1% between a sector at the 75th percentile (Transport equipment) and at the
25th percentile of the sunk capital intensity distribution (Leather products) in a country at
the 25th percentile of the union coverage distribution (such as the United Kingdom, with an
average of 53.7%) compared to a country at the 75th percentile of union coverage (such as
Spain, with an average of 83.6%). In the case of the growth rate of productivity growth, we
�nd a growth di¤erential of about 0.8%. We also �nd that an increase in union coverage during
the period had a strong and negative e¤ect on investment per worker. Moreover, our empirical
results suggest that the negative e¤ect of union coverage in sunk capital intensive sectors is
stronger in countries in which regulation of strikes and arbitration are not legally binding,
and in countries in which there is more fragmentation across unions. Finally, we show that,
in countries in which there is a Social Pact between the government and the confederations
of unions and employers (see Visser, 2011), the negative e¤ect of unions on investment and
productivity turns out to be not statistically signi�cant.
We check the robustness of these results considering various di¤erent speci�cations. First,

we consider the role of alternative determinants of industry growth by including the relevant
interactions between industry and country characteristics, such as the average years of school-
ing at the country level and the sectoral human capital intensity, the country capital output
ratio and the industry physical capital intensity, the sectoral measure of �nancial dependence
and the country level of �nancial development. Second, we include interactions between sunk
capital intensity and country level variables potentially correlated with union coverage such

4Cuenat and Melitz (2012) theoretically show that industry di¤erences and labour market institutions can
determine the pattern of comparative advantage: as a result, countries with more �exible labour markets
tend to specialise in more dynamic industries. Conti and Sulis (2010) �nd that the negative e¤ect of labour
institutions as employment protection legislation on value added growth is stronger in more human capital
intensive sectors.

5Using �rm-level data on multinationals located in France, Bas and Carluccio (2010) show that multina-
tional �rms are more likely to import intermediate inputs from external independent suppliers instead from
their own subsidiaries when importing from countries with empowered unions. Moreover, this e¤ect is stronger
for �rms operating in capital-intensive industries.
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as the change in union coverage over time, union density and its change over time, the level
and coordination of wage bargaining, the coverage of unemployment bene�ts, the extent of
employment protection legislation, the presence of barriers to foreign direct investments and
the rule of law. Third, we examine whether our interaction between union coverage and sunk
capital intensity partly captures other interactions of unions with industry features that might
be correlated with sunk capital intensity, such as R&D intensity and physical capital intensity.
Fourth, we control for possible endogeneity of union power by instrumenting it with political
economy variables. We conclude that our robustness checks con�rm the baseline results.
The rest of the paper is organized as follows. In section 2 we develop the theoretical model

and derive the main empirical implications we test in the data. In sections 3 and 4 we present
the data and the estimation method, while in section 5 we discuss our results. Section 6
concludes.

2 The Model

2.1 Production and Matching Technology

We consider a continuous-time model with a continuum of in�nitely-lived and risk-neutral
workers with perfect foresight and common discount rate r. The economy is composed by one
�nal consumption good Y , whose price is normalised to 1, and two intermediate goods. The
�nal good production function takes a CES form:

Y =
h
Y

��1
�

a + Y
��1
�

b

i��1
�

: (1)

in which Ya (Yb) is the amount of the intermediate good a (b) used in the production process
of the �nal good while � > 1 allows for a situation in which one of the intermediate goods
is equal to zero. Perfect competition is assumed in all, both intermediate and �nal, good
markets; therefore cost minimisation in the �nal good sector leads to the following inverse
demand function for each intermediate good:

p(Yi) �
dY

dYi
=

�
Yi
Y

�� 1
�

; for i 2 fa; bg: (2)

Following the standard search and matching framework (Pissarides, 2000), we assume that, in
each intermediate sector, a �rm is composed of a single (�lled or vacant) job. Firms in sector
i have to choose an amount of equipment ki before meeting the workers. The unit price of
capital is assumed �xed and equal to p: the latter has to be paid at any instant in time by
a �rm, either with a vacancy open or with a �lled job. Our assumption of a rental price of
capital is di¤erent from the one made by Acemoglu and Shimer (1999) who assume that the
�rm buys up-front the total amount of capital; by way of contrast, in our case, the �rm is
allowed to relet at least a share 
i for i 2 fa; bg of it. An hold-up problem arises because �rms
must choose and pay the amount of capital ki before the wage negotiation takes place.
The labour force is normalised to 1. There are frictions in the labour market. In any

intermediate sector i 2 fa; bg, a matching function yields the measure of matches for certain
values of unemployed people searching for a job in that sector, ui, and vacancies vi: mi =
m(vi; ui). The function m(:; :) has constant returns to scale and it is increasing and concave
in each argument. Labour market tightness in sector i is de�ned as �i � vi=ui, for i 2 fa; bg.
A vacancy is �lled according to a Poisson process with rate q(�i) � mi=vi; q

0(�i) < 0. A
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job-seeker moves into employment at rate �i � q(�i) � mi=ui, increasing in �i.6 Following
most of the literature, we consider a Cobb-Douglas technology for the matching function:
mi = u1��i v�i ; however, our results still apply to more general functional forms. At a certain
exogenous rate s, the capital investment ki attached to either a vacancy or a �lled job breaks
down: in that case, the worker becomes unemployed. We also assume that unemployed workers
are able to direct their search towards either sector and a non-arbitrage condition discussed
below ensures that there is no expected gain in choosing either option. Therefore, if � denotes
the endogenous share of unemployed workers searching for a job in sector a, we have the
following laws of motion of unemployment in the two sectors:

_ua = s � ea � �aq(�a) � �u (3)

_ub = s � eb � �bq(�b) � (1� �)u (4)

in which ea, eb and u denote the level of employment in sector a, in sector b and the total
number of unemployed people in the economy, respectively. Using 1 = ea + eb + u, we can
derive the level of employment in both sectors at the steady state:

ea =
��aq(�a)

s+ ��aq(�a) + (1� �)�bq(�b)
(5)

eb =
(1� �)�bq(�b)

s+ ��aq(�a) + (1� �)�bq(�b)
(6)

In sector i = fa; bg, each worker produces yi units of the intermediate good via a technology
yi = f(ki) = k

�
i . Therefore, using Yi = yi � ei and equations (5) and (6), the inverse demand

(2) can be re-written in steady state as:

p(Ya) =

(
1 +

�
1� �
�

�
kb
ka

��
� �bq(�b)
�aq(�a)

���1
�

) 1
��1

(7)

p(Yb) =

(
1 +

�
�

1� �

�
ka
kb

��
� �aq(�a)
�bq(�b)

���1
�

) 1
��1

(8)

Because of diminishing marginal productivity, the price of the good i negatively depends on
the fraction of unemployed workers searching for a job in sector i.

2.2 Investment Decision and Free-Entry Condition

The expected discounted value of a �lled job veri�es the following Bellman equation:

r�Ei = p(Yi) � k�i � w(ki) � p � ki � s�Ei + _�Ei (9)

for i = fa; bg, where the last term on the RHS measures the appreciation of �Ei (k). The
equation above says that the �rm�s revenues are equal to the amount of the intermediate good
produced (multiplied by its price p(Yi)) net of the real wage w(ki) and the rental cost of
equipment that the �rm must pay as long as the capital is not destroyed, p � ki; in the latter

6Moreover, it is assumed that lim
�i!0

q(�i) = +1, lim
�i!+1

q(�i) = 0, lim
�i!0

�iq(�i) = 0, and lim
�i!+1

�iq(�i) = +1.
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case, the �rm exits the market. The expected discounted value of a �rm with a job vacancy
reads as:

r�Vi = max
ki

�
i p � ki + q(�i)
�
�Ei � �Vi

�
� s�Vi + _�Vi (10)

for i = fa; bg: the �rm�s problem is to choose the optimal level of capital that maximizes r�Vi .
It is important to note that when the vacancy is idle the capital equipment is not used in
the production process: however, we assume that there is a fraction 1 � 
i of the equipment
that �rms are able to relet or dispose in other ways in order to cover its cost. As a result,

ip � ki is the �ow cost of capital paid by �rms that are searching for a worker: in this sense,
the parameter 
i measures the extent of sunkness of capital. In order to single out more
starkly the impact of irreversible investment in our model, we impose 
a > 
b as the only
technological di¤erence between the two sectors. As Acemoglu and Shimer (1999), we restrict
the �rms to choose the same level of capital for any job in each sector.
Using equations (9) and (10), we get the following F.O.C.:

q(�i)

r + s + q(�i)

�
p(Yi)� � k��1i � w0(ki)� (1� 
i)p

�
= 
ip (11)

for i 2 fa; bg. At the equilibrium, the marginal cost of capital - the RHS of (11) - must be
equal to its marginal revenue - the LHS of (11).
There is free-entry of vacancies: in particular, �rms enter the labour market as long as

expected pro�ts are nonnegative: �Vi = 0. Following Pissarides (1985), we also impose that
the level of vacancies instantaneously changes in order to ensure that the condition �Vi = 0
always holds, both in and out of the steady-state equilibrium. In this case, _�Vi = 0 and
equation (10) becomes:

�Ei =

i p � ki
q(�i)

for i 2 fa; bg: (12)

Then, rearranging equations (9) and (10) yields:

p(Yi)k
�
i � w(ki) � (1� 
i)p ki + _�Ei

r + s + q(�i)
=

ip � ki
q(�i)

for i 2 fa; bg: (13)

Equation (13) says that the expected cost of �lling a vacancy is equal to the expected revenues
obtained from a job. Notice that the parameter 
i has a twofold e¤ect on the zero pro�t
condition. On the one hand, it raises the expected cost of a vacancy, as the latter is increasing
in the rental cost of capital in case of no production, i.e. 
ip. On the other hand, it also raises
the expected revenues for a vacancy, because the capital gain for �lling a vacancy is greater
the larger the fraction of sunk capital.

2.3 Workers�Preferences and Wage Bargaining

The expected discounted utilities of an employed and an unemployed worker in sector i 2
fa; bg, are, respectively:

rJEi = w(ki) + s
�
JUi � JEi

�
+ _JEi ; (14)

rJUi = �iq(�i)
�
JEi � JUi

�
+ _JUi : (15)

The interpretation of these Bellman equations is standard. Being employed (respectively,
unemployed) is equivalent to holding an asset that yields an instantaneous utility equal to the
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wage w(ki) (respectively zero, as we assume for simplicity that there are neither unemployment
bene�ts nor home production in this economy) and the capital gain in case the worker becomes
unemployed (respectively gets a job) multiplied by the corresponding entry rate. Finally, _JEi
and _JUi are the appreciation terms.
Since unemployed workers are free to search for either a job in sector a or a job in sector

b, a non-arbitrage condition must ensure that the expected utility of being unemployed is the
same across sectors:7

rJUa � _JUa = rJUb � _JUb : (16)

In order to solve the model, we need to impose a wage rule: as our main interest is the e¤ect
of union power on investment and productivity, we do not consider the individual bargain-
ing process that is common in standard search and matching models (see Pissarides, 2000);
we instead consider a collective bargaining process where, in each sector, unions and �rms�
representatives negotiate over the wage.
To model unions�preferences, we consider an utilitarian case. In particular, �rms in sector

i have an utility equal to ei � �Ei , i.e. the expected revenues of each single �rm multiplied
by the number of �rms with a �lled job in the market.8 Moreover, there is a union which
cares about the sum of the utilities of its members. For simplicity, we also assume that the
workers�union represents all the workforce in that sector: therefore, the utility of the union
when bargaining in sector i is equal to ei � JEi + ui � JU , for i 2 fa; bg.
Wages are determined by bilateral generalised axiomatic Nash bargaining that takes the

following form:

w(ki) = argmax
�
ei � JEi + ui � JU � (ei + ui) � JU

�� � � ei � (�Ei � �Vi ) �1��
for i 2 fa; bg. At the equilibrium, the negotiation always ends up in an agreement. The
F.O.C. of the above problem is:

� �
�
�Ei � �Vi

�
= (1 � �) �

�
JEi � JU

�
for i 2 fa; bg: (17)

Using the Bellman equations for workers and �rms (9), (10), (14) and (15), the F.O.C. of the
bargaining problem yields:

� [ p(Yi)k
�
i � w(ki) � p ki ] = (1� �)

h
w(ki) � rJU + _JU

i
(18)

for i 2 fa; bg.9 Rearranging, we get:

p(Yi)k
�
i � w(ki) = (1� �)

h
p(Yi)k

�
i � rJU + _JU

i
+ � � p � ki (19)

for i 2 fa; bg. Di¤erentiating this equation with respect to ki and plugging it into (11) yields:

Gi(�i; �j; �; ki; kj) � (1� �)p(Yi) � �k��1i � p(r + s)
i + q(�i)(1� �)
q(�i)

= 0 (20)

for i; j 2 fa; bg; i 6= j. The implicit function Gi(�i; �j; �; ki; kj) = 0 represents the �rm�s
optimal choice of capital in sector i when the wage is determined by bilateral bargaining.

7Since the expected utility JU is invariant across sectors, we will suppress the subscript i henceforth.
8Felbermayr et al. (2008) and Bauer and Lingens (2010) have recently used the same approach.
9Note that � �

h
_�Ei � _�Vi

i
= (1� �) �

h
_JEi � _JU

i
.

8



Notice that the endogenous variables �j, �, and kj appear in equation (20) because the price
of the intermediate good p(Yi) depends on them (see equations (2), (3) and (4)).The �rst
term in Gi(�i; �j; �; ki; kj) = 0 is the marginal gain of investment which is decreasing in
ki because the production function has diminishing returns on capital. The second term is
the marginal cost of investment which is increasing in �i as a higher labour market tightness
raises the expected duration of �lling a vacancy, which in turn implies more time with an idle
equipment. In equilibrium, marginal costs must be equal to marginal bene�ts, so an increase
in �i must be accompanied by a lower ki. Notice also that the higher the fraction of sunk
capital 
i, the higher the marginal cost of investment.
Using the free entry condition (12), the Bellman equations for unemployed workers (15),

and the Nash sharing rule (17), the non-arbitrage condition (16) takes the following form:

rJU � _JU = � � p � �a � 
a � ka = � � p � �b � 
b � kb: (21)

Rearranging we get:
kb
ka
=
�a � 
a
�b � 
b

: (22)

Equation (21) allows us to express the wage equation below without the terms JU and _JU :

w(ki) = � � [p(Yi) � k�i + p � ki (
i � �i � 1)] for i 2 fa; bg (23)

The expression in (23) is similar to the wage equation obtained in search and matching models
with individual bargaining and no sunk capital. Workers receive a fraction � of the revenues
earned by the intermediate �rms plus an amount that positively depends on labour market
tightness. Notice also that the wage equation is increasing in 
i: the larger the extent of
sunk capital in the production function (i.e. the closer is 
i to 1), the bigger the hold-up
problem faced by �rms, as they have a greater fraction of capital that cannot be employed for
alternative uses when production does not occur (i.e., before the matching with the worker
and in case of wage disagreement). In other words, a higher share of sunk capital weakens the
�rms�bargaining position and, as a result, the bargained wage tends to be higher.
Thanks to equation (23) the non-arbitrage condition (22) can also be easily interpreted. In

fact, it simply states that one sector cannot jointly combine a bigger share of sunk capital 
i,
a higher level of equipment ki, and a tighter labour market compared to the other sector. This
is because this would imply both a higher real wage (via equation 23) and a lower expected
duration in unemployment, which in turn would entail that no worker would search for a job
in the other sector. Therefore, in equilibrium, the product of these three variables must be
equal across sectors.
We can substitute the RHS of (23) into (13) and rewrite the free entry zero pro�t condition

as:
(1� �)p(Yi)k�i + _�Ei

[ (r + s)
i + q(�i)(1� � + �
i�i) ]
=
p � ki
q(�i)

(24)

for i 2 fa; bg. Notice that, after taking the wage equation into account, the e¤ect of 
i on the
expected pro�ts is negative. Therefore a higher share of sunk capital entails a lower rate of
vacancy creation. The increase in the wage bill and in the expected costs of a vacancy, that
a higher share of sunk capital entails, outweighs the positive "capital gain" e¤ect on revenue
present in equation (13).
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kb

Ga ( a; b ; ; ka (kb) ) = 0

E

Gb ( b; a ; ; kb) = 0

1

Figure 1: Equilibrium

2.4 Existence and Uniqueness of the Steady-State Equilibrium

Before turning to the dynamics of the model, we look for the conditions that ensure the
existence and uniqueness of a steady-state equilibrium. It is straightforward to notice that if
there exist steady-state equilibrium values for ki, � and �i, for i 2 fa; bg, then all the other
remaining variables of the model (ei, u, w(ki), and the expected discounted utilities of the
agents) are also uniquely determined. We proceed by dividing equation (20) by equation (24)
evaluated at the steady-state (i.e. with _�Ei = 0). We get:

W(�i) �
1

�
� 1 � � � 
i�iq(�i)

(r + s)
i + q(�i)(1� �)
= 0 (25)

for i 2 fa; bg: The implicit function W(�i) = 0 uniquely determines the equilibrium value of
�i for i 2 fa; bg.
Using the non-arbitrage condition (22), we can write ka in terms of kb and plug the resulting

expression into the equations Gi(�i; �j; �; ki; kj) = 0, i; j 2 fa; bg; i 6= j. Then, we end up
with a system with two equations, Ga = 0 and Gb = 0, for two unknowns, kb and �. Using
the Inada conditions for the job �ows rates and the implicit function theorem, it is easy to
show that the system admits only one solution in kb and �.10 Once kb and � are determined,
the equilibrium values of employment ea and eb are uniquely obtained by the �ow equations
in (5) and (6) evaluated at the steady-state. Figure (1) intuitively shows that an equilibrium
exists and it is unique.

2.5 Labour Unions and Sunk Capital

The purpose of our paper is to determine the impact of unions�bargaining power on sectors
that, for some technological reason, di¤er in terms of the amount of sunk capital used in their

10Computations are in Appendix A.
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production function. In terms of our model, this amounts to study the dynamics of the growth
rate of investment per worker and the average productivity of labour both in sector a and in
sector b following a positive shock on �, the parameter that represents the bargaining power
of unions.
In particular, we consider the two equations of motion of unemployment (3) and (4), the

zero pro�t conditions (12) and (24), the optimal choice of capital (20) and the non-arbitrage
condition (22) that contain the unknowns ei, �Ei , �i, ki, and � for i 2 fa; bg: We express
(3), (4), (12), (20) and (22) as functions of the unknowns ei, �Ei , �i, ki, and �, respectively,
and plug the resulting expressions in equation (24).11 After some algebra, equation (24) takes
the form of a nonlinear autonomous di¤erential equation in �iand �j: _�i = hi(�i; �j) for i;
j 2 fa; bg; i 6= j. Computing the Jacobian matrix of the system _�a = ha(�a; �b); _�b = hb(�b; �a)
and the corresponding eingenvalues we get that the unique equilibrium is an unstable node
(computations are in Appendix B). This is a common result in search and matching models
(see Pissarides, 2000): if the system is not at its steady-state value, it diverges to an explosive
path. Moreover, for the implicit function Gi(�i; �j; �; ki; kj) = 0, the capital per worker ki
also has the same behaviour for i 2 fa; bg. So, when a positive shock to � hits the economy,
ki will adjust immediately to its new steady-state value.
Hence for the purposes of this paper, to study the growth rate of investment (productivity),

we just need to compare the "new" steady state value with the "old" one. Proposition below
illustrates the results:

Proposition 1 If and only if � > �, a positive shock on the bargaining power of unions �
lowers both the growth rate of investment and the growth rate of average labour productivity.
The decrease is more pronounced in sector a, that has a higher fraction of sunk capital, 
a.

Proof. We need to prove that

0 >
dkb
d�

1

kb
>
dka
d�

1

ka
: (26)

Totally di¤erentiating the system composed by Ga(�a; �b; �; ka; kb) = 0, Gb(�b; �a; �; kb; ka) =
0, Wa(�a) = 0, Wb(�b) = 0 and the non-arbitrage condition (22), and applying the implicit
function theorem we get that dkb

d�
< 0 iif � > �. Computations are in Appendix B. Then,

instead of computing the same derivative for ka, notice that

d kb
ka

d�
=
kb
ka
:

�
dkb
d�

1

kb
� dka
d�

1

ka

�
: (27)

So
d
kb
ka

d�
> 0 is a necessary and su¢ cient condition to prove that both inequalities in (26) are

veri�ed. Using the non arbitrage condition in (22), we get:

d kb
ka

d�
=

a
b

�
d�a
d�
�b � d�b

d�
�a

�
(�b:
b)

2 : (28)

Di¤erentiating Wi(�i) = 0 and applying the implicit function theorem, we get:

d�i
d�

����
Wi=0

= ��i
�


i(r + s) + q(�i)

(1� �)
i(r + s) + (1� �)q(�i)
for i 2 fa; bg: (29)

11See Appendix B.
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Substituting this expression into equation (28) yields:

d kb
ka

d�
=

�a�b�
�1 [
aq(�b)� 
bq(�a)] (r + s)(� � �)

[(1� �)
a(r + s) + (1� �)q(�a)] [(1� �)
b(r + s) + (1� �)q(�b)]
:

Using Wa(�a) = 0 and Wb(�b) = 0, it is easy to show that 
aq(�b) > 
bq(�a):
12 Hence we

conclude that
d
kb
ka

d�
> 0, � > �: Using equation (27), this means that

0 >
dkb
d�

1

kb
>
dka
d�

1

ka
, � > �: (30)

The decrease in the rate of investment is more pronounced in the sector with a larger share
of sunk capital 
a > 
b. The average productivity of labour is equal to k

�
i for i 2 fa; bg.13 So

we have:
dk�i
d�

1

k�i
= �

dki
d�

1

ki
;

therefore, results in (30) show that even the change in average labour productivity is bigger
in absolute value in the sector with a higher fraction of sunk capital.
The interpretation of Proposition 1 goes as follows. First, notice that an increase in union�s

bargaining power reduces labour market tightness �i (see Wi(�i) = 0) relatively more in the
sector with a lower share of sunk capital.14 A higher � has a negative e¤ect on �rms�revenues
in both sectors, but it also pushes unemployed workers to search for a job in the sector with
more sunk capital, as the wage gains stemming from the hold-up problem are increasing with
union�s bargaining power.15 This shift of the unemployed workers mitigates the negative e¤ect
of higher � in the sector with a larger share of sunk capital because it reduces the expected
costs of �lling a vacancy in that sector. Therefore vacancy creation, and in turn labour market
tightness, decreases less in the high sunk capital sector than in the other sector. Finally, for the
non arbitrage condition (22), one sector cannot experience a larger reduction in both capital
and tightness compared to the other. In fact, this would imply lower wages and a smaller
probability of �nding a job: as a consequence, all unemployed workers would stop searching
for a job in that sector. Therefore the sector with a higher share of sunk capital, which is
characterised by a smaller decrease in tightness, also displays a larger reduction in the rate of
investment per worker.

3 Data

3.1 Country-Industry Level

We use two di¤erent sources of data for our two dependent variables, the growth rate of
investment per worker and the growth rate of hourly labour productivity. The �rst source is
the "Trade, Production and Protection, 1976-2004" database by Nicita and Olarreaga (2007)
originally based on the UNIDO database (UNIDO henceforth). From this data, we extract
investment (gross �xed capital formation) per worker as our main dependent variable for a
set of 11 OECD countries: Australia, Austria, Belgium, Finland, Greece, Italy, Japan, South

12Details are available upon request from the authors.
13Recall that in each intermediate sector Yi = k�i � ei
14This can be seen by di¤erentiating equation (29) with respect to 
i.
15In the limit case in which � = 0 the wage is the same across sectors.
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Korea, Portugal, Spain and the United Kingdom. In the UNIDO database, the sectoral level
of aggregation is the ISIC Rev2 classi�cation with 28 manufacturing sectors, and for most
countries information is available for the entire period 1980-2000.16

As in the UNIDO dataset monetary variables are in current prices, we had to use EUK-
LEMS country-sector de�ators to obtain such variables at constant prices. In the case of gross
�xed capital formation, for most countries we recover such information at a level of sectoral
aggregation of 13 manufacturing sectors.17 If not available, we obtain data on gross invest-
ment de�ators from the OECD�s STAN database (Austria and Belgium) or national sources
(Greece, Portugal and South Korea). Finally, when information was not available at all, we
use averages for other countries. Finally, we also face a problem linked to currency conversions.
As original data are expressed in US dollars, we also decided to take into account purchasing
power parities: we convert back the currency units into national currencies and then apply
PPPs conversion factors to eliminate price variations.
The second source of data is the public release of the EUKLEMS database which contains

detailed information on various industry-level variables for a larger set of OECD countries
for the period 1980-2005 (see Inklaar et al., 2008). We extract information on hourly labour
productivity (which is not available in the UNIDO database) for 23 manufacturing sectors
according to the ISIC Rev3.1 classi�cation for 17 countries: Australia, Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan, the Netherlands, Portugal,
South Korea, Spain, Sweden, and the United Kingdom.18 We drop other EU and non-EU
countries as data were not available for the complete covered period and the US, as the latter
is used as the benchmark in our di¤erences-in-di¤erences approach.19

For some countries we do not have information on investment and productivity for all
sectors, but in no case the number of sectors falls below 20 (out of 28) and 17 (out of 23) in
the UNIDO and EUKLEMS dataset respectively. Our regressions are based on 266 and 347
observations which correspond to more than 85% of potential observations in both datasets.
We report descriptive statistics for sectoral growth of investment per worker and hourly labour
productivity in the �rst columns of Tables 1 and 2.

3.2 Industry Level

Our measure of sunk capital intensity at the industry level is derived from Balasubramanian
and Sivadasan (2009), and it is only available for the US manufacturing sector. They de�ne an
index of capital resalability as the share of used capital investment in total capital investment
outlays at the 4 digits SIC87 aggregate level for the years 1987 and 1992. The proposed index
is a valid measure of physical capital resalability based on the supposition that in industries
where capital expenditure is not �rm-speci�c (and there is an active secondary market for
physical capital) it is likely that used capital would account for a relatively higher share of

16The time span covered by the UNIDO database does not allow us to include other OECD countries. We
also checked investment data in the OECD STAN database, but the latter was either incomplete or had a
higher level of aggregation than the UNIDO one.
17In principle, if one works with �rst di¤erences (e.g. growth of investment), this should not matter because

in our empirical speci�cation we have country and sector �xed e¤ects. Still, we decided to de�ate the data to
allow for more precision in our estimates.
18We also extracted information for labour productivity, calculated as value added divided by the number

of employees in the UNIDO database. We have only used the latter to verify the robustness of our estimates:
results are available upon request.
19As the data for value added are in current prices, we use price de�ators available in the EUKLEMS dataset.

When not directly available, we use averages for the other countries over the same years.
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total investment. Thus, they expect their capital resalability index to be an inverse measure
of the degree of sunkness of investment across industries.
In Tables 1 and 2, we report for the UNIDO and EUKLEMS datasets respectively, the

main descriptive statistics for our measure of sunk capital intensity (which is an average
of the 1987 and 1992 values reported in Balasubramanian and Sivadasan, 2009), where the
latter is obtained after applying appropriate procedures for aggregation of data and conversion
of sectors using di¤erent classi�cation systems (see the Data Appendix for details). We also
report descriptives for some additional sector level control variables derived from US data that
do not vary across countries in our sample: physical capital, external �nancial dependence,
human capital and R&D intensity. As a measure of human capital/skill intensity we use the
measure proposed by Ciccone and Papaioannou (2009) and subsequently used in Conti and
Sulis (2010).20 Physical capital intensity is computed as the ratio between real gross capital
stock and value added in the US in 1980 using data taken from the EUKLEMS. Our measure of
R&D intensity is proxied by the R&D expenditure to value added ratio in the US in 1990 using
data taken from the OECD ANBERD database. Finally, our measure of external �nancial
dependence for 1980 is directly derived from Rajan and Zingales (1998).

3.3 Country Level

The main country level variables are reported in Table 3 as averages for the period 1980-2005.21

Our measure of union power is adjusted coverage of bargaining union agreements, as proposed
by Visser (2011). It is calculated as the number of employees covered by wage bargaining
agreements as a proportion of all wage and salary earners in employment with the right to
bargaining, expressed as percentage, adjusted for the possibility that some sectors or occupa-
tions are excluded from the right to bargain. Such indicator is the standard measure of union
power and it is preferable to union density for a variety of reasons (see Checchi and Lucifora,
2002). The latter is calculated as net union membership as a proportion of wage and salary
earners in employment and it is a measure of the demand for union representation that we
use as a robustness check of our speci�cation. As inspection of Table 3 shows, union coverage
is persistently higher than union density and it ranges from around 11% in Korea to about
97% in Austria. In Europe, Scandinavian countries traditionally show both very high union
density and coverage (higher than 70% and 80%, respectively), while Mediterranean countries
have quite high excess coverage (di¤erence between coverage and density, e.g., Spain has 84%
and 14% respectively); �nally Anglo-Saxon countries have less unionised labour markets.22

As mentioned above, in our study we also include a set of variables that should capture
some relevant aspects of the industrial relations system. The �rst is taken from Visser (2011)
and it is a summary measure of concentration/fragmentation of unions. In particular, it is the
e¤ective number of confederations, de�ned as the inverse of the Her�ndahl index appropriately
discounted to take into account the weight of smaller confederations: the index gives an idea
of the (inverse) degree of concentration at the central or peak level in a given country. The

20We calculate average years of schooling for each educational attainment in 1970. Then, for each sector, we
calculate the share of employees in each educational attainment level and multiply this share by the average
years of schooling calculated above.
21Note that the UNIDO and EUKLEMS datasets cover a slightly di¤erent period of time (1980-2000 and

1980-2005, respectively); hence average measures of such variables can slightly di¤er across datasets. In both
cases we use appropriate country level measures, but for space reason we just report relevant information for
the period 1980-2005.
22For the US, union density is equal to 15%, while union coverage is 18%.
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second, taken fromMueller and Philippon (2011), is a measure of the quality of labour relations
that ranges from hostile to productive ones as reported by direct interviews with managers of
�rms in di¤erent countries.
Finally, we use a set of indicators that re�ect some aspects of labour legislation and are

directly related to collective disputes, union behaviour and involvement of unions and em-
ployers in government decisions on social and economic policy. Four of them are from Botero
et al (2004). The �rst is a dummy variable that equals one if a strike is not illegal even if
there is a collective agreement in force, and zero otherwise; the second equals one if there is
no mandatory waiting period or noti�cation requirement before strikes can occur, and zero
otherwise; the third equals one if labour laws do not make conciliation procedures or other
alternative-dispute-resolution mechanisms (other than binding arbitration) mandatory before
a strike, and zero otherwise; the fourth equals one for countries where parties to a labour dis-
pute are not required by law to seek third party arbitration or the government is not always
entitled to impose compulsory arbitration on them, and equals zero otherwise.23 The �fth
(see Visser, 2011) equals one if there is a Social Pact, de�ned as �publicly announced formal
policy contracts between the government and social partners over income, labour market or
welfare policies that identify explicitly policy issues and targets, means to achieve them, and
tasks and responsibilities of the signatories.�
We refer to the Appendix for a description of other country level variables that we use in

the empirical analysis.

4 Estimation Method

Our empirical framework is based on the di¤erence-in-di¤erence approach pioneered by Rajan
and Zingales (1998) and subsequently employed in many other empirical applications (see
Nunn, 2007). In order to evaluate whether unions� power tends to reduce the growth of
investment per worker and labour productivity particularly in sunk capital intensive industries,
we estimate di¤erent versions of the following baseline equation:

� ln ys;c;1980_2000 = �(Sunks � Unionc;1980_2000) + 
W
0

sZc + � ln ys;c;1980 + vs + uc + "s;c (31)

where the dependent variable y is the average growth rate of investment per worker (labour
productivity) in country c and sector s over the period 1980-2000 (1980-2005); vs; uc and "s;c
are sector and country speci�c �xed e¤ects and a conventional error term, respectively; Sunks
is the sunkness intensity of each industry derived from US data; Unionc de�nes di¤erent
indicators of average union power at the country level over the period 1980-2005.
A negative sign for the coe¢ cient � of the interaction term Sunks �Unionc would indicate

that countries in which unions are stronger tend to have slower growth of investment per
worker and labour productivity, especially in industries with higher sunk costs. In other
words, union power tends to slow down the growth of labour productivity and investment per
worker disproportionately in sunk capital intensive industries.
In equation (31) we take into account possible convergence e¤ects by including in all

regression speci�cations the log of the dependent variable at the beginning of the period.
Moreover, country �xed e¤ects should control for the e¤ects of any omitted variable at the

23As explained in Botero et al (2004), the term "compulsory arbitration" refers to a law that imposes
arbitration of private disputes even against the will of the parties. It may in�uence workers bargaining power
in two ways, namely by granting them an alternative to costly strikes in case of deadlocks in the negotiation
process, but it may also limit their right to strike.
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country level, such as the quality of institutions, macroeconomic conditions over the period,
social norms, etc.; in turn, industry dummies may capture di¤erences in technologies or sector
speci�c patterns of growth. Furthermore, our regression speci�cation takes into account other
possible determinants of industry productivity and investment growth by including the relevant
country and sector interactions W

0
sZc, such as the country years of schooling and the sector

human capital intensity in 1980; the country capital-output ratio and the sectoral physical
capital intensity in 1980 and the industry dependence on external �nance and the country
level of �nancial development. The inclusion of W

0
sZc is important because there is evidence

that countries with an abundant factor tend to specialise in industries that use intensively
that factor. Controlling for the relevant country-industry interactions should allow us to take
into account the possibility that Ws (e.g. the industry physical capital intensity) and Sunks
or Zc (e.g. the country capital stock, level of �nancial development, etc.) and Unionc are
correlated: in this case, the omission of the relevant country-industry interactions would tend
to bias the OLS estimates of �. In addition to this, there might be other country-level variables,
potentially correlated with Unionc, that might interact with industry sunk capital intensity:
hence, as a robustness check, in some regression speci�cations we also include additional
interactions between Sunks and country level variables such as �nancial development, human
capital, employment protection legislation, other labour market institutions, rule of law, etc.
Finally, in order to consider the possibility that union behaviour might interact with some

other industry characteristics, in some speci�cations we augment our regressions with inter-
actions between Unionc and sector level variables, such as R&D, human and physical capital
intensity as well as industry dependence on external �nance. Furthermore, given that there
might be reasons to believe that causality might go in the other direction, namely from growth
to union power (see below), we also estimate a version of equation (31) in which we instrument
Unionc with variables related to the political history of each country.

5 Results

5.1 Baseline Results

In Tables 4 and 6 we start testing the main implication of our model, namely that the growth
rates of investment per worker and labour productivity are reduced particularly in high sunk
cost industries in countries where labour unions have strong bargaining power, the latter
mainly proxied by the average percentage of employees covered by wage bargaining agreements
over the sample period.
In column 1 of both Tables we start with a parsimonious speci�cation of equation (31), as

we only control for the initial level of investment per worker (labour productivity) in 1980 as
well as for both country and industry �xed e¤ects. As we can see, the coe¢ cient of the inter-
action between the industry degree of sunkness and union coverage is negative and strongly
statistically signi�cant in both regressions. In particular, the coe¢ cient of -0.00791 in Table
4 implies a yearly investment growth di¤erential of about 1.1% between a sector at the 75th

percentile (Transport equipment) and at the 25th percentile of the sunk capital intensity distri-
bution (Leather products) in a country at the 25th percentile of the union coverage distribution
(such as the United Kingdom, with an average of 53.7% over the period 1980-2000) compared
to a country at the 75th percentile of union coverage (such as Spain, with an average of 83.6%).
In the case of the growth rate of labour productivity, the coe¢ cient reported in column 1 of
Table 6 suggests a yearly growth di¤erential of about 0.8% between two sectors at the 75th and
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25th percentile of the sunk capital intensity distribution in a country at the 25th percentile of
the union coverage distribution compared to a country at the 75th percentile of union coverage.
In column 2 of Tables 4 and 6 we start assessing the robustness of this result by including

the relevant country-industry interactions contained in the matrix W
0
sZc discussed in the

previous Section and commonly employed in cross country-industry growth regressions: we
can see that the interaction between sunk intensity and union coverage remains negative and
statistically signi�cant. In column 3 we start adding country level variables that might be
plausibly thought to a¤ect investment per worker or labour productivity growth particularly
in high sunk cost industries. First, we consider the role played by union density given that it
has often been treated as an alternative to union coverage as a proxy for the bargaining power
of unions: as we can see, the interaction term is very small and largely insigni�cant in both
Tables, while the sunk intensity-union coverage interaction is remarkably stable.24 In column
4 we add interactions of Sunk with both a variable capturing the level (�rm, industry or
country) at which bargaining takes place and the degree of wage coordination, which however
turn out to be largely statistically insigni�cant. In column 5 we add the interactions of
Sunk with an indicator of coverage of unemployment bene�ts and with an OECD index of
employment protection legislation of both regular and temporary workers: these two variables
capture sources of workers bargaining power that do not depend, at least directly, on the
strength of the trade unions, the �rst because it a¤ects the fall back position of workers in the
bargaining process by raising their outside option, and the latter because it tends to insulate
incumbent workers by raising labour adjustment costs (Fiori et al, 2012). Empirical results
suggest that these two interactions are positive in both regressions, but that only the one
involving EPL is statistically signi�cant in the labour productivity regression. There might
be di¤erent explanations for this result: perhaps a more rigid labour market might tend to
incentivise �rms to invest in on the job training particularly in high sunk cost industries, given
the likely relatively more limited scope in these industries to substitute capital for labour.25

Finally, in columns 6 and 7 we add interactions of Sunk with an indicator of barriers to
foreign direct investments in the manufacturing sector and an indicator of the rule of law.26

While the interaction between Sunk and barriers to FDI is not statistically signi�cant in
both regressions, there is some evidence that countries with a stronger rule of law tend to
have a higher growth rate of investment per worker in high sunk cost industries, probably
re�ecting the fact that a stronger rule of law might be associated to higher government com-
mitment power not to use taxation to expropriate investors of the quasi rents generated by
sunk investments.27

In Table 5 and 7 we consider di¤erent extensions as well as additional robustness checks to
our baseline regression. In column 1 we address possible endogeneity concerns of union cover-
age: �rst, there can be some country level omitted variables for which we have not controlled
for that might tend to a¤ect the growth rates of labour productivity and investment per worker
especially in high sunk costs industries; alternatively, it might be argued that growth and union

24However if we drop the sunk-union covergae interaction in our baseline speci�cation, the interaction of
sunk and union density is negative and statistically signi�cant.
25Some mild favorable empirical evidence for this pattern of the capital labour elasticity of substitution can

be found in Ober�eld and Raval (2012). See also Belot et al (2004).
26Countries with strong unions might have stronger incentives to attract foreign direct investments, as

recently argued by Hau�er and Mittermaier (2011).
27We have also separately included interaction of Sunk with the country human capital level, the capital to

output ratio, the level of �nancial development and the country average unemployment rate over the period,
and results were virtually unaltered. Regression results have been omitted for reasons of space.
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coverage are jointly determined if countries that tend to specialise in industries characterised
by both slow growth in investment per worker and by a high fraction of sunk capital are also
more likely to have stronger unions and, in particular, high coverage rates. In column 1 of
both Tables we report the result of an IV regression otherwise identical to that reported as
column 2 of Tables 4 and 6 where we have instrumented union coverage with a dummy equal
to one for countries that had experienced a right-wing dictatorship spell before 1980 and zero
otherwise, and with the average fraction of votes held by left wing parties at the government
over the 1980-2000 period.28 The rationale for these two instruments is that right-wing dic-
tatorships might have fought the development of the labour unions movement while, in turn,
a strong presence of left wing parties in the governments might have favoured the growth of
labour unions (Fiori et al, 2012). The �rst stage regression, whose results are available from
the authors upon request, con�rms our expectations and suggests that our instruments are not
weak and pass the Sargan test of instrument validity.29 The second stage regression displayed
in column 1 of Tables 5 and 7 con�rm that higher union coverage rates slow down growth
in investment per worker and labour productivity particularly in sunk intensive industries,
although the magnitude of the e¤ect is reduced with respect to OLS estimates.
In column 2 we add an interaction between a country�s union coverage rate and the industry

R&D intensity, as the latter is weakly correlated with the degree of sunkness at industry level
in our sample and because there is empirical evidence suggesting both that R&D intensive
industries tend to be more volatile and that some labour market institutions tend to depress
growth in volatile industries (Cuenat and Melitz, 2012). For these reasons, we believe it is
important to check that the negative interaction between Sunk and union coverage is not
simply capturing the negative e¤ect of union coverage on investment rates and productivity
growth in R&D intensive industries. Empirical results displayed in column 2 do not con�rm
that this is the case, as the sunk-union coverage interaction is always negative and statistically
signi�cant; in turn, the R&D-union coverage interaction is negative but statistically signi�cant
only in the investment regression.
In column 3 we include an interaction between the union coverage rate and the industry

physical capital intensity: controlling for this interaction is very important not only because
the latter is positively correlated with the industry degree of sunkness, but because our theo-
retical model predicts that it is the sunk nature of capital investments to generate the hold-up
problem, and not physical capital intensity per se. As the empirical results show, the union
coverage-physical capital intensity interaction is never signi�cant and the magnitude of the
sunk intensity-union coverage interaction is barely altered.30

So far we have measured union coverage as the average value over the entire sample period:
however, it might be argued that the variation of union coverage might not be exogenous, as it

28The countries that experienced a dictatorship spell are Italy, Germany, Austria, Japan, Korea, Greece,
Portugal and Spain.
29The Kleibergen-Paap test statistics are 55.5 and 44.2 in the investment per worker and labour productivity

regressions, respectively; in turn, the Sargan test statistics are 0.75 (p value 0.102) and 1.9 (p value 0.16),
respectively.
30It is possible to argue (Baldwin, 1983) that �rms in high sunk cost industries might tend to increase debt

as a sort of committment device to be tough against unions. If this results in structurally higher dependence
towards external �nance in high sunk cost industries, then it might be important to control for an interaction
betweenn union coverage and an industry �nancial dependence. When we do so, the interaction of union
coverage with the degree of industry sunkness remains negative and statistically signi�cant. Finally, we have
also run a regression where we have controlled for an interaction between union coverage with an industry�s
human capital intensity without a¤ecting our main results. Results are available from the authors upon
request.
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could be driven also by other country-industry developments over the period: for this reason,
we have proxied union�s bargaining power with the value taken by union coverage as of 1980.
Econometric results displayed in column 4 con�rm our baseline results and therefore suggest
that measuring union coverage as either the mean or the beginning of the period value does
not matter much.31

In column 5 we have considered the possibility that it is not the level of union coverage per
se to be important, but its change over the period: empirical results suggest that countries
that experienced a larger increase in union coverage over the sample period had both a lower
growth of investment per worker and labour productivity in high sunk cost industries, although
the e¤ect is estimated with noise in Table 7. In column 6 we repeat the same exercise with
the change in union density (but omitting union coverage), given the large changes that oc-
curred during our sample period in the latter variable in many countries: results again suggest
that countries where union density increased more over the period might have experienced a
reduction in both labour productivity and investment per worker growth rates, although only
in the latter case the e¤ect is estimated with precision.
In column 7 we have added an interaction between Sunk and the degree of fragmentation

of confederations of unions (see Data section above): in this case, we expect that in countries
where union membership is not concentrated, unions that are in charge of negotiations will try
to fully exploit their bargaining power because the chances to be replaced by other unions in
the future are higher than in countries with a very concentrated union membership; as a result,
the possibility of sustaining cooperative equilibria between �rms and unions is expected to be
lower. We �nd con�rmation for this prediction in the data: in fact, empirical results suggest
that countries where union membership is very fragmented tend to have a signi�cantly lower
investment growth in sectors characterised by a relatively higher share of sunk capital, while in
the case of the productivity regression the coe¢ cient of the interaction is highly insigni�cant.32

Finally, in column 8 we have interacted Sunk with a variable measuring the quality of the
labour relations (Mueller and Philippon, 2011): the intuition for including this control is that
in countries characterised by good labour relationships, the existence of high union coverage
rates might not a¤ect investments and labour productivity. However, when we control for the
quality of labour relations (see the Data section) we do not �nd con�rmation of this e¤ect,
as the interaction between labour relations and Sunk is positive as expected (which means
that countries with "bad" labour relations tend to display lower investment and productivity
growth in sunk intensive industries) but also statistically insigni�cant at conventional levels
of con�dence; in turn, the sunk-union coverage interaction is always negative, statistically
signi�cant and with barely altered coe¢ cients.

5.2 Re�nements

So far we have presented empirical evidence showing that union bargaining power tends to
reduce the growth rates of investment per worker and labour productivity particularly in
industries characterised by a relatively large fraction of sunk capital stock, as predicted by
our theoretical model. However, it might be of some interest to assess whether the magnitude

31It is important to note that proxying union bargaining power with the beginning of the period union
coverage does not alter none of our main results.
32We also run our baseline regressions splitting the sample into di¤erent groups of countries, depending on

weather the fragmentation index was above or below the median. Both for investment and labour productivity
growth regressions, we �nd that the negative e¤ect of union coverage in sunk industries is much stronger in
the case of countries with more fragmented union confederations. Results are available upon request.
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of this e¤ect varies with some regulations that characterise the labour relations system across
countries such as those we previously discussed in Section 3.3. For instance, in some countries
the government has the power to impose compulsory arbitration among parties involved in a
labour dispute, or at least there exist mandatory conciliation procedures before a strike can
occur; in turn, in some countries it is forbidden for unions to strike if there is a collective
agreement in place, or there is a waiting or noti�cation period before a strike can take place.
For this reason, using information contained in Botero et al. (2004), we have run a series of
baseline regressions (corresponding to column 2 of Tables 4 and 6) splitting the sample across
some of the country-level dimensions of labour relations we have just mentioned. Before
turning to the discussion of empirical results for the growth rate of investment per worker, it
is however important to acknowledge that some regressions are based on few observations and
therefore we should view these results as suggestive only.33

In Table 8 we have split the sample according to the existence (column 2) or not (column
1) of a law that allows strikes when a collective agreement has been already signed.34 The
existence of such a regulation is important because one could expect that, if the law is in place,
the hold-up problem should be signi�cantly alleviated, because the possibility for unions to
behave opportunistically might be signi�cantly reduced. This is exactly what we �nd, as the
e¤ect of union coverage is about halved for the group of countries characterised by regulations
that forbid strikes when a collective agreement is in place.35 Then we have split the sample
according to whether there is (column 4) or not (column 3) in the country a mandatory
waiting period before a strike can take place.36 Econometric results show that higher union
coverage tends to signi�cantly slow down the growth of investment per worker particularly in
high sunk capital industries for both country groups, but the magnitude of the e¤ect seems
to be notably smaller in countries where a noti�cation or waiting period before a strike can
occur is compulsory. In subsequent columns countries have instead been split according to
whether there is (column 6) or not (column 5) a mandatory conciliation procedure: empirical
results suggest that, in both country groups, union coverage negatively a¤ect the growth
of investment per worker, but that the magnitude is three times larger in countries where
there is not a mandatory conciliation procedure.37 In columns 7 and 8 the sample has been
instead split according to whether in the country there is (column 8) or not (column 7) a
mandatory arbitration procedure and we �nd that the negative impact of union coverage is
higher in countries where there is no mandatory arbitration, while for countries where there
is a compulsory and binding arbitration, the negative impact of union coverage is marginally
statistically insigni�cant.38

Finally, we have considered, for each country, whether, for the majority of years included
in our sample period, both unions and employers had been routinely involved in government

33Moreover, we do not explore the issue of why some regulations are in place in some countries but not in
others. Qualitatively the results for labour productivity growth are very similar with one exception that we
will discuss later. Results are available from the authors upon request.
34The countries in our sample where such regulation is not in place are the UK, France, Italy and the

Netherlands.
35In the case of the labour productivity growth regression we do not see any notable di¤erence in the

magnitude of the e¤ect between the two groups of countries.
36The countries where there was a mandatory waiting period were Canada, Denmark, Spain, Finland, Greece,

Korea, Netherlands, Portugal and Sweden.
37Countries with mandatory concliation procedures were Australia, Denmark, Spain, Finland, Korea,

Netherlands
38Countries with mandatory arbitration procedures were Australia, Spain and Korea.
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decisions concerning social or economic policy issues (i.e., Social Pacts; see Visser, 2011).39 In
this case, our idea is that the government, by involving (always, or at least irregularly) unions
and employers in economic policy decisions, creates a more cooperative framework between the
parts and favors the sustainability of a cooperative equilibrium characterised by unions that
refrain from exploiting their bargaining power. Our empirical results provide some favourable
evidence for this hypothesis, as we see that only in countries characterised by the absence of
concertation higher coverage ratios are associated to slower growth in investment per worker
in sunk capital intensive industries.

6 Concluding Remarks

In this paper, we test for the hold-up problem by considering the e¤ect of union power on
investment and productivity across sectors with di¤erent levels of sunk capital investments. We
develop a search and matching model with sunk capital investments and ex-post collective wage
bargaining and test the predictions of the model by considering the e¤ects of unions�bargaining
power on the rate of growth of investment per worker and hourly labour productivity. We use
di¤erent sources of data on manufacturing sectors in two sets of partially overlapping OECD
countries during the period 1980-2005.
Using a di¤erence-in-di¤erence approach, we verify that union power reduces growth of

investment per worker and labour productivity in industries with higher proportions of sunk
physical capital. This result is robust to a series of sensitivity checks. First, we have controlled
for other determinants of industry growth by means of interactions between a country factor
abundance and an industry factor intensity. Second, we include interactions between sunk
capital intensity and country level variables potentially correlated with union coverage such
as the change in union coverage over time, union density and its change over time, the level
and coordination of wage bargaining, the coverage of unemployment bene�ts, the extent of
employment protection legislation, the presence of barriers to foreign direct investments an
the rule of law. Third, we examine whether our interaction between union coverage and sunk
capital intensity partly captures other interactions of unions with industry features that might
be correlated with sunk capital intensity, such as R&D and physical capital intensity. Finally,
we have taken into account possible endogeneity concerns of union behaviour.
We re�ne our analysis using a set of indicators that re�ect some aspects of industrial rela-

tions and that are directly related to collective disputes, union behaviour and involvement of
unions and employers in government decisions on social and economic policy. In particular,
we �nd that the e¤ects of union power on investment and productivity is stronger when in a
country there is the possibility of strikes even if there is a collective agreement in force, when
there is no mandatory waiting period, there are no other alternative conciliation procedures
or possibility of seeking third party arbitration. On the other hand, the e¤ect of unions is less
relevant when cooperative equilibria are sustainable: this happens when there is less fragmen-
tation of union representation and when social pacts, by involving unions and employers in
economic policy decisions, are in force.
Overall, our results suggest that the contractual incompleteness in labour relations and the

resulting hold-up problem are a relevant phenomenon that might have sizeable e¤ects on the
growth of investment and labour productivity. On the other hand, there is some evidence that
the system of industrial relations, by in�uencing the degree of contractual incompleteness,

39The countries where �rms and unions were involved in economic policy decisions were Austria, Belgium,
Canada, Germany, Denmark, Finland, Netherland, Portugal and Sweden.
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might play a role in determining the magnitude of the problem. However, at least two issues
remain to be investigated: �rst, why some countries persist in adopting labour regulations that
exacerbate the hold up problem; second, how the type of contractual incompleteness analysed
here drives the pattern of comparative advantage.
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Appendices

A. Existence of Equilibrium

The equations Gi(�i; �j; �; ki; kj) = 0, W(�i) = 0 for i 2 fa; bg, and (22) compose a system
in �ve unknowns: �a, �b, ka, kb, and �. It is easy to check that there exists a unique �i that
solves the equation W(�i) = 0 for i 2 fa; bg. This is because dW(�i)

d �i
< 0 and the last term

in the LHS of such equation goes to 0 (resp. �1 ), as �i goes to 0 (resp. +1) for the Inada
conditions for the job �lling rate.
From the non-arbitrage condition (22), we have ka = kb � 
b�b
a�a

. Using the RHS of equation
and W(�i) = 0, the implicit functions Ga(�a; �b; �; ka; kb) = 0 and Gb(�b; �a; �; kb; ka) = 0
respectively become:

p(Ya) � k��1b =
p � 
a �a

(1� �)(1� �)a �
�
�a
a
�b
b

�1��
p(Yb) � k��1b =

p � 
b �b
(1� �)(1� �)a

(32)

in which
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Notice that dGa
d �

< 0 and dGa
d kb

< 0. So Ga = 0 describes a decreasing relationship in the
(kb; �) space. In addition, the Inada conditions for the job �lling rate and the concavity of the
production function imply that kb ! +1 as � ! 0 and kb tends to a positive �nite number
when �! 1.
As fa as it concerns Gb = 0, dGbd �

> 0 and dGb
d kb

< 0. So Gb = 0 describes an increasing
relationship in the (kb; �) space. In addition as �! 1, kb ! +1 and as �! 0, kb tends to a
positive �nite number. Figure 1 intuitively shows that an equilibrium in � and kb exists and
is unique. Once kb is determined, we get the steady-state value of ka via the non-arbitrage
condition (22). All the remaining variables of the model (ei, ui, and the expected discounted
values for workers and �rms) are obtained by using the steady-state values of �a, �b, ka, kb,
and �.

B. Dynamics of the System and Comparative Statics

B1. Dynamics of the System

We �rst express (24) as a �rst-order non linear di¤erential equation in �i. To do so, rearranging
eqs. (2), (5) and (6) we have

p(Ya)

p(Yb)
=

�
Ya
Yb

�� 1
�

=

�
��aq(�a)

(1� �)�bq(�b)

�� 1
�
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If we divide the �rst equation in (32) by the second one, we can get an explicit solution for
(1� �)=� (conditional on �i that is determined by W(�i) = 0, for i 2 fa; bg):

1� �
�

=

�

a

b

����
�
�
�a
�b

�1��+���
(34)

Plugging the RHS of (34) into the �rst equation in (32) allows us to have an equation in which
kb depends on �a and �b only:

k��1b �
"�

�a
a
�b
b

���(��1)
+

�
�a
a
�b
b

��
�
(��1)

# 1
��1

� p �b
b
(1� �)

�

1� � = 0 (35)

From the (22), we also get:

k��1a �
"�

�a
a
�b
b

�1��
+

�
�a
a
�b
b

����(�+1)
�

(1��)
# 1
��1

� p �b
b
(1� �)

�

1� � = 0 (36)

Di¤erentiating (12), we also get:

_�Ei = 
i

�
d ki
d �i

� 1

q(�i)
� ki

q0(�i)

q2(�i)

�
_�i with i 2 fa; bg (37)

Plugging (35), (36), and (37) into (24) and using Gi = 0 with i 2 fa; bg, we get:

_�a =
�a

a
�
�1��

�
[(r + s)
a + q(�a)(1� �)] + ��aq(�a)
a

�a
��1 + �

_�b =
�b

b
�
�1��

�
[(r + s)
b + q(�b)(1� �)] + ��bq(�b)
b

1+��b
��1 + �

(38)

in which �a and � b are both functions of �a and �b and are lower than zero. Notice that the
unique equilibrium of the system is hyperbolic. After linearising the system in (38) around
the steady state, it is easy to see that both eigenvalues of the Jacobian matrix are positive,
and therefore the steady state is an unstable node.

B2. Comparative Statics

We want to prove that dkb
d�
< 0. For the concavity of the production function, it is su¢ cient

to prove that the LHS of (36) is decreasing in �. After some algebra we get:

dkb
d�

< 0() p

(1� �)
�b
b
1� � �

(r + s)(� � �)
(1� �)
b(r + s) + (1� �)q(�b)

��
� � � � (
aq(�b)� 
bq(�a))

(1� �)
a(r + s) + (1� �)q(�a)
� 
b
1� �

�
< 0

where

� �
1
�

�
�a
a
�b
b

��(��1)
� �

�
�a
a
�b
b

���(��1)
�
�a
a
�b
b

��(��1)
�

+
�
�a
a
�b
b

���(��1) < 1 because
�a
a
�b
b

> 1:
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After some further computations the term inside the square brackets can be rewritten as:

� � � � (1� �)q(�b)(
a � 
b)
(1� �)
b(r + s) + (1� �)q(�b)q(�b)

� [(1� �)
b(r + s) + (1� �)(1� �)q(�b)] +

� 
b [(1� �)
a(r + s) + (1� �)q(�a)] < 0:

The inequality is veri�ed because 
a > 
b; q(�b) < q(�a) and the �rst term on the LHS is
smaller than 1. Then it is easy to see that � > � is a necessary and su¢ cient condition for
dkb
d�
< 0.

C. Data Appendix

C1. Conversion of Sectors and Weights

Although detailed information and appropriate routines are available upon request, in this
subsection we provide a sketch of the procedures for aggregation of data and conversion of
sectors using di¤erent classi�cation systems. Our measure of sunk capital from Balasubra-
manian and Sivadasan (2009) is available at the SIC1987 �4 digits level (459 industries) for
the years 1987 and 1992, while data for investment per worker and labour productivity are
available at the ISIC Rev2 �3 digits level (28 industries) and ISIC Rev3.1 �2 digits level (23
industries), respectively. Hence, we �rst aggregate the sunk capital index at the 2 and 3 digits
level of the SIC87 classi�cation by using 1987 and 1992 yearly shares of value added obtained
from the 2005 release of the NBER-CES Manufacturing Industry Database by Bartelsman
and Gray (1996). Then, following Balasubramanian and Sivadasan (2009), for each sector we
calculate an average between the index in 1987 and 1992.
To convert the sunkness measure to the ISIC Rev2 � 3 digits level (28 industries) we

aggregate SIC87 at 3 digit level (143 industries) and use routines provided by Haveman and
available at his homepage.40 To obtain our sunkness measure at the ISIC Rev3.1 �2 digits level
we use the SIC87 at 2 digit level (20 industries) that gives almost a perfect match between the
two sources of data. However, as the latter has a lower number of sectors, we use the 3 digit
classi�cation when necessary. Using this procedure, we are not able to match only one sector
(Recycling). Finally, depending on di¤erent classi�cation systems, we use similar procedures
for the other industry level variables mentioned above and reported in Tables 1 and 2, i.e.,
physical capital intensity, external �nancial dependence, human capital intensity and R&D
intensity.

C2. Other Country Level Variables

Other labour market variables that are directly correlated with union presence are also included
in our analysis. We �rst consider an index of coordination of wage bargaining taken from Visser
(2011) that "ranges from economy-wide bargaining, based on enforceable agreements between
the central organizations of unions and employers a¤ecting the entire economy or entire private
sector, or on government imposition of a wage schedule, freeze, or ceiling (level 5), to industry
bargaining with no or irregular pattern setting, limited involvement of central organizations,
and limited freedoms for company bargaining (level 3) to fragmented bargaining, mostly at
company level (measure 1)." From the same source, we also include the level of bargaining,

40See http://www.macalester.edu/research/economics/page/haveman/
Trade.Resources/tradeconcordances.html#FromusSIC
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which takes values between 5 (i.e. economy wide bargaining) and 1 (fragmented bargaining,
mostly at the company level).
Other labour market institutions that are strictly correlated with union presence are the

coverage of unemployment bene�ts and employment protection legislation. We derive a mea-
sure of coverage of unemployment bene�ts from the FRDB database on labour market institu-
tions (see Aleksynska and Schindler, 2011), the latter is calculated as the number of individuals
who, at a given point in time, receive UI bene�ts relative to the number of unemployed. We
use, as a measure of EPL, the recent OECD indicator EP_v1, which is an unweighted average
of employment protection for regular and temporary contracts, and we construct an average
measure for the period 1985-2005. As there is a strong link between labour and product mar-
ket regulation, we also include a measure of barriers to foreign direct investments taken from
the OECD. A measure for the rule of law has been proxied with the structure and security of
property rights index reported in the Economic Freedom of the World database.
Finally, we also include in our set of controls standard macroeconomic variables that should

in�uence growth of investment and labour productivity as the physical capital to output ratio,
the schooling level of the population aged 15 or more and the level of �nancial development.
These variables come from conventional sources: �nancial development is measured as the
ratio between domestic credit to private sector and GDP in 1980 and is taken from the World
Bank Global Development Finance database; from the Barro and Lee (2001) dataset we extract
di¤erent measures of schooling at the country level such as years of schooling in the population
with more than 25 years in 1980, while we compute the capital to output ratio by applying
a standard perpetual inventory method to derive the capital stock (and therefore the capital
output ratio) for 1980 using data from the most recent release of the Penn World Tables.
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