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Abstract

In this paper we study the hold-up problem by considering the effect of union bargaining
power on the level of investment per worker across sectors characterised by different levels
of sunk capital investment. We develop a search and matching model with heterogeneous
sectors and ex-post collective wage bargaining and test the predictions of the model
using a difference-in-difference approach on manufacturing sector data in a set of OECD
countries during the period 1980-2000. We find that union power reduces investment
per worker particularly in sunk capital intensive industries. We refine our empirical
analysis showing that the underlying hold-up problem is exacerbated when strikes are
not regulated after a collective contract is signed and there is no arbitration, while the
presence of social pacts may sustain cooperative equilibria that alleviate the hold-up
problem. Our results are robust to a series of controls and possible endogeneity of union
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1 Introduction

How relevant are contractual incompleteness and labour market institutions in shaping firms’
incentives to invest? What are the channels through which such institutions influence phys-
ical capital accumulation? What is the role of the degree of sunkness and the timing of
investments by firms? In this paper we try to answer the above questions by focusing on the
relation between sunk capital, union bargaining power and the underlying hold-up problem.
We construct a search and matching model with sunk investment and ex-post collective wage
negotiations in order to study the effects of union bargaining power on investment per worker.
We then bring the model to the data by evaluating the quantitative effect of coverage of union
bargaining agreements on the levels of investment per worker across manufacturing sectors in
a set of OECD countries during the period 1980-2000.

We show that higher union power has a relatively stronger negative effect on investment
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 firms make their
investment decisions before the wage negotiation takes place, a rise in union bargaining power
increases the quasi-rents workers receive (via higher wages) without paying any capital cost.
Anticipating this, firms decide to invest less.

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 different sunk capital intensities across sectors. In our model, the degree
of sunkness is captured by the amount of capital that firms cannot re-let when there is no
production. We show that stronger union bargaining power translates into relatively lower
rates of investment per worker in sunk capital intensive sectors. The intuition is the following:
union power pushes unemployed workers to search for jobs in the sectors where the hold-up
problem is more relevant and wages are expected to be higher. Moreover, a more powerful
union generally dampens vacancy creation (as expected profits are lower), but in the sectors
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, this happens to
a lesser extent. In order to ensure that not all unemployed workers stop applying for their
jobs, firms in the low sunk capital sectors react by reducing capital investment less than those

operating in high sunk capital industries.



We test the theoretical predictions of the model using the difference-in-difference approach
proposed by Rajan and Zingales (1998). In particular, we interact an indicator of union power
at the country level (proxied by the coverage of union bargaining agreements) with a sectoral
measure of sunk capital intensity, which is invariant across countries and is derived from US
industry data. The latter is defined, following Balasubramanian and Sivadasan (2009), as one
minus the share of used capital investment in total capital investment outlays at the industry
level.

Our main empirical results suggest that higher union power is associated to lower levels
of investment per worker. In particular, our set of estimates imply an investment differential
of about 13% between a sector at the 75 percentile (Transport equipment) and one at the
25" percentile of the sunk capital intensity distribution (Leather products) in a country at
the 25" percentile of the union coverage distribution (such as the United Kingdom) compared
to a country at the 75" percentile of union coverage (such as Spain). These results are robust
to a large battery of sensitivity checks. First, we consider various measures of union power,
and R&D intensity as an alternative proxy for the degree of sunk capital in each industry.
Second, we include interactions of sunk capital intensity with country level variables potentially
correlated with union coverage as well as interactions of union coverage with other industry
characteristics potentially correlated with the share of sunk capital. Finally, we find that the
effect of union coverage in sunk capital intensive sectors is larger in those countries where
strikes are not regulated and arbitration is not legally binding. Moreover, the negative effect
of unions is not statistically significant in the case of countries where the government routinely
involves the confederations of unions and employers in the main economic policy decisions by
means of "social pacts".

The paper relates to several strands of literature. It is part of the literature on the hold-up
problem with relation-specific investments and contractual incompleteness, in which under-
investment occurs if contracts cannot be enforced (Williamson, 1985; Grossman and Hart,
1986; Hart and Moore, 1999).! In a labour market environment, Grout (1984) shows that, in
the presence of rent sharing, irreversibility of capital investments and the structure of wage

bargaining reduce investments. Indeed, when long term contracts are not binding and capital

!General equilibrium effects of specificity are studied by Caballero and Hammour (1998), who analyse how
the market system provides an inefficient solution to the unresolved microeconomic contracting problems. More
recently, Acemoglu et al (2007) show that contractual incompleteness favours the adoption of less advanced
technologies, thus shaping the pattern of endogenous comparative advantage. See also Nunn (2007).



investment is sunk, unions have the ex-post incentive to appropriate quasi-rents, undermining
firms’ incentives to invest. This intuition is discussed with reference to the UK Trade Union
Immunity Laws, which prevented firms from suing a trade union that ex-post breached a
labour agreement.? More recently, in an insightful and thorough paper, Card et al (2014)
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 firm in the second period. Using a matched
employer-employee dataset for the manufacturing sector of the Veneto region in Italy, they
test the predictions of the model and find evidence that workers appropriate rents but after
deducting the full cost of capital, suggesting that investment might be at its efficient level, even
if the precision of their estimates does not allow them to exclude modest degrees of hold-up.

Another strand of literature related to our paper analyses the hold-up problem by focusing
explicitly on the effect of unions on investment. Using data on US manufacturing companies,
Hirsch (1991) and Cavanaugh (1998) find a substantial negative impact of unionisation on
investment.? In turn, the evidence provided by Addison et al (2007) on German establishments
suggests that the presence of works councils has no effect on physical capital accumulation.
Such contrasting evidence is also confirmed by Menezes-Filho and Van Reenen (2003) in their
review of the effects of unions on R&D investment.

Our study is also related to the literature on the relationship between union power, the
structure of wage bargaining and macroeconomic outcomes (Cuckierman and Lippi, 1999).
Finally, this paper is connected to recent studies on the cross-country effects of labour market
regulations and institutions.*

This article contributes to the literature in four main directions. First, we generalise

the search and matching model of Acemoglu and Shimer (1999) by allowing for different

2A large body of research has studied how agents may prevent the occurrence of hold-up even in the case
of incomplete contracts (Hart and Moore, 1988; Malcomson, 1997). However, the possibility of renegotiation
or unions’ lack of commitment to future wages may hinder the ability of contractual arrangements to mitigate
the hold-up problem (Krusell and Rudanko, 2012). The purpose of this paper is not to enter such a debate.
In the theoretical part, we assume the existence of several obstacles that prevent contracting from eliminating
the hold-up problem. In the empirical part we try to explore whether good labour relationships in general and
long term relationships in particular might mitigate the hold-up problem.

3Hirsch (2004) reviews the literature on the effects of trade unions on investment, profitability and employ-
ment and finds that, at least for the US and Canada, investment levels are generally lower in unionised firms.
See Lee and Mas (2013) for a recent study on the effect of unionisation on the equity value of US firms.

In this setting, Fiori et al (2012) find that bargaining power of unions has negative employment effects in
OECD countries, while Murtin et al (2014) explore the effects of the extension of collective wage bargaining
on unemployment. In turn, using a sample of firms for a group of EU countries, Cingano et al (2010) show
that EPL reduces investment per worker especially in high reallocation sectors, while Conti and Sulis (2015)
find a larger negative effect on value added and productivity growth in high skill intensive sectors.



extents of sunk capital across sectors of the economy. In such a framework, we show that,
by influencing vacancy creation and capital investment, workers’ mobility is a key factor in
the analysis of the relative importance of the hold-up problem across different sectors. In
second place, by using a difference-in-difference approach, we also perform a direct test of the
most important theoretical mechanism through which unions can negatively affect investment,
namely the hold-up problem arising from the interplay between contractual incompleteness and
sunk capital investments. Third, ours is the first paper, to our knowledge, that investigates the
effects of unions on investment using a cross-country cross-industry consistent source of data.
Finally, we explore the possibility that the relevance of the hold-up problem is influenced by
features of the industrial relations system that have somewhat been neglected in the previous
literature, such as the regulation of strikes and the quality of labour relations.

The rest of the paper is organised as follows. In section 2 we develop the theoretical model
and derive its main empirical implications. In sections 3 and 4 we present the data and the

estimation method respectively, while in section 5 we discuss the results. Section 6 concludes.

2 The Model

2.1 Production and Matching Technology

We consider a continuous-time model with a continuum of infinitely-lived and risk-neutral
workers with perfect foresight and a common discount rate r. The economy is composed by
one final consumption good Y, whose price is normalised to 1, and two intermediate goods.’

The final good production function takes a CES form:

o

o—1

o-1 o-1
Y = [T 4y (1)
in which Y, (Y}) is the amount of the intermediate good a (b) used in the production process of
the final good while o > 1 allows for a situation in which one of the intermediate goods is equal
to zero. Since we assume perfect competition in both intermediate and final good markets,

cost minimisation in the final good sector leads to the following inverse demand function for

SUnlike Acemoglu and Shimer (1999) we consider a two-sector model because it allows us to study the
labour supply response to a change in union bargaining power and the associated impact on the allocation of
workers across sectors. Such characterisation also chimes well with our empirical analysis.



each intermediate good:

oY (Yi
Py, = =

_1
= v ?> g; for i € {a, b}. (2)

Following the standard search and matching framework (Pissarides, 2000), we assume that,
in each intermediate sector, a firm is composed of a single (filled or vacant) job. Before meeting
the workers, firms in sector ¢ have to choose a certain level of capital investment k;, whose
price p is determined in the international market. So a hold-up problem arises because firms
must choose k; before the wage negotiation takes place.

We also assume that a firm in sector i can re-let a share 1 — ~, of investment (with
0 <, <1, forie€ {a,b}) as long as the job vacancy remains idle. Each worker produces y;
units of the intermediate good via a technology y; = f(k;) = k¢ with i € {a,b}.

The labour force is normalised to 1. There are frictions in the labour market. In any inter-
mediate sector i € {a, b}, a matching function yields the measure of matches for certain values
of unemployed searching for a job in that sector, u;, and vacancies v;: m; = m(v;, u;). The
function m(.,.) has constant returns to scale and is increasing and concave in each argument.
Labour market tightness in sector i is defined as 0; = v;/u;, for i € {a,b}. A vacancy is filled
according to a Poisson process with rate ¢(6;) = m;/v;, ¢'(6;) < 0. A job-seeker moves into
employment at rate 0; - ¢(6;) = m;/u;, increasing in 6;.° Following most of the literature,
we consider a Cobb-Douglas technology for the matching function: m; = u’v; 7.7 At an
exogenous rate s, investment k; breaks down and the worker loses the job.

We assume that unemployed workers are able to direct their search towards either sector,
and a no arbitrage condition discussed below ensures that there is no expected gain in choosing
either option. Therefore, if A\ denotes the endogenous share of unemployed workers searching

for a job in sector a, we can derive the steady state level of employment in the two sectors:

“ 54 Maq(0a) + (1 — X)0uq(6s)

o — (1 - )‘>9bQ(9b) (4)
T s+ Mag(0a) + (1 — N0 (6y)

6Moreover, it is assumed that elimoq(ei) = oo, hrﬂ q(0,) =0, GlimOQiq(Qi) =0, and . hrﬂ 0:q(8,) = +oc.

TOur results apply to more general functional forms. In Appendix D5 available online, we also look at the
case of different matching elasticities across sectors. We refer to that Appendix for details.



in which e, and e, respectively denote the level of employment in sector a and in sector b.

Therefore the amount of the intermediate goods produced in the economy is Y; = e; - y;.

2.2 Investment Decision and Free-Entry Condition

The expected discounted value of a filled job verifies the following Bellman equation:
I (ki) = py; - kf — w(ks) — p- ks — sIL7 (ks) (5)

for i = {a,b}. The equation above says that the firm’s revenues are equal to the amount of
the intermediate good produced (multiplied by its price py,) net of the real wage w(k;) and
the rental cost of investment that the firm must pay. At a rate s, the equipment is destroyed
and the firm exits the market. The expected discounted value of a firm with a job vacancy
reads as:

Iy = max —7; p- ki + q(0;) [Hf(k%) - Hz/} — sTI (6)

for i = {a,b}. The firm’s problem is to choose the optimal level of capital investment that
maximises 71I}.8

Since 1 — 7, is the fraction of the equipment that firms with a vacant position can re-let
or dispose for in other ways in order to cover their cost, v,;p - k; is the flow cost of investment
incurred when firms are searching for a worker. In this sense, the parameter -, measures the
extent of sunkness of investment. In order to single out more starkly the impact of irreversible
investment in our model, we impose v, > 7, as the only technological difference between the
two sectors.’

Inserting the expression for rIIF(k;) in equation (5) into equation (6) and computing the
first order condition we get:

prio- kit —w'(k) —p

e = 207 for i € {a,b}. (7)

At the equilibrium, the expected marginal cost of capital when the vacancy is idle must be

8Note that our model cannot be interpreted as one with differential vacancy costs across sectors. This is
because firms incurr a cost p - k; when the vacancy is idle and when it is filled.

9Note that, as in Acemoglu and Shimer (1999), the model abstracts from time-to-build considerations and
there is instantaneous capital adjustment. This formulation is coherent with the regression analysis in the
empirical part, where the dependent variable is the level of investment per worker. In Appendix D2 available
online we show that the main results of the model hold even in case of capital accumulation over time.



equal to its expected marginal revenues, net of labour and capital costs.
There is free-entry of vacancies. Firms enter the labour market as long as expected profits

are nonnegative: IIY' = 0. From equation (6) this implies:

7 (k) = 7;](?61;7% for i € {a,b}. (8)

Then, rearranging equations (5) and (6) in order to get rid of I1¥(k;) and I} yields:

py kY — w(k;) —pk; Vi - ki .
11 — . f b .
E @) or i€ {a,b} 9)

Equation (9) says that the expected cost of filling a vacancy is equal to the expected revenues
obtained from a job. Note that the parameter ~, increases the expected cost of filling a

vacancy.

2.3 Workers’ Preferences and Wage Bargaining

The expected discounted utilities of an employed and an unemployed worker in sector i € {a, b}
are respectively:

rJP = wk) +s[J - I, (10)

Y = 00 [JF - Y] (11)
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
wage w(k;) (resp., zero) and the capital gain in case the worker becomes unemployed (resp.,
gets a job) multiplied by the corresponding entry rate.'”

Since unemployed workers are free to search for a job in either sector, a no arbitrage con-

dition must ensure that the expected utility of being unemployed is the same across sectors:!'*

rJV = rJ?. (12)

For simplicity we assume there are neither unemployment benefits nor home production in this economy.
In online Appendix D3 we show that a model with positive home production delivers the same results of our
baseline framework.

Since the expected utility JY is invariant across sectors, we will suppress the subscript i henceforth.



Since our main interest is the effect of union power on investment, we do not consider
the individual bargaining process that is common in standard search and matching models
(see Pissarides, 2000); we instead impose a collective bargaining process where, in each sector,
unions and firms’ representatives negotiate over wage levels.!?

To model unions’ preferences, we consider a utilitarian case. In particular, firms in sector
i have a utility equal to e; - [1¥(k;), i.e. the expected revenues of each single firm multiplied
by the number of firms with a filled job in the market. In addition, there is a union which
cares about the sum of the utilities of its members. For simplicity, we also assume that the
union represents the entire workforce in that sector: therefore, the utility of the union when
bargaining in sector i is equal to e; - JF + u; - JY, for i € {a,b}.

Wages are determined by bilateral generalised axiomatic Nash bargaining that takes the

following form:
w(k;) = argmax [e; - JP + w;- JY — (e; + ) - JU}B e (TP (k) — HZV)}I*B (13)

for i € {a, b}, in which the parameter /3 represents the bargaining power of unions.!* Here we
can envisage two different cases. In the first scenario, unions of workers and firms choose the
wage level by taking the level of employment as given; alternatively, unions also consider the
negative effects of the wage on e;. In Appendix A1, we show that both cases deliver the same
results in terms of comparative statics. Therefore, in what follows we proceed with the simple
model.

If the level of employment e; is taken as given by unions, the F.O.C of the above maxi-
mization problem is:

B-(IP(k) — 1)) = 1 —pB)-(JF = JY) forie{a,b}. (14)

(2

Using the Bellman equations for firms and workers (5), (6), (10) and (11), we get:

priki — wki) = (1=B) [pvki —rJ" ]+ B-p-ki (15)

12We have also solved a model with large firms and individual intra-firm bargaining (Cahuc et al, 2008).
Since the production technology exhibits constant returns to labour, such extension delivers the same results
of our baseline model. We refer to online Appendix D6.

13In online Appendix D4 we present a model with different bargaining power across sectors. We refer to
that Appendix for details.




for ¢ € {a,b}. Differentiating this equation with respect to k; and plugging it into (7) yields:

(r + s)vi+ q(0:)(1 - B)
q(0;)

Gi(0:,05, A\ kiy kj) = (1= B)py, - ak?™ —p =0 (16)
for 7,5 € {a,b}, i # j. The implicit function G;(0;,0;, A\, ki, k;) = 0 represents the firm’s
optimal choice of investment in sector ¢ when the wage is determined by bilateral bargaining.
Note that the endogenous variables §;, A, and k; appear in equation (16) via the price of the
intermediate good py; (see equations (2), (3) and (4)). The first term in G;(6;,0;, A\, ki, k;j) = 0
is the marginal gain of investment, which is decreasing in k;, because the production function
has diminishing returns to capital. The second term is the marginal cost of investment, which
is increasing in #;, as a higher labour market tightness raises the expected duration of filling a
vacancy. In turn, that implies more time with idle capital equipment. In equilibrium, marginal
costs must be equal to marginal benefits, so an increase in #; must be accompanied by a lower
k;. Note also that the higher the fraction of sunk capital 7,, the higher the marginal cost of
investment.

Using the free entry condition (8), the Bellman equation for unemployed workers (11), and

the Nash sharing rule (14), the no arbitrage condition (12) takes the following form:

TJUzl_fﬁ.p-ea-fya-kaz%'p'eb'%'kb- (17)

Rearranging we get:

k 0, -
M ZaVa (18)
ka Qb )
Equation (17) allows us to express the wage equation below without the term JY:
w(k;) =6 [py, k' +p-ki(y;-0; —=1)] fori€ {a,b} (19)

The expression in (19) is similar to the wage equation obtained in search and matching models
with individual bargaining and no sunk capital investment. Workers receive a fraction /3 of the
revenues earned by the intermediate firms plus an amount that positively depends on labour
market tightness. Note also that the wage equation is increasing in 7;: the closer v, is to
1, the bigger the hold-up problem faced by firms, as they have a greater fraction of capital

investment that cannot be employed for alternative uses when production does not occur. In

10



other words, a higher share of sunk investment weakens the firms bargaining position and, as
a result, the wage tends to be higher.

Thanks to equation (19) the no arbitrage condition (18) can also be easily interpreted.
It simply states that one sector cannot jointly combine a bigger share of sunk capital v,, a
higher level of investment k;, and a tighter labour market compared to the other sector. This
is because this would imply both a higher real wage (via equation 19) and a lower expected
duration of unemployment. Hence, 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 substitute the RHS of (19) into (9) and rewrite the free entry zero profit condition as:

(1 —B)py.k} _ ki
[(r + 8)y; + q0:)(1 =B+ Bv.0:)]  q0:)

(20)
for i € {a,b}. Note that the effect of v, on the expected profits is negative.

2.4 Steady-State Equilibrium and Comparative Statics

Definition 1 A steady state general equilibrium is defined as a vector [\, k;, 0;, e;,w(k;), py;]
fori € {a,b} and a value Y of the final good satisfying the following conditions: (i) the inverse
demand functions (2); (ii) the steady state levels of employment (3) and (4); (iii) the implicit
functions G;(0;,0;, X\, ki, k;) = 0; (i) the no arbitrage condition (18); (v) the free entry zero

profit conditions (20); (vi) the final consumption good production function (1).

In Appendix A2 we show that a steady state equilibrium exists and is unique. Comparative

statics delivers the following result:

Proposition 1 If and only if 5 > n, an increase in the bargaining power of unions 3 reduces
1mvestment per worker k;. The decrease is more pronounced in sector a, which has a higher

fraction of sunk capital investment, ,.

In formal terms, the Proposition means that:

J k1 dky 1
B ky — df ks

= [ >n. (21)

The proof is in Appendix A3, while here we simply provide an intuition. The proposition

above tells that (i) investment decreases in both sectors after an increase in union bargaining

11



power and that (ii) the decrease is larger in the sector characterised by a larger fraction of
sunk capital. For both results to hold, the necessary and sufficient condition is 8 > 1.1 Let
us focus on the first point. Consider equation G;(0;,0;, A, k;, k;) = 0. A higher /5 has a direct
negative effect on investment, as firms realise that they will get lower marginal revenues.'®
But there is a second, indirect, effect that goes in the opposite direction. Given the zero-profit
condition (9), stronger union bargaining power also dampens vacancy creation, thus reducing
labour market tightness 6;. In turn, a lower #; decreases the marginal cost of capital, because
vacancies are expected to be filled quicker and investment remains unproductive for less time.'6
The magnitude of this second effect is increasing in 7, the elasticity of the expected duration
of a vacancy, 1/q(6;), with respect to 6;. Intuitively, if n is high, the decrease in tightness
might squeeze the expected duration of a vacancy to such an extent that firms might even
decide to raise investment k; when workers bargaining power goes up. Therefore, the condition
£ > n ensures that the direct negative effect outweighs the indirect positive one and it is both
a necessary and sufficient for k; to be decreasing in (.

To understand point (ii), let us focus first on how a higher 3 affects 6, and 6,. Stronger
union bargaining power has an impact on labour supply, pushing more unemployed workers
to search for a job in sector a, that has a larger share of sunk investment. This is because the
wage gains stemming from the hold-up problem are increasing with union bargaining power.
In turn, an increase in the number of job seekers tends to reduce the expected duration of a
vacancy in sector a, thereby mitigating the negative effect of a higher § on expected profits.
Vacancy creation is expected to decrease less in sector a than in sector b. So the workers’
reallocation effect pushes towards a larger reduction in labour market tightness in sector a
compared to sector b, while firms’ reaction in terms of vacancy posting goes in the opposite
direction. In Appendix A3 we show that the inequality 0 > %é > %% holds, so the second
effect prevails.

These changes in tightness affect investment via the non arbitrage condition (18). Indeed,

one sector cannot experience a larger reduction in both investment and labour market tightness

!4In the empirical literature the range of estimates for both 1 and 3 is quite large and a consensus is yet to
emerge. Our reading of the literature is that a plausible range for 3 is 0.4-0.6 (see, for instance Dumont et al.,
2012), but with non-negligible differences across countries, sectors and estimation methods. In turn, different
studies conducted mostly for the US found that 7 generally varies between 0.2 and 0.5 (see for instance
Hagedorn and Manovskii, 2008). As a result, we think that it is reasonable to assume that the condition
underlying Proposition 1 may hold true.

15The derivative of Gi(0;,0;, A\, ki, kj) = 0 with respect to J is negative, conditional on 6;,60; and A.

Y6The derivative of G;(6;, 0;, \, ki, k;) = 0 with respect to 6; is positive, conditional on 6; and A.

12



compared to the other. If this was indeed the case, no worker would search for a job in the
sector with a more pronounced decrease in both wages and in the job finding rate. Therefore
the sector with a higher share of sunk capital, which is characterised by a smaller decrease in
tightness, must exhibit a larger reduction in the rate of investment per worker.

It is important to stress that the results of Proposition 1 hold true even under the hypothesis
of individual bargaining (see footnote 12). Since the aim of the paper is to study the effect of
union power on investment, in the empirical part we separately identify the effect of collective
versus individual negotiations. Finally, it is interesting to note that the results of Proposition

1 on investment also apply to labour productivity. We refer to Appendix A3 for details.

3 Data

3.1 Country-Industry Level

The source of data for our dependent variable is the "Trade, Production and Protection, 1976-
2004" database by Nicita and Olarreaga (2007) originally based on the UNIDO dataset. From
this data, we extract investment (gross fixed capital formation) per worker for a set of 11
OECD countries: Australia, Austria, Belgium, Finland, Greece, Italy, Japan, South Korea,
Portugal, Spain and the United Kingdom. The sectoral level of aggregation is the ISIC Rev2
classification with 28 manufacturing sectors and, for most countries, information is available
for the entire period 1980-2000.'7

Since monetary variables in the UNIDO dataset are expressed in current prices, we have
to use EUKLEMS (see Inklaar et al., 2008) country-sector deflators to obtain investment
at constant prices. For most countries we recover this information at a level of sectoral
aggregation of 13 manufacturing sectors. If they are not available in the EUKLEMS database,
we obtain country-sector deflators for gross fixed capital formation from the OECD’s STAN
database (Austria and Belgium). In the case of Greece, Portugal and South Korea, lack of
data forces us to use country level PPI from the manufacturing sector as a whole from the
OECD. We also face a problem linked to currency conversions. Since the original data are

expressed in US dollars, we convert the currency units into national currencies and then apply

1"The 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.

13



purchasing power parities for GDP conversion factors (Penn World Table 7.1) to eliminate
price variations. We report descriptive statistics for sectoral investment per worker in the first

column of Table 1.

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 define 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 firm-specific (and there is an active secondary market for
physical capital), it is likely that used capital would account for a relatively higher share of
total investment. Thus, they expect their capital resalability index to be an inverse measure
of the degree of sunkness of investment across industries.

In Table 1, we report 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 different classification systems (see the Appendix B1 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 finan-
cial dependence, human capital and R&D intensity. As a measure of human capital intensity
we use the variable proposed by Ciccone and Papaioannou (2009) and subsequently used in
Conti and Sulis (2015).!? 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 ratio of R&D expenditure to value added in the
US in 1990, using data taken from the OECD ANBERD database. Finally, external financial
dependence for 1980 is directly derived from Rajan and Zingales (1998).

18Tt might be important to note that, while there is some variation in the industry relative levels of sunk
capital intensity if the latter is measured either in 1987 or in 1992, the relatively high correlation coefficient
(0.6) between the two measures allows us to exclude that our variable just captures idiosyncratic shocks: as a
result, we are confident that our proxy correctly captures sector level differences in sunk capital intensity due
to technological features.

19We 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.
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3.3 Country Level

The main country level variables are reported in Table 2 as averages for the period 1980-
2000. Our measure of union power is the 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
occupations are excluded from the right to bargain. This 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 specification. As Table 2 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 very high values for both
union density and coverage (above 70% and 80%, respectively), while Mediterranean countries
have quite high excess coverage (difference between coverage and density, e.g., Spain has 84%
and 14% respectively); finally, Anglo-Saxon countries have less unionised labour markets.?"

We refer to Appendix B3 for other country variables used in the empirical analysis.

4 Estimation and Identification

Our empirical framework — which directly stems from the main predictions of our theoretical
model — is based on the difference-in-difference approach pioneered by Rajan and Zingales
(1998) and subsequently employed in many other empirical applications (see Nunn, 2007). In
order to evaluate whether union power tends to reduce the level of investment per worker,
particularly in sunk capital intensive industries, we estimate different versions of the following

baseline equation:
In ks . = a(Sunks x Union,.) + gzﬂ/Vs/ZC + pXse+ Vs + U+ 5 (22)

where the dependent variable In k; . is the average level of investment per worker in country

¢ and sector s over the period 1980-2000; Sunk, is the sunk capital intensity of each industry

20For the US, union density is equal to 15%, while union coverage is 18%.

16



‘glep JO S90.I108

pue s[rejep a1ow 10§ ¢ Xipuaddy pur ¢ ¢ UOIII9SqNS 909G "SUISSIUT oI XopPU] UOTIRIUSWSRI] PUR 9FRISA0D 93URY)) ‘BaIOY [INOG
I0q ‘SWLIY JO SIOSRURW )M SMOIAIDIUL J09IIp AQ poure)qo xopul ur s Iomod FurureSieg ‘SWIY JO SIOSRURW [IIM SMOTAISIUL
10011p Aq pojrodal se oArponpoid 03 JI)SOY WO SUOIIR[OI INOQR] JO A}enb o7} JO 9INSeoW © SI XopUl AJI[eN{) SUOI)RIOPOJUOD
Io[[ewS JO JYSIom ST} JUMNO0IOR OJUI 9B} 0} PIJUNOISIP XSPUI [YRPULISH 9} JO 9SIOAUI 9} S PAULep SUOIIBISPAJUOD JO IoqUINU
OAI}O0]J0 YY) ST XOPUI UOI}RIUOWIFRI] o, "oSeqe)ep P[IOAA 9U) JO WOPdL] OTWOoUodH oY) ul porioder xopurl sjysir Ajredoid jo
£)1IN09s pUB 2INJONI)S ) SI MB] JO 9Ny "sjoeIjuod Arerodwo) pue Ie[ngal I0j Xopul (IO oYl JO 9drIore PojySomun Uue S
uoryoejord Juowdodwy ‘sioures Areres pue o8em Aq popralp dIySIoquIaull SI A}SUSD UOIU[) "(000Z PUeC (/RG] Uoom)a( 98RIDA0D
UOTUN JO 9OULIOPIP oFrjuodiod o) ST 98rIoA00 98uey) -000%-0861 Poldd oy} 10a0 juowrAojduwo Ul siouIeo AIR[es pur odem
[re jo uoryiodord & se sjuowooIse SUIUIRSIR( oFem A(Q POISA0D sevAo[dWo JO IOQUINU 9FRIGAR O} SI 9FRISA0D UOIU() :S9JON

L6°G 10°¢ 99y 66°9 0¥°¢ GLLE 0¢ L~ ev'L9 [®10],
069 IeT 04°€ 00°L 79°0 00°0¥ €L 8- €99 WOPSUIy] Pajru()
0L°G 6€°¢ 09 0€9 vee €9°¢l LC61 s uredg
09°¢ e 09 0s'9 8€C V8°€l e 00°TT BOI03] YINOS
0€9 05T 08¢ 008 €8¢ ovve 6¢VC V1I'LL [esnjiog
0L°L 1L°¢ 0Cv 06°L 19T 8C'9¢ vice- 0v°€c ueder
00°¢ 10°€ 09¥ 0L°¢ a0'€ ev oy 88°G- 00°€8 ATery
08'¥ 08T 0€¥ 09°¢ ov€ ¢ave V1L~ 00°89 9999I1)
0T"L G6°'T 009 089 91'¢ 60°V.L 8891 70°48 pueuig
0C'G 0€C 0¢'¢ 08°L €LC 8T°€S €01~ L1796 wniseg
09°L 00T 06°¢ 008 LT°C VoY 89°€ 80°L6 BLIISIY
08¢ 0c'T 06'¥ 0€"L 90T 87°8¢ 8T T¥- 00°04 BI[RIISTIY

Xopuj Xopuj oMo MR UO0I109301] Aysuo( 98RIOAO)) 98RIDA0))
A1punon)

Ayreng) "JuomIdRI sururedregq oIy yuowrAorduusy uoru) asury) uoru)

000G-086T SP[RITRA [9AdT ATIUNO)) UIR] :$O1ISTIRG 0ATYAIISO( g O[qRL

17



derived from US data; Union, defines different indicators of average union power at the country
level over the sample period; WS/ Z,. are controls for other sector-country interactions; X, . are
other additional controls that vary both at sector and country level, while v,, u. and ¢, . are
sector and country specific fixed effects and a conventional error term, respectively.?!

A negative sign for the coefficient « of the interaction term Sunk, x Union, would indi-
cate that countries in which unions are stronger tend to have lower levels of investment per
worker, especially in industries with higher sunk capital. The identification assumption behind
equation (22) is that union power is likely to be more binding in more sunk capital intensive
sectors, where the hold up problem is likely to be more severe. This approach only allows us to
identify differential effects between more and less sunk capital intensive industries. However,
this differential provides us with some indication on the direction of the average effect of union
power across all manufacturing industries, subject to the identification assumption that in less
sunk capital intensive industries the effect of unions is of the same sign and smaller than in
high sunk capital intensive industries or, alternatively, zero (Bassanini and Garnero, 2013). In
other words, union power tends to reduce investment per worker disproportionately in sunk
capital intensive industries.

One assumption of our identification strategy is that the degree of sunkness and our mea-
sures of union power are not correlated across sectors. In other words, we need to rule out
the possibility that unions tend to concentrate in sectors in which the degree of sunk capital
investment is larger. Information on unionisation rates at the sectoral level for the countries
in our sample is not readily available, so in order to test this hypothesis we use US data and
correlate the original measure of sunkness with sectoral data on union coverage and union den-
sity.?? Reassuringly, results indicate a very low correlation between sunkness and union power
(0.0797 for union coverage and 0.0827 for union density). Moreover, we compute the correla-
tion coefficient between the change in sunkness over the period 1987-1992 and the change in
union coverage over the corresponding period and we find a value of about —0.1, not signifi-
cantly different from zero. In other words, the US data do not seem to lend much support to

the hypothesis that unions tend to concentrate relatively more in sunk capital sectors, which

2INote that the presence of country and sector fixed effects does not allow us to include Sunks and Union,
as separate regressors.

22In particular, we aggregate the original measure of sunkness from 4 to 3 digits of the SIC87 classification
using appropriate weights for shares of value added. Then we match these data with sectoral data on union
coverage and union density for the year 1990 which are made available by B. Hirsch and D. Macpherson at the
website www.unionstats.com. As the latter data uses the CIC classification in the Current Population Survey
(CPS), to convert sectors we use routines from J. Haveman, which are available at his homepage.

18



in turn suggests that our measure of sunkness captures a technological characteristic of sectors
and may not be related to union behaviour.

In equation (22) country fixed effects should control for any omitted variable at the country
level that has the same effect on investment in all industries, such as the quality of institutions,
macroeconomic conditions over the period, social norms, etc. In turn, industry dummies may
capture differences in technologies or sector specific patterns of investment. Our regression
specification takes also into account other possible determinants of investment by including
the relevant country and sector interactions WS/ZC, such as the country years of schooling
and the sector human capital intensity; the country capital-output ratio and the sectoral
physical capital intensity, the industry dependence on external finance and the country level
of financial development. The inclusion of W.Z, 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 Wy (e.g. the industry physical capital intensity) and Sunk, or Z.
(e.g. the country capital stock) and Union, are correlated: in this case, the omission of the
relevant country-industry interactions would tend to bias the OLS estimates of the coefficient
of interest a.

In order to consider the possibility that union behaviour might interact with some other
industry characteristics, in some specifications we augment our regressions with interactions
between Union. and sector level variables, such as R&D and physical capital intensity. But
there might be other country-level variables, potentially correlated with Union,., that interact
with industry sunk capital intensity. Hence, in some regression specifications we also include
additional interactions between Sunk, and country level variables such as various labour mar-
ket institutions, rule of law, etc. Finally, we estimate a version of equation (22) in which
we instrument Union,. with variables related to the political history of each country, because
there might be reasons to believe that causality might go in the other direction, namely from

investment to union power (see below).
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5 Results

5.1 Main Results

In Table 3 we start testing the main implication of our model, namely that the average level of
investment per worker is especially reduced in high sunk capital industries in countries where
labour unions have strong bargaining power. We proxy union power by the average percentage
of employees covered by wage bargaining agreements over the sample period.

In column 1 we start with a baseline specification of equation (22), where we control for
country and industry fixed effects and the relevant country-industry interactions contained in
the matrix W, Z,, as discussed in the previous section. The coefficient of the interaction be-
tween the industry degree of sunkness and union coverage is negative and strongly statistically
significant at 5% level. In particular, the coefficient of -0.079 implies an investment differential
of about 13% between a sector at the 75" percentile (Transport equipment) and one at the
25" percentile of the sunk capital intensity distribution (Leather products) in a country at
the 25 percentile of the union coverage distribution (such as the United Kingdom) compared
to a country at the 75 percentile of union coverage (such as Spain).

In the next column we address possible endogeneity concerns of union coverage. First,
there can be some country level omitted variables for which we do not control that might
tend to affect the level of investment per worker, especially in high sunk capital industries.
Alternatively, it might be argued that investment and union coverage are jointly determined
if countries that tend to specialise in industries characterised by low levels of 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 2 we report the result of an IV regression
otherwise identical to that reported in column 1, where we instrument 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.?® The rationale for these two instruments is
that we expect right-wing dictatorships to have fought the development of the labour unions
movement and a strong presence of left wing parties in the governments to favour the growth

of labour unions (Fiori et al, 2012). The first stage regression, whose results are available

23The countries that experienced a dictatorship spell are Austria, Greece, Italy, Japan, Korea, Portugal and
Spain.
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from the authors upon request, confirms our expectations and suggests that our instruments
are not weak and pass the Sargan test of instrument validity.?? The second stage regression
confirms that higher union coverage rates negatively affect the level of investment per worker,
particularly in sunk intensive industries, with a slightly larger magnitude of the effect with
respect to OLS estimates.

We augment our baseline regression with interactions between union coverage and sectoral
characteristics in the remaining regressions of the Table. In column 3, we investigate whether
stronger union power tends to affect investment, particularly in R&D intensive industries. We
do this for two reasons. The first is that R&D expenditure is largely sunk and, therefore,
to a certain extent, the industry R&D intensity might be considered as an alternative proxy
of industry sunk capital intensity. The second is that there is empirical evidence that R&D
intensive industries tend to be more volatile and that some labour market institutions tend to
depress growth in volatile industries (Cunat and Melitz, 2012). Given the positive correlation
in our sample between R&D intensity and our measure of sunkness, we believe it is important
to check that the negative interaction between sunk capital and union coverage is not simply
capturing the negative effect of union coverage on investment rates in R&D intensive industries.
Empirical results displayed in column 3 do not confirm that this is the case, as the sunk-union
coverage interaction is always negative and statistically significant. Moreover, also the R&D-
union coverage interaction is negative and statistically significant.?? If we interpret the degree
of R&D intensity as a different proxy for the importance of sunk capital, this result provides
additional empirical evidence that union bargaining power might have negative effects in
industries where sunk capital and the associated hold-up problem are more important.

In column 4 we include an interaction between the union coverage and the industry physical
capital intensity. Controlling for this term is very important not only because the latter is
positively correlated with the industry degree of sunkness, but also because our theoretical
model predicts that it is the sunk nature of capital investments that generates the hold-up
problem, and not the physical capital intensity per se. As the empirical results show, the
interaction between union coverage and physical capital intensity is never significant while the

magnitude of the sunk intensity-union coverage interaction barely changes.?

2 The Kleibergen-Paap test statistics is 70.1; in turn, the Sargan test statistics is 0.285 (p value 0.59).

25See Menezes-Filho and Van Reenen (2003) for a survey of the empirical evidence on the effects of unioni-
sation on R&D investments.

20Tt is possible to argue (Baldwin, 1983) that firms in high sunk cost industries might tend to increase debt
as a sort of commitment device to be tough against unions. If this results in structurally higher dependence
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In the next columns of Table 3, we extend the analysis in order to provide additional
evidence that higher union coverage indeed exerts greater influence over investment in sunk
capital intensive industries. For instance, as mentioned in the theoretical section of the paper,
not only collective but also individual bargaining power might reduce investments relatively
more in industries with a larger share of sunk capital. In other words, one might argue that
our estimates could be capturing the joint effect of individual and collective bargaining power.
If industry level differences in individual workers’ bargaining power are correlated with the
industry share of sunk capital, the coefficient of the interaction term between union coverage
and the share of sunk capital might be biased. Moreover, the direction of the bias is not even
clear a priori, because it depends not only on the correlation between the industry degree of
sunkness and the level of individual bargaining power, but also on the effect of the latter on
investment per worker.?” For this reason, we verify that our regressions are indeed capturing
the role played by collective bargaining, by augmenting our baseline regressions with various
proxies of sector level individual bargaining power (see Appendix B2). In particular, in column
5 we use EUKLEMS data on the cross-country cross-industry share of hours of high skilled
workers. We include that share alone (we can identify it because it varies across both industries
and countries), and interacted with union coverage. The empirical results suggest the existence
of a positive and significant correlation between the share of skilled workers and the level of
investment per worker. In turn, the interaction between sunk capital and union coverage
remains negative and statistically significant, while the interaction between skill intensity and
coverage is negative.?

We further test the robustness of this result by including the job-to-job transition rate in

column 6. Such additional control may be important, as there is an influential literature sug-

towards external finance in high sunk cost industries, then it might be important to control for an interaction
between union coverage and an industry financial dependence. When we do so, the interaction of union coverage
with the degree of industry sunkness remains negative and statistically significant. Results are available from
the authors upon request.

2TNote that the effect of individual bargaining power on investment is not a priori clear. For instance, if we
proxy it with the share of high-skilled workers in an industry, the latter might negatively affect investments
because higher individual bargaining power makes the hold-up problem more severe. However, in the presence
of capital-skill complementarity, an higher share of skilled workers can lead to higher levels of investment via
a higher marginal product of capital.

28Tn order to verify if the individual bargaining power has a different impact in sectors with different degrees
of sunk capital, in regressions not reported, but available upon request, we drop the interaction between skill
intensity and union coverage and include the interaction between skill and sunk capital intensities. Results
confirm findings reported in column 3 and indicate that higher union power reduces levels of investment per
worker particularly in sunk capital intensive industries. In turn, we do not find any statistically significant
effect as far as individual bargaining power is concerned. We also run similar regressions using the two other
alternative measures of individual bargaining power discussed below and results are confirmed.
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gesting that voluntary mobility of workers is an important determinant of workers’ bargaining
power (Cahuc et al, 2006). Indeed, higher job to job transition rates may be associated to
higher between firms competition for workers, thus higher workers bargaining power and a
larger share of the match surplus accruing to them. Our results again confirm that countries
with higher union power tend to exhibit lower levels of investment per worker particularly in
sunk capital intensive industries. Note that jointly considering the level and interaction ef-
fects for the job-to-job transition rate, we find that higher individual bargaining power reduces
physical capital investment per worker, but only in countries where union coverage is suffi-
ciently low. This may be rationalised by noting that in countries with strong unions the extent
of individual negotiations is more limited. In any case, the fact that the interaction between
sunk intensity and coverage remains statistically significant suggests that our regressions are
indeed capturing the effect of collective and not individual bargaining power.

It is interesting to note that differences in sectoral skill intensities could also reflect variation
in the importance of screening costs across sectors. Moreover, as a matter of fact, it is possible
that unions reduce investment particularly in sectors in which screening costs are high. This
may be due to the fact that unions impose common procedures for hiring and firing and
this has a relatively larger impact in sectors in which screening costs are more relevant.?? In
order to further elaborate on this important issue, we consider an alternative proxy for the
importance of screening costs across sectors. In particular, in column 7 we use the fraction
of temporary workers, the intuition being that in sectors in which screening costs are higher,
firms might tend to use relatively more temporary contracts to learn about match quality
(Faccini, 2014)." Results confirm those found in previous columns.?!

Finally, we consider the possibility that, in some countries, possibly as a consequence
of union’s lobbying activity, some sectors are politically favoured through lower taxes and/or
higher subsidies, as in the model of Restuccia and Rogerson (2008). For this reason, in column
8 we control for a country-sector measure of subsidy intensity: even in this case, our main

results are confirmed.??

29 Moreover, it cannot be a priori ruled out that "screening cost" intensity is correlated with sunk intensity.

30Similarly, the share of temporary contracts can also be considered as a possible (inverse) proxy for indi-
vidual bargaining power in an industry.

31 Finally, in regressions not reported, but available upon request, we experiment with the hiring rate (taken
from Bassanini and Garnero, 2013) as an additional proxy for screening costs and individual bargaining power.
We recognise that this proxy may be criticised on various grounds, such as its dependence on the business
cycle: nevertheless results confirm those reported in Table 3.

32Card et al (2014) justify their finding of a modest degree of hold-up on the grounds that workers bargaining
power is reduced if firms can credibly threat to relocate overseas. While it is difficult to have a good measure
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5.2 Robustness

In Table 4 we consider different extensions as well as additional robustness checks to our
baseline regression (see Appendix B3). We start by adding country level variables that might
be plausibly thought to affect investment per worker particularly in sunk intensive industries.®?
First, in column 1 we take into account the effect of union density, which has often been treated
as an alternative proxy to union coverage for the bargaining power of unions: the interaction
term is largely insignificant, while the sunk intensity-union coverage interaction is remarkably
stable.?*

In column 2 we check the robustness of our results to the inclusion of wage bargaining levels:
because previous literature has found that the effect of bargaining levels may be non-linear, we
interact sunk capital intensity with two dummies for different levels of wage coordination, i.e.,
nation-wide and sectoral, firm level bargaining being the omitted category. While our coeffi-
cient is almost unaltered, these interactions turn out to be largely statistically insignificant. In
column 3 we add an indicator of generosity of unemployment benefits and an OECD index of
employment protection legislation (EPL) 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 first because it affects 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). Our coeffi-
cient of interest is still negative and largely statistically significant, while the interaction term
between sunk capital and benefits coverage is positive. There might be different explanations
for such positive effect: perhaps higher coverage of unemployment insurance increases the

probability of finding a good match, thus increasing the level of productivity and ultimately

of an industry’s relocation intensity, we think the degree of vertical integration (measured by the ratio between
sectoral value added and gross output) might be a reasonable proxy. In fact, in sectors where production tends
to be vertically integrated the scope for outsourcing and overseas relocation might be lower, ceteris paribus.
We therefore augment our baseline regression with the interaction between the industry vertical integration
intensity in the US and union coverage: this interaction is negative but not statistically significant; in turn,
the coefficient of the sunk-coverage interaction is barely altered.

33As a preliminary robustness check, we alternatively include interactions of the share of sunk capital
investment with the country human capital level, the capital to output ratio, the level of financial development
and the country average unemployment rate over the period, and results are virtually unaltered. Regression
results are omitted for reasons of space, but are available from the authors upon request.

341f we drop the sunk capital union coverage interaction from our baseline specification, the interaction of
sunk capital and union density is negative and statistically significant. Following Murtin et al (2014), we also
use excess union coverage as a measure of union power, i.e., the difference between coverage and density, and
results are again confirmed, with an estimated interaction term equal to —0.071 (p-value 0.03).
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the level of investment. In turn, higher levels of employment protection reduce investment
particularly in sunk capital intensive industries.

We now investigate the importance of other labour market variables in driving our results.
In column 4, we add an interaction between sunkness and the degree of fragmentation of con-
federations of unions. 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 firms and unions is expected to be lower. However, we do not
find confirmation for this prediction in the data: in turn, the interaction between sunk capital
intensity and coverage is negative, larger in magnitude, and statistically significant.

In column 5, we include a variable measuring the quality of labour relations (Mueller
and Philippon, 2011), described in Appendix B3. The intuition for including this control
is that in countries characterised by good labour relationships, the existence of high union
coverage rates might not affect investments. However, when we control for the quality of
labour relations we do not find confirmation of this effect, as the interaction between labour
relations and sunkness is positive as expected (which means that countries with "bad" labour
relations tend to display lower investment in sunk intensive industries) but also statistically
insignificant at conventional levels of confidence; in turn, the sunk-union coverage interaction
is always negative, statistically significant and with barely altered coefficients. We further
probe the robustness of our main result by adding interactions of sunk capital intensity with
an indicator of the rule of law. There is some evidence (column 6) that countries with a
stronger rule of law tend to have a higher level of investment per worker in high sunk capital
industries, probably reflecting the fact that a stronger rule of law might be associated to
higher government commitment not to use taxation to expropriate investors of the quasi-rents
generated by sunk investments.?’

In the last three columns of the Table, we examine the robustness of our results to alter-

native measures of union power. In column 7 we measure union strength with the variable

35Countries with strong unions might have stronger incentives to attract foreign direct investments, as
recently argued by Haufler and Mittermaier (2011). For this reason, in regressions not reported we include
an interaction between FDI regulations and sunk capital intensity. The latter is negative and statistically
significant. This can be explained by noting that in countries with strong FDI regulation, product market
competition might be less intense: the associated increase in rents generates incentives for workers to be more
aggressive, which in turn stifles firms’ incentives to invest, particularly in sunk capital intensive industries.
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"Bargaining Power" recently used by Mueller and Philippon (2011). The main attraction of
using this variable is that it is an attempt to measure union bargaining power directly, at least
as perceived by top managers (see Appendix B3). The interaction between sunkness and union
bargaining power is negative and statistically significant at 10% confidence levels. In column 8
we allow for the possibility that what is important is not the level of union coverage per se, but
rather its change over the period. Empirical results suggest that countries which experienced
a larger increase in union coverage over the sample period had a lower level of investment per
worker in high sunk capital industries.?® Finally, in the last column of the Table, we measure
union power using data for the manufacturing sector as a whole. Despite its limitations as a
proxy for union bargaining power, we are forced to consider union density because consistent
cross-country data on union coverage in the manufacturing sector are not available, to the
best of our knowledge. Despite the substantial fall in observations (about 25%) due to missing
data for Greece, Portugal and Korea, the magnitude of the interaction term is similar to those
found in previous columns, even if it is just slightly imprecisely estimated.3”

Before concluding this section we want to add two final points. First, we have not exploited
the panel dimension of our dataset so far. This is because, by focusing on the long run effects
of union power, we make it less likely that the empirical results are driven by short term
dynamics related to business cycle effects. However, using the panel nature of our data allows
us to exploit the substantial time variation in union power that occurred over the sample
period in some countries. Therefore, in Appendix C1 we provide an additional robustness
check by estimating a panel version of our baseline equation. Regression results, reported in
Table A1, confirm the main prediction of our paper: higher union power reduces the level of
investment particularly in sunk capital intensive industries.

Finally, in Appendix C2 we explore the effect of unions on labour productivity. We do

this for two reasons. Firstly, in the case of labour productivity we have been able to find

36Until now 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 could be driven also by
other country-industry developments over the period: for this reason, we have also proxied union bargaining
power with the value taken by union coverage as of 1980. Results, not reported but available upon request,
confirm 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.

371t is possible to argue that in countries where the firm size distribution is skewed towards small firms, unions
may have lower influence (see Mueller and Philippon, 2011). Therefore, in order to rule out the possibility
that the interaction of sunk capital and union power is capturing the effect of the firm size distribution, we
augment our baseline regression with the share of small firms (1-19 employees) in manufacturing during the
90s, derived from the OECD. Our main results, available upon request, are confirmed.
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information for a larger set of countries with a slightly different level of sectoral aggregation.
Secondly, the negative effect of higher union power on the level of investment per worker, in
our theoretical model, directly spills over on levels of labour productivity (see Appendix A3).
Regression results displayed in Table A2 show that stronger union power also reduces the

average level of labour productivity particularly in sunk capital intensive industries.

5.3 Refinements

So far we have presented empirical evidence showing that union bargaining power tends to
reduce the level of investment per worker particularly in industries characterised by a relatively
large fraction of sunk capital investment, as predicted by our theoretical model. However, it
might be of some interest to assess whether the magnitude of this effect varies with some
regulations that characterise the labour relations system across countries (see Appendix B3
for more details). For instance, in some countries the government has the power to impose
compulsory arbitration among parties involved in a labour dispute, or at least mandatory
conciliation procedures before a strike can occur. In other countries, unions are not allowed
to strike if there is a collective agreement in place, or there is a waiting or notification period
before a strike can take place. Thus, using information contained in Botero et al. (2004), we
run a series of baseline regressions (corresponding to column 1 of Table 3) by splitting the
sample across some of the country-level dimensions of labour relations we have just mentioned.
Before turning to the discussion of the empirical results, it is however important to acknowledge
that some regressions are based on few observations and therefore we should view these results
as suggestive only.®

In the first two columns of Table 5 we split the sample by grouping the countries where the
law forbids strikes when a collective agreement has been already signed. The existence of such
a regulation is important because one could expect it to significantly alleviate the hold-up
problem, because the possibility for unions to behave opportunistically might be significantly
reduced. This is exactly what we find, as the effect of union coverage is about halved for the
group of countries characterised by regulations that forbid strikes when a collective agreement
is in place. Then we divide the sample according to whether there is a mandatory waiting

period before a strike can take place. Econometric results show that higher union coverage

38 Moreover, we do not explore the issue of why some regulations are in place in some countries but not in
others.
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tends to significantly reduce investment per worker particularly in high sunk capital industries
in countries where there is no waiting period, while the effect is negative but not statistically
significant in countries where a notification or waiting period before a strike is compulsory.
In subsequent columns, countries have instead been split according to whether there is a
mandatory conciliation procedure: empirical results suggest that, in both country groups,
union coverage negatively affects the level of investment per worker, but it is statistically
significant only in countries where there is no mandatory conciliation procedure. The sample
has been then divided according to whether there is a mandatory arbitration procedure and
we find that the negative impact of union coverage is statistically significant only in countries
where there is no mandatory arbitration, while for countries where there is a compulsory and
binding arbitration, the impact of union coverage is statistically insignificant.

Finally, we examine, for each country, whether both unions and employers had been rou-
tinely involved in government decisions concerning social or economic policy issues (i.e., social
pacts; see Visser, 2011) for the majority of years included in our sample period. In this case,
our idea is that the government, by involving (always, or at least sometimes) unions and
employers in economic policy decisions, creates a more cooperative framework between the
parts and favours 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 regression coefficients confirm that only in countries charac-
terised by the absence of concertation, higher coverage ratios are associated to lower levels of

investment per worker in sunk capital intensive industries.

6 Concluding Remarks

In this paper, we study the hold-up problem by considering the effect of union power on
investment per worker in sectors with different levels of sunk capital investment. We develop a
search and matching model with collective wage bargaining and, using a difference-in-difference
approach, we provide robust evidence that union power reduces the levels of investment per
worker relatively more in industries with higher shares of sunk physical capital investment.
Moreover, we find that this negative effect might depend on some features of the labour
relations system, such as the possibility of striking after a collective contract has been signed,

or on the sustainability of cooperative equilibria between unions and firms.
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Our results may be compared with those of Card et al (2014) who found that the hold-up
problem is likely to be relatively minor (if not totally absent) in their matched employer-
employees dataset in the Veneto region of Italy. There can be several reasons for this difference,
ranging from the type of sample to the specification of the empirical model and time period.
However, as acknowledged by the authors, the institutional setting and, in particular, the
threat by firms to relocate their plants overseas, might have played an important role in
alleviating the hold-up problem in their sample. Furthermore, the economic structure of
Veneto is overwhelmingly based on small firms, where unions are traditionally weak: this is
in part confirmed by the fact that during the period considered by Card et al (2014), union
density in Veneto was lower and falling more rapidly than in Italy as a whole.

Overall, our results suggest that contractual incompleteness in labour relations and the
resulting hold-up problem are relevant phenomena that might have sizeable effects on the
investment levels. Moreover, there is some evidence that, by influencing the degree of con-
tractual incompleteness, the system of industrial relations may play a role in determining
the magnitude of the problem. However, at least two issues remain to be investigated: first,
why some countries persist in adopting labour regulations that exacerbate the hold-up prob-
lem; second, how the type of contractual incompleteness analysed here drives the pattern of

comparative advantage.

References

[1] Acemoglu D., Antras P. and Helpman E. (2007) "Contracts and Technology Adoption,"
American Economic Review, vol. 97(3), pp. 916-943.

[2] Acemoglu D. and Shimer R. (1999) "Holdups and Efficiency with Search Frictions," In-
ternational Economic Review, vol. 40(4), pp. 827-850.

[3] Addison J., Schank T., Schnabel C. and Wagner J. (2007) "Do Works Councils Inhibit
Investment?" Industrial and Labor Relations Review, vol. 60 (2), pp. 187-203.

[4] Aleksynska M. and Schindler M. (2011) "Labour Market Regulation in Low-, Middle- and
High-Income Countries: A New Panel Database," IMF working paper.

[5] Balasubramanian N. and Sivadasan J. (2009) "Capital Resalability, Productivity Disper-
sion and Market Structure," Review of Economics and Statistics, vol. 91(3), pp. 547-557.

32



[6]

[11]

[12]

[14]

[15]

[16]

[17]

Baldwin C. (1983) "Productivity and Labor Unions: An Application of the Theory of
Self- Enforcing Contracts," Journal of Business, vol. 56(2), pp. 155-185.

Barro R. and Lee J-W. (2001) "International Data on Educational Attainment: Updates

and Implications," Ozford Economic Papers, vol. 3(3), pp. 541-563.

Bartelsman E. and Gray W. (1996) "The NBER Manufacturing Productivity Database,"
NBER Technical Working Paper 0205.

Bassanini A. and Garnero A. (2013) "Dismissal protection and worker flows in OECD
countries: evidence from cross-country/cross-industry data," Labour Economics, vol. 21,

pp. 25-41.

Botero J., Djankov S., La Porta R., Lopez-De-Silanes F. and Shleifer A. (2004) "The
Regulation of Labor," Quarterly Journal of Economics, vol. 119(4), pp. 1339-1382.

Caballero R. and Hammour M. (1998) "The Macroeconomics of Specificity," Journal of
Political Economy, vol. 106(4), pp. 724-767.

Cahuc P., Marque F. and Wasmer E. (2008) "A Theory of Wages and Labor Demand
with Intra-Firm Bargaining and Matching Frictions," International Economic Review,

vol. 49(3), pp. 943-972.

Cahuc P., Postel-Vinay F. and Robin J.-M. (2006) "Wage Bargaining with On-the-Job
Search: Theory and Evidence," Econometrica, vol. 74(2), pp. 323-364.

Card D., Devicienti F. and Maida A. (2014) "Rent-Sharing, Hold-Up, and Wages: Evi-
dence from Matched Panel Data," Review of Economic Studies, vol. 81, pp. 84-111.

Cavanaugh J. (1998) "Asset Specific Investment and Unionized Labor," Industrial Rela-
tions, vol. 37(1) , pp. 35-50.

Checchi D. and Lucifora C. (2002) "Unions and labour market institutions in Europe,"

Economic Policy, vol. 17, pp. 361-408.

Ciccone A. and Papaioannou E. (2009) "Human Capital, the Structure of Production,
and Growth," Review of Economics and Statistics, vol. 91(1), pp. 66-82.

33



[18]

[19]

[20]

[21]

[25]

[26]

[27]

[28]

[29]

Cingano F., Leonardi M., Messina J. and Pica G. (2010) "The effects of employment
protection legislation and financial market imperfections on investment: evidence from a

firm-level panel of EU countries," Economic Policy, vol. 25(January), pp. 117-163.

Conti M. and Sulis G. (2015) "Human Capital, Employment Protection and Growth in

Europe," Journal of Comparative Economics, forthcoming.

Cukierman A. and Lippi F. (1999) "Central bank independence, centralization of wage
bargaining, inflation and unemployment: Theory and some evidence," Furopean FEco-

nomic Review, vol. 43(7), pp. 1395-1434.

Cunat A. and Melitz M. (2012) "Volatility, Labor Market Flexibility, and the Pattern of
Comparative Advantage," Journal of the Furopean Economic Association, vol. 10, pp.

225-254.

Dumont M., Rayp G. and Willeme P. (2012) "The bargaining position of low-skilled and

high-skilled workers in a globalising world," Labour Economics, vol 19, pp. 312-319.

Faccini R. (2014) "Reassessing Labour Market Reforms: Temporary Contracts as a

Screening Device," Economic Journal, vol. 124, pp. 167-200.

Fiori G., Nicoletti G., Scarpetta S. and Schiantarelli F. (2012) "Employment effects of
product and labour market reforms: are there synergies?" Economic Journal, vol. 122,

pp- F79-F104.

Grossman S. and Hart O. (1986) "The Costs and Benefits of Ownership: A Theory of
Vertical and Lateral Integration," Journal of Political Economy, vol. 94(4), pp. 691-719.

Grout P.A. (1984) "Investment and wages in the absence of binding contracts: a nash

bargaining approach," Econometrica, vol. 52 (2) , pp. 449-460.

Hagedorn M. and Manovskii I. (2008) "The Cyclical Behavior of Equilibrium Unemploy-

ment and Vacancies Revisited," American Fconomic Review, vol 98, pp. 1692—1706.

Hart O. and Moore J. (1988) "Incomplete Contracts and Renegotiation," Econometrica,

vol. 56(4), pp. 755-85.

Hart O. and Moore J. (1999) "Foundations of incomplete contracts," Review of Economic

Studies, vol. 66, pp. 115-138.

34



[30]

[31]

[32]

33]

[34]

[35]

[41]

[42]

Haufler A. and Mittermaier F. (2011) "Unionisation Triggers Tax Incentives to Attract
Foreign Direct Investment," Economic Journal, vol. 121(June), pp. 793-818.

Hirsch B. (1991) Labor Unions and the Economic Performance of Firms. Kalamazoo,

Mich.: W.E. Upjohn Institute for Employment Research

Hirsch B. (2004) "What Do Unions Do For Economic Performance?" Journal of Labor
Research, vol. 25, 417-455.

Inklaar R., Timmer M. and van Ark B. (2008) "Market services productivity across
Europe and the US," Economic Policy, vol. 23 (January), pp. 139-194.

Krussel P. and Rudanko L. (2012) "Unions in a Frictional Labor Market," NBER Working
Paper, 18218.

Lee D. and Mas A. (2013) "Long-Run Impacts of Unions on Firms: New Evidence from
Financial Markets, 1961-1999," Quarterly Journal of Economics, vol. 127, pp. 333-378.

Malcomson J. M. (1997) "Contracts, hold-up, and labor markets," Journal of Economic

Literature, vol. 35, pp.1916-1957.

Menezes-Filho N. and Van Reenen J. (2003) "Unions and Innovation: A Survey of the
Theory and Empirical Evidence," In Addison J. and Schnabel C. (Eds.) International
Handbook of Trade Unions, Edward Elgar, Cheltenham, pp. 293-335.

Mueller H. and Philippon T. (2011) "Family Firms, Paternalism, and Labor Relations,"

American Economic Journal: Macroeconomics, vol. 3 (April): 218-24.

Murtin F., de Serres A. and Hijzenet A. (2014) "Unemployment and the coverage exten-

sion of collective wage agreements," Furopean Economic Review, vol. T1. pp. 52-66.

Nicita A. and Olarreaga M. (2007) "Trade, Production and Protection 1976-2004," World
Bank Economic Review, vol. 21(1), pp. 165-171.

Nunn N. (2007) "Relationship-Specificity, Incomplete Contracts, and the Pattern of
Trade," Quarterly Journal of Economics, vol. 122(2), pp. 569-600.

Pissarides C. (2000) Equilibrium Unemployment Theory. 2nd edition, Cambridge, Mass:
MIT Press.

35



[43] Rajan R. and Zingales L. (1998) "Financial Dependence and Growth," American Eco-
nomic Review, vol. 88(3), pp. 559-586.

[44] Restuccia D. and Rogerson R. (2008) "Policy distortions and aggregate productivity with

heterogeneous establishments," Review of Economic Dynamics, vol. 11(4), pp. 707-720.

[45] Visser J. (2011) The ICTWSS Database on Institutional Characteristics of Trade Unions,
Wage Setting, State Intervention and Social Pacts. Version 3.0, Institute for Labour Stud-

ies, University of Amsterdam.

[46] Williamson O. (1985) The Economic Institutions of Capitalism. New York: Free Press.

Appendix A: Theory

A1l. Alternative Wage Bargaining

In this Appendix we sketch a different setting for negotiation, in which unions take into account
the effects of the wage on the level of employment in their sector. Under this scenario, the

F.O.C. for the problem in (13) becomes:

de; E de; E U
€ — qugiy i (k) €+ Gk (7 = JY) ,
1—08)- i = 8. : f b}. Al
U ) — ) q(F oy erietet @)
It is easy to see that equation (A1) coincides with (14) if d:}l(@,@i) = 0. Such a derivative can be
computed using equations (3), (4) and (9):
de; 1—n ei - q(60;) ,
= — f b}. A2
dw(k;) n pki-(r+s) ori € ta.B} (42)

The negative sign of this derivative implies that the share of rents accruing to workers is lower
than in the scenario presented in subsection 2.3. because unions take into account the negative
effect on employment creation of a higher wage. Substituting equation (A2) into equation (A1)
and proceeding as in subsection 2.3., we can easily get the equivalent of the F.O.C. for k; (16)

in this scenario:

(r + s)yi+ q(0:)(1 - 5- Q)

Q(ei) =0 (A3)

(1=8-Q)py, - aki —p
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n(r+s)

TCERR S s (0,1). Similarly, the equivalent of the zero profit condition (20) is:

where ) =

(1—3-Q)py,kf _ Pk
[(r+ 8)v +q0)(1—3-Q+B-Qy,0:)]  q(th)

(A4)

It can be easily shown that the no arbitrage condition (17) takes the same form even in
this scenario. Using (17), (A3) and (20) we can follow the same steps that we illustrate in
Appendices A2 and A3 in order to prove the existence of a steady state equilibrium and get
the same comparative statics results. The only difference is that the necessary and sufficient

condition in Proposition 1, namely 8 > 7, in this scenario becomes (3 - 2 > 7.

A2. Existence of Equilibrium

We look for the conditions that ensure the existence and uniqueness of a steady-state equi-
librium. It is straightforward to see that if there exist steady-state equilibrium values for £;,
A and 6;, for i € {a, b}, then all the other remaining variables of the model (e;, u, w(k;), and
the expected discounted utilities of the agents) are also uniquely determined. We proceed by
dividing equation (16) by equation (20) evaluated at the steady-state. We get:

B - v:0:iq(0;)

J— 1 N
W) = T e e (45)

for i € {a,b}. The equations G;(0;,60;,\, ki, k;) = 0, W(#;) = 0 for i € {a, b}, and (18)

compose a system in five unknowns: 6,, 0, k., ky, and \. It is easy to check that there exists

dW(0;)

a0, <0

a unique 6; that solves the equation W(#;) = 0 for ¢ € {a, b}. This is because
and the last term in the LHS of such equation goes to 0 (resp. —oo ), as 6; goes to 0 (resp.
+00) for the Inada conditions for the job filling rate.

160

e Using the RHS of equation
and W(0;) = 0, the implicit functions G, (0., 0p, A, ko, k) = 0 and Gy(0y, 04, A, ki, ky) = 0

From the no arbitrage condition (18), we have k, = k-

respectively become:

Dya - ka—l — pﬂfYa ea . <9a7a>al
e (1—a)(1-5) 0v 7 (A6)
Dy - ka_l o pﬁf)/b 917
b =

(1—a)(1-5)

37



Gp (Bp; Ba; M kp) = 0

Ga (ea; eb ; 7\; ka (kb) ) =0

Figure Al: Equilibrium

in which

1= A (B \ a0 177
a = 1 —|— [ -2 .
p" { [ A (em> Gua(0) |
A 9b7b)a 0aq(0) 17 |7
p— 1 + — .
e { {1 —A <9a7a 9bQ(9b) ]

Note that ddG;\a < 0 and % < 0. So G, = 0 describes a decreasing relationship in the

(ks, A) space. In addition, the Inada conditions for the job filling rate and the concavity of the
production function imply that k, — +o00 as A — 0 and k; tends to a positive finite number
when A\ — 1.

As far as it concerns G, = 0, %G/’\b > (0 and %’5 < 0. So G, = 0 describes an increasing
relationship in the (ky, A) space. In addition as A — 1, k, — 400 and as A — 0, k;, tends to
a positive finite number. Figure Al intuitively shows that an equilibrium in A\ and k;, exists
and is unique. Once k;, is determined, we get the steady-state value of k, via the no arbitrage
condition (18). All the remaining variables of the model (e;, u;, and the expected discounted

values for workers and firms) are obtained by using the steady-state values of 0, 0y, k4, ks,

and .
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A3. Comparative Statics

Proof of Proposition 1. We need to prove the inequalities in equation (21). Rearranging

egs. (2), (3), (4) and (18) we have

e (%) - | (2) ]

Using the above expression, and dividing the first equation in (A6) by the second one, we can

get an explicit solution for (1 — A\)/A (conditional on 6; that is determined by W(#;) = 0, for

i €{a, b}): o
— [ la I il A8
A (% s (A8)

Plugging the RHS of (A8) into the second equation in (A6) allows us to have an equation in
which k;, depends on 8, and 6, only:

0\ VT POy B
kot 1+(a“) — b =0 A9
’ Ouvy (I-a)l-p (49)

From equation (18), we also get:
(7-1) ] 71

. 07\ |7 plav. B
kg 1, 1+ < a) _ a =0 AIO
Op (1-—a)l-p (A10)

We first show that Cfi—’g’ < 0. For the concavity of the production function, it is sufficient to

prove that the LHS of (A9) is decreasing in (. Differentiating equation (A9) we have:

dk, SR NS NS B P g @, L1, do,
- — — J— J— J— - o
a3~ 0 —11-88 a—16," s T a—16,"""" g
in which:
(M) (o—1)
rio= ) with i, € {a, b} i # ] (Al1)
1+ (g2
‘9j’7j
and the derivatives
a9, 6, . 0, .
_ Y% 7i(r £ 9) + al6:) for i € {a,b} (A12)

dp B (1 —=mn)y,(r+s)+ (1 - 8)q(0:)
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are obtained differentiating W(6;) = 0 for i € {a, b}. After some computations, we get:

= —(1=8)ary(B—n)(r+ 8)[7.90p — 749(0a)] — (B — )73 (r + 5) -
L1 =)y (r +5) + (1 = B)q(ba)]

dj

It is easy to show that 7,q(6s) — 7,9(fa) > 0 (details are available upon request). Then the

inequality 8 > 7 is a necessary and sufficient condition for Cfi—kﬂ" < 0.

Now, instead of computing ”g“g, note that

ﬁ_@(dkﬂ dka1>

Al b i (A13)

dB ky,  df k,

kp

dz* . . " . e
So dLﬁ“ > 0 is a necessary and sufficient condition to prove that both inequalities in (21) are

verified. Using the non arbitrage condition in (18), we get:

dllz_s _ YoV (%Hb - %QQ) (A14)
dp (Qb-%)Q '
Substituting (A12) into (A14) we get:
I _ 0u605" [140(65) ~10(0a)) (r + )(5 ~ 1)

ds (L =n)v.(r+s)+ (1 = B)g(a)] [(1 = n)y,(r +5) + (1 = B)a(0)]

Using W,(0,) = 0 and W,(6,) = 0, it is easy to show that ,q(0) > 7,q(0,).>° We conclude
Ey
that ddLﬁ“ > 0 < [ > n. Therefore the condition in equation (21) is verified.

The average productivity of labour is equal to k% for i € {a,b}.® Therefore we have:

dkg 1 dk 1

a5 ke~ Bk

For the condition (21), the change in average labour productivity is bigger in absolute value

in the sector with a higher fraction of sunk capital if and only if g > 7.

39Details are available upon request from the authors.
40Recall that in each intermediate sector Y; = ks ey
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Appendix B: Data

B1. Conversion of Sectors and Weights

Although detailed information and appropriate routines are available upon request, in this
Appendix we provide a sketch of the procedures for aggregation of data and conversion of sec-
tors using different classification systems. Our measure of sunk capital from Balasubramanian
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 are available at the ISIC Rev2 — 3 digits
level (28 industries). Hence, we first aggregate the sunk capital index at the 3 digits level of
the SICS8T7 classification 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 J. Haveman and available at his homepage. Finally, depending on
different classification systems, we use similar procedures for the other industry level variables
from US sources mentioned in the Data section and reported in Table 1, i.e., physical capital

intensity, external financial dependence, human capital intensity and R&D intensity.

B2. Other Country-Industry Variables

In columns 5 to 8 of Table 3, we report regression results that contain additional controls
that vary both at the country and sector level. The first (Skill Intensity), taken from the
EUKLEMS database and originally derived from the Labour Force Surveys (LFS), is the share
of hours of high skilled workers over total hours. The level of aggregation is somewhat higher
with 13 manufacturing sectors: hence we assign the high skill intensity of each aggregated
EUKLEMS sector to the corresponding UNIDO (sub)sectors. Then, we consider the average
high skill intensity for each country-sector combination over the 1980-2000 period. The second
(Job-to-Job Transition Rate) is calculated as the number of job-to-job transitions divided by
average employment as reported in LFS data, and it is made available by Bassanini and
Garnero (2013). The third (Share of Temporary Workers) represents the share of workers on

temporary contracts over total employment in LFS data, and it is also taken from Bassanini
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and Garnero (2013). Note that the latter source of data is available at a slightly higher level of
aggregation and for a smaller number of countries, hence we have to use the sectoral averages
to impute missing values. The fourth (Subsidies Intensity) is taken from the OECD STAN
Database (ISIC Rev3 version). The variable measures, for each country, sectoral subsidies
net of taxes: it is positive in the case of industries where subsidies are larger than taxes, and
viceversa. We take the ratio of "subsidies less taxes" on value added to derive a proxy for
country-by-sector differences in "subsidies intensity". Then, we consider the average ratio for

each country-sector combination over the sample period.

B3. Other Country Level Variables

Other labour market variables that are directly correlated with union presence are also included
in our analysis. We first 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 affecting 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)." We recode the above categories in three main groups
corresponding to high, medium and low level of coordination of wage bargaining.

Other labour market institutions that are strictly correlated with union presence are the
generosity of unemployment benefits and employment protection legislation. We derive a
measure of generosity of unemployment benefits from the FRDB database on labour market
institutions (see Aleksynska and Schindler, 2011): the latter is the gross replacement rate
of unemployment benefits over wage, taken as an average over the first two years of unem-
ployment. 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 market regulation, we also include a measure of barriers to foreign direct
investments (FDI) 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.

As mentioned in the paper, in our study we also include a set of variables that should
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capture some relevant aspects of the industrial relations system. The first is taken from Visser
(2011) and it is a summary measure of concentration/fragmentation of unions. In particular,
it is the effective number of confederations, defined as the inverse of the Herfindahl 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 second is taken from the 1999 Global Competitiveness Report and recently used
by Mueller and Philippon (2011): this variable is derived from a series of cross-country surveys
based on interviews with about 4000 executives in 59 countries, who were asked how much
they agreed (on a scale from 1, no agreement, to 6, full agreement) with the statement "The
collective bargaining power of workers is high". The main attraction of using this variable
is that it is an attempt to measure union bargaining power directly, at least as perceived by
top managers. By way of contrast, the variable is measured at the end of our sample period
and there can be differences across countries that, to a certain extent, might not reflect "true"
dissimilarities in union strength, but just country idiosyncrasies in how managers judge unions
power. The third, obtained from the same source as the previous one, is a measure of the
quality of labour relations that ranges from hostile to productive ones, as reported by direct
interviews with managers of firms in different countries.

We also use a set of indicators that reflect some aspects of labour legislation and are directly
related to collective disputes, union behaviour and involvement of unions and employers in
government decisions on social and economic policy. Four of them are from Botero et al (2004).
The first 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 notification 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 dispute 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. The fifth (see Visser, 2011) equals one if
there is a social pact, defined 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.”
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Finally, we also include in our set of controls standard macroeconomic variables that should
influence investment and are obtained from conventional sources. The level of financial devel-
opment 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 the country level years of schooling in the population with
more than 25 years in 1980, while we compute the capital-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.

Appendix C: Additional Robustness

C1. Panel Data Evidence for Levels of Investment

In this Appendix, we report additional evidence on the effect of union power on levels of
investment per worker. In particular, we estimate the following panel data version of our

baseline equation (22):

Inkg . = a(Sunks x Unione) + kg ep1 + wWs e+ Vst + Uer + Es e (A15)

where In k; .; is the level of investment per worker in sector s of country c in year ¢; Union,,
is union coverage in country c at date t; Sunk, is the average level of sunkness in sector s;
Inks .1 is the log of investment per worker at ¢ — 1. Moreover, w; . represents country-by-
sector fixed effects, while v,; and u.; are sector-by-year and country-by-year fixed effects,
respectively. Finally, 5., is an error term. In particular, we estimate a 5-year panel as
we consider an observation every five years from 1980 to 2000. We do not consider a more
conventional annual panel for two reasons. First, we believe that changes in union power
affect investment decisions after some years; second, we prefer to avoid that our estimates are
too affected by the strong volatility of investment. Moreover, we do not take an average over
the five year period because, in a panel contest, this would create complex serial correlation
patterns.

In equation (A15), the inclusion of w; . captures unobserved heterogeneity at the sector-
country level, such as country differences in industry propensity to invest. Moreover, sector-

by-year fixed effects control for the possibility that different industries are in different stages

44



of their life cycles and for industry specific technical change. The country-by-year fixed effects
capture all unobserved country level variables that are unlikely to have a differential effect on
investment particularly in sunk capital intensive industries.

The equation above is estimated with both the within-group and the GMM/SYS estimator,
in order to take into account possible endogeneity concerns associated with the presence of the
lagged dependent variable. Empirical estimates, displayed in Table A1, confirm the results
of the cross sectional analysis reported in the first column of Table 3, although the size of
the estimated interaction term between sunk intensity and union coverage is reduced. If we
consider the long run effect associated to the interaction term in the case of the GMM estimates

reported in column 3, this is about half the average impact found in the cross sectional case.

C2. Results for Labour Productivity

In this Appendix, we provide evidence on the effect of union power in sunk capital intensive
industries on the average level of hourly labour productivity. The source of data is the public
release of the EUKLEMS database which contains detailed information on various industry-
level variables for a set of OECD countries over the period 1980-2005. We extract information
on hourly labour productivity for 23 manufacturing sectors according to the ISIC Rev3.1 clas-
sification 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. Then, we use value added deflators available in the EUKLEMS database.
As previously discussed for the UNIDO database in Appendix B1 above, also in the case of
EUKLEMS database, we follow procedures for aggregation of data and conversion of sectors
using different classification systems. In particular, 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 classification when necessary. Using this procedure, we are not
able to match only one sector (Recycling). Descriptive statistics for main sectoral and country
variables are available in Tables E1 and E2 in the online Appendix E. We estimate various
specifications of equation (22), with the logarithm of average hourly labour productivity over
the period 1980-2005 as dependent variable. Regression results are generally consistent with
those found in the case of investment per worker. A selection of these results is reported in

Table A2.
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Table Al: Panel Data Models for Levels of Investment per Worker

Dependent Variable (1) (2) (3)
Ln of Levels of Investment per Worker Within Group Within Group GMM
Sunk Capital Intensity x Union Coverage -0.0183*** -0.0254%#* -0.0355%**
(0.00643) (0.00831) (0.0164)
Lagged Investment per Worker -0.234%%* 0.0142*
(0.0358) (0.0850)
Long Run Effect of Sunk x Union Coverage -0.0206*** -0.0414**
M2 (p value) 0.73
Hansen (p value) 0.15
Diff-Hansen (p value) 0.28
Country by sector fixed effects Yes Yes Yes
Country by year fixed effects Yes Yes Yes
Sector by year fixed effects Yes Yes Yes
Observations 1622 1183 1231
R? 0.006 0.083 -
Number of country by sector clusters 396 363 411

Notes: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Time interval is
5 years: 1980, 1985, 1990, 1995 and 2000. Sunk capital intensity is one minus the share of used
capital investment in total capital investment outlays in US, average 1987-92. Union coverage
is the share of covered workers over total employment. All regressions employ standard errors
clustered at the country-industry level. In all regressions we allow for a full set of country-by-
industry fixed effects, country-by-year fixed effects and industry-by-year fixed effects. In column 3
the estimation method is Arellano - Bover GMM-SYS: the instrument set includes the dependent
variable lagged twice and more for the first difference equation and the first lag of the dependent
variable lagged once and more in the level equation. M2 is the Arellano Bond test for second order
serial correlation (p value); Hansen is the Hansen test for over identifying restrictions (p value);
Diff-Hansen is the Hansen test for the validity of the restrictions in the level equation (p value).
We use the two-step estimator with robust standard errors with the Windmeijer correction. Long
run is the long run effect of Sunk Capital Intensity x Union coverage, computed as /(1 — ¢) as
in equation above.
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