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Abstract

In this paper we test for the hold-up problem by considering the effect of unions’ bargain-
ing power on the rate of growth of investment per worker and labour productivity across
sectors characterised by different levels of sunk capital investments. 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 manu-
facturing sector data in a set of OECD countries during the period 1980-2005. We find
that union power slows down investment and labour productivity particularly in high
sunk capital 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 less fragmentation of unions and the presence
of social pacts sustain cooperative equilibria and alleviate such a problem. Our results
are robust to a series of controls and possible endogeneity of union power.
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1 Introduction

How relevant are contractual incompleteness and labour institutions for investment and pro-
ductivity growth? Which are the channels through which such institutions influence these
outcomes? Does the size of these effects depend on the degree of sunkness and/or the timing
of investments by firms? In this paper we try to answer the above questions by focusing on
the relation between sunk investments, unions’ bargaining power and the underlying hold-up
problem. In particular, we construct a search and matching model with sunk capital invest-
ments and ex-post collective wage negotiations to look at the effects of unions’ bargaining
power on the rate of growth of investment and labour productivity. We then put the model
to data by evaluating the quantitative effect of coverage of union bargaining agreements on
growth of investment per worker and hourly labour productivity across manufacturing sectors
in a set of OECD countries during the period 1980-2005.

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

react by reducing capital investment less than the firms operating in high sunk capital sectors.



We test the theoretical predictions of the model using different sources of data for growth
of investment per worker and labour productivity in manufacturing sectors using a difference-
in-difference approach as proposed by Rajan and Zingales (1998). In particular, we interact
an indicator of union power at the country level (the coverage of union bargaining agreements)
with a sectoral measure of sunk capital intensity (one minus the share of used capital invest-
ment in total capital investment at the industry level) recently proposed by Balasubramanian
and Sivadasan (2009) which is invariant across countries and derived from US industry data.

The paper contributes to the literature in four main directions. First, we generalise the
search and matching model of Acemoglu and Shimer (1999) by allowing for different extent
of sunk capital across sectors of the economy. In such a framework, we show that mobility
of workers, by influencing vacancy creation and capital investment, is key to analyse the rel-
ative importance of the hold-up problem across different sectors. In second place, by using
a difference-in-difference approach, we perform a direct test of the most important theoret-
ical mechanism through which unions can negatively affect investment, namely the hold-up
problem arising from the interplay between contractual incompleteness and sunk capital in-
vestments. Thirdly, ours is the first paper, to our knowledge, that investigates the effects of
unions on productivity and investment using a cross country-cross industry consistent source
of data. Finally, we further explore the possibility that the relevance of the hold-up problem
is influenced by features of the system of industrial relations and labour regulations that have
somewhat been neglected in the previous literature, such as the concentration of unions, the
role of strikes after a contract has been signed, and the quality of labour relations.

Our empirical results imply a yearly investment growth differential over the period 1980-
2000 of about 1.1% between a sector at the 75" percentile (Transport equipment) and 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, with an
average of 53.7%) compared to a country at the 75 percentile of union coverage (such as
Spain, with an average of 83.6%). In the case of the growth rate of productivity growth, we
find a growth differential of about 0.8%. We also find that an increase in union coverage during
the period had a strong and negative effect on investment per worker. Moreover, our empirical
results suggest that the negative effect of union coverage in sunk capital intensive sectors is
stronger in countries in which regulation of strikes and arbitration are not legally binding,

and in countries in which there is more fragmentation across unions. Finally, we show that,



in countries in which there is a Social Pact between the government and the confederations
of unions and employers (see Visser, 2011), the negative effect of unions on investment and
productivity turns out to be not statistically significant.

We check the robustness of these results considering various different specifications. First,
we consider the role of alternative determinants of industry growth by including the relevant
interactions between industry and country characteristics, such as the average years of school-
ing at the country level and the sectoral human capital intensity, the country capital output
ratio and the industry physical capital intensity, the sectoral measure of financial dependence
and the country level of financial development. Second, we include interactions between sunk
capital intensity and country level variables potentially correlated with union coverage such as
union density, the level and coordination of wage bargaining, the coverage of unemployment
benefits, the extent of employment protection legislation, the presence of barriers to foreign
direct investments and the rule of law. Third, we examine whether our interaction between
union coverage and sunk capital intensity partly captures other interactions of unions with
industry features that might be correlated with sunk capital intensity, such as R&D intensity
and physical capital intensity. Fourth, we control for possible endogeneity of union power by
instrumenting it with political economy variables. Finally, our results are robust to alterna-
tive measures of union power, such as union density and a more qualitative measure of union
bargaining power. We conclude that our robustness checks confirm the baseline results.

Our paper is associated to different strands of literature. It is related to 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, 1990).! In this context, Grout (1984) shows that, when there is
rent sharing, irreversibility of capital investments and the structure of wage bargaining reduce
investments. In fact, when long term contracts are not binding and capital investment is
sunk, unions have the ex-post incentive to appropriate quasi-rents determining lower levels of

investment.? This intuition is discussed with reference to the UK Trade Union Immunity Laws,

!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, and that the impact of contractual incompleteness tends to be stronger when there are impor-
tant complementarities among the intermediate inputs, thus shaping the pattern of endogenous comparative
advantage. Such intuition is empirically confirmed by Nunn (2007).

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



which prevented firms from suing a trade union that ex-post breached a labour agreement thus
generating losses for the firms. More recently, in an insightful and thorough paper, Card et al
(2011) propose a two-period model showing that the hold-up problem is likely to be mitigated
if there is a credible threat of liquidation by the firm in the second period. Using a matched
employer-employee dataset for the manufacturing sector of the Veneto region in Italy, they
test the empirical predictions of the model and find evidence that unions 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 do not allow them to exclude modest degrees of
hold-up.?

Our paper is also referred to the studies on the cross-country effects of labour market reg-
ulations and institutions. In this setting, Fiori et al (2012) look at the effect of the interaction
of labour and product regulations on employment in OECD countries, and find that product
market liberalisation is more beneficial when firing restrictions are higher, and that bargain-
ing power of unions has negative employment effects. Using a sample of firms for a group
of EU countries, Cingano et al (2010) show that employment protection legislation reduces
investment per worker and value added per worker especially in high reallocation sectors.?,’
Finally, our study is also related to the literature on the relationship between unions’ power,
the structure of wage bargaining and macroeconomic outcomes (Cuckierman and Lippi, 1999).

The 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, in section 5 we discuss our results. Section 6 concludes, while

additional material is gathered in the Appendix.

3Manning (1987) and Cavanaugh (1998) are early attempts to empirically evaluate the Grout effect. For
papers that study the effects of unions on investment and productivity see Hirsch (1991) for the US, Morikawa
(2010) for Japan, Addison et al (2007) for Germany, and Machin and Wadhwani (1991) for the UK among
the others. Menezes-Filho and Van Reenen (2003) provide a review of the literature and some considerations
on unions, sunk R&D investments and the hold-up problem. Metcalf (2003) proposes a cross country analysis
of the effects of unions, while the papers by Doucouliagos and Laroche (2003a, 2003b) present meta-analyses
on the relationship between unions and productivity and unions and investments. See Boeri et al (2001) for a
discussion of recent stylised facts and interpretations concerning the role of unions.

4Cunat and Melitz (2012) theoretically show that industry differences and labour market institutions can
determine the pattern of comparative advantage: as a result, countries with more flexible labour markets
tend to specialise in more dynamic industries. Conti and Sulis (2010) find that the negative effect of labour
institutions as employment protection legislation on value added growth is stronger in more human capital
intensive sectors.

5Using firm-level data on multinationals located in France, Bas and Carluccio (2010) show that multina-
tional firms are more likely to import intermediate inputs from external independent suppliers instead from
their own subsidiaries when importing from countries with empowered unions. Moreover, this effect is stronger
for firms operating in capital-intensive industries.



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 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

v= [T +y7 | M)

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. Perfect competition is assumed in both intermediate and final good markets,
therefore cost minimisation in the final good sector leads to the following inverse demand

function for each intermediate good:

(V) = j; _ (;) for i € {a, b} ()

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. Firms in sector
7 have to choose an amount of equipment k; before meeting the workers. The unit price of
capital is assumed fixed and equal to p: the latter has to be paid at any instant in time by
a firm, either with a vacancy open or with a filled job. Our assumption of a rental price of
capital is different from the one made by Acemoglu and Shimer (1999) who assume that the
firm buys up-front the total amount of capital; by way of contrast, in our case, the firm is
allowed to relet at least a share v, for i € {a, b} of it. An hold-up problem arises because firms
must choose and pay the amount of capital k; before the wage negotiation takes place.

The labour force is normalised to 1. There are frictions in the labour market. In any
intermediate sector ¢ € {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 it is increasing and concave in each

argument. Labour market tightness in sector ¢ is defined as 6; = 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;-q(6;) = m;/u;, increasing in 6,.° Following most of the

n

literature, we consider a Cobb-Douglas technology for the matching function: m; = uzl ol

v
however, our results still apply to more general functional forms. At a certain exogenous
rate s, the capital investment k; attached to either a vacancy or a filled job breaks down: in
that case, the worker becomes unemployed. We also assume that unemployed workers are
able to direct their search towards either sector and a non-arbitrage condition discussed below
ensures that there is no expected gain in choosing either option. Therefore, if A denotes the

endogenous share of unemployed workers searching for a job in sector a, we have the following

laws of motion of unemployment in the two sectors:
Uy = S €4 — 0,q(0,) - Au (3)

’Zlb = S-€, — Hbq(eb) . (1 — )\)U (4)

in which e,, ¢, and u denote the level of employment in sector a, in sector b and the total
number of unemployed people in the economy, respectively. Using 1 = e, + e, + u, we can

derive the level of employment in both sectors at the steady state:

. Aaq(6a) (5)
s+ Maq(0,) + (1= X)0yq(0y)

o — (1= A)0pq(6s) (6)
" s+ Maq(0a) + (1= X)0a(60))

In sector ¢ = {a, b}, each worker produces y; units of the intermediate good via a technology

yi = f(ki) = k.

2.2 Investment Decision and Free-Entry Condition

The expected discounted value of a filled job verifies the following Bellman equation:

P = p(Y;) k& — w(ky) — p-k; — sIIP + 118 (7)

6Moreover, it is assumed that elimoq(ei) =400, lim ¢(f,) =0, Glimoﬁiq(ei) =0, and . hrﬂ 0:q(6,) = +oc.

0;——o0



for i = {a,b}, where the last term on the RHS measures the appreciation of I1¥(k). The
equation above says that the firm’s revenues are equal to the amount of the intermediate good
produced (multiplied by its price p(Y;)) net of the real wage w(k;) and the rental cost of
equipment that the firm must pay as long as the capital is not destroyed, p - k;; in the latter
case, the firm exits the market. The expected discounted value of a firm with a job vacancy

reads as:

ri1y = max —;p- ki + q(6s) (07 -1 ] — I + 117 (8)

for i = {a,b}. The firm’s problem is to choose the optimal level of capital that maximises
rI1Y. Tt is important to note that when the vacancy is idle the capital equipment is not used
in the production process; however, we assume that there is a fraction 1 —~; of the equipment
that firms are able to relet or dispose in other ways in order to cover its cost. As a result,
v,p - k; is the flow cost of capital paid by firms that are searching for a worker: in this sense,
the parameter 7, measures the extent of sunkness of capital. In order to single out more
starkly the impact of irreversible investment in our model, we impose v, > -, as the only
technological difference between the two sectors. As Acemoglu and Shimer (1999), we restrict
the firms to choose the same level of capital for any job in each sector.

Using equations (7) and (8), we get the following F.O.C.:

Q(9i>
r+ s+ q(6;)

[p(Y)a- k2™t — w'(k) — (L=,)p] = ~p (9)

for i € {a,b}. At the equilibrium, the marginal cost of capital - the RHS of (9) - must be
equal to its marginal revenue - the LHS of (9).

There is free-entry of vacancies: in particular, firms enter the labour market as long as
expected profits are nonnegative: IIY' = 0. Following Pissarides (1985), we also impose that
the level of vacancies instantaneously changes in order to ensure that the condition ITY = 0
always holds, both in and out of the steady-state equilibrium. In this case, H}/ = 0 and

equation (8) becomes:

e = 2P for i € {a,b}. (10)
Then, rearranging equations (7) and (8) yields:

p(Y)k — w(ki) —(L—v)pki+ 10F v ki
r+ s+ q(0h) q(6;)

for i € {a,b}. (11)



Equation (11) says that the expected cost of filling a vacancy is equal to the expected revenues
obtained from a job. Notice that the parameter 7, has a twofold effect on the zero profit
condition. On the one hand, it raises the expected cost of a vacancy, as the latter is increasing
in the rental cost of capital in case of no production, i.e. 7,p. On the other hand, it also raises
the expected revenues for a vacancy, because the capital gain for filling a vacancy is greater

the larger the fraction of sunk capital.

2.3 Workers’ Preferences and Wage Bargaining
The expected discounted utilities of an employed and an unemployed worker in sector i € {a, b}
are respectively:

rJF = wlk) + s[JY - JF] + JF, (12)

7

rJY = 0q(0:) [JF — I ] + JF. (13)

)

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;) (respectively zero, as we assume for simplicity that there are neither unemployment
benefits nor home production in this economy) and the capital gain in case the worker becomes
unemployed (respectively gets a job) multiplied by the corresponding entry rate. Finally, Jf
and jiU are the appreciation terms.

Since unemployed workers are free to search for either a job in sector a or a job in sector
b, a non-arbitrage condition must ensure that the expected utility of being unemployed is the

same across sectors:’

rJV — JY = g — JY. (14)

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

To model unions’ preferences, we consider an utilitarian case. In particular, firms in sector

"Since the expected utility JY is invariant across sectors, we will suppress the subscript 4 henceforth.



i have an utility equal to e; - II”, i.e. the expected revenues of each single firm multiplied

i
by the number of firms with a filled job in the market.® Moreover, there is a union which
cares about the sum of the utilities of its members. For simplicity, we also assume that the
workers’ union represents all the workforce in that sector: therefore, the utility of the union
when bargaining in sector i is equal to e; - J¥ + u; - JY, for i € {a, b}.

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

following form:
w(k;) = argmax [ei . JZ-E + ou; - JY — (e; + u;) - JU}B . [ei . (HfLJ — H}/)]l_ﬁ

for i € {a,b}. At the equilibrium, the negotiation always ends up in an agreement. The

F.O.C. of the above problem is:

g-(If —1Y) = (1= 8)-(JF = JY) forié€ {a,b}. (15)

)

Using the Bellman equations for workers and firms (7), (8), (12) and (13), the F.O.C. of the
bargaining problem yields:

BIpYOR? = wks) = phi] = (1= 8) [w(k) = rs” + JV] (16)
for i € {a,b}.” Rearranging, we get:
PYDKE — wlk) = (1=B) |p(Yok? = v + JV| + 8-p-k ()

for ¢ € {a,b}. Differentiating this equation with respect to k; and plugging it into (9) yields:

r+ s)y; + q(0:)(1 - B)
Q(Qi)

Gi(ei,ﬁj,/\,ki,kj) = (1 —ﬂ)p<Y;> 'Ckk‘;x_l —p< =0 (18)
for i,j € {a,b}, i # j. The implicit function G;(0;,0;, A\, ki, k;) = 0 represents the firm’s
optimal choice of capital in sector ¢ when the wage is determined by bilateral bargaining.
Notice that the endogenous variables ;, A, and k; appear in equation (18) because the price

of the intermediate good p(Y;) depends on them (see equations (2), (3) and (4)).The first

8Felbermayr et al. (2008) and Bauer and Lingens (2010) have recently used the same approach.
"Note that 8- [TIF — TIY | = (1-8)- [JF — JU].
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term in G;(6;,6;, A\, k;,k;) = 0 is the marginal gain of investment which is decreasing in
k; because the production function has diminishing returns on capital. The second term is
the marginal cost of investment which is increasing in 6; as a higher labour market tightness
raises the expected duration of filling a vacancy, which in turn implies more time with an idle
equipment. In equilibrium, marginal costs must be equal to marginal benefits, so an increase
in #; must be accompanied by a lower k;. Notice also that the higher the fraction of sunk
capital 7;, the higher the marginal cost of investment.

Using the free entry condition (10), the Bellman equations for unemployed workers (13),

and the Nash sharing rule (15), the non-arbitrage condition (14) takes the following form:

rJV —JU = Bp-a v, ka=B-p-Oh-y, k. (19)
Rearranging we get:
kb 0(1'7
»_22 'a 20
ka eb'r)/b ( )

Equation (19) allows us to express the wage equation below without the terms JY and JU:
w(ki) =B [p(Y;) -k +p-ki(y;-0; —1)]  fori€ {a,b} (21)

The expression in (21) is similar to the wage equation obtained in search and matching models
with individual bargaining and no sunk capital. Workers receive a fraction (5 of the revenues
earned by the intermediate firms plus an amount that positively depends on labour market
tightness. Notice also that the wage equation is increasing in 7,: the larger the extent of
sunk capital in the production function (i.e. the closer is 7, to 1), the bigger the hold-up
problem faced by firms, as they have a greater fraction of capital that cannot be employed for
alternative uses when production does not occur (i.e., before the matching with the worker
and in case of wage disagreement). In other words, a higher share of sunk capital weakens the
firms’ bargaining position and, as a result, the bargained wage tends to be higher.

Thanks to equation (21) the non-arbitrage condition (20) can also be easily interpreted. In
fact, it simply states that one sector cannot jointly combine a bigger share of sunk capital ,,
a higher level of equipment k;, and a tighter labour market compared to the other sector. This
is because this would imply both a higher real wage (via equation 21) and a lower expected

duration in unemployment, which in turn would entail that no worker would search for a job

11



in the other sector. Therefore, in equilibrium, the product of these three variables must be
equal across sectors.
We can substitute the RHS of (21) into (11) and rewrite the free entry zero profit condition

| (1— B)p(Yy)ke + TIF _pki
[(r + 8)y; + q(0:) (1 — B+ Bv,0:)]  q0:)

for i € {a,b}. Notice that, after taking the wage equation into account, the effect of 7, on the

(22)

expected profits is negative. Therefore a higher share of sunk capital entails a lower rate of
vacancy creation. The increase in the wage bill and in the expected costs of a vacancy, that
a higher share of sunk capital entails, outweighs the positive "capital gain" effect on revenue

present in equation (11).

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;), p(Y:)]
fori € {a,b} and a valueY of the final good satisfying the following conditions: (i) the inverse
demand functions (2); (ii) the laws of motion of employment evaluated at the steady state (5)
and (6); (i) the implicit functions G;(6;,0;, X\, ki, k;) = 0; (iv) the non arbitrage condition
(20); (v) the free entry zero profit condition (22); (vi) the consumption good product function

(1)-

In Appendix A we show that a steady state equilibrium exists and it is unique. The purpose
of our paper is to determine the impact of unions’ bargaining power on sectors that, for some
technological reason, differ in terms of the amount of sunk capital used in their production
function. In terms of our model, this amounts to study the dynamics of the growth rate of
investment per worker and the average productivity of labour in both sectors following an
increase in 3, the parameter that represents the bargaining power of unions. In fact, when
[ increases, both labour market tightness 6; and capital investment k; adjust immediately
to their new steady state values. Hence, to study the growth rate of investment (labour
productivity), we just need to compare the "new" steady state value with the "old" one. In
Appendix B1 we show that the unique equilibrium is an unstable node, while the Proposition
below illustrates the main results of the model that we explicitly test in the empirical part of

the paper:

12



Proposition 2 If and only if 3 > n, an increase in the bargaining power of unions [3 lowers
both the growth rate of investment and the growth rate of average labour productivity. The

decrease is more pronounced in sector a, that has a higher fraction of sunk capital, v, .

In formal terms, the Proposition means that:

k1 dk 1
dB ky ~ dB k,

0 <~ [0 >n. (23)

The proof is in Appendix B2, while here we simply provide an intuition. Proposition above
tells that (i) capital investment decreases in both sectors after an increase in union bargaining
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 5 > 7. Let us
focus on the first point. For the zero-profit condition (11) an increase in workers’ bargaining
power lowers the fraction of rents going to firms, dampening vacancy creation and labour
market tightness #;. In order to understand the effect of 5 on capital k;, consider equation
Gi(0;,0;, N\ ki, 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. The decrease in labour market tightness tends to reduce the marginal
cost of capital, because the expected duration of a vacancy is shorter and the investment

! The magnitude of this effect is increasing in 7, the

remains unproductive for less time.!
elasticity of the expected duration of a vacancy, 1/¢(6;), with respect to 6;. Intuitively, if 7 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 capital k; when workers’ bargaining power goes

up.'? Therefore, the condition 3 > 7 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 (.

dfq 1 dby 1
B 0. — dB oy

union’s bargaining power reduces labour market tightness relatively more in the sector with a

As far as it concerns point (ii), the inequality 0 > means that an increase in
lower share of sunk capital. This is because a higher § pushes unemployed workers to search
for a job in the sector with more sunk capital, as the wage gains stemming from the hold-up

problem are increasing with union’s bargaining power.!® This shift of the unemployed workers

10The derivative of G;(6;,0;, A, ki, kj) = 0 with respect to 3 is negative, conditional on 6;,6; and .

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

12Note that the negative effect on firms’ marginal revenues of § is more acute when workers’ bargaining
power is already strong.

131n the limit case in which 3 = 0 the wage is the same across sectors.
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mitigates the negative effect of higher 3 in the sector with a larger share of sunk capital
because it reduces the expected costs of filling a vacancy in that sector. Therefore vacancy
creation, and in turn labour market tightness, decreases less in sector a than in the sector b.
Finally, for the non arbitrage condition (20), one sector cannot experience a larger reduction
in both capital and tightness compared to the other. This would imply lower wages and a
smaller probability of finding a job and all unemployed workers would stop searching for a job
in that sector. Therefore the sector with a higher share of sunk capital, which is characterised
by a smaller decrease in tightness, must display a larger reduction in the rate of investment

per worker.

3 Data

3.1 Country-Industry Level

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

As in the UNIDO dataset monetary variables are in current prices, we had to use EUK-
LEMS country-sector deflators to obtain such variables at constant prices. In the case of gross
fixed capital formation, for most countries we recover such information at a level of sectoral
aggregation of 13 manufacturing sectors.!” If not available, we obtain data on gross invest-
ment deflators from the OECD’s STAN database (Austria and Belgium) or national sources

(Greece, Portugal and South Korea). Finally, when information was not available at all, we

4 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.

15Tn principle, if one works with first differences (e.g. growth of investment), this should not matter because
in our empirical specification we have country and sector fixed effects. Still, we decided to deflate the data to
allow for more precision in our estimates.

14



use averages for other countries. Finally, we also face a problem linked to currency conversions.
As original data are expressed in US dollars, we also decided to take into account purchasing
power parities: we convert back the currency units into national currencies and then apply
PPPs conversion factors to eliminate price variations.

The second source of data is the public release of the EUKLEMS database which contains
detailed information on various industry-level variables for a larger set of OECD countries
for the period 1980-2005 (see Inklaar et al., 2008). We extract information on hourly labour
productivity (which is not available in the UNIDO database) for 23 manufacturing sectors
according to the ISIC Rev3.1 classification 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.'® We drop other EU and non-EU
countries as data were not available for the complete covered period and the US, as the latter
is used as the benchmark in our differences-in-differences approach.'”

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

productivity in the first columns of Tables 1 and 2.

3.2 Industry Level

Our measure of sunk capital intensity at the industry level is derived from Balasubramanian
and Sivadasan (2009), and it is only available for the US manufacturing sector. They 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

16We also extracted information for labour productivity, calculated as value added divided by the number
of employees in the UNIDO database. We have only used the latter to verify the robustness of our estimates:
results are available upon request.

17 As the data for value added are in current prices, we use price deflators available in the EUKLEMS dataset.
When not directly available, we use averages for the other countries over the same years.
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total investment. Thus, they expect their capital resalability index to be an inverse measure
of the degree of sunkness of investment across industries.

In Tables 1 and 2, we report for the UNIDO and EUKLEMS datasets respectively, the
main descriptive statistics for our measure of sunk capital intensity (which is an average of
the 1987 and 1992 values reported in Balasubramanian and Sivadasan, 2009), where the latter
is obtained after applying appropriate procedures for aggregation of data and conversion of
sectors using different classification systems (see the Appendix C1 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 financial
dependence, human capital and R&D intensity. As a measure of human capital/skill intensity
we use the measure proposed by Ciccone and Papaioannou (2009) and subsequently used in
Conti and Sulis (2010).!” Physical capital intensity is computed as the ratio between real
gross capital stock and value added in the US in 1980 using data taken from the EUKLEMS.
Our measure of R&D intensity is proxied by the R&D expenditure to value added ratio in
the US in 1990 using data taken from the OECD ANBERD database. Finally, our measure
of external financial dependence for 1980 is directly derived from Rajan and Zingales (1998).

3.3 Country Level

The main country level variables are reported in Table 3 as averages for the period 1980-2005.2°
Our measure of union power is adjusted coverage of bargaining union agreements, as proposed
by Visser (2011). It is calculated as the number of employees covered by wage bargaining
agreements as a proportion of all wage and salary earners in employment with the right to
bargaining, expressed as percentage, adjusted for the possibility that some sectors or occupa-

tions are excluded from the right to bargain. Such indicator is the standard measure of union

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 coeflicient
(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.

20Note that the UNIDO and EUKLEMS datasets cover a slightly different period of time (1980-2000 and
1980-2005, respectively); hence average measures of such variables can slightly differ across datasets. In both
cases we use appropriate country level measures, but for space reason we just report relevant information for
the period 1980-2005. If information for 1980 or 2005 was absent, we use data for the most recent available
year.
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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 inspection of Table 3 shows, union coverage
is persistently higher than union density and it ranges from around 11% in Korea to about
97% in Austria. In Europe, Scandinavian countries traditionally show both very high union
density and coverage (higher than 70% and 80%, respectively), while Mediterranean countries
have quite high excess coverage (difference between coverage and density, e.g., Spain has 84%
and 14% respectively); finally Anglo-Saxon countries have less unionised labour markets.?!

As mentioned above, in our study we also include a set of variables that should capture
some relevant aspects of the industrial relations system. The 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 to 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.

Finally, we 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 em-
ployers 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

21For the US, union density is equal to 15%, while union coverage is 18%.
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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 dis-
pute are not required by law to seek third party arbitration or the government is not always
entitled to impose compulsory arbitration on them, and equals zero otherwise.?? 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.” We refer to Appendix C2 for a description of

other country level variables that we use in the empirical analysis.

4 Estimation Method

Our empirical framework is based on the 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 unions’ power tends to reduce the growth of
investment per worker and labour productivity particularly in sunk capital intensive industries,
as predicted by our theoretical model, we estimate different versions of the following baseline

equation:
Alnys 1980 2000 = a(Sunks x Unione 90 2000) + nW;Zc + 6Inys 1980 + Vs + U + 50 (24)

where the dependent variable y is the average growth rate of investment per worker (labour
productivity) in country ¢ and sector s over the period 1980-2000 (1980-2005); vs, u. and €.
are sector and country specific fixed effects and a conventional error term, respectively; Sunk,
is the sunkness intensity of each industry derived from US data; Union. defines different
indicators of average union power at the country level over the period.

A negative sign for the coefficient « of the interaction term Sunkg * Union. would indicate

22 As explained in Botero et al (2004), the term "compulsory arbitration" refers to a law that imposes
arbitration of private disputes even against the will of the parties. It may influence workers bargaining power
in two ways, namely by granting them an alternative to costly strikes in case of deadlocks in the negotiation
process, but it may also limit their right to strike.
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that countries in which unions are stronger tend to have slower growth of investment per
worker and labour productivity, especially in industries with higher sunk costs. In other
words, union power tends to slow down the growth of labour productivity and investment per
worker disproportionately in sunk capital intensive industries.

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
that unions tend to concentrate in sectors in which the degree of sunk capital investment is
larger. As information on unionisation rates at the sectoral level for the countries in our sam-
ple is not readily available, to test this hypothesis, we use US data and correlate the original
measure of sunkness with sectoral data on union coverage and union density.?® Reassuringly,
results indicate a very small negative correlation between sunkness and union power (-0.0797
for union coverage and —0.0827 for union density), suggesting that our measure of sunkness
captures a technological characteristic of sectors and it is not related to union behaviour.

In equation (24) we take into account possible convergence effects by including in all
regression specifications the log of the dependent variable at the beginning of the period.
Moreover, country fixed effects should control for the effects of any omitted variable at the
country level, 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 growth. Furthermore, our regression specification takes into account other
possible determinants of industry productivity and investment growth by including the relevant
country and sector interactions W, Z,, such as the country years of schooling and the sector
human capital intensity in 1980; the country capital-output ratio and the sectoral physical
capital intensity in 1980 and the industry dependence on external 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 W (e.g. the industry physical capital intensity) and Sunk;

or Z. (e.g. the country capital stock, level of financial development, etc.) and Union, are

ZIn particular, we aggregate the original measure of sunkness from 4 to 3 digits of the SIC87 classi-
fication 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 that 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, available at
http://www.macalester.edu/research/economics/page/haveman/

Trade.Resources/Concordances/FromusSIC/87sic.to83cic.manuf.txt.
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correlated: in this case, the omission of the relevant country-industry interactions would tend
to bias the OLS estimates of «. In addition to this, there might be other country-level variables,
potentially correlated with Union,, that might interact with industry sunk capital intensity:
hence, as a robustness check, in some regression specifications we also include additional
interactions between Sunk, and country level variables such as financial development, human
capital, employment protection legislation, other labour market institutions, rule of law, etc.

Finally, in order to consider the possibility that union behaviour might interact with some
other industry characteristics, in some specifications we augment our regressions with inter-
actions between Union, and sector level variables, such as R&D, human and physical capital
intensity as well as industry dependence on external finance. Furthermore, given that there
might be reasons to believe that causality might go in the other direction, namely from growth
to union power (see below), we also estimate a version of equation (24) in which we instrument

Union,. with variables related to the political history of each country.

5 Results

5.1 Main Results

In Tables 4 and 6 we start testing the main implication of our model, namely that the growth
rates of investment per worker and labour productivity are reduced particularly in high sunk
cost industries in countries where labour unions have strong bargaining power, the latter
mainly proxied by the average percentage of employees covered by wage bargaining agreements
over the sample period.

In column 1 of both Tables we start with a parsimonious specification of equation (24), as
we only control for the initial level of investment per worker (labour productivity) in 1980 as
well as for both country and industry fixed effects. As we can see, the coefficient of the inter-
action between the industry degree of sunkness and union coverage is negative and strongly
statistically significant in both regressions. In particular, the coefficient of -0.00791 in Table
4 implies a yearly investment growth differential of about 1.1% between a sector at the 75"
percentile ( Transport equipment) and at the 25 percentile of the sunk capital intensity distri-
bution (Leather products) in a country at the 25" percentile of the union coverage distribution

(such as the United Kingdom, with an average of 53.7% over the period 1980-2000) compared
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to a country at the 75" percentile of union coverage (such as Spain, with an average of 83.6%).
In the case of the growth rate of labour productivity, the coefficient reported in column 1 of
Table 6 suggests a yearly growth differential of about 0.8% between two sectors at the 75" and
25" percentile of the sunk capital intensity distribution in a country at the 25" percentile of
the union coverage distribution compared to a country at the 75" percentile of union coverage.

In column 2 of Tables 4 and 6 we start assessing the robustness of this result by including
the relevant country-industry interactions contained in the matrix W,Z. discussed in the
previous section and commonly employed in cross country-industry growth regressions: we
can see that the interaction between sunk intensity and union coverage remains negative and
statistically significant. In column 3 we start adding country level variables that might be
plausibly thought to affect investment per worker or labour productivity growth particularly
in high sunk cost industries. First, we consider the role played by union density given that it
has often been treated as an alternative to union coverage as a proxy for the bargaining power
of unions: as we can see, the interaction term is very small and largely insignificant in both
Tables, while the sunk intensity-union coverage interaction is remarkably stable. However
if we drop the sunk-union coverage interaction in our baseline specification, the interaction
of sunk and union density is negative and statistically significant, suggesting that measuring
union bargaining power either with coverage or density does not matter much. In column 4 we
add interactions of Sunk with both a variable capturing the level (firm, industry or country)
at which bargaining takes place and the degree of wage coordination, which however turn out
to be largely statistically insignificant. In column 5 we add the interactions of Sunk with
an indicator of coverage of unemployment benefits and with an OECD index of employment
protection legislation of both regular and temporary workers: these two variables capture
sources of workers bargaining power that do not depend, at least directly, on the strength of
the trade unions, the 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). Empirical results suggest
that these two interactions are positive in both regressions, but that only the one involving
EPL is statistically significant in the labour productivity regression. There might be different
explanations for this result: perhaps a more rigid labour market might tend to incentivise

firms to invest in on the job training particularly in high sunk cost industries, given the likely
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relatively more limited scope in these industries to substitute capital for labour.?*

Finally, in columns 6 and 7 we add interactions of Sunk with an indicator of barriers to
foreign direct investments in the manufacturing sector and an indicator of the rule of law.2’
While the interaction between Sunk and barriers to FDI is not statistically significant in
both regressions, there is some evidence that countries with a stronger rule of law tend to
have a higher growth rate of investment per worker in high sunk cost industries, probably
reflecting the fact that a stronger rule of law might be associated to higher government com-
mitment power not to use taxation to expropriate investors of the quasi rents generated by
sunk investments.?%

In Table 5 and 7 we consider different extensions as well as additional robustness checks to
our baseline regression. In column 1 we address possible endogeneity concerns of union cover-
age: first, there can be some country level omitted variables for which we have not controlled
for that might tend to affect the growth rates of labour productivity and investment per worker
especially in high sunk costs industries; alternatively, it might be argued that growth and union
coverage are jointly determined if countries that tend to specialise in industries characterised
by both slow growth in investment per worker and by a high fraction of sunk capital are also
more likely to have stronger unions and, in particular, high coverage rates. In column 1 of
both Tables we report the result of an IV regression otherwise identical to that reported as
column 2 of Tables 4 and 6 where we have instrumented union coverage with a dummy equal
to one for countries that had experienced a right-wing dictatorship spell before 1980 and zero
otherwise, and with the average fraction of votes held by left wing parties at the government
over the 1980-2000 period.?” The rationale for these two instruments is that right-wing dic-
tatorships might have fought the development of the labour unions movement while, in turn,
a strong presence of left wing parties in the governments might have favoured the growth of
labour unions (Fiori et al, 2012). The first stage regression, whose results are available from

the authors upon request, confirms our expectations and suggests that our instruments are not

24Some mild favorable empirical evidence for this pattern of the capital labour elasticity of substitution can
be found in Oberfield and Raval (2012). See also Belot et al (2004).

25 Countries with strong unions might have stronger incentives to attract foreign direct investments, as
recently argued by Haufler and Mittermaier (2011).

26We have also separately included interaction of Sunk 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 were virtually unaltered. Regression results have been omitted for reasons of space.

2TThe countries that experienced a dictatorship spell are Italy, Germany, Austria, Japan, Korea, Greece,
Portugal and Spain.
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weak and pass the Sargan test of instrument validity.?® The second stage regression displayed
in column 1 of Tables 5 and 7 confirm that higher union coverage rates slow down growth
in investment per worker and labour productivity particularly in sunk intensive industries,
although the magnitude of the effect is reduced with respect to OLS estimates.

In column 2 we add an interaction between a country’s union coverage rate and the industry
R&D intensity for two reasons. The first is that R&D expenditure is often sunk and, therefore,
to a certain extent, the industry R&D intensity might be considered as an alternative proxy
of an 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 and union coverage is not simply capturing
the negative effect of union coverage on investment rates and productivity growth in R&D
intensive industries. Empirical results displayed in column 2 do not confirm that this is the
case, as the sunk-union coverage interaction is always negative and statistically significant;
in turn, the R&D-union coverage interaction is negative but statistically significant only in
the investment regression.?? It is interesting to note that, if we drop the interaction between
union coverage and sunk, we find that the interaction of the industry R&D intensity with
union coverage is significant at 10% in both regressions. If we interpret the degree of R&D
intensity as a different proxy for the importance of sunk costs, this result provides additional
empirical evidence that union bargaining power might have negative effects in industries where
sunk costs and the associated hold-up problem may be more important.

In column 3 we include an interaction between the union coverage rate and the industry
physical capital intensity: controlling for this interaction is very important not only because
the latter is positively correlated with the industry degree of sunkness, but because our theo-
retical model predicts that it is the sunk nature of capital investments to generate the hold-up
problem, and not physical capital intensity per se. As the empirical results show, the union

coverage-physical capital intensity interaction is never significant and the magnitude of the

28The Kleibergen-Paap test statistics are 55.5 and 44.2 in the investment per worker and labour productivity
regressions, respectively; in turn, the Sargan test statistics are 0.75 (p value 0.102) and 1.9 (p value 0.16),
respectively.

29Gee Menezes-Filho and Van Reenen (2003) for a survey of the empirical evidence on the effects of union-
ization on R&D investments.
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sunk intensity-union coverage interaction is barely altered.’

So far we have measured union coverage as the average value over the entire sample period:
however, it might be argued that the variation of union coverage might not be exogenous, as it
could be driven also by other country-industry developments over the period: for this reason,
we have proxied union’s bargaining power with the value taken by union coverage as of 1980.
Econometric results displayed in column 4 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.3!

In column 5 we have considered the possibility that it is not the level of union coverage per
se to be important, but its change over the period: empirical results suggest that countries that
experienced a larger increase in union coverage over the sample period had both a lower growth
of investment per worker and labour productivity in high sunk cost industries, although the
effect is estimated with noise in Table 7.3? In column 6 instead we measure union’s strength
with the variable "bargaining power" recently used by Mueller and Philippon (2011). As we
discussed in previous sections, 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. As we
can see in both Table 5 and 7, the interaction between sunk and union bargaining power
is negative, but statistically significant at conventional confidence levels in the investment
regression only.

In column 7 we have added an interaction between Sunk and the degree of fragmentation
of confederations of unions (see Data section above): in this case, we expect that in countries
where union membership is not concentrated, unions that are in charge of negotiations will try

to fully exploit their bargaining power because the chances to be replaced by other unions in

30Tt is possible to argue (Baldwin, 1983) that firms in high sunk cost industries might tend to increase debt
as a sort of committment device to be tough against unions. If this results in structurally higher dependence
towards external finance in high sunk cost industries, then it might be important to control for an interaction
betweenn 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. Finally, we have
also run a regression where we have controlled for an interaction between union coverage with an industry’s
human capital intensity without affecting our main results. Results are available from the authors upon
request.

31Tt is important to note that proxying union bargaining power with the beginning of the period union
coverage does not alter none of our main results.

32We have repeated the same exercise with the change in union density (but omitting union coverage), given
the large changes that occurred during our sample period in the latter variable in many countries: results
again suggest that countries where union density increased more over the period might have experienced a
reduction in both labour productivity and investment per worker growth rates, although only in the latter
case the effect is estimated with precision.
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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. We find confirmation for this prediction in the data: in fact, empirical results suggest
that countries where union membership is very fragmented tend to have a significantly lower
investment growth in sectors characterised by a relatively higher share of sunk capital, while in
the case of the productivity regression the coefficient of the interaction is highly insignificant.?

Finally, in column 8 we have interacted Sunk with a variable measuring the quality of the
labour relations (Mueller and Philippon, 2011): the intuition for including this control is that
in countries characterised by good labour relationships, the existence of high union coverage
rates might not affect investments and labour productivity. However, when we control for the
quality of labour relations (see the Data section) we do not find confirmation of this effect,
as the interaction between labour relations and Sunk is positive as expected (which means
that countries with "bad" labour relations tend to display lower investment and productivity
growth in sunk intensive industries) but also statistically insignificant at conventional levels
of confidence; in turn, the sunk-union coverage interaction is always negative, statistically

significant and with barely altered coefficients.

5.2 Refinements

So far we have presented empirical evidence showing that union bargaining power tends to
reduce the growth rates of investment per worker and labour productivity particularly in
industries characterised by a relatively large fraction of sunk capital stock, as predicted by
our theoretical model. However, it might be of some interest to assess whether the magnitude
of this effect varies with some regulations that characterise the labour relations system across
countries such as those we previously discussed in Section 3.3. For instance, in some countries
the government has the power to impose compulsory arbitration among parties involved in a
labour dispute, or at least there exist mandatory conciliation procedures before a strike can
occur; in turn, in some countries it is forbidden for unions to strike if there is a collective
agreement in place, or there is a waiting or notification period before a strike can take place.

For this reason, using information contained in Botero et al. (2004), we have run a series of

33We also run our baseline regressions splitting the sample into different groups of countries, depending on
weather the fragmentation index was above or below the median. Both for investment and labour productivity
growth regressions, we find that the negative effect of union coverage in sunk industries is much stronger in
the case of countries with more fragmented union confederations. Results are available upon request.
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baseline regressions (corresponding to column 2 of Tables 4 and 6) splitting the sample across
some of the country-level dimensions of labour relations we have just mentioned. Before
turning to the discussion of empirical results for the growth rate of investment per worker, it
is however important to acknowledge that some regressions are based on few observations and
therefore we should view these results as suggestive only.**

In Table 8 we have split the sample according to the existence (column 2) or not (column
1) of a law that allows strikes when a collective agreement has been already signed.*® The
existence of such a regulation is important because one could expect that, if the law is in place,
the hold-up problem should be significantly alleviated, 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 have split the sample
according to whether there is (column 4) or not (column 3) in the country a mandatory
waiting period before a strike can take place.’” Econometric results show that higher union
coverage tends to significantly slow down the growth of investment per worker particularly in
high sunk capital industries for both country groups, but the magnitude of the effect seems
to be notably smaller in countries where a notification or waiting period before a strike can
occur is compulsory. In subsequent columns countries have instead been split according to
whether there is (column 6) or not (column 5) a mandatory conciliation procedure: empirical
results suggest that, in both country groups, union coverage negatively affect the growth
of investment per worker, but that the magnitude is three times larger in countries where
there is not a mandatory conciliation procedure.*® In columns 7 and 8 the sample has been
instead split according to whether in the country there is (column 8) or not (column 7) a
mandatory arbitration procedure and we find that the negative impact of union coverage is

higher in countries where there is no mandatory arbitration, while for countries where there

34Moreover, we do not explore the issue of why some regulations are in place in some countries but not in
others. Qualitatively the results for labour productivity growth are very similar with one exception that we
will discuss later. Results are available from the authors upon request.

35The countries in our sample where such regulation is not in place are the UK, France, Italy and the
Netherlands.

36In the case of the labour productivity growth regression we do not see any notable difference in the
magnitude of the effect between the two groups of countries.

37The countries where there was a mandatory waiting period were Canada, Denmark, Spain, Finland, Greece,
Korea, Netherlands, Portugal and Sweden.

38Countries with mandatory concliation procedures were Australia, Denmark, Spain, Finland, Korea,
Netherlands
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is a compulsory and binding arbitration, the negative impact of union coverage is marginally
statistically insignificant.’

Finally, we have considered, for each country, whether, for the majority of years included
in our sample period, both unions and employers had been routinely involved in government
decisions concerning social or economic policy issues (i.e., Social Pacts; see Visser, 2011).%° In
this case, our idea is that the government, by involving (always, or at least irregularly) unions
and employers in economic policy decisions, creates a more cooperative framework between the
parts and favors the sustainability of a cooperative equilibrium characterised by unions that
refrain from exploiting their bargaining power. Our empirical results provide some favourable
evidence for this hypothesis, as we see that only in countries characterised by the absence of

concertation higher coverage ratios are associated to slower growth in investment per worker

in sunk capital intensive industries.

6 Concluding Remarks

In this paper, we test for the hold-up problem by considering the effect of union power on
investment and productivity across sectors with different levels of sunk capital investments. We
develop a search and matching model with sunk capital investments and ex-post collective wage
bargaining and test the predictions of the model by considering the effects of unions’ bargaining
power on the rate of growth of investment per worker and hourly labour productivity. We use
different sources of data on manufacturing sectors in two sets of partially overlapping OECD
countries during the period 1980-2005.

Using a difference-in-difference approach, we verify that union power reduces the growth of
investment per worker and labour productivity in industries with higher proportions of sunk
physical capital. This result is robust to a series of sensitivity checks. First, we have controlled
for other determinants of industry growth by means of interactions between a country factor
abundance and an industry factor intensity. Second, we include interactions between sunk
capital intensity and country level variables potentially correlated with union coverage such
as the change in union coverage over time, union density and its change over time, the level

and coordination of wage bargaining, the coverage of unemployment benefits, the extent of

39 Countries with mandatory arbitration procedures were Australia, Spain and Korea.
40The countries where firms and unions were involved in economic policy decisions were Austria, Belgium,
Canada, Germany, Denmark, Finland, Netherland, Portugal and Sweden.
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employment protection legislation, the presence of barriers to foreign direct investments and
the rule of law. Third, we examine whether our interaction between union coverage and sunk
capital intensity partly captures other interactions of unions with industry features that might
be correlated with sunk capital intensity, such as R&D and physical capital intensity. Finally,
we have taken into account possible endogeneity concerns of union behaviour.

We refine our analysis using a set of indicators that reflect some aspects of industrial rela-
tions and that are directly related to collective disputes, union behaviour and involvement of
unions and employers in government decisions on social and economic policy. In particular,
we find that the effects of union power on investment and productivity is stronger when in a
country there is the possibility of strikes even if there is a collective agreement in force, when
there is no mandatory waiting period, there are no other alternative conciliation procedures
or possibility of seeking third party arbitration. On the other hand, the effect of unions is less
relevant when cooperative equilibria are sustainable: this happens when there is less fragmen-
tation of union representation and when social pacts, by involving unions and employers in
economic policy decisions, are in force.

Depending on model specification, our regression coefficients imply, in the case of invest-
ment per worker, an yearly growth differential of about 0.7-1.1 percentage points between a
sector at the 75" percentile and at the 25 percentile of the sunk capital intensity distribu-
tion in a country at the 25" percentile compared to a country at the 75" percentile of union
coverage distribution. The size of this effect is not negligible because, depending on model
specification, it amounts to between one third to one half of the sample average differential in
the rate of growth of investment per worker in the two sectors at the 25" and 75" percentile
of the sunk intensity distribution, which is equal to 2.2 percentage points.

This result might be compared with that of Card et al. (2011) 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 (2011), union
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density in Veneto was lower and falling more rapidly than in Italy as a whole.

Overall, our results suggest that the contractual incompleteness in labour relations and the
resulting hold-up problem are a relevant phenomenon that might have sizeable effects on the
growth of investment and labour productivity. On the other hand, there is some evidence that
the system of industrial relations, by influencing the degree of contractual incompleteness,
might 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 problem; second, how the type of contractual incompleteness analysed

here drives the pattern of comparative advantage.
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Appendices

A. Existence of Equilibrium

We look for the conditions that ensure the existence and uniqueness of a steady-state equilib-
rium. It is straightforward to notice that if there exist steady-state equilibrium values for k;,
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 (18) by equation (22) evaluated at the steady-state (i.e. with Hf = 0). We

get:
B - 7,;0iq(0;)
(r+s)v; + q(0:)(1 - B)

for i € {a,b}. The equations G;(0;,0;,\, ki, k;) = 0, W(#;) = 0 for i € {a, b}, and (20)

=0 (25)

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

dW(6:)

0. <0

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

+00) for the Inada conditions for the job filling rate.

From the non-arbitrage condition (20), we have k, = k;- zbzz . Using the RHS of equation

and W(6;) = 0, the implicit functions G, (0, 0y, A, ka, ky) = 0 and Gy (6, 04, A, kp, k) = 0

respectively become:

a—1
V) kgt = PPl _(&%)
p(Ya) - Ky (1—a)(1—-258) \ Oy, (26)
p(YE;) . ]{7?71 _ P87 0

(1—a)(1-5)

in which

[1—-A Qa%)a Ovq(0s) | K
Y) =41+ .
p( ) { L A (0b7b QaQ(ga)_
A m)“ 60,17 |7
Y, =<1+ .
pi) { 1A <9a% 0bq(6n) |

Notice that % < 0 and % < 0. So G, = 0 describes a decreasing relationship in the

(ky, A) space. In addition, the Inada conditions for the job filling rate and the concavity of the

production function imply that &k, — 400 as A — 0 and k; tends to a positive finite number
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Gy (Bp; Ba; A Ky) =0

Ga (ea; eb ; 7\1; ka (kb) ) =0

A\ 4

Ko

Figure 1: Equilibrium

when A\ — 1.

dGy

As fa as it concerns Gy = 0, 3

> 0 and % < 0. So Gy = 0 describes an increasing
relationship in the (ky, \) space. In addition as A — 1, ky, — +oo and as A — 0, k; tends to a
positive finite number. Figure 1 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 non-arbitrage

condition (20). 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 .

B. Dynamics of the System and Comparative Statics
B1. Dynamics of the System

We first express (22) as a first-order non linear differential equation in 6;. To do so, rearranging

egs. (2), (5), (20) and (6) we have

(2 - [ (2]

Qe
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If we divide the first equation in (26) by the second one, we can get an explicit solution for

(1 — X)/A (conditional on 6; that is determined by W(6;) = 0, for i € {a, b}):

1-A _ (’Y_> o (%)MM'M (28)
A Vo s

Plugging the RHS of (28) into the first equation in (26) allows us to have an equation in which
ki, depends on 0, and 6, only:

1
Qa, —a(o—1) | o=1 9
- (_V) ] ) (p_b%i . (29)

kafl .
b Oy, 1- a) 1-p

From the (20), we also get:

a—1
ko -

9a7a ) 0‘(‘7*1) ot p eaﬁ)/a 5
14 (2o - —tle T — 30
<9b7b (30)

Differentiating (10), we also get:

: dk; 1 q(0:)] ; L
e = ~. . — k. , h 1
; Vi [d@i 07 qu2(9¢)1 0; with ¢ € {a, b} (31)

Plugging (29), (30), and (31) into (22) and using G; = 0 with 7 € {a, b}, we get:
(1= B)1 = a)fa((1 = B)q(0a) + (r + $)7a) + B7a(0a)?q(0a) (=1 + (1 = B)(1 — a))

(Va(1=8) (1 = a)) (525> +n)
(1= B)(1 = a)0s((1 = B)g(B) + (r + 5)v) + B7,(05)°a(06) (=1 + (1 — B)(1 — o))

9a:p

éb =p —aT
(75(1 = 8) (1 — @) (=22 4-1)
(32)
in which:
<M>a(al)
o= 0 —with i,j € {a, b} ,i # j (33)
1+ (M)a(a :
0575

Notice that the unique equilibrium of the system is hyperbolic. After linearising the system
in (32) around the steady state, it is easy to see that both eigenvalues of the Jacobian matrix

are positive, and therefore the steady state is an unstable node. Moreover, for the implicit
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function G;(0;,0;, A\, ki, k;) = 0, the capital per worker k; also has the same behaviour for
i € {a,b}. So, when a positive shock to § hits the economy, k; will adjust immediately to its

new steady-state value.

B2. Comparative Statics

Proof of Proposition 2. We need to prove the inequalities in equation (23). We first show
that ”&—Ig’ < 0. For the concavity of the production function, it is sufficient to prove that the

LHS of (30) is decreasing in (. Differentiating equation (29) we have:

dk 1 1 1 1 1 de 1 1 de,
b —+ “ky (1 — ary) = + —— kT,

df~ a—-11-58 1-af B T 1-ap s

where the derivatives

db; B _& v:(r+ s) + q(6;) " .
B BA—mnr )+ i-ga@) O e (34)

are obtained differentiating W(6;) = 0 for i € {a, b}. After some computations, we get:

= —(1=B)ar(B—n)(r+5) (7.q(0s) = 7,0(0a)) — (B — 1)7(r + 5) *
# (L =n)va(r+ )+ (1= B)a(0a))

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 ng’ < 0.

Now, instead of computing dﬁ‘*, notice that

(35)

At ky (dky 1 dk, 1
df ke \dBky  dB k)’

dke
k

> 0 is a necessary and sufficient condition to prove that both inequalities in (23) are

verlﬁed. Using the non arbitrage condition in (20), we get:

dg Vs (‘”a 0 — d‘j;’ea)
df (Qb-%)
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Substituting (34) into (36) we get:

dit 0u08 " [7,0(86) — 71,4(82)] (r + 8)(5 — 1)

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

Using W,(0,) = 0 and W,(6,) = 0, it is easy to show that ,q(0) > v,q(0.)"" We conclude
kp
that ddLﬁa > 0 < [ > n. Therefore the condition in equation (23) 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 (23), 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.

C. Data Appendix
C1. Conversion of Sectors and Weights

Although detailed information and appropriate routines are available upon request, in this
subsection we provide a sketch of the procedures for aggregation of data and conversion of
sectors using different classification systems. Our measure of sunk capital from Balasubra-
manian and Sivadasan (2009) is available at the SIC1987 — 4 digits level (459 industries) for
the years 1987 and 1992, while data for investment per worker and labour productivity are
available at the ISIC Rev2 — 3 digits level (28 industries) and ISIC Rev3.1 — 2 digits level (23
industries), respectively. Hence, we first aggregate the sunk capital index at the 2 and 3 digits
level of the SIC87 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.*> To obtain our sunkness measure at the ISIC Rev3.1 — 2

1Details are available upon request from the authors.

42Recall that in each intermediate sector Y; = kY ey

43See http://www.macalester.edu/research/economics/page/haveman/
Trade.Resources/tradeconcordances.html#FromusSIC
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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). Finally, depending on different classification systems, we use similar
procedures for the other industry level variables mentioned above and reported in Tables 1
and 2, i.e., physical capital intensity, external financial dependence, human capital intensity

and R&D intensity.

C2. Other Country Level Variables

Other labour market variables that are directly correlated with union presence are also included
in our analysis. We 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)." From the same source, we also include the level of bargaining,
which takes values between 5 (i.e. economy wide bargaining) and 1 (fragmented bargaining,
mostly at the company level).

Other labour market institutions that are strictly correlated with union presence are the
coverage of unemployment benefits and employment protection legislation. We derive a mea-
sure of coverage of unemployment benefits from the FRDB database on labour market institu-
tions (see Aleksynska and Schindler, 2011), the latter is calculated as the number of individuals
who, at a given point in time, receive Ul benefits relative to the number of unemployed. We
use, as a measure of EPL, the recent OECD indicator EP _v1, which is an unweighted average
of employment protection for regular and temporary contracts, and we construct an average
measure for the period 1985-2005. As there is a strong link between labour and product
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.

Finally, we also include in our set of controls standard macroeconomic variables that should

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

output ratio) for 1980 using data from the most recent release of the Penn World Tables.
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