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ABSTRACT

Labour Market Institutions and Wage Inequality®

In this paper we investigate the importance of labor market institutions such as
unemployment insurance, unions, firing regulation and minimum wages for the evolution of
wage inequality across countries. We derive a simple log-linear equation of the wage
differential as a function of the institutional parameters, total factor productivity, final good
prices and relative skill supply. Our estimates for 11 OECD countries imply that labor market
institutions can account for a large part of the change of wage inequality across countries
after controlling for time and country effects.
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1 Introduction

Wage inequality is not only substantially lower in continental European countries than in the US or UK, but
also its evolution over time is very different. A fairly consensual position is that the wage distribution reflects
both supply and demand factors and the institutional environment. However, the quantitative importance
of factor demand and supply compared with labor market institutions for wage inequality is still debated. A
substantial amount of research on wage inequality has studied the forces that may shift the relative demand
for skills such as changing trade patterns and skill biased technical change (see, for example, Machin and
van Reenen, 1998, and their references). Since developed economies operate in the same global environment
with integrated trade and equal access to technology, exogenous shifts in demand are likely to have been
fairly similar across developed countries. Moreover, although countries expanded their education systems at
different times, the proportion of the educated workforce has risen in all countries. Exogenous changes in
supply and demand for skills are therefore unlikely to fully explain the different evolution of wage inequality
across countries. Indeed, Acemoglu (2003) finds that the relative supply and demand framework does not
provide an entirely satisfactory explanation of the behavior of skill premia across countries. Hence, there is
scope for labor market institutions to be an important part of the story.

Of course, it is empirically very demanding to disentangle the effect of factor supply and demand from
institutions. On the one hand, labor market institutions affect the relative market price for skills and
therefore they change skill demand and supply. On the other hand, it is likely that institutions themselves
respond to market forces (Acemoglu et al., 2001). In fact, the debate on the importance of skill supply and
demand for wage inequality compared with institutions is still ongoing. Whereas Blau and Kahn (1996,
2004) stress that a substantial portion of cross-country wage differentials can be explained by labor market
institutions, Nickell and Bell (1996), Nickell and Layard (1999) and Leuven et al. (2004) emphasize the
importance of the net supply of skills. Compared with this literature which investigates differences across
countries, we focus on the importance of institutions, demand and supply for the different evolution of wage
inequality within countries over time.

We use panel data on institutions in OECD countries to determine how much of the increase in wage
inequality can be attributed to changes in institutions within countries. These data have become increasingly
popular in the recent literature on the determinants of unemployment rates (see, for example, Blanchard and
Wolfers, 2000, and especially Nickell et al., 2004) and average labor costs (Nunziata, 2002) across OECD
countries. Under the “Krugman hypothesis”, macroeconomic shocks increase wage inequality in countries
where wages are flexible and unemployment where wages are constrained by institutions. Thus, the effect of
such institutions on the wage differential can be considered as just the other side of the same coin (Bertola
et al., 2002).

We build on this literature to assess the quantitative relationship between institutions and wage inequality.



Within a simple model of union wage determination we derive a log-linear equation of the wage differential
as a function of institutions, total factor productivity, final good prices and relative skill supply. We estimate
this equation for 11 OECD countries in the time period 1973-99. In the regressions we control for trade,
technology and the relative supply of skills: the ratio of imports to value added shall measure the effect of
trade on relative labor demand; the ratio of R&D to value added shall capture changes in technology and the
relative endowment of educated workers approximates relative skill supply. We find that the employment
protection index, the unemployment benefit generosity and duration, union density and the ratio of the
minimum wage to the median wage are significantly associated with the evolution of wage inequality within
countries. Labor market institutions account for large part of the remaining variation in wage inequality
after controlling for country and time effects. We illustrate the quantitative importance of institutions by
calculating the implied change of the wage differential as institutions change. In particular, we compute the
implied change of the wage differential if countries adopted an US-type institutional environment.

The results of our aggregate cross-country panel estimation confirm the results on the importance of
labor market institutions for the wage differential found in other country or institution-specific empirical
studies. Stronger and more centralized unions or minimum wages tend to compress the wage distribution.
For example, Card (2001) for the US, Machin (1997) for Britain, Card et al. (2003) for the US, UK and
Canada and Kahn (2000) for OECD countries, find that higher union density is associated with lower wage
inequality. Di Nardo et al. (1996), Lee (1999) for the US, and Dickens et al. (1999) for the UK, find that
higher minimum wages lower wage inequality. Moreover, wage-setting institutions are found to be important
for wage inequality in Erickson and Ichino (1995) and Manacorda (2004) for Italy, Edin and Holmlund (1995)
for Sweden; and Wallerstein (1999) for a set of developed countries in the years 1980, 1986 and 1992. Instead,
there does not seem to be direct evidence on the effects of employment protection regulation, the tax wedge,
unemployment benefit generosity and duration on changes in the wage structure. However, it is relatively
easy to see that all these institutions matter for the wage distribution since they affect the outside option
of firms and workers and labor demand. The theoretical part of this paper offers a simple explanation why
these institutions might compress the wage differential across skills which is consistent with our empirical

findings.

In this paper we exploit time-series variation in several institutions while controlling for contemporaneous
shifts in factor supply, trade volumes and technology. To further motivate the relevance of this perspective,
Table 1 displays the evolution of some variables of interest. Wage inequality increased in the US and the
UK but slightly declined in France. Trade intensity, R&D intensity and factor supply are rising in all three
countries although at different rates. Importantly, institutional variables such as union density and especially
benefit replacement rates follow a country-specific pattern and look very promising in explaining different

within-country changes in wage inequality. The different evolution of institutions across countries also



1970s 1980s 1990s

Wage differential: w90/w10 Us 3.488  4.049  4.627
UK 2.566  2.949  3.344

France 3.467  3.385  3.368

Union density UsSs 0.250  0.191  0.152
UK 0.546  0.509  0.381

France 0.210  0.147  0.101

Benefit replacement ratio US 0.278 0.296  0.266
UK 0.341  0.263  0.226

France 0.562  0.607  0.585

R&D intensity US 0.064  0.088  0.085
UK 0.109  0.105  0.086

France 0.048  0.065 0.073

Import intensity UsS 0.022  0.035  0.049
UK 0.064  0.086  0.103

France 0.049 0.070  0.091

Skill ratio US 0.379  0.546  0.867
UK 0.100 0.133  0.184

France 0.174 0.233 0.315

Notes: For the definition and data sources of the variables see the data appendix which also contains the
averages for the other countries in the sample.

Table 1: The evolution of some variables of interest for selected OECD countries

suggests that endogeneity of institutions might not be a major issue in our sample. Unless the common supply
and demand shocks have substantially different effects across countries, endogenous changes of institutions
as a response to these shocks cannot explain the different changes of institutions across countries that we

observe in the data.

The rest of the paper is structured as follows. Before we start our empirical exercise we set up a simple
model in Section 2 and derive a log-linear equation of the wage differential as a function of the institutional
parameters, total factor productivity, final good prices and relative skill supply. In Section 3 we present the
data set and discuss the empirical specification. The estimation results are presented in Section 4 together
with the results of some thought experiments. We summarize our findings and mention directions for further

research in Section 5.

2 A model

We set up a simple model of union bargaining in which institutions affect the wage differential by altering
labor demand and the surplus of producers and workers. We first derive the wage differential for the

benchmark of perfect competition before we analyze the case of bilateral monopoly.



Workers Agents are risk-neutral and have an infinite horizon. The economy is endowed with & skilled
and [ unskilled workers who inelastically supply labor. If employed, they earn wage wy, and wy, respectively.
Should there be a minimum wage w, we assume that wy > w > w;. If workers are unemployed, they receive
unemployment benefits p,wy, k = h, [, where p,, is the replacement ratio.! Employed workers are collectively
dismissed by producers with Poisson probability A. Given these assumptions and stationarity, for small time

intervals the asset value of employment, Wy, and unemployment, Uy, are

rWi = max{wg,w} + A\(Ux, — Wy) , (1)
rUy = p max{wy, w} + M (W, — Uy) , (2)
where k = h,l and
0 h and 6 !
= = 1 = -—
"R _h Tior

r is the market interest rate, and h , I denote employment of skilled and unskilled workers in the economy.
We have implicitly assumed that U > W; so that it is not optimal for skilled workers to perform unskilled
tasks. Moreover, for workers to find it optimal to supply labor, the replacement ratio p;, needs to such that
Wy > Uy, k = h,l. This inequality is certainly satisfied as long as p, < 1 which is realistic.

In a stationary equilibrium the flows in and out of employment need to be equal: for example for unskilled
workers Al = )\ﬁ(f —1). This can be interpreted as the number of available jobs being randomly allocated
across unemployed workers. Subtracting equation (2) from equation (1), we find that the surplus from

employment is

1-— max{ wg, w
Wy — Uy = ( pk) ,{1 u } ’ (3)
T+ Ay
where we define the unemployment rate uy = (k — k)/k, k = h,1 , so that 6, = u,;l — 1. In what follows we
derive w; and the wage differential for the case that the minimum wage does not bind. As we will see, in

our model a minimum wage compresses the wage differential from below in a straightforward way.

Production Two goods are produced in two sectors (denoted by the subscript 7) with different technologies.
Both sectors employ skilled and unskilled labor but with different factor intensities ;. The technology in

both sectors is assumed to be Cobb-Douglas with constant returns to scale:

Gi(hiy i) = a;h? i %P = 1,2, (4)

We do not explicitly model the generosity of unemployment benefits as a function unemployment duration. Denoting the
duration of unemployment as 7, explicit modeling of duration dependent unemployment benefits would change equation (2) to
rUR(T) = pp(T) + M (Wi — Ui (7)) + U} (1), where U] (1) < 0 if benefits fall over time. Duration dependent benefits would
introduce wage differentials for otherwise identical workers in our model from which we abstract for simplicity. Qualitatively,
the effect of duration-dependent benefits is similar to comparative statics with respect to the level of benefits in our model.



where a; is the total factor productivity in sector ¢ and we assume that ¥, < 9),.

To set-up a production unit producers incur a sunk cost C' > 0 so that the asset value of production
needs to be strictly positive to compensate for this sunk cost. Each production unit is closed down for
exogenous reasons with Poisson probability A in case of which producers incur wasteful? dismissal costs
0 = spwk, k = h,l, for each employed skilled and unskilled worker.> Hence, collective dismissal costs for
each production unit are spwph; + s;w;l;.* This specification of dismissal costs allows simple analytic results
since labor demand remains essentially static: dismissal costs affect wages like an ad-valorem firing tax.

The government taxes labor income of skilled and unskilled workers with ad-valorem rates 75 and 7; to

finance the unemployment benefits. We assume that the government has to break even every period so that
Thwph + Tl = ppwy (B —h) + pywy (1 1) . (5)

The asset value of production in each sector is
(r4+ AN Vi=piqi(hi, ;) — (L + 711+ Asp)wil; — (1 + 7h + Asp)wih; (6)

where p; is the price of the good in sector i. We assume a small open economy so that prices are taken
as given. Furthermore, free entry implies that V; = C. Sunk costs generate quasi-rents after firms have
entered the market and these rents can be appropriated by producers or workers. Once firms have sunk
their investment and hired the workers, collective bargaining decreases the producers’ outside option from
V,=0toV, = — (s;wl; + spwph;):> collective dismissal costs create a hold-up problem that allows workers

to collectively bid up their wage.

Note that all policy parameters enter the model proportional to wages. From a modeling perspective
this allows us to derive a simple expression for the wage differential. However, the proportionality is also
realistic to the extent that in many countries the policies we analyze have components which are indeed
proportional to wage income. We now derive an explicit expression for the wage differential as a function
of the policy parameters. We first start with the competitive benchmark and then compare it to case of

collective bargaining.

21f wages are downward flexible and firing costs take the form of severance payments, Lazear (1990) has shown that the
effect of firing costs is neutralized ex ante.

3We could also allow for differences in A across skills or industry. All that matters, however, are differences in Ad which we
are able to capture in the simple way proposed in the text.

4For this to make sense it needs to be the case that a single worker contributes an infinitely small amount to the production
unit’s labor force. Discreteness instead would imply the possibility that workers work for more than one production unit which
would unnecessarily complicate the model.

50f course, before a firm hires any worker, the outside option ez ante is V., = 0 even under collective bargaining. Since the
distinction between the ex ante and ex post bargain is not important for the empirical part of the paper (new firms that have
just entered the labor market employ a negligible amount of workers in the aggregate), we focus on the empirically relevant
case of ex post bargaining.



Wage differentials under perfect competition Consider the benchmark of C' = 0 and perfect compe-

tition in the labor market. Then, equations (4) and (6) imply
(T4 7+ Asp) wp, = piaiwiag)i_l , (7)

(I + 7+ Asp) wp = pia; (1—1/11)0?)1' ; (8)

where o; denotes the skill ratio h;/l;. The gross labor cost for each worker (including expected dismissal
cost) equals productivity and is the same in both sectors because of labor mobility. Replacement ratios are
irrelevant since the labor supply is inelastic for p, < 1 as mentioned above. Instead, they will matter for the
solution obtained under collective bargaining below because they affect the outside option of workers Uy.
The system of four equations (7) and (8) determines wages and skill ratios in both sectors. Defining

Wy = (1 4+ 7k )wy, as gross wage, which is what we observe empirically, the following holds:

Remark 1 (Perfect Competition): The log wage differential is

In (%) ~c+ A(si — sp) + m {ln (;;-?) +1n (Z—i)}

Wy g (Y2, Aoty (1o
o(¥1,¥2) ¢2—1/’11n<¢1>+¢2—¢lln<1_w1>.

where

Proof: see the Appendix B.

Since sector 2 uses a more skill-intensive technology, 1, > 1, the wage differential increases in the
relative price and total factor productivity of the skill-intensive good. Gross wages and thus also the wage
differential do not depend on ad-valorem taxes 7j because the Cobb-Douglas production function is unit
elastic: the downward shift of labor demand implies a fall in net wages wy which is exactly offset by the
direct positive effect 75 on gross wages wy. Producers are able to fully pass on the cost to workers who supply
labor inelastically. Expected collective dismissal costs per worker, Asj, decrease gross wages as the expected
firing tax is passed on to workers (this would not be the case if our definition of gross wages also included the
expected firing tax which is however not the case empirically). The effect on the wage differential depends
on whether such costs are larger for unskilled or skilled workers.

Under perfect competition individual employed workers can be replaced without cost so that they cannot
bid up their wages ex post. Instead, as we will see now, this is no longer the case if unions bargain for all

workers.



Wage differentials with union bargaining Producers and a workers’ union bargain over how to split
the rents of the two sectors® where rents are positive because of sunk costs C' > 0. We adopt the right-
to-manage framework in which unions” and (an employer association of) producers bargain over the wage.
Producers then unilaterally choose employment so that labor is on the labor demand curve. Although the
right-to-manage setup has been criticized since producers and unions could do better if they bargained
efficiently over both wages and employment, right-to-manage for producers is considered more realistic by

most economists. In this case the Nash bargaining problem is

2
o’ -V,
max ;(V V) 9)
st. i = 1P(wy,w) and h; = hP (wy,w;) ,

where 3 is the relative bargaining power of the union, superscript D denotes the demand curve and the
union objective is defined as

Q=EWhr =Up) + (W - U)) . (10)

The union only cares about employed workers and £ denotes the relative weight of unskilled employed
workers: the larger £, the more aggressively the union will bargain for unskilled workers. We extend the model
to union concerns about unemployment when we discuss the effects of union coordination or centralization
below. Note that unions do not cross-subsidize between workers as in Acemoglu et al. (2001) but both
skilled and unskilled workers earn their marginal product. However, interactions between both factors arise
as long as the production technology implies some complementarity between factors. Moreover, the small-
open economy assumption excludes feedbacks from union’s wage setting on prices (such externalities are
considered for example by Calmfors and Driffill, 1988). Finally, we only consider interior optima in which
the supply of skilled and unskilled labor is not constrained by the endowment &, I. In the empirical part we
will control for the relative skill supply to address this issue.

The explicit expression for the producers’ surplus is
2

Vi-V)=(@r+N"" {q1(~) + i—qu(~) — (L4 7p —rsp)wp(hy + he) — (1 + 7 —rs)w (I + lg)} .

i=1

6Both sectors might belong to one industry. Industry level bargaining is a good approximation for countries like Germany,
the Netherlands, Belgium and also to some extent the UK, France and Italy (see, e.g., Calmfors and Driffill, 1988). However,
many countries have moved to more decentralized bargaining according to Freeman and Gibbons (1995). Nothing prevents us
from interpreting i as the suitable unit of disaggregation such as firm, profession, sector or industry.

"Decentralized bargaining of a single worker with producers would substantially complicate the solution of the model. As
discussed in Stole and Zwiebel (1996a and 1996b), firms have a strategic incentive to overemploy workers if the technology has
decreasing returns to scale. However, as noted in Stole and Zwiebel (1996b), unions internalize the effect of a single worker’s
bargain on other workers’ bargaining position. With unionization no incentive for overemployment arises, as in our model where
unions bargain for both skilled and unskilled workers and the production function has constant returns to scale for both factors
together.



We now proceed to derive the solution of the bargain. The first-order condition of problem (9) for skilled

wages is

2 2
_ o0 1+75 —1sy Oh;
p—1 4 B , v =
B ;(W—L)awh—ﬁ Y ; hi+ 5wy ) =0

Multiplying by wy, and h/h and rearranging, we get

wrh — r+NBYT (Vi—V)en
h 2 h:
(14 7n —78n) (1 +> e #ﬁh,i)

)

where e, = (0Q/0wy,) / (wy/Q) and n;, ; = (0h;/Owy) / (wk/h;) denote the elasticity of the union objective
and labor demand with respect to wy,.

Analogous derivation of w;l allows to write the relative labor share of the two factors net of taxes as

2 )
wph  1+7—rs 1+ Fma en
wyl 1+Th—7"8h1—|-222:1 %nh,i e

(11)

Intuitively, the relative labor share of skilled labor depends negatively on the relative taxes and relative
labor demand elasticities but positively on the relative elasticity of the union objective with respect to wages.
We now use the expression for the relative labor share to derive the wage differential as a function of the
model’s policy parameters. It remains to derive explicit expressions for the skill ratio h/l and the elasticities.
The Cobb-Douglas production function implies that the second term on the right-hand side of (11) equals 1
(to see this apply L’Hopital’s rule for the more general case with a CES function and consider the limit to

the Cobb-Douglas case). Furthermore, in this case relative labor demand can be derived using (4) and (6):

a1 + a2, gy 147+ A wy
a1 (1 =v1) @ +az (1 —9;) g 1+ 75 + Asp wp ’

h/l = (12)
The Cobb-Douglas technology implies that the total labor share is constant unless prices or productivity
change. Hence, for given prices and productivity it follows from (11) that €} /¢; is pinned down, too. In the
Appendix we derive that

En l—phr—l—)\ufl wp,

= —_—. 13
€l 1*Plr+)\u;1wl (13)

Quite intuitively, the elasticities depend on the marginal effect of wages on the employed workers’ surplus
applying the weight £ in the union objective: the marginal effect is £ (1 — py,) / (r + Au;l) for skilled workers
and (1 —p;) / (r+ )\ul_l) for unskilled workers.

Plugging (13) and (12) into (11) and rearranging, we get



Remark 2 (Union Bargaining): If unions and producers bargain over wages and producers retain the

right to employ workers, the log wage differential is given by

w,
In (5?) ~ —In (&) + (Th = 70) + (1 +A) (sn = 50) + (o — p1) + v (un, w) + Inw(az/ar, p2/p1) (14)
- + +
with
r+ AL +uyh) bt G e

v(up,u) = —————2== and m(as/aq, = AT

) = N ) aa/onblP) = Ty e 1)
and P, < 1sy.

Proof: see the Appendix B.

Compared to the benchmark of perfect competition in Remark 1, relative gross wages now also depend
on relative unemployment rates and replacement ratios. Although union bargaining power § cancels and
does not directly affect the wage differential, it is worth noting that in the limit 8 — 0 we are back in
the case of perfect competition. For g > 0 instead, union bargaining implies that wages do no longer
adjust to clear labor markets and some workers remain unemployed. Low unemployment rates increase
the (re)employment probability and similar to high replacement ratios p, strengthen the outside option of
workers Uy, (see equation (2)). A better outside option implies a better bargaining position and higher wages.
Thus, the wage differential depends on the relative strength of the outside option. For example, a higher
replacement ratio or reemployment probability for unskilled workers lowers the wage differential. Trivially,
the wage differential is also smaller if unions favor unskilled workers more (£ > 1).

As in the perfectly competitive benchmark, higher relative total factor productivity or prices in the skill-
intensive sector 2 induce higher relative labor demand for skilled workers (see equation (12)) so that the
wage differential increases.

Collective dismissal costs compress the wage differential if they are relatively more important for un-
skilled workers. As mentioned above, dismissal costs create a hold-up problem. Unions thus bargain more
aggressively taking into account the negative effect of wages on the producers’ outside option. Note that
this effect crucially depends on dismissal costs being proportional to wages.

Ad-valorem taxes matter for the gross wage differential but are irrelevant for net wages. This is because
unions can appropriate less rents if taxes are higher. For Cobb-Douglas technology this effect exactly cancels
with the adverse effect on labor demand (see equations (11) and (12)).

Finally, let us mention that labor market institutions that directly affect the wage differential such as
minimum wages, w, compress the wage differential: by definition, for a binding minimum wage, w> wy,

whereas wy, is not directly affected.

Before estimating an equation such as (14), we want to relax the assumption that the union does not take



into account the effect of its wage setting on unemployment. We now analyze whether union coordination

or centralized bargaining which internalizes this externality, compresses the wage differential.

Centralized bargaining or union coordination Unions take the externalities of their wage setting on
unemployment into account.® The objective function of the union (10) remains the same but in equation
(3) unions now consider ug, k = h,l, as an endogenous determinant of the employment surplus Wy, — Uy.

Compared with above

oWy = U, 1-— L—pp) gt
( k k) = ( pli)l + ( pk)_UkQ Ck’r/ka k= hvl ’ (15)

where (;, = (Oug/0k) / (k/ux) and n, = (0k/Owy) / (wr/k). The additional second term is positive: the
outside option deteriorates so that the employment surplus Wy — Uy increases relatively more than in the

previous section. This implies that the union is less aggressive in the wage bargain.

Remark 3 (Union Coordination): Coordination or centralization of union bargaining compresses the

wage differential if up < uy.

Proof: see the Appendix B.

As shown in the Appendix, union coordination adds a log-linear term to (14). The term is negative if
¢m/(Cpmy) is not too large. Intuitively, union coordination moderates union behavior in wage bargaining
more if labor demand and unemployment are more elastic. Thus, the effect of coordination on the wage
differential depends on the relative size of these elasticities. For Cobb-Douglas technology, 1, /n;, = 1. Using
the explicit expression for uy in our model, we show in the Appendix that the condition simplifies to uj, <

since ¢}, decreases in uy in our model.

We have shown how the wage differential depends on various institutional parameters in a simple log-linear
way. Of course, we only have been able to derive such an equation because we have modelled institutions in
an extremely stylized way. In reality, institutions are much more complex and might affect wage differentials
in various other ways. For example, union coordination or centralization might compress wage differentials if
the union agreement has wider applicability in the economy and allows unions to better insure its members
(Wallerstein, 1990); or if centralized unions mitigate the hold-up problem in the context of aggregate shocks
(Teulings and Hartog, 1998). Moreover, in our model labor supply is inelastic and wage differentials depend
on differences of the workers’ outside option. A complementary view is that labor supply is elastic and the
elasticity differs across demographic groups (Bertola et al., 2003). In this case more powerful unions that

compress wages, price young, old and female workers out of the labor market because these groups of the

8This is a shortcut similar to Layard et al. (1991) and Blanchard and Summers (1986). Modelling centralization of bargaining
explicitly such as for example in Calmfors and Driffill (1988) or Danthine and Hunt (1994) prevents us from deriving an
analytically tractable expression for the wage differential.

10



population are less strongly attached to the labor force. Note also that employment protection affects labor
shares and wages over the business cycle as it renders labor demand dynamic (see Bertola, 1999, on the
countercyclical behavior of labor shares in dynamic labor demand models). Furthermore, unions might try
to change the bargain by lobbying for certain institutions. For example, countries with strict regulation on
employment protection also tend to have institutions that compress wages from below such as minimum
wages (Bertola and Rogerson, 1997). Hence, one should be careful in interpreting the empirical estimates
too literally in terms of the model, although we hope to have captured some important aspects of the labor

market institutions for which we have data.

3 Data and econometric model

We now discuss the data that we use in our empirical analysis before we specify the econometric model (see
Appendix A for further information on the data sources). From the derived log-linear equation above it
follows that ideally we would like to have data on wage differentials, institutions and unemployment rates
by skill, relative total factor productivity and prices of skilled and unskilled-labor intensive sectors.

In practice, the data on institutions contain measures of wage bargaining institutions, generosity and
duration of unemployment benefits, strictness of employment protection legislation, labor taxation and
minimum wages. Wage differentials by skill are not available for a long enough time period for a large
enough number of countries. Thus, we use the ratio of the 90th to 10th percentile, wgg/w1. This measure is
highly correlated with the wage differential by skill. However, we acknowledge that wgg /w19 might capture
some within-group wage inequality about which the model is silent. Moreover, wgg/wig is an aggregate
measure and thus captures the effect of union bargaining in the unionized sector as well as spill-overs to the
non-union sector. However, the estimation results below suggest that such spill-overs do not dominate the
effect in the unionized sector emphasized by our model.

In equation (14) trade and technology determine the wage differential through relative prices, pa/p1, and
relative total factor productivity (TFP), as/ay. As frequently done in the literature, we proxy the effect of
trade by the ratio of imports over value added, impint, and technology by the ratio of R&D expenditure
over value added, rdint, in the manufacturing sector (see Machin and van Reenen, 1998). Of course, in
contestable markets imports might not change if foreign competition does, but in practice openness (and
thus the exposure to competition) and trade volumes are highly correlated.

The relative unemployment rate of skilled workers matters for the wage differential in equation (14) be-
cause it affects the outside option of skilled and unskilled workers. Unfortunately data on unemployment by
skill are not available for all countries and time periods on a comparable basis. As a measure of the relative
unemployment rate, we use the interaction of the aggregate unemployment rate with the relative skill en-

dowment, luratio. This implicitly assumes that the relative unemployment rate of the skilled is proportional
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to the relative skill endowment. Since this hypothesis is very strong, we checked the robustness of our results
estimating alternative specifications with the relative skill endowment or the aggregate unemployment rate.

The time-varying data on institutions are crucial for our estimations. We now describe the data in some
detail and further information is contained in the Appendix A. We have two measures on wage bargaining
institutions: the union membership rate among active workers or union density, UD; and the index of
coordination, CO. The union density is supposed to capture how aggressively the union bargains for higher
wages of unskilled workers (the parameter £ in terms of the model). A higher union density will decrease the
wage differential if it implies relatively more aggressive wage bargaining for unskilled workers. An alternative
measure of union bargaining power is union coverage, i.e. the proportion of contracts covered by collective
agreements. This variable has the advantage of giving more weight to unions in countries where the density
is quite low but the bargaining power is high, as for example in the case of France. However, consistent series
on union coverage for all countries are not available, apart for a few observations every 10 years (see Nickell et
al., 2004). We therefore prefer to employ union density in our empirical analysis, especially considering that
we use fixed effects that control for unobservable characteristics of countries that are constant over time. We
control for heterogeneity of unions using an index of coordination in wage bargaining. This measure captures
the extent to which parties internalize the macroeconomic consequences of their decisions and will moderate
wage demands. The effect on the wage differential depends on the relative concerns about unemployment of
skilled and unskilled workers (see Remark 3 above).

Concerning unemployment benefits we have data on benefit replacement rates, BRR, and benefit dura-
tion, BD. Benefit replacement rates measure the proportion of unemployment benefits relative to average
earnings before tax, averaged over family types of recipients. Benefit duration measures the duration of
the entitlement to unemployment benefits in each country and is defined as BD = a(BRRy/BRR;) + (1 —
a)(BRR,/BRR;), where the subscript 1 denotes the first year, 2 the second and third year and 4 the fourth
and fifth year in unemployment. The model implies that both indicators should be negatively correlated
with the wage differential if generous unemployment benefits increase the outside option of unskilled workers
relatively more.

The data on employment protection legislation, FP, summarize the set of rules and procedures governing
the treatment of dismissals of workers employed on a permanent basis. The tax wedge, TW, is defined as
the sum of the employment tax rate, the direct tax rate and the indirect tax rate. Both indicators should be
negatively correlated with the wage differential if implicit firing taxes and labor taxes are more important for
unskilled workers. Finally, the measure of minimum wages is defined as the ratio between the minimum and
median wage. Higher minimum wages compress the wage differential from below. Clearly, in some countries
unemployment benefits or other welfare payments also implicitly truncate the wage distribution from below.
In the econometric estimations the coefficients are identified from different time variation across countries.

Thus, the levels of the institutional variables are less of a concern.
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Table 2 (displayed at the end of the paper) contains summary statistics of the variables used in the
estimation. The unbalanced panel of countries for the period 1973-99 includes Australia, Canada, Finland,
France, Germany, Italy, Japan, the Netherlands, Sweden, the UK and the US. For more detailed informa-
tion on the data see also the descriptive statistics in Tables 10 and 11. We now turn to the econometric

specification of the estimated equation.

In Section 2 we have shown that labor market institutions matter for wage differentials, especially if
labor markets are not perfectly competitive. We now proceed to empirically investigate whether and to
what extent labor market institutions are related to the wage differential in OECD countries. The empirical

counterpart of equation (14) is the following:

log(— )it = 0o + 0103t + Y2 + sy + di +dy + €t (16)
0

Wyo
wy

where 720 is the wage differential between the 90th and 10th percentile of the gross wage distribution,
z;¢ is a vector of labour market institutions indicators, v;; is a measure of the relative unemployment rate
of the skilled, s;; is a vector of controls for trade and technology shocks, d; is a fixed country effect, d; is a
year dummy and &;; is the stochastic error term.

In our regressions the institutions included in z;; are employment protection (EP), the benefit replace-
ment ratio (BRR), a measure of benefit duration (BD), union density (UD), coordination in wage bargaining
(CO), the tax wedge (TW) and the minimum wage (MW).

In order to get efficient estimates we adopt a feasible fixed effect GLS estimator, with a variance-covariance

matrix that incorporates heteroskedasticity across countries (see Nunziata, 2002, for further discussion of

the methodology).’

4 Estimation results

We present the estimation results in Tables 3-6 that are all displayed at the end of the paper. Our estimations
show that institutions are strongly associated with wage inequality using both specifications in levels and in
first differences. Tables 3-5 display results for the specification in levels whereas Table 6 contains results for
the specification in first differences. The regressions in first differences are insightful because our technology
measure, R&D intensity, is a better indicator of the change in technology rather than the stock. Table 3
presents the baseline model which is augmented for interactions between institutions in Table 4. In Table

5 we use the intensity of non-OECD imports only. This decreases our sample size since such data are only

9In an alternative specification we allow for serial correlation of the errors within countries. We find some evidence for an
first-order autoregressive error structure with a common p below 0.4. Since the estimated coefficients turned out to be almost
identical, throughout the paper we present the estimations results which do not correct for serial autocorrelation of the errors
within countries given that our sample is limited in the time series dimension.
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available from the 80s onwards. However, this measure relates better to the literature on the effects of trade
between developed and developing countries on the wage differential. Finally, in Tables 7 to 9 we present
simulations that illustrate quantitatively how changes in institutions are related to wage differentials.

Table 3 displays the results for various regressions. Employment protection, the benefit replacement rate
and duration, union density and the minimum wage are found significant across alternative specifications.
The negative sign of the coefficients suggests that these policies are more important for unskilled than skilled
workers. Columns (1)-(4) contain estimation results for the 90-10 differential whereas columns (5) and
(6) report the results of the preferred specification for the 90-50 and 50-10 wage differential, respectively.
The standard errors used for the z-statistics reported in brackets below the coefficient estimates allow for
heteroskedasticity across countries. At the bottom of the Table we report two measures of fit: the root mean-
squared error (RMSE) of the model allowing for heteroskedasticity and the R2-statistic of the corresponding
OLS fixed-effect model. Both statistics reveal a high fit of the model specification. Comparing column (3)
and (4), we observe that our measures of institutions, trade and technology alone (column (3)) explain more
of the variation in terms of RMSE than just year and country dummies (column (4)).

Columns (1)-(4) contain results for the 90-10 wage differential. Our preferred specification in column (1)
includes time and country dummies as well as measures of trade, technology, the relative unemployment ratio
and the institutional indicators. Comparing the results of column (1) with the results of column (4) which
only includes time and country dummies, we observe that the additional regressors in the model substantially
increase the fit. The RMSE changes from 0.084 to 0.038 and the R2 from 0.935 to 0.970. Adding measures
of trade, technology and relative unemployment to the regression in column (4) changes the RMSE to 0.077
and the R2 to 0.950 (results not reported in the Table). These numbers imply that institutions can explain
a large part of the remaining variation in column (4).

In column (1) the regressors on institutions and trade are highly significant. This is not the case for
the R&D intensity which is not significant and has a negative coefficient. In particular, the 90-10 wage
differential is more compressed if employment protection legislation is stricter, or unemployment benefits,
union density or minimum wages are higher. Union coordination is also negatively associated with the wage
differential but not significant. Also the tax wedge has no significant effect. Moreover, the wage differential is
positively associated with import intensity but the opposite is the case for R&D intensity. This suggests that
R&D expenditure is not a good proxy for the stock of technology, being both an input and a flow variable.
The effect of the stock of technology on the wage differential is likely to be captured at least partly by the
country and time dummies in our regression. Indeed, R&D should be much more relevant in explaining
changes in the wage differential rather than the level. As we will see below this is indeed the case in the
regression on changes of the wage differential. Finally, our proxy for the relative unemployment rate of the
skilled enters with negative sign as our model would suggest.

Our main results are robust to dropping year dummies and by and large also if we drop country dummies

14



as reported in columns (2) and (3), respectively. Without year dummies the tax wedge becomes positively
significant, the negative coefficient and significance of union coordination increases and the relative un-
employment rate is no longer significant. Without country dummies instead minimum wages become less
significant whereas the coefficients of the tax wedge, the relative unemployment rate and replacement rates
become positive, and significantly so for the former two variables.

The results for the 90-50 and 50-10 wage differentials reported in the Table help us to disaggregate
the effect of institutions on the entire wage distribution. It turns out that the coefficients of employment
protection, replacement rates and minimum wages are quantitatively similar for the upper and lower part of
the wage distribution. This finding is puzzling for the minimum wage and might be driven by imperfections
of the measure discussed in the previous section. However, the coefficient of the minimum wage is more
intuitive in the regressions below using differences of the wage differential.

Instead, union coordination and benefit duration are only significant for compression of the lower part of
the distribution (50-10) while union density is relatively more important for the upper part of the distribution
(90-50). In addition, import intensity is significantly positively associated only with the wage differential in
the lower part of the distribution.

The models in Table 4 include a set of interactions between labour market institutions. They account
both for some complementarity in institutions and possible heterogeneity in the institutional coefficients.'”
For example, labor taxes increase real wages more if unions are strong and decentralized where the interaction
between these institution is likely to be non-linear (see Daveri and Tabellini, 2000, and Alesina and Perotti,
1997). Moreover, employment protection has relatively more bite if wages are rigid downward because of
minimum wages (see Lazear, 1990, or Bertola and Rogerson, 1997). Finally, the generosity of unemployment
benefits matters more the longer such benefits are provided (see, for example, Nickell et al., 2004). We expect
the latter two policy interactions to compress the wage differential since they are likely to affect unskilled
workers more strongly. The effect of the interaction between union density and coordination instead is less
clear since it is predicted to be non-linear.

The variables on institutions enter in each interaction as deviations from the world average. In this way
the coefficient of each institution in levels can be read as the coefficient of the “average” country, i.e. the
country characterized by the average level of that specific institutional indicator. For this average country,
the interaction terms are zero. We experimented with various interactions but only the interactions between
union bargaining variables (UDCO), employment protection and minimum wages (EPMW) and benefit
variables (BRRBD) turned out to be significant.

Our results are robust to the introduction of the interactions. All three interactions are significant when

introduced one at a time as can be seen in Table 4, columns (1)-(3). The interactions EPMW and BRRBD

10These specifications are in the spirit of Belot and van Ours (2001) who analyze the effect of institution interactions on
unemployment.
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have a negative sign which suggests that the interactions are more important for unskilled workers. In
column (4) we include all three interactions at the same time and only the interaction between bargaining
variables (UDCQO) and benefit variables (BRRBD) remain significant. This is also true for the models using
the 90-50 and the 50-10 wage differential in columns (5) and (6).

We check robustness of the results further dropping one country at a time. We find that only in one
case do coefficients change substantially: the exclusion of Finland reduces the importance of union density.
As the descriptive statistics in Table 11 show, one difference between Finland and most other countries in
the sample is that union density has increased in Finland since the 1970s. Our results are robust to adding
the relative skill endowment and the unemployment rate as regressors. We prefer the current specification
since the relative unemployment rate might be considered less endogenous. However, if one worries about
endogeneity, it is interesting to note that our results are robust to the exclusion of the variables luratio,
rdint or impint. This is not so surprising since rdint or impint are likely to respond slowly to changes
in the wage structure. Thus, it is not implausible to assume them to be predetermined (see also Machin
and van Reenen, 1998). Finally, our results are qualitatively robust to the exclusion of the minimum wage
variable that is identified by only six countries in which it changes over time. The sign and significance of
the coeflicients on EP, BRR, BD and UD are not affected by the removal of the minimum wage from the

regression.

So far we have not distinguished trade between developed countries and trade between developed and
developing countries. Whereas inter-industry trade increases the wage differential if forces a la Stolper-
Samuelson are at work, the predictions for intra-industry trade between developed countries are much less
clear-cut. Hence, we rerun the regressions using the import-intensity of trade with non-OECD countries.
The disadvantage of using this variable is that this import intensity is only available from the 80s onwards
so that the sample size decreases.

The results are displayed in Table 5. As before, the positive correlation of the 90-10 wage differential with
the non-OECD import intensity is mostly associated with a widening of the bottom part of the distribution,
the 50-10 wage differential. However, the coefficient of the non-OECD import intensity is larger than the
coeflicient for the total import intensity in the previous tables. This supports the view that trade with less
developed countries is more strongly associated with the wage distribution, especially at the bottom. The
sign of the coefficients of the R&D intensity and institutions remain by and large similar in this specification

but the significance of some of the coefficient estimates decreases.

We now move on to discuss the effect of trade, technology and institutions in a regression using changes of
the wage differential as dependent variable. This is particularly interesting because our technology measure,

R&D intensity, is a flow and not a stock and thus should be a better predictor of the change than the level
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of the wage differential.

Table 6 displays the results. Note that we have substantially less observations since we average the data
over 3-year intervals to mitigate problems of measurement error. Comfortingly, the R&D intensity performs
better in these regressions than in level regressions. The R&D intensity is positively correlated with the
wage differential and significantly so with the 90-10 and 50-10 wage differential. The same holds for changes
in the import intensity. Concerning the institutions, an increase in benefit duration, union density or the
minimum wage significantly decreases the 90-10 and 50-10 wage differential.

We now illustrate further how different institutional environments are associated with the wage dif-
ferential. The simulations should be interpreted with care because, as mentioned above, measurement of
institutions is imperfect. For example, union density is an imperfect measure of union power since we cannot
control for changes of union coverage within countries. Furthermore, minimum wages are only one possibility

to truncate the wage distribution from below.

4.1 Simulations

Table 7 presents three sets of simulations based on the coefficient estimates in column (1), Table 3, and the
model with interactions column (4), Table 4. The first set of simulations calculates the percentage increase
in the 90-10 differential correlated with one standard-deviation reduction in rigidity for each institutional
dimension. This corresponds to a one standard-deviation reduction in each indicator (the standard deviations
are shown in Table 2). A reduction of employment protection by one standard deviation turns out to be
most important, being associated with a 19-20% higher wage differential. Reducing the generosity of the
unemployment benefit system in terms of size or duration by one standard deviation is associated with
a 3%-7% and a 4%-5% higher wage differential, depending on whether the interactions of institutions are
included. Finally, a reduction of one standard deviation of union density or the minimum wage is associated
with an increase of the wage differential of 7%-9% and 6%, respectively.

The second set of simulations in Table 7 shows the percentage increase in the 90-10 differential correlated
with a change from the most rigid to the most flexible regulation in each institutional dimension. The values
of the institutional indicators are shown in Table 10 and 11 in the Appendix. According to the coefficient
estimates of column (1) in Table 3, a change from the most rigid employment protection legislation (Italy) to
the most flexible one (US) is associated with an increase of the 90-10 differential of 60%. The implied change
in the 90-10 differential changes little if we use the coefficients of the model with interactions (column (4),
Table 4) and we consider the change for a country with a low value of the minimum wage and a high value of
the minimum wage. The same exercise can be done for the benefit replacement rate, union density and the
minimum wage. The interactions play an important role for the size of the correlation of some indicators.
For example, the positive correlation of lower union density and the wage differential is more than offset if

bargaining coordination is higher. The role of unemployment benefits is much more important when the
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duration is longer. In both cases these results consistent with the literature on institutional interactions
discussed above.

The third set of simulations in Table 7 shows the impact of the time effects for the specification with
and without institution interactions. The time dummies capture the unobservable components common to
all countries such as common supply and demand shocks. The numbers are obtained subtracting the value
of the time dummy in the last year minus the dummy in the first year of the sample. In both cases the time
effects are positively associated with the wage differential. The time effects are more important in the initial
part of the sample 1973-1983 and much less important in the model with institution interactions. This is
not surprising: the specification with interactions outperforms the baseline model in column (1), Table 3,
so that a smaller part of the variation in the wage differential is accounted for by unobservable common

components.

In Table 8 we simulate the correlation of the 90-10 differential predicted by our models if regulations
were changed towards US levels in each country. The numbers are obtained using the coeflicients estimates
of column (1), Table 3, and of column (4), Table 4 and the average values of employment protection, benefit
replacement ratios, benefit duration, union density and minimum wages for each country.!' Table 8 displays
sizable positive correlations of the wage differential: an increase between 14% and 67% for the baseline
model and 28% and 87% in the specification with institution interactions. For example, the simulations
based on the specification with institution interactions imply the largest correlation for the Netherlands,
with an almost twice as large wage differential. This is because the Netherlands have more rigid institutions
than the US for all five institutional measures. Instead, for example, France has a lower union density, and
Germany, Italy and Sweden have no official minimum wage. Not surprisingly, Anglo-Saxon countries have
the smallest positive correlations since their institutional environment is more similar to the US.

Finally, in Table 9 we compute the percentage change in the 90-10 log wage differential associated with
changes in institutions from 1973 to 1999. We predict wage inequality using the coefficient estimates of
column (1), Table 3, and of column (4), Table 4. We compare the fitted values holding institutions constant
at the initial level with the fitted values obtained with time-varying institutions. The values in the table
show the percentage difference between the two fitted series. The changes in institutions are associated with
country-specific evolutions of wage inequality. Had institutions not changed since the 1970s, the 90-10 wage
differential in France, for example, would be 14% higher than the actual value in the 1990s. We decompose
this percentage change further, holding constant one institution at a time. We find that holding employment
protection constant at the level in the 1970s is associated with 12% higher wage inequality in France in the
1990s. Moreover, the increase in the minimum wage accounts for a 2% lower wage inequality in the 1990s

while the decrease of union density alone contributes to 4% of higher wage inequality.

IWe consider only the institutions which are significant in the regressions in column (1), Table 3, and column (4), Table 4.
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Similarly, had institutions remained the same as in the 1970s in Sweden, wage inequality would be 30%
higher than the actual value in the 1990s. This is mainly associated with the increase in union density and
in the benefit replacement ratio. The increase in union density alone accounts for a 8% lower wage inequality
while the increase in the benefit replacement ratio contributes to 10% of lower wage inequality. In the US
and the UK, instead, the decline in union density and in the minimum wage (US only), are associated with
a higher wage inequality over time. Had all institutions stayed the same as in 1970s, wage inequality would
be 4% lower in the 1990s in both the US and the UK. The decline in union density alone contributed to 3%
of the increase of wage inequality in the US and to 5% of higher wage inequality in the UK. The decline in

the minimum wage accounts for a 1% higher wage inequality in the US.

5 Conclusion

We have shown in a simple model of bilateral monopoly how labor market institutions affect labor demand,
the surplus of firms and workers and thus the wage differential. Since institutions tend to affect unskilled more
than skilled workers, they are associated with more compressed wage differentials. We find in particular that
employment protection, unemployment benefit generosity and duration, union density and minimum wages
are negatively correlated with the skill wage differential. The variation of the wage differential explained by
institutions is at least as high as the amount explained by our trade and technology measures.

Of course, further research needs to elaborate on these findings in various dimensions. Since aggregate
policies have different effects at the micro level (for example across industries), our aggregate perspective is
clearly limited (see, for example, Heckman and Pages, 2003, for a comparison between the macro and micro
estimates of the effect of institutions). Although the robustness of the insights of our broad perspective are
confirmed by existing studies on the wage differential and some of the institutions at the micro level, further
research is needed to be confident about the results especially for the institutions for which no such studies
seem to be available: employment protection, unemployment benefits and the tax wedge.

Since in our estimations we can only provide a variance decomposition, it would be desirable in future
research to explore the causal links between institutions and the wage differential. In particular, in such
empirical analyses based on long time periods as our sample, institutions cannot be considered as fully
exogenous. Deunionization or minimum wages might be at least partly endogenous to changes in trade and
technology. Thus, the correlations of institutional changes and changes in the wage differential might very
well be smaller if we were able to control for the endogeneity of institutions (see Acemoglu et al., 2001, on

the interaction between technology and deunionization).
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Appendix A: Data Sources

In this paper we have used data from the following sources:

Log wage differential (e.g. [p9010m): the OECD provides data on male wage dispersion. The measures
for wage dispersion are the 90-10, the 90-50 and the 50-10 log differential of gross wages. We focus on male
wage inequality since European countries have very different female labor force participation rates which
might be related to the institutions we are looking at. Thus, including females would add important sample
selection issues.

Relative unemployment rate (luratio): data on unemployment disaggregated by skill are not available
for all countries and time periods on a comparable basis. The data on the relative unemployment rate of the
skilled compared with the unskilled are obtained using the national aggregate series on unemployment rate
provided by the OECD and the national series of educational attainment provided by Angel de la Fuente
and Rafael Domenech at http://iei.uv.es/ “domenech. We multiply the aggregate unemployment rate with
the relative skill endowment. The relative skill endowment is the ratio of the population with some college
over the rest of the population.

Import intensity (impint, nonOECDimp) and R&D intensity (rdint): the OECD STAN database
provides information imports, R&D and value added in the manufacturing sector from 1973-2000. The
Bilateral Trade Database provides data on imports from non OECD countries from 1980 onwards. Using
these data we can build our proxies for trade and technology using data on total manufacturing for imports,
R&D and value added for all countries.

The data on institutions are the employment protection index, the size and duration of unemployment
benefits, minimum wages, union density and coordination and tax wedges. We now present these data in
some detail:

Employment Protection (EP): Blanchard and Wolfers (2000) provide a time-varying employment
protection indicator for the time period 1960-95, with one observation every 5 years. This series is built
chaining OECD data with data from Lazear (1990). Notice that the OECD data, used from 1985 onwards, is
constructed on the basis of a more extensive collection of employment protection dimensions compared with
data used by Lazear. Our data set includes an interpolation of the Blanchard and Wolfers series, readjusted
in the mean with range {0,2} increasing with strictness of employment protection.

Net Union Density (UD): for non-European countries this variable is constructed as the ratio of
total reported union members (gross minus retired and unemployed members), as reported in Visser (1996),
over the number of wage and salaried employees, reported in Huber et al. (1997). The data are updated
respectively using data from the Bureau of Labor Statistics (United States: 1994 and 1995), the ILO (1997)
(Australia: 1995; New Zealand: 1994 and 1995; Canada: 1994 and 1995) and the Basic Survey on Labour
Unions by the Japan Ministry of Health, Labour and Welfare (Japan: 1995).

The data for European countries except Sweden are reported in Ebbinghaus and Visser (2000) using the
same criteria. Concerning Sweden, Ebbinghaus and Visser provide data on the gross density only. Therefore
we use the same sources that we use for non-European countries, updating the series using the growth rate
of gross density in 1995.

Bargaining Coordination (CO): this is an index with range {1,3} constructed as an interpolation
of OECD data on bargaining coordination. It is increasing in the degree of coordination in the bargaining
process on the employers’ as well as on the unions’ side. The resulting series were matched with the data
reported in Belot and van Ours (2004).

Benefit Replacement Ratio (BRR): the data is provided by the OECD with one observation every
two years for each country in the sample. The data refer to the first year of unemployment benefits, averaged
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over family types of recipients, since in many countries benefits depend on family composition. The benefits
are measured as a proportion of average earnings before tax.

Benefit Duration (BD): we constructed this index as a weighted average BD = aBRR>/BRR;
+(1 — &)BRRy/BRR; , where BRR; is the unemployment benefit replacement rate received during the
first year of unemployment, BRRy is the replacement rate received during the second and third year of
unemployment and BRR, is the replacement rate received during the fourth and fifth year of unemployment.
Note that we give more weight to the first ratio than to the second («a = 0.6).

Tax Wedge (TW): the tax wedge is equal to the sum of the employment tax rate, the direct tax rate and
the indirect tax rate: TW = t1+1¢2+¢3. The employment tax rate t1 is calculated as t1 = EC/ (IE — EC),
where EC' denotes the employers’ total contributions and IE denotes wages, salaries and social security
contributions. The direct tax rate is defined as t2 = DT/HCR where DT is the amount of direct taxes and
HCR is the amount of households’ current receipts. The indirect tax rate is defined as t3 = (T'X — SB) /CC
where T'X are total indirect taxes, SB subsidies, and C'C private final expenditures. All data come from
London School of Economics CEP - OECD data base, updated using the same criteria.

Minimum Wage (MINW): this is the ratio of the statutory minimum wage to the median wage in
each country. It is provided by the OECD.

Appendix B: Proofs of Remark 1-3
Proof of Remark 1:

The ratio of equations (7) and (8) within the same sector implies that
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Equation (A2) implies that
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It follows from our assumption ¥; < 9, that o1 < o3 .
The ratio of equations (7) and (8) across sectors implies that
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Using equation (A3) we get
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Equating the right-hand side of equation (A4) with the right-hand side of equation (A1) and rearranging we get
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Plugging this back into equation (A4) we find
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Multiplying by (1 + 75)/(1 + 7;) taking logs and noting that In(1 + x) ~ z for small , we get the expression in
Remark 1.1

Proof of Remark 2:
Step 1: Derive € /¢;.
Using equations (3) and (10) we find that
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Step 2: Derive the wage differential.
Plugging €5, /e; and (12) into (11) and rearranging, we get

wp _11+Tl—rsll+7'h+>\shl—plr—i—)\u;l ¢1+Z—fg—f%¢2
wy Ltm+Asi1+7p—rsp L—ppr+ Ay ' (1—9p) + 22282 (1 —yy)

Multiplying by (1 + 75)/(1 4+ 7), takings logs and using again that In(1 4+ x) ~ z for small z, we get the ex-
pression for the log wage differential in Remark 2. It is straightforward to show that 0w (-) /0 (az/a1) > 0 and
om (+) /0 (p2/p1) > 0 if 1y > 1, as we have assumed.Hll

Proof of Remark 3:
Equation (15) implies that the expression for &5, /¢; changes to
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It immediately follows that the additional term in the wage differential is
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where the wage differential is compressed if
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Using the definition of uy, and du,/0k = —k ~, k = h,l, m;, = —1 for Cobb-Douglas technology and rearranging,
we get the inequality in Remark 3.1
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Nobs Mean Std.Deviation Min Max

Wage differential: w90/w10 | 175 2.988 0.672 2.020 4.752
Unemployment rate 175 6.647 3.293 1.300 16.800

Skill ratio | 175 0.304 0.210 0.059 1.126

Unemp.rate * Skill Ratio 175 2.110 1.880 0.146  9.672
Employment protection indicator 175 0.963 0.611 0.100  2.000
Benefit replacement ratio 175 0.414 0.196 0.010 0.821
Benefit duration 175 0.349 0.302 0.000 1.023

Tax wedge 175 0.518 0.144 0.243 0.831

Union coordination indicator 175 1.922 0.698 1.000  3.000
Net union density | 175 0.397 0.224 0.099  0.886

Minimum wage indicator 175 0.221 0.237 0.000 0.646
R&D intensity | 175 0.061 0.030 0.010 0.133

Import intensity 175 0.071 0.039 0.012 0.217

Notes: For the definition and data sources of the variables see the data appendix.

Table 2: Summary statistics
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(1) (2) (3) (4) (5) (6)

1p9010m  1p9010m  1p9010m 1p9010m 1p9050m  I1p5010m

luratio -0.048 0.006 0.036 -0.008 -0.039
(3.35) (0.74) (5.93) (1.11) (4.50)

EP -0.326 -0.267 -0.210 -0.161 -0.157

(7.94) (6.59) (8.65) (6.81) (7.20)

BRR -0.172 -0.124 0.088 -0.079 -0.068
(2.64) (2.12) (1.40) (2.27) (1.74)

BD -0.146 -0.249 -0.125 -0.040 -0.116
(2.04) (4.15) (5.22) (1.05) (2.67)

T™W -0.021 0.380 0.304 0.008 -0.027
(0.22) (6.61) (4.44) (0.17) (0.41)

co -0.019 -0.054 -0.022 0.012 -0.038
(0.61) (1.82) (1.20) (0.69) (2.11)

UD -0.394 -0.859 -0.581 -0.315 -0.127

(3.47) (12.86) (10.56) (5.14) (1.81)

MW -0.274 -0.328 0.017 -0.147 -0.120
(5.38) (4.80) (0.31) (5.69) (3.26)

rdint -0.547 -0.175 -0.384 -0.568 0.132
(1.47) (0.60) (2.02) (2.76) (0.58)

immpint 1.792 2.327 -0.321 0.445 1.248
(3.80) (5.95) (1.28) (1.86) (4.08)

Obs. 175 175 175 175 175 175
Countries 11 11 11 11 11 11
RMSE 0.0379 0.0408 0.0669 0.0836 0.0206 0.0241
R2 0.9700 0.9644 0.9078 0.9354 0.9566 0.9738
Country dummies Yes Yes No Yes Yes Yes
Year dummies Yes No No Yes Yes Yes

Notes: The dependent variables are the 90-10, the 90-50 and the 50-10 log differential of gross male wages.
The estimation method includes fixed effects and corrects for country heteroskedasticity. The variables are
union density (UD), benefit replacement ratio (BRR), employment tax rate (TW), minimum wage (MW),
the relative unemployment rate of the skilled versus the unskilled (luratio) and the trade and technology
shocks (impint and rdint) are proportions (range 0-1). Employment protection (EP) and co-ordination (CO)
are indices (ranges 0-2, 1-3 respectively). Absolute value of z statistics in parentheses.

Table 3: Baseline models
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0 ©) ©) 0 ) ©)
1p9010m  1p9010m  1p9010m 1p9010m 1p9050m  1p5010m

luratio -0.037  -0.029 -0.031 -0.013 0.004  -0.017
(2.76) (2.08) (2.38) (1.15) (0.57) (2.32)

EP -0.430 -0.348 -0.280 -0.322 -0.161 -0.173
(10.17) (9.09) (7.74) (8.98) (7.53) (7.30)

BRR -0.210 -0.251 -0.327  -0.439 -0.196 -0.219
(3.37) (4.23) (5.28) (8.13) (5.92) (5.97)

BD -0.114  -0.061 -0.303  -0.200 -0.035 -0.152
(1.74) (0.89) (4.45) (3.33) (1.02) (3.79)

TW 0.080 0.031 0.069 0.122 0.031 0.091
(0.78) (0.37) (0.74) (1.66) (0.78) (1.65)

co -0.003 0.008 -0.007 0.035 0.042 -0.017
(0.10) (0.29) (0.27) (1.44) (2.72) (1.14)

UD -0.486 -0.179 -0.452 -0.244 -0.217 -0.116
(4.43) (1.70) (4.29) (2.62) (3.88) (1.90)

MW -0.665 -0.217  -0.248  -0.223  -0.144  -0.090
(7.11) (4.31) (4.89) (2.44) (2.94) (1.39)

EPMW  -0.731 -0.077  -0.065 -0.076
(5.04) (0.59)  (0.84)  (0.89)

UDCO 0.603 0.636  0.294  0.318
(6.65) (7.73)  (5.97)  (5.99)

BRRBD -0.871 -0.884 -0.364  -0.517

(7.35) (7.55) (5.18) (6.41)

rdint 0.013 0.077 0.333 1.137 0.149 1.149

(0.04) (0.22) (0.94) (3.65) (0.75) (5.54)

impint 2.275 0.587 2.497 1.365 0.128 1.284

(4.56) (1.24) (5.21) (3.02) (0.56) (4.32)

Obs. 175 175 175 175 175 175
Countries 11 11 11 11 11 11
RMSE 0.0363 0.0362 0.0350 0.0319 0.0182 0.0222

R2 0.9728 0.9731 0.9749 0.9792 0.9666 0.9791

Country dummies Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes

Notes: The dependent variables are the 90-10, the 90-50 and the 50-10 log differential of gross male wages.
The estimation method includes fixed effects and corrects for country heteroskedasticity. The variables are
union density (UD), benefit replacement ratio (BRR), employment tax rate (TW), minimum wage (MW),
the relative unemployment rate of the skilled versus the unskilled (luratio) and the trade and technology
shocks (impint and rdint) are proportions (range 0-1). Employment protection (EP) and co-ordination (CO)
are indices (ranges 0-2, 1-3 respectively). When interactions are included, the variables are set as deviations
from the mean, so the interactions take the value zero at the sample mean. Absolute value of z statistics in
parentheses.

Table 4: Baseline models with interactions

28



M @) ®
1p9010m  1p9050m  1p5010m

luratio -0.018 -0.004 -0.011

(1.42) (0.47) (1.46)

EP -0.265 -0.183 -0.087

(5.81) (6.64) (3.14)

BR -0.283 -0.132 -0.159

(3.90) (2.89) (4.14)

BD -0.084 -0.032 -0.072

(1.37) (0.85) (2.03)

T™W 0.019 0.019 0.004

(0.24) (0.43) (0.07)

co 0.021 0.042 -0.011

(0.78) (2.38) (0.81)

UD -0.118 -0.283 0.145

(0.95) (3.72) (2.07)

MW -0.012 -0.071 0.016

(0.13) (1.30) (0.32)

EPMW 0.268 0.058 0.118

(1.81) (0.65) (1.36)

UDCO 0.510 0.237 0.229

(4.43) (3.22) (3.65)

BRRBD -0.580 -0.200 -0.366
(3.74) (2.16) (3.83)

rdint 0.227 0.355 -0.251

(0.44) (1.11) (0.89)

nonOECDimp 4.339 1.433 3.068
(3.23) (1.68) (4.27)

Obs. 142 142 142
Countries 11 11 11
RMSE 0.0317 0.0190 0.0190

R2 0.9816 0.9647 0.9858

Country dummies Yes Yes Yes
Year dummies Yes Yes Yes

Notes: The dependent variables are the 90-10, the 90-50 and the 50-10 log differential of gross male wages.
The estimation method includes fixed effects and corrects for country heteroskedasticity. The variables are
union density (UD), benefit replacement ratio (BRR), employment tax rate (TW), minimum wage (MW), the
relative unemployment rate of the skilled versus the unskilled (luratio) and the trade and technology shocks
(nonOECDimp and rdint) are proportions (range 0-1). Employment protection (EP) and co-ordination (CO)
are indices (ranges 0-2, 1-3 respectively). Absolute value of z statistics in parentheses.

Table 5: Models with non-OECD imports variable
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(1) (2) (3) (4) (5) (6) (7)

dlp9010m  dlp9010m dlp9010m dIp9010m dlp9010m dlp9050m dlp5010m

Dluratio -0.006 0.012 -0.010 -0.005 0.009 -0.014
(0.43) (1.30) (0.61) (0.38) (1.17) (1.37)

DEP -0.045 0.008 -0.139 -0.123 -0.010 -0.033
(0.96) (0.17) (2.49) (2.57) (0.35) (1.12)

DBRR -0.142 -0.202 -0.055 -0.070 -0.152 0.009
(1.80) (2.50) (0.60) (0.79) (3.01) (0.15)

DBD -0.187 -0.195 -0.144 -0.118 -0.057 -0.109
(2.71) (2.54) (1.39) (1.15) (1.22) (1.93)

DTW 0.119 0.249 -0.033 0.189 -0.019 0.053
(1.27) (2.40) (0.28) (1.57) (0.30) (0.52)

DCO 0.002 0.038 0.050 0.021 -0.002 0.006
(0.05) (0.87) (0.87) (0.39) (0.07) (0.19)

DUD -0.980 -1.149 -0.617 -0.745 -0.210 -0.688
(4.54) (5.95) (3.59) (4.31) (1.47) (3.87)

DMW -0.087 -0.108 -0.096 -0.103 -0.027 -0.086
(1.96) (2.27) (1.79) (1.74) (0.95) (3.87)

rdint 1.173 1.083 0.368 0.350 0.149 1.001
(3.69) (3.94) (3.22) (2.60) (0.77) (4.48)

Dimpint 1.093 0.406 1.149 0.574 0.255 0.715
(2.81) (1.38) (2.28) (0.99) (0.81) (1.70)

Obs. 60 60 60 60 60 60 60
Countries 11 11 11 11 11 11 11
RMSE 0.0252 0.0243 0.0324 0.0317 0.0384 0.0170 0.0178
R2 0.5652 0.5608 0.2541 0.2617 0.3228 0.3707 0.9617

Ctry dum. Yes Yes No No Yes Yes Yes
Year dum. Yes No Yes No Yes Yes Yes

Notes: The dependent variables are the difference in the 90-10, the 90-50 and the 50-10 log differential of
gross male wages. The estimation method includes fixed effects and corrects for country heteroskedasticity.
The variables are the difference in union density (DUD), benefit replacement ratio (DBRR), employment
tax rate (DTW), minimum wage (DMW), the relative unemployment rate of the skilled versus the unskilled
(Dluratio) and the trade and technology shocks (Dimpint and rdint). Employment protection (EP) and
co-ordination (CO) are indices (ranges 0-2, 1-3 respectively). Absolute value of z statistics in parentheses.

Table 6: Baseline models in differences

30




Percentage change of g—?gz

One standard-deviation reduction in rigidity

EP BRR BD UD MW
Baseline 0.20 0.03 0.04 0.09 0.06
Interactions 0.19 0.07 0.05 0.07 0.06

Change from most rigid to most flexible institutional regulation

EP BRR
Baseline 0.59 0.09
X Mwmin X Mwmean X Mwmax X BDmin X BDmean X BDmax
Interactions 0.49 0.55 0.67 0.02 0.23 0.52
UD MW
Baseline 0.25 0.16
X COmin X Comean X COmax X EPmin X EPmean X EPmax
Interactions 0.57 0.19 -0.19 0.07 0.16 0.24

Time effects

97-73 83-73
Baseline 0.22 0.17
Interactions 0.15 0.09

Notes: The simulations for the baseline model use the significant coefficients of the estimation in Table 3,
column (1), and the model with interactions uses the coefficients in column (4), Table 4.

Table 7: Simulations of baseline model and with interactions I

Percentage change of 72¢ if change in institutions to US levels

al ca fn fr ge it ja nl sw uk
Baseline 0.33 0.19 0.52 050 0.50 0.52 0.40 0.61 0.67 0.14
Interactions 0.36 0.29 0.61 0.69 0.68 0.65 0.64 0.87 0.62 0.28

Notes: The countries are Australia (al), Canada (ca), Finland (fn), France (fr), Germany (ge), Italy (it),
Japan (ja), the Netherlands (nl), Sweden (sw), United Kingdom (uk). The first row uses the significant
coefficients of the estimation in Table 3, column (1), and the second row is based on Table 4, column (4).

Table 8: Simulations of baseline model and with interactions II
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Percentage change of 722 associated with changes in institutions 1973-1999

al ca fn fr ge it ja nl sw  uk us
Baseline -0.06 -0.01 -0.13 -0.14 0.12 0.10 -0.03 0.15 —-0.30 0.04 0.04
Interactions -0.08 -0.02 -0.15 -0.20 0.08 0.19 -0.10 0.11 -0.32 0.13 0.08

Notes: The values for Australia refer to the period 1973-1985, for Germany 1991-1999. For Italy and the
Netherlands the values from 1973-1985 are imputed. The countries are Australia (al), Canada (ca), Finland
(fn), France (fr), Germany (ge), Italy (it), Japan (ja), the Netherlands (nl), Sweden (sw), United Kingdom
(uk), United States (us). The first row uses the significant coefficients of the estimation in Table 3, column
(1), and the second row is based on Table 4, column (4).

Table 9: Simulations of baseline model and with interactions III
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Wage differential: w90/w10

Australia
Canada
Finland

France
Germany
Italy

Japan
Netherlands
Sweden

UK

USs

Australia
Canada
Finland

France
Germany
Italy

Japan
Netherlands
Sweden

UK

Us

Australia
Canada
Finland

France
Germany
Ttaly

Japan
Netherlands
Sweden

UK

USs

1970s
2.551
3.224
2.530
3.467

2.564

2.110

2.566
3.488

Unemployment rate

1970s
5.500
5.500
5.800
4.880

2.040

1.550
4.771
6.414

1970s
0.350
0.361
0.157
0.174

0.149

0.126

0.100
0.379

1980s
2.755
3.771
2.545
3.385

2.222
2.740
2.324
2.096
2.949
4.049

1980s
7.633
8.233
4.667
9.020

7.750
2.490
10.600
2.130
9.970
7.160

1990s

3.878
2.463
3.368
2.562
2.394
2.782
2.605
2.209
3.344
4.627

1990s

10.300
12.325
11.100
6.071
8.400
2.878
6.825
6.283
8.478
5.922

Skill ratio

1980s
0.412
0.675
0.218
0.233

0.062
0.213
0.152
0.202
0.133
0.546

1990s

0.836
0.293
0.315
0.253
0.078
0.315
0.227
0.287
0.184
0.867

Australia
Canada
Finland

France
Germany
Italy

Japan
Netherlands
Sweden

UK

Us

Australia
Canada
Finland

France
Germany
Italy

Japan
Netherlands
Sweden

UK

Us

Australia
Canada
Finland

France
Germany
Italy

Japan
Netherlands
Sweden

UK

USs

1970s
0.013
0.014
0.023
0.048

0.013

0.069

0.109
0.064

R&D intensity

1980s
0.013
0.023
0.037
0.055

0.038
0.027
0.051
0.093
0.105
0.088

1990s

0.028
0.056
0.073
0.064
0.037
0.044
0.055
0.107
0.086
0.085

Import intensity

1970s
0.056
0.080
0.075
0.049

0.014

0.086

0.064
0.022

1980s
0.068
0.110
0.083
0.070

0.057
0.016
0.210
0.105
0.086
0.035

1990s

0.132
0.088
0.091
0.074
0.065
0.020
0.205
0.110
0.103
0.049

Minimum wage indicator

1970s
0.000
0.510
0.000
0.583

0.289

0.000

0.000
0.449

Table 10: Descriptive statistics for the data I
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1980s
0.108
0.404
0.000
0.624

0.000
0.307
0.572
0.000
0.000
0.401

1990s

0.406
0.000
0.608
0.000
0.000
0.300
0.496
0.000
0.000
0.372



Employment protection indicator

1970s

Australia 0.500

Canada 0.300

Finland 1.200

France 1.262
Germany
Italy

Japan 1.400
Netherlands

Sweden 1.560

UK 0.332

Us 0.100

1980s
0.500
0.300
1.193
1.308

1.985
1.400
1.350
1.782
0.350
0.100

1990s

0.300
1.108
1.453
1.453
1.804
1.400
1.253
1.470
0.350
0.100

Benefit replacement ratio

1980s
0.225
0.565
0.456
0.607

0.037
0.286
0.700
0.767
0.263
0.296

1990s

0.578
0.590
0.585
0.370
0.263
0.309
0.700
0.796
0.226
0.266

Benefit duration

1970s

Australia 0.235

Canada 0.653

Finland 0.365

France 0.562
Germany
Italy

Japan 0.300
Netherlands

Sweden 0.644

UK 0.341

USs 0.278

1970s

Australia 1.020

Canada 0.178

Finland 0.712

France 0.174
Germany
Ttaly

Japan 0.000
Netherlands

Sweden 0.049

UK 0.546

USs 0.191

1980s
1.021
0.241
0.580
0.370

0.000
0.000
0.695
0.050
0.699
0.169

1990s

0.227
0.550
0.488
0.607
0.142
0.000
0.546
0.045
0.693
0.191

Australia
Canada
Finland

France
Germany
Italy

Japan
Netherlands
Sweden

UK

Us

1970s
0.370
0.426
0.578
0.605

0.262

0.701

0.455
0.424

Tax wedge

1980s
0.391
0.442
0.607
0.650

0.606
0.334
0.541
0.780
0.506
0.440

1990s

0.503
0.634
0.672
0.524
0.682
0.292
0.439
0.766
0.459
0.453

Union coordination indicator

Australia
Canada
Finland

France
Germany
Italy

Japan
Netherlands
Sweden

UK

Us

Australia
Canada
Finland

France
Germany
Italy

Japan
Netherlands
Sweden

UK

USs

1970s
2.250
1.000
2.250
1.750

3.000

2.500

1.500
1.000

1980s
2.250
1.000
2.250
1.863

1.500
3.000
2.000
2.388
1.388
1.000

Net union

1970s
0.490
0.325
0.664
0.210

0.320

0.753

0.546
0.250

Table 11: Descriptive statistics for the data IT
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1980s
0.491
0.366
0.707
0.147

0.402
0.283
0.272
0.813
0.509
0.191

1990s

1.000
2.250
2.000
3.000
2.143
3.000
2.000
2.104
1.069
1.000

density
1990s

0.365
0.779
0.101
0.291
0.388
0.239
0.244
0.859
0.381
0.152





