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Abstract

We study the possible existence of downward nominal wage rigidity (DNWR)
at rates different from zero in aggregate data. Even if DNWR prevails at zero for
individual workers, compositional effects may lead to falling aggregate wages, while
changes in relative wages combined with DNWR may lead to positive aggregate wage
growth. We explore industry data for 19 OECD countries, over the period 1971—2006.
We find evidence for floors on nominal wage growth at 6 percent in the 1970s and
1980s, at one percent in the 19gos, and at 0.5 percent in the 2000s. Furthermore,
we find that DNWR is stronger in country-years with strict employment protection

legislation, high union density, centralized wage setting and high inflation.

JEL: J3, J5, C14, C15, E31

Keywords: Wage inflation, downward nominal wage rigidity, OECD, wage setting

*Steinar Holden: Department of Economics, University of Oslo, Box 1095 Blindern, 0317 Oslo, Nor-
way. Email: steinar.holden@econ.uio.no, URL: folk.uio.no/sholden/. Holden is also affiliated with
Norges Bank, cEsifo, and the center of Equality, Social Organization, and Performance (ESOP) at
the Department of Economics at the University of Oslo. ESOP is supported by the Research Coun-
cil of Norway. Fredrik Wulfsberg: Norges Bank, Box 1179 Sentrum, oio7 Oslo, Norway. Email:
fredrik.wulfsberg@norges-bank.no, URL: www.norges-bank.no/research/wulfsberg. We are grate-
ful to Asbjgrn Rgdseth and seminar participants at Norges Bank, University of Oslo, ESOP, EEA2009,
and the grd Oslo Workshop on Monetary Policy for useful comments. We also wish to thank Tord Krogh
for excellent research assistance. Views and conclusions expressed in this paper are those of the authors
alone and cannot be attributed to Norges Bank.



After the financial crisis, several countries in the European Monetary Union are faced
with a situation with soaring unemployment, and severe problems with high wage costs
relative to the productivity level. Will they be able cut wage costs? The strong evidence
for downward nominal wage rigidity (DNWR) for job stayers in many OECD countries (see
e.g. Dickens et al. (2007), Knoppik and Beissinger (2008), and Bewley (1999)), suggest
that this may be difficult in a low inflation regime. However, in some countries we do
observe extensive wage cuts — does this mean that DNWR is not a problem?

A growing literature show that DNWR may have important implications for the
macroeconomic outcome under low inflation, including Akerlof, Dickens, and Perry (1996),
Carlsson and Westermark (2008), Kim and Ruge-Murcia (2009), Fahr and Smets (2010),
and Benigno and Ricci (2011). In this paper we consider the interaction between inflation
and DNWR. We present a theoretical model of DNWR, which we then use to derive several
novel empirical predictions for how DNWR affects the wage change distribution. We show
that DNWR affects the lower tail of the distribution of wage changes, with a greater than
proportional reduction of the large wage cuts. One implication of this is that the fraction
of counterfactual wage cuts that is prevented by DNWR is likely to be decreasing in the
rate of inflation and increasing in the rate of unemployment. Importantly, we show that
even if the wage is cut, the resulting wage will be higher than it would have been with
entirely flexible wage setting. This is in contrast to the common presumption in the lit-
erature that if the wage is cut, it will be equal to the flexible wage, even if it was subject
to rigidity prior to the cut (see e.g. Knoppik and Beissinger, 2003 and Fehr and Gotte,
2005). Thus, evidence of wage cuts is not sufficient to conclude that DNWR is without
effect on the aggregate outcome.

In the second and main part of the paper, we consider the prevalence of DNWR using
industry data for 19 OECD countries, over the period 1973—2006, consisting of more than
13,000 observations. This part extends our previous work (Holden and Wulfsberg, 2008)
in several directions. First, we explore empirically the extent of DNWR at other growth
rates than zero, both below and above zero. The motivation is partly empirical. For
example, individual DNWR at zero may be transformed to a floor below zero for aggregate
wages, e.g. because old high-wage workers are replaced by younger workers with lower

wages. There could also be mechanisms working in the opposite direction. Tobin (1972)



emphasized that sector specific shocks would induce growth in aggregate wages if DNWR
prevents wage reductions in labor markets with excess supply. However, the issue is also
important from a policy point of view, as it is crucial for how high inflation must be
to avoid binding DNWR. Second, we include data from the years 2000—2006, providing
new evidence from the Great Moderation period. More than ten years ago, Gordon
(1996) and Mankiw (1996) argued that the extent of DNWR reflected a recent history
of high inflation. Referring to the experience from the Great Depression, they claimed
that “nominal wage reductions would no longer be seen as unusual if the average nominal
wage was not growing” (Gordon, 1996, p.62). In most OECD countries we have now
experienced more than a decade of fairly low and stable inflation, and it is important to
explore whether wages are still rigid downwards.

Our study does not explore whether there is any effect of DNWR on output and
employment. Yet we argue that our study is of interest also from this angle. If there is
no sign of DNWR in industry-level wage data, one may also question whether the DNWR
found in micro data has any noticeable effect on industry output or employment. On
the other hand, if there is DNWR in industry-level wage data, rigidity prevails in spite of
varying compositional effects. In this case effects on industry output and employment also
seem more likely. To explore the existence of such effects would then seem an important
issue for future research.

To preview our results, we find evidence of floors on aggregate wage growth as high
as 56 percent in 1970s. According to our point estimates, around 40 percent of the
notional industry wage changes in the 1970s below 5 percent were pushed up above g5
percent. In the 1980s, the floors were at somewhat lower levels, yet 20 percent of all
wage changes below 4 percent were pushed up above 4 percent. In the 199os, the floors
fell down to about zero, with a fraction of notional wage cuts prevented by DNWR of
about 20 percent. In the 2000s, we find evidence of a floor in the Nordic countries at o—1
percent wage growth, and also some evidence for Southern European countries as well as
for the OECD as a whole. We find that DNWR is strongly correlated with inflation and
labor market institutions. The evidence for DNWR in the Southern European countries
is important in light of their troubled economies and weak competitive positions (see

e.g. European Commision, 2010), as these countries are part of the Euro area and thus



unable to devalue to restore competitiveness.

The paper is organized as follows. In section 1, we provide a simple bargaining
model predicting wage floors which may differ from zero percent, and discuss the link
between DNWR and aggregate wage growth. Section 2 presents the data and empirical
approach. Section 3 contains the main results as to the extent of DNWR, while in section
4, we explore whether the variation in DNWR across countries and time can be explained
by institutional and economic variables. Section 5 concludes. The appendices contain

supplementary material on data and results.

1 DNWR and floors for aggregate wage growth

In this section we discuss the theoretical implications of DNWR that we shall explore in
the empirical analysis. While DNWR is often motivated from fairness considerations (see
e.g. Akerlof, Dickens, and Perry (1996)), we consider a bargaining model. This choice
reflects that in most OECD countries, collective agreements cover the large majority of
the workforce, see OECD (2004, Table 3.3).

We consider a simple model of DNWR under firm-level bargaining, drawing upon
Holden (2004). Let 7(W/P) = (W/P)!~" denote the real flow revenue per worker to the
firm where the real wage, W/P, denotes the flow payoff to the workers, for simplicity
neglecting any disutility of labor.* P is the aggregate price level, which is exogenous to
the parties in the bargaining, while 7 is the elasticity of demand, where n > 2. There
is a prevailing wage contract, Wy, which is given in nominal terms. Consistent with the
institutional setting in most OECD countries, we assume that the terms of the contract
can only be changed by mutual consent, even if the contract has a fixed duration (see
MacLeod and Malcomson, 1993, and Holden, 1994). This implies that the terms of
the old contract prevail also after its expiration, until the players have agreed to a new
contract, or one of the players unilaterally stop production.

A crucial feature of the model is that the type of dispute in the bargaining is en-
dogenous, see Haller and Holden (1990) and Cramton and Tracy (1992). The workers

may initiate a strike, or the firm a lock-out. In both cases the firm obtains zero pay-

*This profit function follows from a model of monopolistic competition, in which firms set the output
price facing a downward sloping demand curve, and there is constant return with labor the only factor
of production (irrelevant constants omitted).
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Figure 1: The wage bargaining game.

off, while the workers get R/P, the alternative real income during a work stoppage. If
neither of the players stop production, it continues under the prevailing wage contract,
Wo, while the parties are bargaining (“holdout”). Following Cramton and Tracy (1992),
Moene (1988), and Holden (1997) we assume that the workers may inflict a cost on the
firm during a holdout, e.g. by strictly adhering to the rules of the employment contract
(work-to-rule). Correspondingly, we allow for the possibility that the firm imposes a
cost on workers, e.g. by reducing bonus schemes or by other measures. Formally, this
can be captured by assuming that the payoffs during a holdout are (1 — 7)(Wy/P)!™"
to the firm and (1 — ¢)Wy/P to the workers, where 7 and ¢ are parameters satisfying
0<7<1, 0<e<1. A holdout is costly to both players if 7 > 0 and € > 0.

A second important feature of the model is the assumption that if a work stoppage
takes place, it always involves non-negligible fixed costs to the parties. These fixed
costs can be motivated as the costs associated with a minimum time before work can
be resumed after a work stoppage. Alternatively, if the model is extended to allow for
uncertainty as to the bargaining outcome and risk aversion, the fixed cost would be the
expected payoff players are willing to give up to avoid risk (Holden, 1999). The exact
way these costs enter does not affect the qualitative results, which is the basis for the
subsequent empirical analysis. We assume that when production is resumed after a work
stoppage, the payoffs of the players are yr(W/P)!=" and yW/P, where v < 1, so that
1 — ~ is the reduction in payoff caused by a work stoppage.

To determine which type of threats that prevail, we use the extension of the Rubinstein
(1982) alternating offers bargaining game employed by Holden (2004). The game is
illustrated in Figure 1. The first two steps of the game, which take place in negligible time,
determine which type of dispute (strike, lockout or holdout) prevails in the bargaining. At

the third step, a standard Rubinstein bargaining games starts, whereby players alternate



in making offers, one offer per time span. In each of the first two steps, one of the players
makes an offer, which the opponent may accept (in which case the bargaining ends)
or reject. Upon rejection, the rejecting player may decide whether to initiate a work
stoppage. A player is assumed only to initiate a work stoppage if this gives him/her
strictly higher payoff than the alternative. If no work stoppage is initiated, there will be
a holdout from step 3 on.

In equilibrium an agreement is reached in step 1 or 2, with no costly dispute (cf.
Appendix A):

Proposition: The unique SPE outcome to the wage bargaining is W given by

(R, if (14+x)Wo > (4R (Lockout)
W= Q+r)Wy, if(1+xWel[sR,(R]  (Holdout) (1)
sR, if (14+k)Wy < sR (Strike)

where { = (%) vﬁ > 5= (%) v > 1.2 k is defined implicitly by (1 — 7)(1 + )" +
m—=2) 14+ k) —(n—1)(1 —¢e) = 0. Furthermore, k is strictly increasing in T, strictly
decreasing in € and n, and k > 0 if and only if e < 7/(n—1).

The intuition for the proposition is as follows. If holdout threats prevail in the
bargaining, the outcome depends on the old contract wage because it determines the
players’ payoffs during the bargaining. If ¢ < 7/(n — 1), which roughly means that a
holdout is more costly to the firm than to the workers, a holdout will lead to an increase
in nominal wages. Alternatively, if the holdout is more costly to the workers than the
firm (e < 7/(n—1)), the nominal wage will decrease if holdout threats prevail.

However, the possibility of strike or lock-out implies that holdout threats will not
always prevail. If the workers initiate a strike, they receive a nominal payoff sR. Thus,
if a holdout gives them a lower payoff, i.e. (14 k)Wy < sR, the workers will threaten to
strike. As strike threats are credible in this case, the firm must in step 1 offer a wage that
is sufficiently high that the workers do not strike. The firm then offers a wage W = sR.
This gives the workers the same payoff as they could obtain by initiating a strike, hence

they accept. Alternatively, if the holdout outcome were higher, (1+ )Wy > (R, it would

*This assumes that v(np —1)/(n —2) > 1. If this condition is not fulfilled, then the workers’ outside
alternative binds, implying that s = 1 and W = R. The remaining analysis is however unchanged.
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Figure 2: The wage bargaining outcome (solid line) as a function of the alternative income R.
For R < R’ = (1 + k)Wy/L, lockout threats are credible and the firm pushes wages down to £R
by use of lock-out threats. For R > R" = (1 + k)Wy/s, strike threats are credible and the union
pushes wages up to sR by use of strike threats. For R € [R',R"], neither strike nor lock-out
threats are credible, so that hold-out threats prevail.

be the firm who would use lock-out threats to push wages down. The workers would then
offer W = /R in step 2, and the firm would accept this. Finally, if (1+ &)Wy € [sR, ¢R],
threats of initiating a work stoppage are not credible, because initiating a work stoppage
gives lower (or the same) payoff to the initiating player than s/he would have obtained
under holdout threats. Hence in this case holdout threats prevail in equilibrium.

The solid line in Figure 2 illustrates the bargaining outcome. We see that lock-out
threats prevail for low R, holdout threats for intermediate R, and strike threats for
high R.3 Note that the standard wage bargaining model, see e.g. Layard, Nickell, and
Jackman (1991), is a special case of the present model. If there were no fixed costs of a
work stoppage, v = 1, strike and lockout threats would result in the same payoffs, and
there would always be one player who could benefit from threatening to stop work. The
holdout interval would collapse, implying that s = ¢, and the bargaining outcome would
be W = sR. Wages would be completely flexible, and the relative wage growth would be
Aw = Ar (lower case letter denote logs).

A second aspect to note is that rigidity is in fact symmetric in the model, in the sense

that the fixed costs of a work stoppage may prevent wage rises as well as wage cuts.

3Holden (1997) considers a similar model with the extension that players take the possible effect
on future wage negotiations into consideration during the bargaining. It is shown that the qualitative
properties of the bargaining outcome are unchanged, even if the magnitudes are dampened.



However, in most years, the alternative nominal income R will increase due to inflation
and productivity growth, and the wage will increase along the sR-line. If there is then
a year when R falls, the wage should also fall, but this may be prevented by DNWR in
the holdout regime. If R instead had been falling in most years, with the wage falling
along the ¢R-line, a year with increased R might have resulted in constant wages under
holdout threats; in effect, upward nominal wage rigidity.

A third aspect is that in discussions and analysis of DNWR, it is usually assumed
that if the wage is cut, then wage rigidity has no impact on the actual wage outcome
(see e.g. Knoppik and Beissinger, 2003 and Fehr and Gotte, 2005). In the present model,
however, if DNWR exists, then it pushes the wage upwards even when the wage is cut.
To see this, note that in Figure 2, the line indicating the wage outcome when lock-out
threats prevail, /R, lies above the wage outcome when strike threats prevail, sR. This
implies that in deflationary settings, where the firm uses lock-out threats to push wages
down, real wages will nevertheless be higher than they would have been if strike threats
had prevailed in the wage setting.

The parameter values of the model, including ¢, 7, and 7, may differ across industries,
countries and time, and between union and non-union settings, reflecting differences in
legal and institutional settings, production technology, monetary policy and remuneration
systems. For example, strict employment protection legislation and high union density is
likely to strengthen the workers’ side in the negotiations, making it more difficult for the
firm to enforce a wage cut.4 In the short run, these parameters can be taken as given.
However, in the longer run, these factors are clearly endogenous. For example, with lower
inflation, firms will benefit from imposing a remuneration system with more extensive
use of bonus schemes and less fixed pay, so as to make wages more flexible. This will
increase firms’ scope for reducing pay during a holdout, i.e. increase . This will lower x,
implying a lower nominal wage change during a holdout.

The implications of the bargaining model for the distribution of wage changes, which

is the object of our empirical investigation, can be illustrated by a simple numerical

4For simplicity, we have assumed that the payoffs during a work stoppage are the same irrespective of
whether it is a strike or a lockout. Under that assumption, the existence of the holdout interval depends
on the fixed costs, captured by v < 1. If we assumed that the payoffs were relatively more favorable to
the workers during a lockout, e.g. because of legal restrictions on firms’ use of a lockout to push down
wages, or because the union would save costs associated with enforcing the strike, this would push the
[R line in Figure 2 further in anti-clockwise direction, increasing the size of the holdout interval, so that
it would exist also for v = 1.
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Figure g: Left: Density of a notional distribution of nominal wage changes (dotted line) and a
distribution of mominal wage changes subject to a wage floor at o percent (solid line). Right:
The FWCP curve at different levels of wage growth derived from the distributions in left panel.
Parameter values are n =3, v=.995, k =0.

example. Consider a hypothetical distribution of wage changes from the bargaining model
above, where Ar is drawn from a normal distribution with mean 0.030 and standard
deviation 0.025, and parameter values 7 = 3 and x = 0. In the notional (rigidity free)
distribution derived with v = 1, about 12 percent of the observations are below zero,
see the dashed line in the left panel of Figure 3. Adding DNWR by setting v = 0.995,
indicated by the solid line, leads to a deficit of wage changes below zero. The right
panel measures the fraction of wage changes prevented (FWCP) by DNWR, which is the
missing probability mass relative to the probability mass of the notional distribution,
as a function of the level of wage growth. Intuitively, the FWCP is the missing number
of wage cuts divided by the number of wage cuts that should have taken place without
rigidity; a precise definition is given in equation (6) below.

We observe that the FWCP is downward sloping in a wage change diagram: For exam-
ple, below —4 percent wage growth, DNWR leads to 60 percent fewer wage changes than
the notional distribution, while below zero percent there are 20 percent fewer observa-
tions in the distribution affected by DNWR. In other words, the density deficit caused by
DNWR is greater for large negative wage changes than for small. The intuition here is
that while DNWR prevents some small wage cuts, it also attenuates larger notional wage
cuts, as the wage outcome follows the upper line rather than the lower, see Figure 2.
This reduces the deficits of smaller cuts.

Figure 4 illustrates the theoretical predictions on how the FWCP curve depends on
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Figure 4: The FWcCP. Left: The FWCP curves with a wage floor at zero percent when mean wage
growth is g percent (solid line) and 6 percent (dashed line). Right: The FWCP curves with wage
floors at zero percent (dashed line) and three percent (solid line) when mean wage growth is 6
percent.

the average wage change and the wage floor. First, the left panel of Figure 4 shows
that a higher mean wage growth leads to a higher FWCP, because when the wage change
distribution is moved to the right, a larger part of the notional wage cuts are pushed
above the floor with no wage cut being realized. This implies that any factor that leads
to higher notional wage growth, like higher productivity growth, lower unemployment or
higher inflation, also leads to a lower FwcCP. The right panel illustrates the effect of the
level of the wage floor on the FWCP, for a given notional distribution of wage growth.
Note that the features mentioned here, the FWCP-curves being downward sloping, higher
FWCP for high inflation and low unemployment (which raise R), are robust predictions
of the model, and do not hinge on the specific numerical simulation.

Both panels of Figure 4 also illustrate how the aggregate FWCP may look (dotted
line) when averaged over two different wage setting "regimes". The right panel shows
aggregation over different wage floors (different xs), where half the observations have a
floor at zero, the other half a floor at 3 percent. In the empirical analysis we estimate
FWCP-curves comparable to those displayed in Figure 4, and investigate how these are

affected by inflation, unemployment, and institutional factors.

2 Data and empirical approach

We use an unbalanced panel of industry level data for the annual percentage growth of

gross hourly earnings for manual workers from the manufacturing, mining and quarrying,

10



electricity, gas and water supply, and construction sectors of 19 OECD countries in the
period 1973—2006. The countries included in the sample are Austria, Belgium, Canada,
Germany, Denmark, Spain, Finland, France, Greece, Ireland, Italy, Luxembourg, Nether-
lands, Norway, New Zealand, Portugal, Sweden, the UK and the United States. The main
data source are wages in manufacturing from the 1LO and harmonized hourly earnings in
manufacturing from Eurostat, cf. the Data Appendix. One observation is denoted Awj;
where j is index for industry, ¢ is index for country and ¢ is index for year. There are all
together 13,694 observations distributed across 604 country-year samples, on average 23
industries per country-year.

As the observational unit is the change in the average hourly earnings in an industry,
it will be affected both by the average wage change for the existing workforce, and by
compositional effects due to differences in wages between new hires and the workers that
leave the industry. Compositional changes and turnover may smoothen out the effect of
DNWR at the individual level. Likewise, if firms respond to rigid base wages by reducing
bonus schemes and fringe benefits, consistent with the evidence in Babecky et al. (2010),
the effect of DNWR may vanish. However, it is also possible that these mechanisms
only transform DNWR at zero (or some other rate) for individual workers to a floor for
nominal wage growth at more aggregate levels that is different from zero, implying a
“missing probability mass” below a rate different from zero. The possible existence of
such floors, and the form they take, will be key in our empirical analysis.

A deficit of wage changes below certain floors might also be caused by other mecha-
nisms than DNWR. For example, if there are systematic cyclical compositional changes
in the workforce, so that the share of low-skilled workers decreases in recessions, this will
dampen the downward pressure on wages in the recession (Solon, Barsky, and Parker,
1994). However, these mechanisms would be in real terms, leading to a deficit of real
wage cuts; this will be further discussed below.

The common approach in the DNWR literature (see e.g. Card and Hyslop, 1997, Knop-
pik and Beissinger, 2003, Lebow, Saks, and Wilson, 2003, Nickell and Quintini, 2003 and
Holden and Wulfsberg, 2008), is to construct a distribution of “notional” or rigidity-free
wage changes and then explore whether the empirical wage change distribution is com-

pressed from the left as compared to the notional distribution (cf. illustration in in Figure
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3). From the theoretical model in section 1, the notional wage change in percent is simply
equal to Ar. We would expect the notional wage change distribution to vary over time.
The location of the distribution is likely to depend on variables like inflation, productivity
growth and unemployment, while the dispersion is affected by among other things the
size and dispersion of industry specific shocks in that country-year, and possibly also on
inflation, productivity growth and unemployment.

Specifically, we follow Holden and Wulfsberg (2008) and assume that absent any
DNWR, the notional nominal wage growth in industry j in country ¢ in year t, Awﬁt7
is stochastic with an unknown distribution G, which is parameterized by the median
nominal wage growth, ug , and the dispersion, Uﬁ[ ; G(ug ,UZ-]X ). Thus, we allow the
location and dispersion of the notional wage growth to vary across countries and years,
to capture the large variation that exists across countries and across time with respect
to monetary policy, wage setting, and industry structure. Note that as we control for
the location of the country-year distribution, we also capture that the notional wage
change distribution is likely to be persistent over time. However, we impose the same
structural form (or shape) of G in all country-years. The theory model does not imply
any specific distributional form so we follow the common approach and derive the shape
of the notional distribution from high inflation years, where DNWR is assumed not to
bind. Concretely, the structural form of G is constructed on the basis of a subset of 1,908
observations from 86 high wage growth country-year samples, selected on the basis that
both the median nominal and the median real wage growth in the country year are in
their respective upper quartiles over all country-years.5

Imposing the same structural form across countries and years is a strong assumption.
Yet almost all studies in the literature use an assumption like this, because it would other-
wise not be possible to test for the existence of DNWR. However, as the assumption must
be thought of as a crude approximation, it is crucial to undertake extensive robustness
checks. Below, we report several alternative specifications of G which document that our

findings are robust.

The first step in the test is to construct an underlying distribution of wage changes, G,

5As expected, the 86 country-years differ from the rest of the sample by having a higher mean rate
of inflation (11.4 versus 5.6 percent). Using the country-year samples with median wage growth in the
upper quartiles is clearly arbitrary. However, as shown in Holden and Wulfsberg (2008), the results are
robust to variations in this assumption.

12



where the 1,908 empirical observations from the high wage growth samples are normalized
with respect to the observed country-year specific median, ¢, and inter percentile range,
(P75; — P35;),

Awjit — it
Y (i L —1,...,1908
v <P75it — P35 y ()

where subscript s runs over all 5,7 and ¢ in the 86 country-year samples. We use the inter
percentile range between the 75th and the 35th percentiles as our measure of dispersion,
following Nickell and Quintini (2003), to avoid that DNWR has an effect on the measure
of dispersion. The calculated x; should thus be thought of as observations from the
standardized underlying two-parametric distribution X ~ G(0,1).

Second, for each of the 604 country-years in the full sample, we compute the coun-
try-year specific distribution of notional wage changes by adjusting the underlying wage

change distribution for the country-specific observed median and inter percentile range
Zu=X <P75Z-t - P351t> Vo, Vit (3)

Thus, we have constructed 604 notional country-year distributions Z; ~ G(uit, P75t —
P35;;), each defined by S = 1908 wage-change observations 2% = z (P75Z-t —P35it) + it
In effect, we have constructed a two-parametric distribution GG, where the two parameters
of the distribution, (ug , aﬁf ), take the value of their empirical median and inter-percentile
range, (pit, P75;+ — P35;), while the shape or structural form is the same across all
country-years, based on the wage changes in the 86 country-year samples with high
wage growth. The left panel of Figure 5 displays the underlying distribution of wage
changes, with zero median and inter-percentile range of unity. Compared with the normal
distribution (not specified in the diagram), our underlying distribution has greater peak
and fatter tails. Furthermore, it is skewed with the mean at —2.3 percent.

The right panel of Figure 5 compares the empirical distribution (histogram) for Ger-
many in 1987 with the corresponding notional country-year distribution. By construction
the two distributions have identical median and inter percentile range, but the shapes
differ, as the notional distribution is based on the shape of the underlying distribution.

As we are looking for the possible existence of floors for the wage growth, we look for

a deficit of wage changes below floors in the range from —5 to 7 percent. For each floor
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Figure 5: Left: Histogram and kernel density of the normalized underlying distribution of wage
changes. Right: Histogram of observed wage changes and the notional wage change distribution
in Germany, 1987.

k € {=5,—4.5,—4,...,7} percent, we estimate the extent of DNWR by comparing the
incidence rate of notional wage changes below the floor with the corresponding empirical
incidence rate. For each floor, x, the incidence rate of notional wage cuts is given by

- #H2t < g

Q) =TEE (1
and is illustrated by the shaded area at the 3 percent floor in the left panel of Figure 6
for Germany 1987. Likewise, the empirical incidence rate is

_ #Aw' < K

S, ; (5)

q(K)it

where S;; is the number of observed industries in country-year it. The empirical incidence
rate at 3 percent for Germany 1987 is illustrated by the dark bin in the right panel of
Figure 6. The deficit of observed wage changes below floor k relative to the notional

distribution, i.e. the fraction of wage changes prevented, FWCP(k), is calculated as

%)
FWCP(k)s = 1 — a )’t. (6)
For Germany 1987, the empirical incidence rate below 3 percent is 0.074 and the notional
incidence rate is 0.071, yielding a negative FWCP (i.e. no DNWR) at 3 percent.

As there are only on average 23 industries in each country-year sample, there may

be stochastic disturbances to the country-year specific variables p;, P75 — P35;, and
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Figure 6: Illustration of the notional incidence rate below g percent (left) and the empirical
incidence rate below g percent (right).

¢it, which may induce considerable noise in §; and FWCP;;. Thus, estimates of FWCP
in single country-years will be imprecise. However, averages of FWCP;; for groups of
country-years will be much more precise. Thus, we will present estimates of the average
FWCP for regions and periods, similar to the average FWCP curves in Figure 4.

Under the null hypothesis of no DNWR, the notional country-year specific incidence
rate §(k); is a measure of the probability that a wage change observation in that coun-
try-year is below the floor k. Thus, in principle we could compute the probability dis-
tribution for the number of wage cuts in each country-year under the null hypothesis of
no DNWR directly by employing the formulae for binomial distributions. However, this
is computationally infeasible for the full sample. Hence we use the simulation method of
Holden and Wulfsberg (2008). Specifically, for each country-year it, we draw S;; times
from a binomial distribution with the country-specific notional probability ¢(x);. We
then count the number of simulated notional wage changes below &, Y(H), and compare
these with the total number of observed wage changes below & in the corresponding em-
pirical distribution, Y (k). For example, to test for a floor of 1 percent in Germany, we
compare the simulated number of notional wage changes below 1 percent for all years in
Germany, with the corresponding empirical number. We then repeat this procedure 5000
times, and count the number of times where we simulate more notional wage changes
below & than we observe for each floor, denoted #(Y (k) > Y (k)). The null hypothesis
is rejected with a level of significance at 5 percent if we in less than 5 percent of the sim-
ulations simulate more wage changes below the floor than the corresponding empirical

number, i.e. if 1 — #(Y (k) > Y (x))/5000 < 0.05.
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The test procedure implies that all industry wage changes are treated symmetrically,
as they are drawn from the same country-year specific distribution. It would have been
possible to allow for variation across industries in the probability of a wage cut. This
would have involved less dispersion in the distribution for the number of notional wage
cuts in each country-year, as is easiest seen in the extreme case where the probability of
a wage cut is either zero or one, and the distribution for the number of wage cuts would
collapse to a mass point. Thus, by neglecting variation across industries we allow for
maximum dispersion in the notional distribution. This biases the procedure against us,
making it less likely that any DNWR is found to be statistically significant. However, the
quantitative importance of this aspect is probably limited; Messina et al. (2010) explore
the variation in downward wage rigidity across sectors, and find that the variation across
countries is clearly more important.

The method is very powerful in detecting a possible difference between the empirical
and notional wage change distribution. However, we cannot avoid that the construction
of the notional wage change distribution involves a potentially substantial downward
bias in the estimated DNWR. In a country-year with so extensive DNWR that the 35th
percentile is pushed upwards, the notional distribution, which is constructed using the
35th percentile, will be compressed from below. This will reduce the estimated notional
probability of observing a wage change below the floor, inducing a downward bias in the
estimated DNWR. To mitigate this downward bias we exclude country-year samples where
the distribution of wage changes is so far to the left that the 35th percentile would have
been affected by the floor that we look for. Specifically, when we look for the existence
of a floor at, say, 4 percent wage growth, we include only country-year samples in which
the 35th percentile for the wage change is above 4 percent. This procedure implies that
our estimates of the FWCP are conditional on the wage distribution being sufficiently far
to the right relative to the floor. Table B2 in the appendix shows the 35th percentile
wage growth in each country-year sample.

This approach removes some of the downward bias in our estimates, but not all, as
it may still be the case that DNWR at higher growth rates pushes up the 35 percentile.
For example, if there is a floor at four percent wage growth, this would affect the no-

tional wage change distribution in country-years where the 35 percentile is at or below
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4 percent. As these country-year samples are included when we look for floors below 4
percent, say zero percent, there will be a downward bias in our estimate of the extent
DNWR at zero. However, removing even more country-years would also reduce the num-
ber of observations, which would reduce the precision of the estimates. We prefer to
have a known bias, working against finding DNWR, rather than reducing the number of
observations leading to more imprecise estimates.

Our method does not explicitly take into account the possible dynamic effect of DNWR
in subsequent years. If binding DNWR in one year leads to wage changes below a wage
floor in the following year, it will reduce the FWCP in this year. If it leads to lower wage
growth, but still above the floors, it will not be captured by our method. Thus, we only
detect DNWR when it happens, without exploring the possible persistence.

Note also that the downward bias in our method is likely to be more severe in coun-
try-years with low inflation, as DNWR may affect individuals in all industries when infla-
tion is low, also in industries with high average wage increase. In that case DNWR may
push the whole wage change distribution to the right. We would not detect this with our
method, as it is based on the shape of the empirical distribution, not the location. We

shall return to this issue in the interpretation of our results.

3 Estimates of DNWR

In Figure 7 we present estimates of the FWCP at floor levels of every half percentage point
between —5 and 7 percent for each decade in the sample. A significant estimate at the 5
percent level is marked by a “x” in the figure. However, in spite of the significance some
of the estimates are based on very few observations. Thus, our discussion below is based
on the estimates where the number of notional wage changes is at least one percent of
the relevant population, which are visualized in the figure by connecting lines. Figure 7
shows extensive DNWR at a wide range of wage growth rates for the first three decades.
Observe that we find downward sloping FWCP-curves, as predicted by the bargaining
model in section 1 and illustrated in the right panel of Figure 3. Intuitively, some of the
wage changes far below the floor are pushed up below but closer to the floor, reducing
the deficit of wage changes just below the floor. We also observe a leftward shift in the

FWCP-curve over time, implying that the DNWR applies to lower rates of wage growth for
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Figure 7: Fraction of wage changes prevented at different floor levels by periods. Significant
estimates at the 5 percent level are marked by a “x”. Estimates where the number of notional
wage changes are at least one percent of the relevant sample are connected with lines.

each decade. This shift over time is consistent with the predicted effect of lower inflation
as shown in Figure 4.

For the 1970s, we find that DNWR affected wage changes in the range between 1 and
7 percent wage growth. The FWCP at 1 percent is 0.74, implying that three out of four
notional wage changes below 1 percent are pushed up above 1 percent. Even at the 7
percent floor the FWCP is 0.32. In the 1980s, the estimates indicate that DNWR has been
binding at least between —2 and 6 percent, with a FWCP of 0.63 and 0.17 at the two
bounds. Similarly, we see that in the 199os, DNWR binds between —5 and 1 percent, with
a FWCP between 0.47 and 0.10. In the 2000s we only find statistically significant DNWR
at the o.5 percent floor, with a FWCP equal to o.12.

While the left/down movement of the FWCP’s indicates less downward wage rigidity,
there is also an opposing effect which increases the economic importance of DNWR. As
inflation falls over time, the wage change distribution moves to the left, and more wage
change observations are potentially affected by DNWR at any given floor. However, the
former effect dominates, so that DNWR affects fewer industry-year wage change observa-

tions in the last part of the sample. In the 1970s and 1980s, around 1.5—2 percent of all

5The average sample inflation rate was 10.6% in the 7os, 8.5% in the 8os, 3.2% in the gos, and 2.4%
in the 2000s.
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Figure 8: Fraction of wage changes prevented at different floor levels for the regions by period.
Significant estimates at the 5 percent level are marked by a “x”. Estimates where the number of
notional wage changes is at least one percent of the relevant population are connected with lines.

industry-year wage changes are pushed up by the floors around 4—5 percent wage growth,
while in the 19g9os and 2000s, about 1—1.5 of the industry-year wage changes are pushed
up above the significant floors around zero, see Appendix C.

To investigate the cross sectional variation in DNWR, we group the countries into four
regions; Anglo (Canada, Ireland, New Zealand, the UK and the us), Core (Austria, Bel-
gium, France, Germany, Luxembourg and the Netherlands), Nordic (Denmark, Finland,
Norway and Sweden) and South (Italy, Greece, Portugal and Spain). These regions by
and large consist of countries with rather similar labor market institutions. As Figure 7
shows large variation over time, we also distinguish between decades for the regions in
Figure 8.

The big picture is fairly similar across regions. In the 1970s, we find significant DNWR
in the form of a floor for nominal wage growth around 4 percent in the Anglo region,
and at higher levels in the other regions, with associated FWCP of 0.5 or more. In the

1980s, there are significant floors from zero to 5-6 percent wage growth in all regions,
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with FWCPs around 0.3 in the Anglo and Core regions, and around o.5 in the Nordic and
South regions. In the 199os, there are significant floors around zero in all regions, with
FWCPs ranging from 0.2 percent in the Anglo region to 0.5 percent in the South. In the
2000s, there are significant floors in two regions only; at 2 percent in the South, and at
1 percent in the Nordic, with FWCPs from 0.2 (South) to 0.3-0.5 (Nordic).

The weaker evidence of DNWR in the 2000s is consistent with Gordon’s conjecture
that the DNWR will weaken over time in periods with low inflation. However, caution is
warranted as the downward bias in our estimates is likely to be stronger in country-years
with low inflation, and as previous studies have shown that DNWR, prevails also in reces-
sions, see e.g. Bewley (1999) and Fehr and Gotte (2005). Note that there is evidence
of DNWR in the Nordic countries and in the South, even in the 2000s, in spite of a long

period with low inflation in these countries.

3.1 Robustness

In this section we consider the robustness of the results for the common shape assumption,
by undertaking three alternative ways of constructing the underlying distribution. In the
first, we construct country-specific underlying distributions, G;, based on all observations
for each country. In the second, we construct period-specific underlying distributions,
G, one for each decade, based on all observations within the decade. In both cases we
then proceed with the method as before. Note that the construction of these alternative
underlying distributions includes country-year samples with low median wage growth,
where DNWR may bind, increasing the risk for a downward bias in the estimated DNWR.

Finally, we undertake the analysis with a symmetry assumption inspired by Card
and Hyslop (1997). Here, the notional distributions are constructed from the empirical
ones by replacing observations below the median with observations from the upper half
of the distribution in the same country-year. Thus, all country-year notional samples
are symmetric, but the shape of the distributions differs across country-years. Note that
the symmetry approach involves a test of robustness along two dimensions. First, as the
symmetry test involves no assumptions of equal shape across country-year samples, while
our main approach makes no assumptions regarding symmetry, these two approaches

are based on orthogonal assumptions. Hence, a finding of significant DNWR by both
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Figure 9: Estimates of the fraction of wage changes prevented at different floor levels by peri-
ods. Dark blue lines and xz-markers represent estimates based on the default method presented
in the paper; red lines and circle markers represent estimates based on country-specific notional
distributions; lime green lines and triangle markers represent estimates based on symmetric no-
tional distributions; and blue lines and square markers represent estimates based on period specific
underlying distributions.

approaches cannot be caused by the same auxiliary assumption. Second, the symmetry
test also involves a test for a possible difference between upward and downward nominal
wage rigidity. One should be aware, however, that if wages are rigid downwards, and
firms respond to this by attenuating high wage increases, so as to reduce the risk that
DNWR is binding in the future (Elsby, 2009), the symmetry approach might involve a
downward bias in the estimated DNWR.

Figure 9 compares the main results with estimates from the country-specific, peri-
od-specific and symmetric alternatives.” We observe that the results are very similar for
all specifications. The estimated FWCPs are somewhat lower in the alternative specifica-
tions, as expected due to the possible downward bias. Yet the results clearly indicate
that our findings are robust. Furthermore, the finding of significant DNWR by use of
the symmetry approach implies that the rigidity is asymmetric, with stronger downward
rigidity than any possible upward rigidity.

In the present paper, we only consider the possibility of nominal floors for the wage

"Figures D1—D4 in the appendix illustrate the robustness for the region-period estimates.
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growth. In contrast, several studies have found empirical evidence for the existence of
considerable downward real wage rigidity in a number of OECD countries, see Dickens
et al. (2007), Bauer et al. (2007), and Christofides and Li (2005). Furthermore, Holden
and Wulfsberg (2009) find support for some downward real wage rigidity in the same
industry data. As noted above, also compositional changes in the labour market might
lead to a deficit of real wage cuts in downturns. In view of the problem of distinguishing
between real and nominal downward rigidity, we would expect that also some of the
rigidity that we find, may in fact by caused by real rigidity. However, we only include
country-years where the g5th percentile of the wage change distribution is above the
floor, implying that the nominal floors we consider in the present paper are generally
considerably below the rate of inflation in the associated country-year. Generally, we
also find somewhat higher FWCP for downward nominal rigidity than was previously
found for downward real. Thus, we view the floors that we identify as chiefly the result

of nominal lower bounds on the wage change process.

3.2 The effect of unemployment, inflation and institutions

From the theory model above, we would expect the prevalence of DNWR to depend on
economic variables like inflation (possibly in a non-linear way) and unemployment, as well
as institutional variables like the strictness of the employment protection legislation (EPL)
and union density. Also other institutional variables like centralization and coordination
of wage setting may potentially affect the extent of DNWR. Thus, we regress the extent of
DNWR as measured by the FWCP curve in each country-year sample on inflation, inflation
squared, unemployment, and institutional variables, to test whether these variables are
related to DNWR as measured by the FWCP. We also control for the level of wage growth.

Technically, we undertake Poisson regressions where the number of observed wage
changes below floor k in each country-year sample, Y (k);, depends on the average num-
ber of simulated wage cuts for each country-year sample, ff(/i)it, and the explanatory
variables mentioned above, x;;. A Poisson regression seems appropriate, as Y (k);; is the

number of times we observe an event (see Cameron and Trivedi, 1998). The conditional

22



density of the number of observed wage cuts in country-year it in the Poisson model is

—Ait y(’/"‘)it
e NN

f (Y(H)it =y(K)it | Y(H)z‘t,xz‘t> = (7)

y(r)i!
Furthermore, we assume that the Poisson parameter, A\, is given by

A~

it = Y(ﬁ)itex;tﬁ, if ?(n)it > 0. (8)

where 3 is the parameter vector we want to estimate. Using the definition of the FWCP

and that \;; = E (Y(F&)it | Y(/i)it,xit> we get

Y l ’ ~
1 — FWCP(k) = ﬂ = eXuPteit, if Y(x)ie >0 (9)
Y (k)i

where €;; is an error term.

In the first three columns of Table 1 we present pooled estimates of (9) reporting
robust standard errors where the observations are clustered by country. We include
country dummies in the second column, and time dummies in the third column. The
restriction that E(Yi | }Afit,xit) = Var(Yj | }A’it,xit) = M\, an implicit assumption by
the Poisson distribution, is accepted easily. We allow the slope of the FWCP-curves to
vary between periods as seen from Figure 7 by including the interaction of the floor
level with a period specific dummy (denoted as k x period). The positive coefficient
on the interaction variables corresponds to the downward slope of the FwWCP-curves in
Figure 7 (note that the dependent variable is 1 — FWCP, i.e. the fraction of wage cuts
realized). For example, with time dummies the slope estimate for the 1970s is .153, which
implies that the fraction of wage changes realized decreases by a factor of .217 when the
floor falls 10 percentage points from from 6 to —4 percent (exp(.153(—10)) = .217). As
1 — FWCP(6) = .59 this estimate predicts that 1 — Fwcp(—4) = .13 or FWCP(—4) = .87,
which is close to the “observed” FwcP(—4) = .84. Note, however, that Figure 7 displays
a bivariate relationship while the estimates are obtained from a multivariate model.

We find a negative effect of unemployment on the FWCP when country dummies
are included, but not in the other specifications. There is a strong positive correlation

between inflation and the FWCP. These correlations are consistent with the bargaining
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Dependent variable

Table 1: Pooled regressions.

(1 - Fwer(4))

Empirical incidence rate

K X1970S 0.054***  0.057***  0.153*** 0.332***  0.330"**  0.505***
(0.013) (0.012) (0.036) (0.025) (0.021) (0.040)
Kk x1980s 0.083***  0.088***  0.103*** 0.494***  0.441***  0.402***
(0.013) (0.014) (0.015) (0.024) (0.021) (0.020)
K X1990s 0.069***  0.071***  0.049*** 0477 0.427*  0.407***
(0.015) (0.014) (0.018) (0.027) (0.023) (0.025)
K X 20008 0.048*** 0.047***  0.020 0.405***  0.405***  0.398***
(0.017) (0.018) (0.020) (0.030) (0.032) (0.029)
Employment —0.066**  —0.015 —0.074**  —0.400*** —0.203 —0.251%**
protection (0.033) (0.098) (0.033) (0.069) (0.184) (0.057)
Union density —0.194 —0.847 —0.332**  —1.539*** —2.116** —0.345
(0.146) (0.538) (0.159) (0.302) (0.993) (0.241)
Centralisation —0.091* —0.095 —0.078 —0.196**  —0.254**  —0.283***
(0.046) (0.065) (0.050) (0.093) (0.128) (0.079)
Coordination 0.089** 0.168***  0.072* 0.132 0.311** 0.219***
(0.040) (0.063) (0.041) (0.088) (0.125) (0.073)
Inflation —0.071***  —0.078*** —0.062*** —0.585*** —(0.439*** —0.295***
(0.024) (0.026) (0.027) (0.034) (0.034) (0.039)
Inflation squared 0.000 0.001 0.000 0.016*** 0.010***  0.006***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.002)
Unemployment 0.008 0.021* —0.004 —0.022* 0.079***  0.045"**
(0.006) (0.011) (0.007) (0.012) (0.022) (0.013)
Dummies No Country Time No Country Time

Note: Robust standard errors clustered by country in parentheses. The estimates are marked with
*if p < 0.1, with ** if p < 0.05, and with *** if p < 0.01. & is the floor to the wage growth.

model presented above, and illustrated in the left panel of Figure 4: Under high inflation
nominal wage cuts are usually small, and a high proportion are prevented by DNWR. In
contrast, when inflation is low, the nominal wage change distribution is further to the
left in diagram, implying that the notional nominal wage cuts are larger. DNWR works
to reduce the size of the cuts, yet a larger fraction of them are nevertheless realized.
Likewise, high unemployment reduces workers’ alternative income in the wage bargaining,
thus pushing the wage change distribution to the left and reducing the Fwcp.

We also find strong correlation with institutional variables. More strict EPL, higher
union density and more centralization are positively correlated with DNWR, and are
thus associated with an upward shift in the FWCP-curves. The effects are however only
significant in some of the specifications. For example, the effect of EPL is not significant
when we include country dummies, presumably due to the limited time variation in

the EPL-variable. The effects of EPL and union density are consistent with the results
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in Holden and Wulfsberg (2008), and also consistent with the theoretical arguments in
Holden (2004). Dickens et al. (2007) do not find significant effects of EPL on the extent
of DNWR, while the effect of union density is negative, i.e. the opposite of what we find.

That centralization leads to more DNWR is consistent with previous findings that cen-
tralization of wage setting leads to wage compression (see Wallerstein, 1999). In contrast,
coordination of wage setting seems to induce less DNWR, shifting the FwWCP-curve down-
wards. This is in line with the idea that coordination of wage setting is about ensuring
overall wage moderation, without necessarily affecting relative wages. Countries with
both centralization and coordination of wage setting thus have about the same DNWR as
countries with neither centralization nor coordination. ®

As a further test of the effect of institutions on DNWR, we exploit the idea that
in the absence of DNWR, the institutional variables should not be able to explain the
country-year variation in the empirical incidence rate of wage cuts. The last three columns
of Table 1 present regressions of the empirical incidence rate of wage changes (below
each floor) instead of the fraction of wage changes realized, using the same explanatory
variables. Thus, this model does not rely on the notional incidence rates, making it
complementary to the former regressions. Specifically, the expected number of wage
cuts, \it, depends on the number of observations (industries) in the country-year sample,
St (rather than lA/Z-t as in (8)):

Nit = SipeXic. (10)
Since A\jt = E (Y (k)i | Sit, xit) we get

Y(k); ,
q(K)it = k(:)zt = v tei (11)
(A

where g;; is an error term. With this specification the poisson restriction E(Yj; | Sit, xit) =
Var(Yi | Sit, Xit) = Ait is rejected, hence we use the negative binomial regression model,
which allows for “overdispersion.”?

In accordance with the theoretical predictions, we find a negative effect of EPL, union

8We have also tried to include lagged FWCP to capture possible dynamic effects, but the coefficient is
close to zero and insignificant (not reported).

90Overdispersion means that the variance in the data is greater than the mean, in contrast to the
Poisson assumption that the variance and the mean are equal. Using a goodness-of fit test from a
Poisson regression of Yi;/Si:, we reject no overdispersion with x?(11,721) = 12566.57. Including a
Gamma-distributed error term, ¢;;, allows the variance-to-mean ratios of Y;: to be larger than unity.
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density, centralization and inflation on the incidence of nominal wage changes below each
floor, while coordination and unemployment have a positive effect, even if some of the

coeflicients are not significant in all specifications.

4 Concluding remarks

We explore the existence of floors on nominal wage growth on industry data for 19
OECD countries, for the period 1973-2006. For the 1970s and 198os, we find evidence
of floors on nominal wage growth in OECD countries at all rates from minus 2 to plus
6 percent. Thus, there were significantly less nominal wage changes below these growth
rates than one would have expected if wage setting had been entirely flexible, for all the
four regions we consider, namely Anglo (native English-speaking countries), Southern
European countries, Nordic countries, and Core European countries.

The floors on nominal wage growth in the 1970s and 1980s, even if considerably below
average inflation (the unweighted average inflation in our sample was 10 percent in the
1970s and 8 percent in the 1980s), may have contributed to causing persistent inflation in
this period. Nelson (2005) and Meltzer (2005) have argued that the rise and persistence
of high inflation in these years were mainly caused by several errors in the conduct of the
monetary policy. Our results add to these explanations by showing that in the 1970s and
8os, an inflationary tendency was entrenched in the wage setting system in many OECD
countries. Given the existence of floors on nominal wage growth that were above zero, a
tighter monetary policy leading to lower inflation would have led to further compression
of the wage change distribution, inducing both greater wage pressure and compression of
relative wages. The upshot would have been greater short run costs in the form of higher
unemployment from anti-inflation policies. Potentially, these costs may have been part
of the reason why policymakers in most OECD countries failed to pursue a sufficiently
tight monetary policy in the 1970s. They may also explain why the costs in terms of
higher unemployment were so severe when policy finally was tightened in the 1980s and
1990s.

The existence of these floors to growth in nominal wages reflected institutional fea-
tures in the wage setting, which must be seen in light of the persistent high inflation

rates in these decades. However, it is also clear that the existence of the floors was not
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only a matter of persistent high inflationary expectations. High inflation expectations
would affect the location of the wage change distribution, as wage setters would set high
nominal wage increases to reach their target real wages, but it should not affect the shape
of the distribution. Thus, high inflationary expectations would not by itself compress the
lower part of the wage change distribution, which is the effect we find in the 1970s and
1980s.

In the 19g9os we also find evidence of a floor on nominal wage growth at zero percent,
implying that 17 percent of the industry wage changes that should have been negative,
are pushed above zero by binding DNWR. In the 2000s, the evidence is weaker. However,
there is some evidence for DNWR in the Southern European countries, and more robust
evidence for the Nordic countries. The evidence of DNWR in Southern European countries,
Greece, Italy, Portugal and Spain, is especially interesting in light of their membership in
the EMU. In these countries high nominal wage growth relative to the productivity growth
has led to a steady loss of competitiveness, amplifying the difficult economic situation
these countries are in (European Commision, 2010). DNWR would make it difficult to
escape from a position with weak international competitiveness. During the deep crisis,
we have nevertheless observed extensive wage cuts in Greece, but so far not in the other
Southern FEuropean countries. Note, however, that our bargaining model implies that
DNWR will push up the real wage even when there are nominal wage cuts, in the sense
that the wage cuts would have been larger, and consequently the real wage lower, if wages
had been flexible with no DNWR. This implies that as long as there is evidence of wage
rigidity, observing widespread wage cuts does not imply that wage rigidity has vanished
or is without importance.

The more limited and weaker evidence of DNWR in the 2000s may reflect institutional
changes like lower union density in many countries. Stronger pressure on wages arising
from increasing globalization, or changes in wage setting systems, as more flexible pay
systems, may also have provided firms with more flexibility to reduce wages. However,
our finding of less significant DNWR in the 2000s could also be due to our method being
less able to detect DNWR in a low inflation era.

We find that DNWR depends on institutional and economic variables, with more

prevalent DNWR when employment protection legislation is strict, and union density is
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high. Lower inflation leads to a reduction on the fraction of counterfactual wage changes
that is prevented by DNWR, consistent with our theoretical bargaining model.

Our finding of widespread DNWR in OECD countries over the recent decades raises the
question of how this feature of the wage setting has affected other important variables
like output, employment and unemployment. Our analysis yields country-year specific
estimates of DNWR, albeit noisy, for 19 countries over more that 30 year, hence it provides
a good starting point for future work. A considerable extension of the data set in terms

of variables would be required, but it seems an interesting avenue for future research.
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Appendix

A Proof of Proposition 1

The equilibrium outcome will be given by the union accepting the firm’s offer in step 1,
or the firm accepting the union’s offer in step 2, and no work stoppage will take place.
However, to find the SPE outcome, we must analyze the game backwards, to see what
would happen if a player deviates from the equilibrium path. As of step 3, we have
the Rubinstein (1982) bargaining game, where players’ threat points are determined in
the preceding steps. Binmore, Rubinstein, and Wolinsky (1986) show that, in the limit
when the time delay between offers converges to zero, the outcome is given by the Nash
bargaining solution (assuming for simplicity that the players have equal discount factor).

Lemma 1: If holdout threats prevail in the bargaining, the outcome is

WH = (1 + k)W, (A1)

where « is defined implicitly by

1-7)(1+r)"+n—-2)1+k) —(n—1)(1—¢) =0, (A2)

and where x > 0 if and only if ¢ < 77%1 and k is strictly increasing in 7, and strictly

decreasing in £ and 7. (Proof, see below.)

Alternatively, if a work stoppage is initiated, the bargaining outcome as of step 3 is

V[;V = argmax (7 <‘g> H]’Y (V]Z - i)) (A3)

which solves for W& = 1= R.

given by

Consider now the situation if the firm has rejected the offer by the union in step 2b.
1=n

The firm can ensure a payoff (W /P)}=" = ~ (%R/P) by initiating a lockout,

and the payoff (W /P)=" = ((1 + k)Wy/P)'~" by letting a holdout prevail. Clearly,

the firm will choose the alternative which gives the higher payoff. Thus, it will initiate a

lockout if and only if

(i) (g
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(assuming the convention that no player will initiate a work stoppage when this gives the

same payoff as a holdout) or, equivalently,

-1
(R < (14 K)Wo, where (= (Z_2> VR (A5)

In step 2a, the union will offer the highest wage which the firm will accept. The firm
will accept an offer if it can get at least as high payoff as it can obtain from rejecting
the offer. From the analysis above, this is given by min[¢R, (1 + x)Wy] (where we have
omitted the price level to simplify notation).

Then consider the situation if the union has rejected the offer by the firm in step
1b. If the union initiates a strike, this will lead to a subsequent agreement on W¥ (cf.
above), giving the union a payoff

WN
p

=S

-1
g, where s =~ (;]_2) . (A6)

(where we have substituted out for W¥ from (A3)). Alternatively, if the union does not
strike, it will obtain the payoff from step 2, which is min[¢R, (1 + k)Wp]. The union will
choose the alternative which gives the higher payoff. Thus, it will strike if and only if
sR > min[(R, (1 + k)W].

In step 1, the firm will offer the lowest wage which the union will accept. The union
will accept any offer giving it at least the same payoff which it can obtain from rejecting
the offer. From the analysis above, this is given by max{sR, min[(R, (1 + x)Wj]}. (Note
that ¢ > s so there is an interval where holdout threats prevail.)

Let us sum up and check that the strategies are optimal. If (14 )Wy > (R, the firm
will obtain a higher payoff from initiating a lockout than from a holdout. Thus, lockout
threats are credible. To avoid a costly lockout, the union will in step 2 offer the firm a
wage W = £R, which will be accepted by the firm — and the firm may as well make the
same offer in step 1, which will be accepted by the union (both are equilibrium paths).
Clearly, the union will not threaten to strike, as this gives lower payoff.

If /R < (1 + k)Wy < sR, neither player may profit from initiating a work stoppage.
Thus, threats of doing so are not credible, and holdout threats prevail in equilibrium,

leading to an immediate proposal and acceptance of W = (1 + k)Wj.
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If (1+ k)Wp < sR, the union will obtain higher payoff from initiating a strike than
from a holdout. Thus, strike threats are credible. To avoid a costly strike, the firm will

offer W = sR in step 1, which will be accepted by the union. QED

Proof of Lemma 1

If holdout threats are in use in the from step 3 on, the bargaining outcome is given by

5 () "o () ) (5 00)

Note first that the Nash maximand (A7) is zero for W = (1 — )Wy and W = (1 —
/=MWy (when one of the terms in (A7) is zero), while it is positive for all values of
WH in the interval between these two values. (If 7 = e = 0, the interval collapses and the
solution is W = W;.) Furthermore, the Nash maximand is continuous and differentiable

within this interval, so a maximum will exist and be given by the first order condition

)

wH 1—n W 1-n + wH . W =0 (A8)
AR S
which simplifies to
(1—n) 1 H
=0 h 14+ k) =W"/Wy (A
WH (L Woll - Ry T WA= (L=, = Where (1HR) = WH/Wo - (49)
Multiplying (Ag) with W, and rearranging, we obtain
fR)=A-7)A+k)"+n-2)A+k)—(n—-1)(1-¢)=0 (A10)

As f"(k) = (1 —7)nin — 1)(1 + k)72 > 0 for all k > —1, f(k) is a strictly convex
function in [—1,00). Furthermore, f(—1) = —(n — 1)(1 —¢) < 0 and f(k) — oo when
k — oo, so there is only one solution to (A1o0) in [-1,00). Observe that (A1o0) is
equivalent to (A2), implying that & is also the solution to (Ag).

For (Ag) we see that if WH = v is a solution to (Ag) for Wy = x, then W = tu is

a solution to (Ag) for Wy = tz. Thus, W is homogenous of degree one in Wy so W#
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can be written on the form W = (1 + k)W, where & is defined implicitly by (A2). Note
also that (1 + k) = WH /Wy > 1 is equivalent to f(0) < 0, which again is equivalent to
z—:<ﬁ. Thusm>01fand0nlyif€<ﬁ.

The relationship between x and 7, € and 7 follows from implicit differentiation of (A2):

—(L4+K)"+ (1 —7)n1 + n)”lg': + (n— 2)2': =0,
or g/: == T)n(ﬁ:):)nl Tn=2 " (A1)
Likewise g’: e (;ﬁnﬁ;lz Ty <O (A12)
S
QED
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B Data Appendix

We have obtained wage data for most countries and years from the 1LO. The precise source
is Table 5A (Wages by economic activity) and Table 5B (Wages in manufacturing), from
yearly statistics under the domain Wages in the Laborsta database (laborsta.ilo.org).
Wage changes are calculated for observations within groups of the same source, worker
coverage, sex, type of data, industry classification, country and year. We use observations
covering both men and women. If observations for both men and women are not available,
we use observations covering only men or only women. The wage variable is labeled either
“Earnings per hour” or “Wage rates per hour”. When they serve as alternatives, “Earnings
per hour” is used. The worker coverage is either “Salaried employees”, “Employees” or
“Wage earners”. The latter is preferred over the others, “Employees” is preferred over
“Salaried employees”. If there are several series with different sources available we have
chosen the series with most observations.

The industry classifications used are ISIC rev. 2 and ISIC rev. 3. The data classified by
ISIC rev. 2 cover the groups: Mining and Quarrying (2), Manufacturing (3), Electricity,
Gas and Water (4) and Construction (5). The data classified by ISIC rev. 3 covers
Mining and Quarrying (C), Manufacturing (D), Electricity, Gas and Water Supply (E)
and Construction (F). We use data on various levels of aggregation from the section levels
(e.g., D Manufacturing) to group levels (e.g., DA 15 Manufacture of Food Products and
Beverages), however, using the most disaggregate level available in order to maximize
the number of observations. If, for example, wage data are available for D and DA 15, we
use the latter only to avoid counting the same observations twice. The data chosen for
Germany is the series labeled “Germany, Fed. Rep. of before 3.10.1990”, thus the series
relates to the territory of the Fed. Rep. of Germany before 3.10.1990.

Some country-year samples are missing from the 1LO database, for which we use
data from Eurostat. These country-years are Austria (1974-1999), Belgium (1995), Ger-
many (1973) Spain (1996), France (1976, 1985, 1988, 1994-1996), Ireland (1985), Italy
(1973-1985), Portugal (1994, 1995, 1998) and United Kingdom (1980, 1983). The precise
source is Table hmwhour in the Harmonized Earnings Domain under the Population and
Social Conditions theme in the NEWCRONOS database. hmwhour is labeled “Gross hourly

earnings of manual workers in industry”. Gross earnings cover remuneration in cash paid
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directly and regularly by the employer at the time of each wage payment, before tax
deductions and social security contributions payable by wage earners and retained by the
employer. Payments for leave, public holidays, and other paid individual absences, are
included in principle, in so far as the corresponding days or hours are also taken into
account to calculate earnings per unit of time. The weekly hours of work are those in a
normal week’s work (i.e., not including public holidays) during the reference period (Octo-
ber or last quarter). These hours are calculated on the basis of the number of hours paid,
including overtime hours paid. Furthermore, we use data in national currency, and males
and females are both included in the data. The data for Germany does not include GDR
before 1990 or new Lénder. The data are recorded by classification of economic activities
(NACE Rev. 1). The sections represented are Mining and quarrying (C), Manufacturing
(D), Electricity, gas and water supply (E), and Construction (F). The principles guiding
which observation to choose when several are available are the same as described for the
1ILO data. Data for wages in manufacturing for Italy 2002—2006 are from Istat (Istituto
nazionale di statistica). Data for Norway are from Statistics Norway. The distribution
of the number of observations by years and countries are reported in Table B1. We have
removed 3 extreme observations from the sample. The average number of observations
per country-year sample is 22.6, with a standard error of 4.9. Table B2 shows the 35th
percentile wage growth in each country-year sample.

Data for inflation and unemployment are from the OECD Economic Outlook database.

The primary sources for the employment protection legislation (EPL) index, are OECD
(2004) for the 1980—1999 period and Lazear (1990) for the years before 1980. We follow
the same procedure as Blanchard and Wolfers (2000) to construct time-varying series,
which is to use the OECD summary measure in the ‘Late 1980s’ for 1980-89 and the ‘Late
1990s’ for 1995—99. For 1990—94, we interpolate the series. For 1973—79, the percentage
change in Lazear’s index is used to back-cast the OECD measure. However, we are not
able to reconstruct the Blanchard and Wolfers data exactly.

Data for union density before 19go is from OECD (2004). Data for Greece for 1978 and
1979 are interpolated, while data before 1977 is extrapolated at the 1977 level. From 1990
onwards we have used data from Visser (2006). Data for centralization and coordination

are from the OECD (2004) extrapolated with information from Du Caju et al. (2009).
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C The fraction of industry-years affected
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Figure C1: The fraction of industry-years affected (q — §) by periods.
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D Robustness
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Figure Di: Fraction of wage changes prevented at different floor levels by periods for the Anglo

countries.
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Figure D2: Fraction of wage changes prevented at different floor levels by periods for the Core

TegION.
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Figure D3g: Fraction of wage changes prevented at different floor levels by periods for the Nordic
TegION.
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Figure Dy: Fraction of wage changes prevented at different floor levels by periods for the South
TEGLON.
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