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We explore the existence of downward real wage rigidity (DRWR) at the industry level,
based on data from 19 OECD countries for the period 1973–1999. The results show that
DRWR compresses the distributions of industry wage changes overall, as well as for
speciﬁc geographical regions and time periods, but there are not many real wage cuts
that are prevented. More important, however, DRWR attenuates larger real wage cuts,
thus leading to higher real wages. There is stronger evidence for downward nominal
wage rigidity than for DRWR. Real wage cuts are less prevalent in countries with strict
employment protection legislation and high union density.
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1. Introduction
In recent years, real wage rigidity has become a key component of several contributions to the business cycle and
monetary policy literature, see e.g. Blanchard and Gali (2007), Hall (2005), Krause and Lubik (2006), and Shimer (2005).
However, there is considerable controversy about whether real wages really are rigid. The paper focuses on one speciﬁc
aspect of sluggish wages, namely to what extent real wages are rigid downwards. If present, downward real wage rigidity
(DRWR) is particularly relevant for how the economy functions in a downturn, as DRWR affects how adverse shocks may
lead to higher unemployment rather than lower wages.
Several recent studies have found evidence for considerable DRWR for job stayers in a number of OECD countries (see
Barwell and Schweitzer, 2004; Bauer et al., 2007; Christoﬁdes and Li, 2005; Dickens et al., 2005), as well as in experimental
work (Falk and Fehr, 1999) and in surveys of managers and ﬁrm owners (Bewley, 1999; Agell and Lundborg, 2003). While these
ﬁndings are useful for our understanding of individual wage setting, the effects on aggregate variables remain open. Even if
individual wages are rigid in real terms, ﬁrms may respond by other means, like changing the composition of the work force.
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And even if wage rigidity binds in some ﬁrms, jobs may be shifted over to other ﬁrms with lower or more ﬂexible wages. With
annual job turnover rates above 20 percent, as is the case in many OECD countries (see Haltiwanger et al., 2008), and generally
higher worker turnover rates, rigid wages for many individual job stayers need not imply the same rigidity of average wages.
Consistent with this hypothesis, Farès and Lemieux (2001) ﬁnd that in Canada most of the real wage adjustments over the
business cycle are experienced by new entrants.
In contrast to the previous literature, we explore the existence of DRWR at the industry level, based on data from 19
OECD countries for the period 1973–1999, covering in total 449 country-year samples. The key aim is to explore whether
the effects of the wage rigidity found in micro-data are entirely offset by compositional and other changes, or whether
there remains an effect of individual downward rigidity on aggregate wage data. In our view it is important to distinguish
between these two alternatives. If there is no sign of DRWR in industry-level wage data, it seems hard to believe that the
individual rigidity has a non-negligible effect on industry output or employment. On the other hand, if there is DRWR 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.
We outline a simple theoretical model of DRWR, which serves as a framework for organizing the data and to interpret
the empirical ﬁndings. The empirical analysis is a variant of the wage-change approach initiated by McLaughlin (1994),
drawing upon our previous work on downward nominal wage rigidity (Holden and Wulfsberg, 2008). The key idea is to
detect possible DRWR by comparing the empirical real wage-change distribution with a constructed counterfactual or
notional (as if no rigidity exists) wage-change distribution. The shape of the notional wage-change distribution is
constructed on the basis of country-year samples with high real and nominal wage growth, where downward rigidities are
less likely to bind. If the empirical number of real wage cuts is signiﬁcantly smaller than expected from the notional
distributions, we conclude that wages are rigid downwards. Robustness checks in Holden and Wulfsberg (2008) indicate
that this method has very good properties for detecting the downward wage rigidity that exists in the data.
The paper is organized as follows. Section 2 presents the theoretical model, while Section 3 describes data and the
empirical approach. Section 4 presents the main results. DRWR is fairly small but statistically signiﬁcant for the OECD
countries, and in particular the extent of large real wage cuts is reduced. In Section 5 we make use of the broad scope of our
data across countries and time, and explore whether the variation in DRWR can be explained by economic and institutional
variables. The analysis shows that real wage cuts are less prevalent in countries with strict employment protection
legislation and high union density. Section 6 concludes and discusses the relevance of our results for modeling wage
rigidity in the context of business cycle analysis.
2. DRWR and the distribution of wage changes
Recent studies have put forward two main explanations for DRWR. First, within a rational behavior framework, Ellingsen and
Holden (1998) and Postlewaite et al. (2004) show that real wage resistance may follow if consumption patterns are costly to
change. Second, a behavioral justiﬁcation can be made from the existence of loss aversion, meaning that people are more averse
to losses relative to their reference level than they are attracted to the same-sized gains (Kahneman and Tversky, 1979).
We use a simple model of DRWR under ﬁrm-level wage bargaining, drawing upon Bhaskar (1990), Driscoll and Holden
(2004), and McDonald and Sibly (2005). One motivation for the model is to make clear which empirical features to look for
in an investigation of DRWR. Furthermore, the model provides a framework for distinguishing between different types of
real wage rigidity. Let the proﬁts of the ﬁrm be a decreasing function of the real wage w,

p ¼ w1Z where Z42,

(1)

and Z is the elasticity of product demand.1 A worker is assumed to have an indirect utility function which depends on the
current and past real wages, w and w1 ,
Dm

V ¼ w1þDm w1 ;

where mX0,

(2)

and D is a dummy variable which is equal to unity if real wages fall, and is zero otherwise. As long as real wages do not fall,
utility is simply linear in current real wages. However, the model allows for the possibility that workers have loss aversion,
in the sense that they compare their current wage with their past wage (if m40), incurring an additional utility loss if the
real wage falls. In this case, utility is still continuous in current and past real wages, and strictly increasing in current real
wages. Yet there is a kink in the utility function at the point where the wage is equal to its past value, implying that utility is
non-differentiable from the left (when wow1 ) at the point w ¼ w1 . In the limiting point when m ¼ 0 there is no DRWR.
The wage setting is modeled by use of the (symmetric) Nash bargaining solution, where the bargaining outcome is the
wage that maximizes the product of the ﬁrm’s and the worker’s gain from reaching an agreement, that is the payoffs as
compared to the disagreement points, p0 for the ﬁrm (for simplicity set to zero), and V 0 for the worker2:
1
This proﬁt function follows from a model of monopolistic competition, in which ﬁrms set the output price facing a downward sloping demand
curve, Z is the elasticity of demand, labor is the only production factor, and there are constant returns to scale. Irrelevant constants are omitted.
2
One interpretation of this formulation is a union-ﬁrm setup, where the union represents the interests of the median worker who by seniority rules is
sheltered from redundancies. In most OECD countries, the majority of the workforce is covered by collective bargaining agreements. However, the key
features could also be derived in an efﬁciency wage framework, as long as the crucial assumption that workers experience a utility loss if their wages fall
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Fig. 1. The upper dashed line indicates the wage outcome conditional on a wage cut, while the lower dashed line is conditional on no wage cut. The solid
line indicates the bargaining outcome, coinciding with the upper dashed line below V L0, and with the lower dashed line above V H
0.
Dm

w ¼ argmax½w1Z ðw1þDm w1  V 0 Þ

s.t. pX0 and VXV 0 .

(3)

If the bargainers fail to reach an agreement, the worker’s disagreement point, V 0 40, will depend on variables that
inﬂuence the workers’ payoff, such as the rate of unemployment, unemployment beneﬁts, and outside wages. As shown in
Appendix A in the supplementary material, the solution to (3) is given as follows:
8
1=ð1þmÞ
Z1
>
m
>
>
if V 0 oV L0 ;
> Z  m  2w1 V 0
>
>
<
w¼

w1
>
>
>
Z1
>
>
>
: Z  2V 0

if V 0 2 ½V L0 ; V H
0 ;
if

(4)

V 0 4V H
0;

where the two critical values for V 0 are given by
V L0 ¼

Zm2
Z2
w1 and V H
w 4V L0 .
0 ¼
Z1
Z  1 1

As in a standard wage bargaining model without a kink in the utility function (for example Layard et al., 1991), the wage is a
markup over the workers’ disagreement point, and the markup depends on the elasticity of product demand Z. However,
due to the non-differentiability of the utility function, the negotiating outcome also depends on the past wage. If workers
are in a weak bargaining position due to a low disagreement point, V 0 oV L0 , their real wage will be cut. Yet their resistance
towards a cut in the real wage will imply that they get a higher real wage than they otherwise would have received. In Fig. 1,
this is illustrated by the solid line—the bargaining outcome—coinciding with the upper dashed curve. If workers are in a
strong bargaining position, V 0 4V H
0 , they will get a real wage increase. Yet since they do not have to resist a wage cut, they
ﬁght less for higher wages. Thus, the outcome indicated by the solid line in Fig. 1 coincides with the lower dashed line. For
medium levels of the disagreement point, the real wage remains constant, as the workers are not able to push wages up,
nor is the ﬁrm able to push wages down.
Fig. 2 provides a graphical illustration of the effect of DRWR on the wage-change distribution predicted by the
bargaining model (4). There are many identical ﬁrms, and the workers’ disagreement point is treated as a random variable
with a normal distribution. The solid line represents the wage-change distribution when DRWR binds (m40), while the
dotted line represents the wage-change distribution in the absence of rigidities (m ¼ 0). The latter is referred to in the
literature as the notional wage-change distribution (Akerlof et al., 1996). Observe that there is a deﬁcit of negative real wage
changes in the wage-change distribution when DRWR binds, compared to the notional distribution, i.e. that the wagechange distribution is compressed from below. Furthermore, the deﬁcit of wage cuts compared to the notional distribution
is greater for large negative wage changes than for small. For example, while 22 percent of the notional wage cuts are
pushed up above the zero threshold, 30 percent of the notional wage change below 2 percent are pushed up above the 2
percent threshold, and 46 percent of the notional wage changes below 5 percent are pushed up above the 5 percent
(footnote continued)
is maintained. We omit that if the bargaining outcome is affected by past wages, rational agents should take the effect on future bargaining outcomes into
consideration during the negotiations. The risk that DRWR may bind in the future, pushing wages up, will lead wage setters to choose a lower wage today
(see Holden, 1997; Elsby, 2009). However, this consideration will not prevent the effect of DRWR that binds, which is what we look for in the empirical
analysis.
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Fig. 2. Kernel densities of a notional distribution of real wage changes (dotted line) and a distribution of real wage changes subject to DRWR (solid line).
Z ¼ 3, m ¼ 0:007, V 0 Nð0:6855; 0:003Þ, V L0  V P30 , and V H0  V P40
0 .

threshold. The intuition for this effect is that while DRWR prevents some small wage cuts (whenV L0 oV 0 oV H
0 ), DRWR also
means that larger wage cuts are reduced to a smaller size (when V 0 oV L0 ). This feature, that the fraction of the notional
wage changes that are pushed up above a lower threshold varies with the threshold, is a key prediction of the model to be
explored further in the empirical analysis. While most of the previous literature on DRWR focusses on the existence of
DRWR at zero wage growth, our model shows that it is also of interest to look at the effect of DRWR at negative thresholds.
The theoretical model allows us to show how DRWR relates to a different literature on real wage rigidity, analysing the
weak response of real wages to unemployment. As pointed out by Alogoskouﬁs and Manning (1988), one can decompose
the weak response into two conceptually different mechanisms: (i) unemployment has a small direct effect on real wages,
and (ii) a sluggish adjustment of real wages. In our model, the ﬁrst effect corresponds to a small partial derivative @V 0 =@U
(where U is unemployment), which would lead to reduced dispersion of the distribution of wage changes. This reduced
dispersion would, however, not depend on the location of the distribution. The latter effect is represented by a positive
partial effect of past wages, that is m40, involving a compression of the left side of the wage-change distribution. It is this
effect we look for in the empirical exercises below.

3. 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, construction and electricity, gas and water supply sectors
of 19 OECD countries in the period 1973–1999. The countries included in the sample are Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, New Zealand, Norway, Portugal,
Spain, Sweden, the United Kingdom, and the United States. The main data sources for wages are harmonized hourly
earnings from Eurostat and manufacturing wages from the International Labor Organization.
In line with the theoretical motivation, where DRWR is caused by worker preferences, real wages are measured by
deﬂating the nominal wage with the average consumer price index over the year. One observation of real wage growth is
denoted Dwjit , where j is the industry index, i is the country index and t is the year index. In total, there are 9509
observations distributed across 449 country-year samples, with an average of 21 industries per country-year. There are no
less than Y ¼ 3092 events of real wage cuts, which is 32.5 percent of all observations. Only 72 of the 449 country-year
samples have no real wage cuts. More details on the data are provided in Appendix B in the supplementary material.
The change in the average earnings in a given industry is affected both by the average change for job stayers, and by
compositional effects due to differences in wages between new hires and the workers that leave the industry. Prevalent
DRWR for individual workers will in general lead to a deﬁcit of negative changes in average real wages at industry level.
However, the compositional changes may blur this link.
Some compositional changes will be unrelated to the possible extent of DRWR at the individual level. Much of the
turnover is caused by a number of idiosyncratic changes, like workers moving for family motives. Such unsystematic
turnover may be considered as ‘‘noise’’ relative to individual wage rigidity, and make it more difﬁcult to detect DRWR in our
data. There will also be a systematic negative effect on average wages as older workers who leave the labor force on average
have higher wages than younger newcomers to the labor market. One may also expect cyclical effects, as the share of lowskilled workers may increase in expansions (see Solon et al., 1994). This latter effect is likely to dampen ﬂuctuations in
wage growth, thus reducing the number of wage cuts. For instance, in recessions, when wage growth for job stayers is likely
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to be low, the increased share of high-skilled workers will imply a positive compositional effect. Overall, the effect of
systematic compositional changes on the number of wage cuts is ambiguous.
However, compositional changes may also come as a consequence of DRWR in individual wages. Firms may respond to
downward rigidity at the individual level by cutting the wage of other workers, or by changing the composition of the
workforce towards workers with lower wages. Furthermore, binding wage rigidity in some ﬁrms may lead to lower
employment in these ﬁrms, at the beneﬁt of higher employment in other ﬁrms in the same industry with lower or more
ﬂexible wages. Note that if such mechanisms are strong we would detect less or no DRWR in our data, but we would also
expect there to be little or no effect on employment or output at the industry level. In contrast, if there are less such
compositional effects, for example because employment protection legislation prevents ﬁrms from laying off workers with
high wages, or because collective agreements at the industry level prevent jobs shifting from high wage to low wage ﬁrms,
we would detect DRWR in our data. In this case, one would also expect to ﬁnd effects of DRWR on industry employment
and output.
In the empirical part, we consider the possible existence of downward rigidity at 2 and 5 percent (that is Dwo  2
and Dwo  5), preventing large real wage cuts, in addition to real wage rigidity at zero. One motivation for this is from the
theory model, which predicts that the deﬁcit of negative real wage changes is greater for large negative changes than for
small. Compositional changes may also transform downward rigidity in individual wages at zero to downward rigidity in
aggregate wages at a negative rate. For comparison, we also consider nominal wage rigidity, that is if Dw þ po0, where p is
the rate of inﬂation.
3.1. Constructing the notional distribution
Following the idea of previous literature (McLaughlin, 1994; Kahn, 1997), the possible existence of DRWR is detected by
comparing empirical wage-change distributions with constructed notional (rigid-free) distributions, as illustrated in Fig. 2.
The notional distributions are derived from country-year samples with high median nominal and real wage growth, which
are assumed to be unaffected by DRWR. We assume that absent any DRWR, the notional real wage growth in industry j in
N
country i in year t is stochastic with an unknown distribution G, which is parameterized by ðmN
it ; sit Þ, where mit is the median
real wage growth, and sit is a measure of the dispersion of G. Thus, the location and dispersion of the notional industry
wage growth is allowed to vary across countries and years, to capture variation across countries and time caused by
differences in productivity growth, wage setting, inﬂation, industry structure, etc. Assuming the same structural form (or
shape) of G in all country-years, yields a larger data set to select high wage growth samples from, improving the possibility
to ﬁnd country-year samples that are not affected by downward wage rigidity. However, as this and other assumptions may
seem strong, extensive robustness checks are also undertaken.
Speciﬁcally, we construct an underlying distribution based on a subset H of the sample, with SH ¼ 1; 331 observations
from the country-year samples where both the median nominal and the median real wage growth are among their
respective upper quartiles, 66 samples in total, implying that the median nominal wage growth is above 11.8 percent, and
the median real wage growth is above 2.8 percent. To mitigate any effect of DRWR and outliers, we follow Nickell and
Quintini (2003) and measure the location by the median, and the dispersion by the range between the 35th and the 75th
percentiles. More precisely, the underlying distribution of wage changes is constructed by using the 66 samples with high
median nominal and real wage growth, by subtracting the corresponding country-year speciﬁc median (mit ), and dividing
by the inter-percentile range ðP75it  P35it Þ:


Dwjit  mit
; 8j; i; t 2 H and s ¼ 1; . . . ; SH ,
xs 
(5)
P75it  P35it
where subscript s runs over all j, i, and t in the 66 country-year samples. xs should thus be thought of as an observation of
the stochastic variable X from the underlying distribution Gð0; 1Þ. Fig. 3 compares the underlying notional distribution of
wage changes (illustrated by the histogram and the kernel density in solid line) with the standard normal distribution
(dotted line); notice that the underlying distribution is slightly skewed to the right, with a coefﬁcient of skewness of 0.26,
and with higher peak and fatter tails than the normal.
Then, for each of the 449 country-years in the full sample, we consider the notional country-year speciﬁc distribution of
wage changes formed by adjusting the underlying distribution for the country-speciﬁc empirical median and interpercentile range
Z it  XðP75it  P35it Þ þ mit ;

8i; t.

(6)
H

Thus, we have constructed 449 notional country-year distributions Z it Gðmit ; P75it  P35it Þ, each consisting of S ¼ 1; 331
wage-change observations. These notional country-year distributions have by construction a G distribution, i.e. the same
shape across country-years, but their median and inter-percentile range are the same as their empirical country-year
counterparts. Fig. 4 plots the notional distribution for Austria in 1988 together with the empirical histogram. Fig. 4 is the
empirical counterpart of the theoretical distributions in Fig. 2.
Our null hypothesis is that there is no DRWR, which corresponds to Z it having the same distributions as Dwit , while the
alternative hypothesis of DRWR corresponds to ProbðDwit o0ÞoProbðZ it o0Þ. For all country-year samples it, an estimate for
the probability of a notional real wage cut q~ it  ProbðZ it o0Þ is given by the notional incidence rate of a real wage cut, i.e. the
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Fig. 3. Histogram and kernel density (solid line) of the normalized underlying distribution of wage changes compared to the normal density (dotted line).
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Fig. 4. Histogram of observed real wage changes and the notional real wage-change distribution (solid line) in Austria, 1988.

ratio of the number of notional real wage cuts #zsit o0 to total number of observations in the underlying distribution SH
q~ it ¼

#zsit o0
SH

;

s ¼ 1; . . . ; SH .

(7)

The extent of DRWR is estimated by comparing the incidence rate of wage cuts in the notional distributions with those of
the empirical samples. The latter is given by
qit ¼

#Dwjit o0
;
Sit

8j,

(8)

where #Dwjit o0 is the number of empirical wage cuts and Sit is the number of observations, both in country-year it. For
country-years where there is at least one notional real wage cut, implying that q~ it 40, we can calculate an often used
measure of downward wage rigidity, namely the fraction of wage cuts prevented, FWCP,

FWCPit ¼ 1  qit =q~ it .

(9)

For example, in Austria in 1988, the incidence rate of notional real wage cuts, q~ it , is 0:11, while the empirical incidence rate,
qit , is 0:06, implying that the FWCP is 0.45.
As there are only on average 21 industries in each country-year sample, there may be considerable stochastic
disturbances in mit , P75it  P35it ; and qit , which induce considerable disturbances in q~ it and FWCPit. Thus, estimates of
DRWR in single country-years will be imprecise. Therefore, we focus on incidence rates and FWCPs at more aggregated
levels, like regions, periods, and the full sample, where the estimates will be more precise.
To test for the existence of DRWR, we explore whether there are ‘‘too few’’ empirical real wage cuts, as compared to the
notional G distributions, i.e. without DRWR. This can be done by use of the formulae for binomial distributions, with the
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notional probabilities q~ it . However, for the full sample of some 450 country-years, this is computationally infeasible.
Therefore, we use the simulation method proposed in Holden and Wulfsberg (2008). Speciﬁcally, for each country-year it,
we draw Sit times from a binomial distribution with the country-year speciﬁc notional probability q~ it . The number of
b are then compared with the total number of wage cuts Y in the corresponding
simulated notional real wage cuts Y
empirical distribution. This procedure is repeated 5,000 times, counting the number of times with more simulated notional
b
wage cuts than the empirical counterpart, denoted #ðY4YÞ.
The null hypothesis is rejected with a signiﬁcance level of 5
b
percent if 1  #ðY4YÞ=5000p0:05.
A potential problem is that if DRWR binds in some country-years, and compresses the empirical wage-change
distribution from below to the extent that it affects the 35th percentile (and thus reduces the inter-percentile range) or
increases the median, the associated notional country-year sample will also be compressed from below. This will involve a
downward bias in the notional incidence rate of wage cuts, q~ it , and thus to a downward bias in our estimate of DRWR, i.e. a
downward bias in the estimated FWCP. This downward bias will also reduce the power of our test. However, if there is no
DRWR, there will be no downward bias, so this will not affect the signiﬁcance level of our test.
4. Results
Table 1 displays the main results. For the full sample, the estimated FWCP is 0.037 and highly signiﬁcant. Thus, about 4
out of 100 notional real wage cuts in the overall sample do not result in an observed wage cut due to DRWR. Distinguishing
between time periods, the DRWR appears stronger in the 1970s and the late 1990s, with FWCP of about 0.06, than in the
1980s and the early 1990s.
Table 1 also reports the FWCP across geographical regions: Anglo (Canada, Ireland, New Zealand, the United Kingdom,
and the United States), Core (Austria, Belgium, France, Germany, Luxembourg, and the Netherlands), Nordic (Denmark,
Finland, Norway, and Sweden), and South (Italy, Greece, Portugal, and Spain). The regional classiﬁcation is largely based on
geography and language, but typically, countries in the same region are fairly similar when it comes to labor market
institutions. Generally, there is a tendency of high rates of unionization and fairly strict employment protection legislation
(EPL) in the Nordic countries, moderate unionization and stricter EPL in the South, moderate unionization and moderate
EPL in the Core, and lower unionization and weaker EPL in the Anglo countries. While the point estimates indicate some
DRWR for all regions, this estimate is only signiﬁcant at 5 percent for the Core region.
The middle columns display the results for DRWR at 2 and 5 percent. The estimates show that wages are more rigid
at lower growth rates than at zero, with a FWCP in the full sample of 0.113 at 2, and 0.184 at 5. At 2 percent growth,

Table 1
The FWCP estimated at 0, 2, 5, and p percent real wage growth. p-values in parentheses.
Category

S

DRWR evaluated below
0 percent

2 percent

p percent

5 percent

Y

FWCP

Y

FWCP

Y

FWCP

Y

FWCP

All observations

9505

3092

0.037
(0.000)

1372

0.113
(0.000)

449

0.184
(0.000)

324

0.260
(0.000)

Periods
1970–1979

2224

453

214

1545

1990–1994

1906

645

1995–1999

1662

449

0.309
(0.000)
0.157
(0.000)
0.195
(0.032)
0.146
(0.105)

5

3717

0.162
(0.000)
0.096
(0.000)
0.109
(0.017)
0.129
(0.016)

59

1980–1989

0.067
(0.016)
0.028
(0.024)
0.020
(0.241)
0.058
(0.041)

0.612
(0.011)
0.399
(0.000)
0.231
(0.002)
0.159
(0.005)

Regions
Anglo

2961

1274

Core

3110

788

Nordic

1976

515

South

1462

515

0.027
(0.054)
0.063
(0.004)
0.032)
(0.125)
0.024
(0.214)

755
229
174

568
248
235
321

0.113)
(0.000)
0.188
(0.000)
0.117
(0.002)
0.043
(0.147)

270
63
57

188
48
45
168

0.172
(0.001)
0.347
(0.000)
0.311
(0.000)
0.090
(0.058)

74
93
152

153
125
18
28

0.199
(0.001)
0.234
(0.000)
0.498
(0.000)
0.411
(0.001)

Notes: S is the number of observations, Y is the number of observed wage cuts below the relevant limit. DRWR evaluated below p percent is equivalent to
evaluate DNWR at 0 percent.
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DRWR is signiﬁcant for all time periods and for all regions except the South. At 5 percent growth, the estimated FWCP is
above 0.30 both in the Core and in the Nordic regions, while in the South, the FWCP is only 0.09, with a p-value of almost 6
percent.
The ﬁnding of higher FWCP for negative rates of change than at zero is consistent with the theoretical model given in
Section 2; DRWR pushes up real wages even when the real wage change is negative. Interestingly, a calibrated version of
the theoretical model provides a remarkably close approximation to the overall empirical results. Choosing two parameter
values to match the empirical results, Z ¼ 3 and m ¼ 0:033, and drawing V 0 from the normalized underlying distribution as
given by (5) (instead of using a normal distribution), yield FWCPs of 0.037, 0.126, and 0.162 at 0, 2, and 5 percent, as
compared to the empirical results of 0.037, 0.113 and 0.184. This close ﬁt strengthens the theoretical model’s interpretation
that the higher FWCP for negative rates of change, 2 and 5, is caused by DRWR pushing up real wages even when the
real wage change is negative. However, more prevalent DRWR at 2 and 5 percent growth rates might also be caused by
rigidity at constant real wages for individuals and possibly also for ﬁrms, combined with some downward ﬂexibility due to
compositional changes between types of workers.
The last column in Table 1 reports the results for downward nominal wage rigidity, DNWR. The FWCPs are almost
always higher for nominal than for real rigidity, the only exception being the Core region, where there is high real rigidity at
the 5 level. The most notable difference is for the South, where the FWCP applying to nominal rigidity is 0.411.
When combining time periods and regions, we ﬁnd that DRWR at 2 and 5 percent was prevalent in the Anglo, Core,
and Nordic regions in the 1970s and 1980s (see Table C1 in the supplementary material). In contrast, in the South, there is
no signiﬁcant DRWR in any period. Testing for DRWR in individual countries, we ﬁnd signiﬁcant DRWR at the 2 percent
level, with a FWCP of around 0.5, in Austria and Finland. The FWCP is also signiﬁcant, varying between 0.09 and 0.21 in
Belgium, Ireland, Luxembourg, the Netherlands, New Zealand, Portugal, Sweden, the United Kingdom, and the United States
(Table C2 in the supplementary material reports the results for individual countries). There is no indication of DRWR at 2
percent in Canada, Denmark, France, Germany, Greece, Italy, Norway, and Spain. At the country level, there is a positive
correlation between the estimates of DNWR and DRWR at 2 percent.
The fraction of industry-years that are affected by downward rigidity can be calculated by multiplying the incidence rate
of notional wage changes by the FWCP for the respective threshold. This estimate shows that 1:8 percent of all industryyear wage changes are pushed up above the 2 percent threshold, which is higher than for any of the other thresholds (see
Table C3 in the supplementary material). This estimate is fairly stable across time periods, and the geographic variation is
also limited, ranging from 1.0 percent in the South to 2.4 percent in the Anglo countries. This underscores that DRWR is a
phenomenon that affects all regions and time periods, even if the extent is moderate.
Based on data for individual job stayers, Dickens et al. (2005) ﬁnd evidence for DRWR at zero growth, with the FWCP
ranging from around 0.05 percent in Greece and the United States to around 0.5 percent in Finland, France, and Sweden,
with most countries in the 0.15–0.35 range. However, these estimates are not directly comparable to ours, as our estimated
FWCP are affected by aggregation and compositional effects.

4.1. Robustness
To explore the robustness of our results, we have varied the key assumptions concerning the shape, the location, and the
dispersion of the notional G distributions. (The details are reported in Appendix D of the supplementary material.) As to the
shape of the underlying distribution, we have tried country-speciﬁc and period-speciﬁc distributions in addition to the
common shape assumption. While there is considerable variation in the results from different methods, the broad picture
remains the same. Overall, there is clear evidence of DRWR, although the extent is moderate. Signiﬁcance levels and FWCPs
are higher at 2 and 5 percent than at zero, and also weaker and smaller in the South than in the other regions. Note that
with country-speciﬁc or period-speciﬁc underlying distributions, all country-years are used in the construction of
underlying distributions, implying that there is no selection of high wage or booming economy samples. When we
nevertheless detect signiﬁcant DRWR, it is because country-year samples with lower median real wage growth have more
compressed left tail than other country-year samples.
We also perform the analysis with an entirely different identifying assumption that, following Card and Hyslop (1997),
assumes symmetry within each country-year notional sample. Thus, the notional distribution is constructed for each
country-year sample by replacing the observations below the median by the mirror image of the observations above the
median. Note that this approach does not assume a common shape of the notional distributions across country-years. As
the symmetry method is based on orthogonal assumptions to our main approach, it constitutes a strong test of the
robustness of our results. As shown in Table C4 in the supplementary material, the estimated FWCPs are somewhat lower,
but the results are qualitatively similar to the main results. This ﬁnding strengthens our belief that our results are indeed
caused by DRWR. The ﬁnding of asymmetric real wage rigidity is interesting, as it suggests that even if a shock is reversed,
real wages need not revert to their original level.
To explore whether DRWR applies to expected real wages, rather than actual, we have re-simulated the results from the
main procedure using expected real wage changes, where actual price level is replaced by the expected price level, and the
latter is based on expected inﬂation being derived as country-speciﬁc AR1 processes of actual inﬂation. The results are
qualitatively similar, even though the estimated FWCPs are somewhat smaller: 0.024, 0.066 and 0.165 at levels zero, 2,
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and 5 percent growth. The tendency towards weaker downward rigidity for expected, rather than for actual, real wages is
the opposite of what one would expect if expectational errors regarding inﬂation are a key cause of real wage ﬂexibility.
This suggests that expectational errors are not important for real wage ﬂexibility.
One possible alternative interpretation of our ﬁnding of DRWR at 2 and 5 growth levels is that the missing real wage
cuts are in fact caused by downward nominal wage rigidity. We test for this possibility by exploring whether there is any
relationship between the FWCP and the rate of inﬂation. If our ﬁndings of DRWR are caused solely by DNWR, the FWCP will
be zero for high rates of inﬂation, and positive for low inﬂation rates. The FWCP at the 2 percent level is indeed lower in
country-years where inﬂation is above 10 percent (0.05) than if inﬂation is below 2 percent (0.16), suggesting that some of
the downward real rigidity may be caused by downward nominal rigidity. However, the FWCP is even higher for countryyears where inﬂation rates are between 4 and 6 percent (0.23). The FWCP is also high for country-years with inﬂation rates
in the 8–10 percent interval (0.17), indicating that at least a large part of the DRWR is not caused by DNWR.
5. The effect of institutional and economic variables
A key question is to what extent the DRWR can be explained by differences in economic and institutional variables.
Holden and Wulfsberg (2008) report that employment protection legislation, union density, and unemployment are
important determinants of DNWR. Table 2 reports results from Poisson regressions for the same variables, using the
number of real wage changes below 2 percent in a country-year as the dependent variable. The ﬁrst two columns report
pooled and ﬁxed effects estimates for the incidence of real wage cuts, while the last two columns report pooled and ﬁxed
effects estimates for the FWCP.
Inﬂation is found to have a positive effect on the incidence of real wage cuts. This is not surprising, given that a positive
inﬂation shock will reduce real wages. Inﬂation has also a negative impact on the FWCP. Note that this is not caused by the
same mechanism as when inﬂation reduces the incidence of real wage cuts. If a positive inﬂation shock takes place, it will
move the entire real wage-change distribution, and as the notional distributions are conditioned on the median real wage
change, a positive inﬂation shock will not affect the FWCP unless there is a link between the inﬂation shock and the
distributional shape of the real wage changes. One possible cause of such a link is if the DRWR applies to expected real
wages, and then is eroded if a positive inﬂation shock takes place. However, our ﬁndings above do not support this
interpretation. A more plausible interpretation, is that under low inﬂation, DNWR also contributes to DRWR.
Unemployment has a signiﬁcant positive effect on the incidence of real wage cuts, and a negative effect, although not
signiﬁcant, on the FWCP. EPL has the expected effect on the incidence of wage cuts and the FWCP, but is only signiﬁcant in
one of the pooled regressions. The negative effect of EPL on the incidence of wage cuts is evidence against the hypothesis
that the deﬁcit of negative real wage changes is caused by low wage workers leaving the industry in downturns. EPL would
help low wage workers keep their job in a recession, thus it will prevent the compositional effect that pushes up industry
wages, and hence it would lead to more wage cuts. Hence this supports that our empirical ﬁndings are really evidence of
DRWR.
Union density has the expected negative effect on the incidence of wage cuts when we control for ﬁxed effects. Union
density has a positive effect on the FWCP, although not signiﬁcant. These results give some indication that DRWR is affected
by labor market rigidity and unions, and that is it weakened by unemployment. Other institutional variables like
bargaining coverage, temporary employment, and indexes of centralization and coordination of wage setting, had lower
explanatory power.
Table 2
Maximum likelihood estimates with standard errors in parenthesis from negative binomial regressions in columns one and two and from Poisson
regressions in columns three and four.

EPL
Union density
Inﬂation
Unemployment
Constant

Log-likelihood
Number of observations

Incidence of real wage cuts below 2 percent

Fraction of real wage cuts prevented below 2 percent

Pooled

Pooled

Fixed effects

0.195*
(0.063)
0.362
(0.392)
0.120*
(0.015)
0.102*
(0.022)
0.367
(0.307)
877.2
422

Signiﬁcant estimates at 5 percent are indicated by an asterisk.

0.078
(0.090)
1.596*
(0.523)
0.111*
(0.011)
0.163*
(0.020)
1.576*
(0.338)
755.7
422

0.005
(0.022)
0.110
(0.161)
0.014*
(0.004)
0.014
(0.008)
0.297*
(0.121)
563.3
392

Fixed effects
0.146
(0.173)
0.672
(0.572)
0.026*
(0.020)
0.029
(0.016)
–

563.9
392
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6. Conclusions
Using industry data for 19 OECD countries between 1973 and 1999, we ﬁnd evidence of downward real wage rigidity in
the core European countries, and in the Anglo group, but not for the southern European countries. The extent of DRWR is
small, and in the full sample only 4 out of 100 notional wage cuts are prevented by DRWR. However, there is stronger
evidence of downward rigidity at negative real wage changes. Eleven percent of the real wage changes below 2 percent
growth are prevented by DRWR, and 18 percent of changes below 5 percent real wage growth are prevented.
The stronger downward rigidity at negative real wage changes is a key ﬁnding of our study. It implies that one should
not take frequent real wage cuts as indication that real wages are ﬂexible downwards, as the downward resistance can bind
also at lower levels. Possible effects on employment and output do not hinge on DRWR being binding at zero, it is sufﬁcient
that real wages are pushed up.
The stronger DRWR at negative growth rates is consistent with our theoretical model, where workers’ resistance against
wage cuts not only prevents smaller wage cuts, but also reduces the size of larger ones. Compositional changes in the work
force, where e.g. older high-wage workers are replaced by younger low-wage workers, may also contribute to a limited
reduction in average real wages, even if individual workers avoid real wage cuts.
Downward nominal rigidity is in general much more signiﬁcant and of greater magnitude than downward rigidity of
real wages. The difference between DNWR and DRWR was, however, smaller in the late 1990s than in earlier periods,
reﬂecting a reduction in the extent of DNWR. This suggests that nominal wages have become more ﬂexible downwards, in
line with the reduction in inﬂation, but there has not been the same increase in the ﬂexibility of real wages. In periods of
low inﬂation, DNWR will also involve DRWR, and it is indeed difﬁcult to distinguish between the two types of rigidity.
However, as DRWR also binds in high inﬂation periods, it seems clear that DRWR is an independent phenomenon that is
not only caused by DNWR combined with a low inﬂation rate.
In contrast to most previous studies of DRWR, which consider the wages of job stayers, we use data for average wages at
the industry level. Thus, if DRWR for job stayers is circumvented by ﬁrms that give lower wage increases to other workers,
or hire new workers at lower wages, there will be no DRWR in our data. Nor will our data capture downward wage rigidity
in some ﬁrms, if many jobs are moved to other ﬁrms with lower wages in the same industry. However, in these cases it is
questionable whether the wage rigidity at the worker- or the ﬁrm-level will have any impact at the aggregate level. In
contrast, if the DRWR also prevails in industry wages, an effect on aggregate output and employment seems more likely.
Our ﬁnding of DRWR is based on a univariate framework, which only includes data for real wage growth. The univariate
framework has the advantage of needing no assumptions on explanatory variables and functional forms. Thus, when we
detect DRWR, we can be fairly conﬁdent that this ﬁnding is indeed a feature inherent in the data.
What is the effect of wage rigidity on employment and output? This is a matter of considerable controversy within
recent macro-labor literature. Using a basic search model, Shimer (2005) argues that real wage rigidity is crucial for
explaining the evolution of vacancies and unemployment over the business cycle. However, as pointed out by among others
Shimer (2004) and Pissarides (2009), wage rigidity of job stayers is not important in the search model, it is the wages of
new hires that matter. Furthermore, Pissarides (2009) argues that the evidence indicates that wages of new hires are
ﬂexible, and concludes that wage rigidity is not important for the cyclical movement of unemployment and vacancies. This
view is, however, opposed by Gertler and Trigari (2009) who show that when controlling for compositional changes in job
quality, the wages of new hires is no longer more ﬂexible than that of job stayers. Furthermore, in many OECD countries,
most workers have their wage set in a collective agreement, and these agreements typically also apply for new hires.
Consistent with this, Card (1990) ﬁnds that wage rigidity in Canadian union contracts affect ﬁrms’ employment decisions.
There is fairly strong evidence that the variation in unemployment rates across time and OECD countries is related to
institutional labor market variables—like unemployment beneﬁts, union density, and the degree of coordinated wage
setting—which are likely to reﬂect differences in wage-setting behavior (see for example Nickell et al., 2003). Within this
framework, one would expect increased wage pressure due to binding DRWR to induce higher unemployment, in line with
the early explanations of the rise in European unemployment in the 1970s (see Bruno and Sachs, 1985; Grubb et al., 1983).
Testing this conjecture is an important task for future research.
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