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Abstract This paper substantially extends the available evidence on downward
nominal wage rigidity in the European Union (EU) and the Euro Area. We develop an
econometric multi-country model based on Kahn’s (Am Econ Rev 87(5):993–1008,
1997) histogram-location approach and apply it to employee micro data from the
European Community Household Panel for 12 of the EU’s member states. Our esti-
mates for the degree of downward nominal wage rigidity on the national as well as the
EU-wide level point to substantial downward nominal wage rigidity within the EU.
A detailed comparison with other cross-national studies reveals an emerging consensus
about which countries can be characterized as high or low rigidity countries, although
the status of some countries remains unclear. The variation in national degrees of
downward nominal wage rigidity cannot convincingly be explained by institutional
variables.
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322 C. Knoppik, T. Beissinger

1 Introduction

Whether and to which extent nominal wages are downwardly rigid are widely consi-
dered unresolved questions. Their scientific importance derives from their key role in
understanding the workings of the labor market and from their implications for the
shape of the long-run Phillips curve. Both questions are also relevant for economic
policy since downward nominal wage rigidity may lead to unintended costs of low
inflation targets in terms of higher long-term unemployment. Accordingly, the empi-
rical evidence with respect to nominal wage rigidity is indispensable for an evaluation
of recent low inflation targets of monetary policy makers.

Until recently, such evidence only existed for a few European countries, as emphasi-
zed in the survey of Rodríguez-Palenzuela et al. (2003). In several cases, the evidence
available was purely descriptive, seemingly contradictory, or was hard to compare
across countries, because of differences in methods and data. The European Central
Bank (2003, p. 14) concluded that ‘... the empirical evidence is not conclusive, par-
ticularly for the euro area’. The current paper addresses this critique by substantially
extending the available evidence on existence and extent of downward nominal wage
rigidity in the European Union (EU) and the Euro Area.1 Additional econometric evi-
dence based on micro data has been presented in the cross-national studies of Behr
and Pötter (2005) and Dickens et al. (2006). Holden and Wulfsberg (2006) analyze
international sectoral data. The results from these studies will be discussed together
with ours in Sect. 5.

Our analysis is based on the European Community Household Panel (ECHP), a
large-scale annual longitudinal survey for the ‘old’ 15 member states of the EU car-
ried out between 1994 and 2001. The great advantage of the ECHP is the standardized
questionnaire used in the EU-countries, which makes the direct comparison of data
across countries and over time possible. Using a uniform method of analysis for the
whole EU and Euro Area as well as for the individual member countries facilitates the
comparison of the results. We develop an econometric multi-country model based on a
widespread quantitative method of analysis, the histogram-location approach introdu-
ced by Kahn (1997). The semi-parametric histogram-location approach models annual
location-centered distributions of wage changes by histograms and formulates an eco-
nometric model of the histograms’ bins.2 Under a regime of downward nominal wage
rigidity, the econometric model will reveal a systematic interplay of location and shape
of the histograms over time. This ‘joint variation of location and shape’ identifies the
key parameter, the degree of downward nominal wage rigidity, which measures the
share of desired wage reductions that are prevented by downward nominal wage rigi-
dity. This principle of identification is also used in other approaches, e.g. the skewness-
location approach by McLaughlin (1994), the kernel-location approach by Knoppik
(2007) and, jointly with identification by functional form, in the earnings-function
approach by Altonji and Devereux (2000). The histogram-location approach has been
outlined in detail in an earlier version of this paper, Knoppik and Beissinger (2006),

1 Earlier versions of this paper were presented at the EPUNet, EEA and EALE conferences in 2004.
2 The term ‘wage’ is used for any type of earnings from labor. The earnings variables used are discussed
in Sect. 3.
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and, e.g. in Beissinger and Knoppik (2001), Stiglbauer (2002), and Lebow et al. (2003).
Advantages of the histogram-location approach include a high degree of comparability
with earlier results, easy interpretation and, due to its semi-parametric nature, little
reliance on functional assumptions, in particular if compared with approaches that rely
on functional form of wage change distributions for the identification of downward
nominal wage rigidity. Among the drawbacks of the histogram-location approach is
its lack of treatment of measurement problems, which implies a downward bias in
estimated degrees of rigidity. These issues are discussed below in more detail.

The paper is structured as follows. Section 2 explains our proposed extensions to
the histogram-location approach for cross-national analysis. Section 3 describes the
ECHP data used and the definition of our reference subsample. Section 4 contains a
description of the empirical implementation and the results with respect to existence
and extent of downward nominal wage rigidity. In Sect. 5 these results are compared
with results from other cross-national studies. In Sect. 6 it is analyzed whether ins-
titutional indicators can explain differences in estimated national degrees of rigidity.
Finally, in Sect. 7 we summarize our findings and offer some conclusions.

2 Extensions of the histogram-location approach for cross-national analysis

Numerous applications of the basic proportional model of the histogram-location
approach can be found in the literature.3 In addition, a number of variants of the
basic model have been proposed in Kahn (1997), Beissinger and Knoppik (2001),
Christofides and Leung (2003), Castellanos et al. (2004), and Kuroda and Yamamoto
(2005). However, neither the basic version nor these extensions are suitable for cross-
national, cross-sectional, or cross-regional analysis. To introduce the notation and as
a point of reference we present a basic version of the model first.

2.1 Basic econometric model and options for cross-national analysis

The basic econometric model of the histogram-location approach explains the relative
frequency Prt of wage changes in histogram bin r in period t of the histogram of
location-centered percent annual wage changes. The bin size Prt is equal to the product
of bin width b and height h, Prt = bh. Bin r represents percent nominal wage changes
that are between r and r −1 times the bin width b smaller than the rate of wage change
at the location of the uncentered distribution. The explanatory variables are dummy
variables that capture bin status in different bins and years, i.e. whether the bins contain
negative, zero, or positive nominal wage changes. The unknown parameters that are
to be estimated are the rigidity parameter ρ, the counterfactual bin sizes αr that would
prevail under wage flexibility, and the pile-up parameter γ . The model consists of the
following system of R = rmax − rmin + 1 equations:

3 Examples are Knoppik and Dittmar (2002) for Germany, Brzoza-Brzezina and Socha (2006) for Poland,
and Lebow et al. (2003) for the US.
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Prt = αr (1 − ρDNrt )
︸ ︷︷ ︸

thinning

+
⎛

⎝γ + ρ

rmax
∑

j=rmin

α j DN jt

⎞

⎠ DZrt

︸ ︷︷ ︸

pile−up

+µr t

for r = rmin . . . rmax, (1)

where µr t is the error term in equation r . Each observed bin’s status as a negative
bin, zero bin or positive bin is encoded in a set of two dummy variables, DNrt and
DZrt . Each equation of system (1) covers the three cases of negative, zero, or positive
bins. The sizes of positive bins, i.e. the bins with only positive nominal wage changes
(DNrt = 0 and DZrt = 0) are explained by the counterfactual bin sizes αr . In the case
of negative bins, which exclusively contain negative nominal wage changes (DNrt = 1
and DZrt = 0), a proportion ρ of the counterfactual bin size is subtracted from αr .
In contrast, for zero bins, i.e. the bins that contain the zero nominal wage change
(DNrt = 0 and DZrt = 1) there is a pile-up in addition to the counterfactual bin size
from the wage freezes in the negative bins of the same period. Parameter γ captures
the contribution of those negative bins that are too far left to be explicitly modeled, or
caused by reasons other than downward nominal wage rigidity. The rigidity parameter
ρ can directly be interpreted as the degree of downward nominal wage rigidity, since
it is equal to the proportion of nominal notional wage cuts that are prevented by
the existence of downward nominal wage rigidity.4 The counterfactual bin sizes αr

are constant parameters because of the assumption of a time-invariant counterfactual
distribution (up to shifts in location).5

System (1) is a partial model of the total histogram including R equations, one for
each bin modeled; this assumption will be relaxed later. All bins that change status
at least once during the sample period contribute to the identification of downward
nominal wage rigidity and should be included in the model. rmin should therefore be
the bin with the smallest number that changes from positive to zero status at least once
in the sample period, or a bin with an even lower number, and analogously for rmax.
Note that the estimation of the system is based on N = R · T observed bin sizes, given
T observed histograms.

There are three ways in which to use the histogram-location approach in a cross-
national context. The first option is to build isolated national models, i.e. to construct
national histogram bin sizes and to estimate national models independently of each
other, by using the basic econometric model (1). The main drawback of this option
for our purposes is that for several countries the distribution of percent wage changes
shows only very little variation in location over the sample period which tends to
make estimation less reliable or even impossible. The second option is to construct one

4 The model presented is a simplified version of the ‘proportional model’ or ‘model 3’ in Kahn (1997). The
proportional model of downward nominal wage rigidity with uniform degree of rigidity for nominal wage
reductions of all sizes is used, because it results in a single measure of rigidity that it easy to interpret and
easy to compare to other results in the literature. There is also explicit support for this proportional form of
rigidity in Knoppik (2003), an analysis of functional form of downward nominal wage rigidity.
5 A detailed account of the assumptions underlying this and other approaches to the analysis of downward
nominal wage rigidity can be found in Beissinger and Knoppik (2001).
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aggregate annual histogram of wage changes for all countries together and to estimate
an aggregate model. However, different developments over time of the location of the
underlying national distributions give rise to a time-varying mixture of distributions,
which violates the assumption of time-invariance of the counterfactual distribution.
The third option is to pool the information on national histogram bin sizes and to
estimate pooled models. In pooled models, the limited variation in location of the
distributions of percent nominal wage changes is substituted to some degree by cross-
national variation in location. Two versions of pooled models, either with uniform
or country-specific degrees of downward nominal wage rigidity are considered in the
following subsection.

2.2 Pooled model

The pooled model with uniform parameters essentially consists of a version of Eq. (1)
that is additionally indexed with a country index c

Prct = αr (1 − ρDNrct )
︸ ︷︷ ︸

thinning

+
⎛

⎝γ + ρ

rmax
∑

j=rmin

α j DN jct

⎞

⎠ DZrct

︸ ︷︷ ︸

pile−up

+µrct

for r = rmin . . . rmax. (2)

Stacked data on bin sizes and status dummies from the different countries is used in
this case. Note that the estimation of the pooled model is based on N = R · ∑

c Tc

observed bin sizes, where Tc is the number of observed histograms of country c. The
pooled model with national rigidity and pile-up parameters is given by the system of
Eq. (3).

Prct = αr

(

1 −
(

∑

i

ρi DCi
rct

)

DNrct

)

︸ ︷︷ ︸

thinning

+
⎛

⎝

∑

i

γi DCi
rct +

(

∑

i

ρi DCi
rct

)

rmax
∑

j=rmin

α j DN jct

⎞

⎠ DZrct

︸ ︷︷ ︸

pile−up

+µrct

for r = rmin . . . rmax, (3)

where DCi
rct is the country dummy for country i . The uniform rigidity parameter ρ

is replaced by
∑

i ρi DCi
rct and the pile-up parameter γ is replaced by

∑

i γi DCi
rct ,

where summation runs over all countries covered. The assumption of invariance of
the counterfactual distribution is extended in this pooled model to countries, which is
reflected in the country-independent counterfactual bin sizes αr . Any potential coun-
try differences of the counterfactual therefore have to be eliminated. Centering the
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national histograms takes account of the national differences in location. Additional
differences in dispersion can be taken into account by standardizing the distributions,
as is explained in the next subsection. Admittedly, the wage-change distributions
across countries could vary in ways not captured by centering and standardizing, as
they could in a single country application. One strategy to ensure the invariance of the
counterfactual, which we adhere to, is to create a homogenous subsample even if it
means a loss of observations and to perform many robustness checks by systematic
variation of the subsample selection, the histogram construction and the econometric
model used in the analysis.

2.3 Standardization

One implication of the assumption of an invariant counterfactual distribution in the
histogram-location approach is that histograms from two countries that differ in the
dispersion of their wage change distributions must not be used in a joint analysis, unless
the analysis corrects for these differences.6 The means for correction are histograms
of standardized wage changes, where the standardized percent wage changes �ws are
defined by

�ws = �w − l

v
,

with location parameter l and dispersion parameter v. Under standardization, zero bin
status is determined by whether (in a given period) the bin contains the standardized
wage change that corresponds to the original zero nominal wage change, �ws =
(0 − l)

/

v. Standardization effectively relaxes the assumption of time-invariant coun-
terfactual distribution (up to variation in location) and replaces it by the weaker
assumption of time-invariant counterfactual distribution (up to variation in location
and some parameter of dispersion).

The choice of a suitable measure of variability depends on the question to be addres-
sed. Holden and Wulfsberg (2004) choose the interquartile range as their preferred
measure of variability, i.e. v75|25 = q75 − q25, where q75 and q25 denote the third and
first quartile (75th and 25th percentile). Since they are interested in unbiased type I
errors in a test of the null hypothesis of wage flexibility it does not matter for their ana-
lysis that the interquartile range is affected by downward nominal wage rigidity. Since
we are interested in estimates of the extent of downward nominal wage rigidity, our
measure of variability must not be affected by downward nominal wage rigidity. We
therefore propose the use of interpercentile ranges between some high percentile and
the measure of location, which must not be affected by downward nominal wage rigi-
dity either. For example, if the 60th percentile is used for location, l = q60, the upper
percentile could be q80 leading to

v80|60 = q80 − q60,

6 Knoppik and Beissinger (2006) contains a detailed graphical illustration of the issues of differences in
dispersion and standardization.

123



Downward nominal wage rigidity in Europe 327

and a corresponding standardization of

�ws = �w − q60

v80|60 = �w − q60

q80 − q60
.

2.4 Closed model

A problem of the basic model is that it is a partial model, which could lead to incon-
sistent results. The solution is to ‘close’ the model by modeling the full left tail of
the histogram. In the basic model (1), the part of the distribution to the left of rmax is
only taken into account implicitly, by adding the ‘additional pile-up’ parameter γ . The
construction of location-centered histograms implies that the counterfactual outer left
tail has probability mass of F (q)−∑rmax

j=1 α j , i.e. is equal to the difference between the
percentile used as measure of location and the sum of all counterfactual bin sizes up to
rmax. Because of the proportional functional form of downward nominal wage rigidity
assumed in the model, the pile-up from far left must equal ρ times this difference. This
restriction, γ = ρ(F(q)−∑rmax

j=1 α j ), however, is not taken into account in the partial
model and may therefore be violated in estimates obtained from the basic model. In
order to close the model, the restriction can be used to replace the pile-up parameter
γ in systems (1), (2), or (3).

For example, system (1) then becomes:

Prt = αr (1 − ρDNrt )
︸ ︷︷ ︸

thinning

+
⎛

⎝ρ

⎛

⎝F (q) −
rmax
∑

j=1

α j

⎞

⎠ + ρ

rmax
∑

j=1

α j DN jt

⎞

⎠ DZrt

︸ ︷︷ ︸

pile−up

+µr t

for r = 1 . . . rmax. (4)

Note that no explicit equation for the probability mass to the left of rmax is needed
since it is implied by the other bin sizes. Such an equation is not admissible either,
because of the dependence of the error terms over the closed model.7 Note also that
rmin has to be set to one.

3 Data and definition of the reference subsample

The analysis is based on the ECHP which is a large-scale annual longitudinal survey
providing household and personal information on income and socio-economic cha-
racteristics for the 15 ‘old’ member states of the EU.8 The ECHP has been centrally
designed and coordinated by the Statistical Office of the EU (Eurostat). The great

7 This situation is well known in the context of the estimation of expenditure shares, see, e.g. Greene (2003).
8 EPUNet (2004) is a short introduction to the ECHP and a reference to more detailed information; see
also Eurostat (2003). A large number of documents on the ECHP is provided by Eurostat (2004). Peracchi
(2002) gives a detailed description of the first three waves of the ECHP data.
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advantage of the ECHP is the standardized questionnaire used in the EU-countries,
which allows direct comparisons of data across countries and over time.

The ECHP started in 1994 and ended in 2001, thus consisting of eight waves.
In the first wave in 1994, about 60,000 nationally representative households with
approximately 130,000 individuals aged 16 years and over were interviewed in the
then 12 participating member states. Austria, Finland and Sweden joined the ECHP-
project in 1995, 1996 and 1997, respectively. However, the Swedish data cannot be
used in the analysis since it only contains cross-sectional information. Luxembourg
and the Netherlands also have to be excluded because required information is missing.9

For the definition of a reference subsample decisions are made with respect to
three broad categories, referring to the type of employees, the socio-economic cha-
racteristics of employees and the type of earnings used in the analysis. Later on, the
robustness of estimation results is checked by modifying the entries in each category.
Our analysis restricts the type of employees to ‘job stayers’, i.e. employees who have
a ‘stable employment relationship’ with an employer. Job stayers are defined as full-
time working employees who do not change the employer between two consecutive
interviews.10 Additionally, the following restrictions were imposed for our reference
subsample: Interviews are at least 8 and at most 16 months apart and the employee has
been in paid employment in each month between interviews according to the monthly
activity calendar provided by the ECHP.11 With respect to the socio-economic cha-
racteristics of job stayers, our reference subsample focuses on male employees who
are between 21 and 65 years old and are working in industry or services on the basis
of a permanent employment contract.12 Regarding the type of earnings, the ECHP
dataset provides information on monthly and annual nominal earnings from work, i.e.
‘current monthly (net and gross) wage and salary earnings’ and ‘total regular net wage
and salary earnings’ (referring to the year prior to the wave year). Since the job stayer
concept applied in the paper refers to the spell between interviews and not to the calen-
dar year, we use the information on current monthly earnings. The question whether
gross or net earnings are more suitable for the analysis is debatable, because arguments
for and against each measure can be put forward. For example, the take-home pay may
be better known to individuals, but net earnings changes may be affected by changes
in the tax system. We decided to use monthly net earnings in the reference subsample,

9 Data for Luxembourg do not contain information on the month of the interview. Moreover, information
on the year of start of the current job is missing in most cases. Data for the Netherlands do not contain
information on the monthly activity calendar.
10 The ‘same employer’—restriction is applied in almost all studies dealing with downward nominal
wage rigidity, one exception being Christofides and Stengos (2001), who use a narrower ‘same position’-
restriction, i.e. only those individuals are considered who stay in the same position in the same firm over
successive years. We apply the looser same-employer restriction because of insufficient data about promo-
tions and changes in duties which may occur in the same firm.
11 The information of the activity calendar always refers to the year preceding the respective wave year.
To avoid losing the final wave, we do not perform a calendar check for the year 2001 for the reference
subsample. Furthermore, we excluded all employees who were more than three days absent from work due
to illness or other reasons in the last four weeks preceding the interview. Absence from work is not checked
for the UK since information is not available.
12 The type of employment contract is not checked in 1994 since in that year the information is missing in
all countries.
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but vary the earnings measure in our robustness checks. As a further dimension of the
earnings measure we also take into account whether reported working hours changed
from one interview to the next. In our reference subsample, we only considered those
job stayers whose working hours remained unchanged in comparison to the preceding
interview. Overall, our reference subsample contains 70,239 observations for 12 EU
countries.13

4 Empirical implementation and results

In this section, we present national and aggregate European degrees of downward
nominal wage rigidity obtained from estimates of our reference specification and
from robustness checks. The overall reference specification consists of definitions
concerning the reference subsample selection as outlined in Sect. 3, the histogram
construction, the econometric model and the estimation procedure.

In the reference histogram construction we use exact percentage changes, a bin
width of two percentage points, and a standardization based on a measure of loca-
tion lt,i = q60,t,i and a measure of dispersion v80|60. As in other applications in the
literature, e.g. Kahn (1997), exact percentages, rather than log percentages are used,
since the transformation implied by using log percentages are of no consequence
due to the non-parametric nature of histograms. The 2% bin width is a compromise
between the 1% bin width often used in the literature and even wider bin widths sug-
gested by the usual rules, given the numbers of observations per year and country in
our sample. The main consideration behind the use of the standardization of wage
changes is the need to use measures of location and dispersion that are unaffected by
rigidity, as explained in Sect. 2.

The proportional, pooled, closed model with bins r = 1 . . . 10 is used as the refe-
rence model for estimating an econometric model of the histograms. As discussed in
detail in Sect. 2, this model is best suited for the cross-national analysis. The range of
bins chosen is somewhat larger than suggested by the range of bins with status changes,
rmin = 1 and rmax = 7, in order to be able to use the same model in variations of the
reference specification where this range increases (narrower bin width).

Finally, our reference estimation procedure is iterated weighted least squares
(WLS), where weighing is by equation, i.e. by bins. Consequently, the smaller bins
further out in the left tail of the distribution tend to be estimated more accurately.14

National and European estimated degrees of downward nominal wage rigidity for
the reference specification are reported in column (1) of Table 1. Degrees of rigidity
are highly significant in all of the 12 individual countries included in the sample. While
in a majority of seven countries the rigidity coefficient lies between 25 and 50%, there

13 The discussion paper version of this paper, Knoppik and Beissinger (2006), includes a table on the number
of observations in the reference subsample for each year and country as well as descriptive evidence with
respect to the distributions of percent changes of monthly net earnings for each country, e.g. annual medians
and annual histograms. Details on the variables used for data selection are available from the authors upon
request.
14 Iterated seemingly unrelated regression (SUR) is used in Kahn (1997), but was shown to lead to unstable
results because of the relatively short length of longitudinal surveys in Beissinger and Knoppik (2001).
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Table 1 Estimated degrees of downward nominal wage rigidity

Degree of rigidity Range of degree of rigidityb

ρ t values ρ

(1) (2) (3)

National Austria 0.45a (16.36) [0.41, 0.52]

Belgium 0.47 (13.47) [0.41, 0.68]

Denmark 0.35 (12.49) [0.31, 0.60]

Finland 0.46 (12.99) [0.36, 0.52]

France 0.23 (7.54) [0.20, 0.28]

Germany 0.28 (9.42) [0.19, 0.33]

Greece 0.43 (16.86) [0.36, 0.64]

Ireland 0.18 (7.03) [0.00, 0.20]

Italy 0.66 (22.38) [0.45, 0.89]

Portugal 0.41 (15.13) [0.37, 0.54]

Spain 0.07 (2.60) [0.00, 0.10]

UK 0.14 (5.32) [0.10, 0.24]

European EUc 0.36 (25.17) [0.30, 0.37]

Euro areac 0.37 (24.19) [0.31, 0.40]

Column (1) contains estimated national and aggregate rigidity coefficients ρ from closed pooled models
for the reference specification. These estimates are based on N = 780 observed bin sizes. The coefficient ρ

captures the degree of downward nominal wage rigidity in the sense that it measures the share of counterfac-
tual wage cuts that are prevented by nominal rigidity. Column (3) contains the range of ρ that results from
systematic variation of the reference specification. The reference specification and its variations consist of
definitions with respect to subsample used, histogram construction, econometric model, and estimation that
are detailed in the text
a Assumption of measure of location greater than (nominal) zero violated at least in 1 year
b Ranges for the degree of rigidity consist of the minima and maxima of estimated ρ over the variations
of the reference specification, except the inconsistent estimates from the non-closed model. Insignificant
estimates in the case of Ireland and Spain are represented by a zero lower bound of the range
c The EU estimate is based on 12 of the 15 old EU countries (without Luxembourg, the Netherlands, and
Sweden). The Euro area estimate is based on 10 of 12 member states of the European monetary union
(without Luxembourg and the Netherlands)

are also four countries with lower and one with even higher degree of rigidity, within
an overall range of 7% (Spain) to 66% (Italy). EU wide estimated degrees of rigidity
are based on the data of 12 ‘old’ EU countries, Euro area estimates are based on the
data of ten members of the monetary union; both are shown in the lower part of Table 1.
The reference specification results in highly significant estimated rigidity coefficients
of 36 and 37% for these two aggregates. These results imply that more than one third
of the notional nominal wage reductions for job stayers in the euro area do not take
place because of the presence of downward nominal wage rigidity.

In order to check the robustness of the estimation results we varied one by one the
subsample selection, the histogram construction and the econometric model, whereas
the estimation procedure remained unchanged. The details of these robustness checks
and the corresponding tables documenting the estimation results can be found in the
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discussion paper version of this paper, Knoppik and Beissinger (2006). In order to
analyze the impact of subsample selection on estimation results, we systematically
modified the data selection with respect to interview distance, absence from work, the
monthly activity calendar, age, gender, sector, type of employment contract, mode of
the interview, working hours and the earnings measure (gross earnings instead of net
earnings). The estimates of the reference specification turned out to be quite robust to
changes in subsample selection. Regarding the histogram construction, we varied the
measure of location, the measure of dispersion (used for standardization) and the bin
width. Again, these modifications barely affected the estimation results of the reference
specification. Turning to variations of the econometric model, one modification was
the estimation of isolated national models instead of the pooled closed model of the
reference specification. Because of insufficient variation of location, the estimation
could not be performed for Germany, France, UK and Portugal. The estimates for
Ireland and Spain were insignificant. For the remaining countries (with the exception
of Belgium), the estimated degree of downward nominal wage rigidity turned out to be
higher.15 Estimates with different bin ranges barely affected the estimates. However,
the estimation results changed significantly, when the model has not been closed. This
lends support to the notion that the conventional histogram-location approach in which
models are not closed may lead to biased estimates of the extent of downward nominal
wage rigidity. Column (3) of Table 1 documents the ranges for the degree of downward
nominal wage rigidity found by our robustness checks, except for the estimates from
the non-closed model.

5 Comparison with results from the literature

In this section, we compare our results with the econometric cross-national studies
mentioned in the introduction, which use different analytical approaches and, with
one exception, different data sets.

5.1 Cross-national studies

Dickens et al. (2006) use two approaches: one is a quantitative variant of the symmetry
approach (their ‘simple’ method), the other postulates a parametric functional form
(the symmetric Weibull distribution) for the notional distribution, after correcting the
data for measurement error (their ‘model based’ method). Both approaches are applied
to various national and international data sources. Behr and Pötter (2005) also use two
approaches: Their preferred approach postulates a parametric functional form for the
notional distribution (the generalized hyperbolic distribution), but does not include any
correction of measurement error. The other is the single country histogram-location
approach. Both approaches are applied to ECHP data. Holden and Wulfsberg (2006)

15 Since the estimation of most national models is based on rather little variation in location this variant
in our robustness checks has a status that differs from the other variations in specification. Therefore we
would not base strong inferences on the national results. After all, these difficulties with national estimates
are the reason for the cross-country analysis.
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use a completely non-parametric approach. Instead of non-parametrically modeling
the notional and factual distributions by histograms or kernel density estimates, they
use simulations based directly on the empirical distributions. Their approach relies on
the joint variation of location and shape of the observable distribution for identification
(as does, e.g. the histogram-location approach). It is applied to cross-national industry
level data.

5.2 Results

One way to relate results from different studies is to look at country patterns of esti-
mated degrees of rigidity. Two of the above studies already compare their results with
ours. Dickens et al. (2006, p. 21) report a coefficient of correlation with the results
in our paper of r = 0.56 and with results from Holden and Wulfsberg (2006) of
r = 0.66 (r = 0.43 without dropping the US estimate). Dickens et al. (2006) conclude
‘Overall, we consider these results to be very supportive of the reliability of our country
average estimates.’ Holden and Wulfsberg (2006) report similar computations (p. 15
and Fig. 7, p. 17). They find a coefficient of correlation with the results in our paper
of r = 0.65. Since the correlation with results from Dickens et al. (2006) is wea-
ker (including the US estimates) they conclude a ‘rough correspondence with micro
studies’ of their results. With the two sets of results in Behr and Pötter (2005) we
find even higher coefficients of correlation of 0.80 for the ‘generalized-hyperbolic-
notional approach’ and of 0.77 for the single country histogram-location approach.
These pairwise Pearson correlation coefficients can be found in column (1) of Table 2.
In addition, Spearman rank correlation coefficients, column (3) of Table 2, show that
the studies rank high and low rigidity countries in broadly similar ways. As usual the
Spearman coefficients are somewhat lower than the Pearson coefficients, except for
the value for Dickens et al. (2006), which considerably drops from 0.56 to 0.31.16

Table 3 compares our results with ranges of degrees of rigidity and ranges of
ranks from the other studies for individual countries. Columns (1)–(4) show that our
estimated degrees of rigidity tend to lie within or close to intervals spanned by these
other estimates, notable exceptions being Belgium and Germany. Columns (6)–(9)
of Table 3 compare the ‘field ranks’ of our estimates (highest rigidity yields rank 1,
lowest rigidity yields rank 9) to the range of ranks that the countries reach in the other
studies for a core group of nine countries covered in all studies under consideration.
As before, our estimates lie within or close to these intervals, which is consistent with
the evidence on rank correlation from Table 2 discussed above.

This evidence suggests that there is a consensus among the studies that Italy and
Portugal have rather high downward nominal wage rigidity and that the UK and Spain
have rather little downward nominal wage rigidity. For other countries the degree of

16 The sensitivity of this result is demonstrated by column (4) of Table 2, which shows rank correlation
coefficients for those countries included in all five sets of results. The coefficient for Dickens et al. (2006)
goes back up, but the coefficient for Holden and Wulfsberg (2006) drops. Similar, if less drastic effects
occur when Pearson correlation coefficients are computed for the core group of countries that are analyzed
in all five sets of results, see column (2) of Table 2.

123



Downward nominal wage rigidity in Europe 333

Table 2 Correlation between sets of estimated national degrees of downward nominal wage rigidity

Pearson correlation coefficients Spearman correlation coefficients

Pairwisea Casewiseb Pairwisea Casewiseb

(1) (2) (3) (4)

Behr and Pötter (2005): HNAc 0.80 0.75 0.77 0.80

10 9 10 9

Behr and Pötter (2005): HLAc 0.77 0.73 0.75 0.73

10 9 10 9

Dickens et al. (2006) 0.56 0.66 0.31 0.54

11 9 11 9

Holden and Wulfsberg (2006) 0.65 0.56 0.58 0.40

12 9 12 9

Pearson correlation coefficients and Spearman rank correlation coefficients for the set of estimated national
degrees of rigidity from column (1) of Table 1 and four sets of national estimates from other studies. Each
entry consists of correlation coefficient and number of observations (i.e. countries)
a Correlation coefficients are computed on a pairwise basis, i.e. observations are included for countries that
are jointly covered in the two sets of results under comparison
b Correlation coefficients are computed on a casewise basis, i.e. for a core group of countries for which
observations are available in all five sets of results
c HNA and HLA are the results obtained by the hyperbolic-notional approach (HNA) and the histogram-
location approach (HLA) in Behr and Pötter (2005)

uncertainty across studies is larger, which is reflected in wide ranges of degrees of
rigidity and wide ranges of ranks, e.g. for Greece, France and Ireland.

5.3 Differences in results

If measured by ranges of national degrees of rigidity and correlation coefficients, the
differences with the results in Holden and Wulfsberg (2006) seem largest and are,
most likely, related to their use of industry data. While the pattern of national results
in Behr and Pötter (2005) is quite similar to ours, the level of estimated degrees is
distinctly lower. This is almost certainly caused by including job movers in their
sample.17 Differently from the earnings-function approach of Altonji and Devereux
(2000), which postulates a normal notional distribution conditional on a vector of
regressors, neither the ‘Weibull-notional approach’ of Dickens et al. (2006), nor the
‘generalized-hyperbolic-notional approach’ of Behr and Pötter (2005) use control
variables, like human capital, industry or macro variables. Therefore, identification of
downward nominal wage rigidity is purely by the postulated functional form of the
notional distribution. Further features of the ‘Weibull-notional approach’ in Dickens
et al. (2006) are the pre-correction of measurement error in the data and the modeling

17 Bewley (2004, p. 2) convincingly argues that the concept of downward nominal wage rigidity can only
be meaningfully applied to job stayers. In almost all of the literature the analysis is limited to job stayers.
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Table 3 Estimated degrees of rigidity and ranks across studies

Degree of rigidity ρ Ranka

This paper Other sets of resultsb This paper Other sets of resultsd

Tb.1, Min Mean Max N c Tb.1, Highest Mean Lowest N c

col.1 (1) (2) (3) (4) (5) col.1 (6) rank (7) (8) rank (9) (10)

Italy 0.66 0.29 0.58 1.00 4 1 1 2.25 3 4

Belgium 0.47 0.17 0.20 0.23 4 2 4 5.00 6 4

Finland 0.46 0.20 0.43 0.66 2

Austria 0.45 0.37 0.54 0.71 2

Greece 0.43 −0.13 0.27 0.63 4 3 1 4.25 8 4

Portugal 0.41 0.34 0.57 0.86 4 4 1 1.50 2 4

Denmark 0.35 0.27 0.35 0.46 4 5 2 3.50 5 4

Germany 0.28 0.06 0.11 0.16 4 6 6 7.00 9 4

France 0.23 −0.20 0.09 0.40 4 7 4 7.00 9 4

Ireland 0.18 0.05 0.14 0.32 4 8 4 7.00 9 4

UK 0.14 0.06 0.14 0.22 4 9 6 7.25 9 4

Spain 0.07 −0.05 0.00 0.04 3

Estimated degrees of downward nominal wage rigidity ρ from column (1) of Table 1 are compared to ranges
of estimates and ranges of ranks based on four other sets of estimates
a Rank: field rank within set of estimates, i.e. highest rigidity yields rank 1, lowest rigidity yields rank 9
b Ranges based on sets of estimated national degrees of downward nominal wage rigidity from Behr
and Pötter (2005) (based on generalized-hyperbolic-notional approach and histogram-location approach),
Dickens et al. (2006) and Holden and Wulfsberg (2006)
c N : number of sets of results underlying range for country in row
d Ranges based on sets of estimates as in footnote b, but only for countries for which results are available
in all sets

of downward real wage rigidity. The expected effects of these features on estimates
are of opposite sign: higher than without error correction, but lower than without
modeling downward real wage rigidity.18 In the histogram-location approach, the
presence of downward real wage rigidity leaves the principle of identification intact
under very weak assumptions, which is not true of approaches relying on identification
by functional form. However, if downward real wage rigidity is present in the data,
the degree of rigidity refers now to the counterfactual distribution left by real rigidity.
Despite these differences, the correspondence of our results with those of Dickens
et al. (2006) is remarkably high.

18 Single-country studies based on an extension of the earnings-function approach to include downward
real wage rigidity are Bauer et al. (2003) for Germany, Devicienti et al. (2003) for Italy, Barwell and
Schweitzer (2005) for the UK, and Christofides and Nearchou (2007) for Canada. Cornelißen and Hübler
(2006) analyze German data and include a ‘contractual wage rigidity’. With the exception of Christofides
and Nearchou (2007), these studies tend to find relatively low degrees of downward nominal wage
rigidity.
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Table 4 Estimated degrees of downward nominal wage rigidity regressed on institutional indicators

Coefficient Dependent variable: ρ

(p values)
(1) (2) (3) (4) (5)

Employment 0.03 (0.63)
protectiona

Union densityb 0.0029 (0.23)

Bargaining 0.0041 (0.18)
coveragec

Centralizationd 0.025 (0.63)

Coordinatione 0.094 (0.04)

Constant 0.28 (0.09) 0.23 (0.04) 0.014 (0.95) 0.26 (0.13) −0.00069 (1.00)

Observations 12 12 12 11 11

R2 0.024 0.14 0.17 0.027 0.39

Estimated degrees of downward nominal wage rigidity ρ from Table 1, column (1); p values in parentheses.
a Summary indicator of the strictness of employment protection legislation for regular employment, Late
1990s, OECD (2004), Table 2. A2.4, p. 117
b Trade Union Density in 1998, OECD data taken from Holden and Wulfsberg (2006), Table A3, p. 31
c Coverage in 1998, Holden and Wulfsberg (2006), Table A4, p. 32. Data is taken from OECD (2004), for
1990 and 2000. Data for intervening years are calculated by interpolation
d Index for 1995–2000, OECD (2004), Table 3.5, p. 151
e Index for 1995–2000, OECD (2004), Table 3.5, p. 151

6 Explanations of national differences

It is an unresolved question whether the observed country differences with respect
to downward nominal wage rigidity may be explained by labor market institutions
as suggested, e.g. by Holden (1994) or may be due to differences in the relevance
of fairness considerations. In order to assess the role of labor market institutions we
consider simple bivariate regressions of the estimated degree of downward nominal
wage rigidity on institutional variables. From OECD (2004) we use an indicator of
the strictness of employment protection legislation for regular employment as well as
indices for centralization and coordination, all related to the late nineties. From Holden
and Wulfsberg (2006) we take indicators for union density and bargaining coverage
in 1998. The results are documented in Table 4. We find a significantly positive rela-
tionship between downward nominal wage rigidity and the extent of coordination in
the economy, which suggests that greater downward nominal wage flexibility may be
achieved in uncoordinated wage-setting regimes. All other institutional variables turn
out to be insignificant.

Two of the other multi-country studies discussed above also try to explain national
differences in estimated degrees of downward nominal wage rigidity by institutional
differences. Dickens et al. (2006) consider the strictness of employment protection
legislation, union density, collective bargaining coverage, the influence of minimum
wages or wage indexation legislation and the degree of corporatism in the economy.
These authors only find a significant correlation between union density and rigidity,
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which is negative. This result is in contrast to Holden and Wulfsberg (2006), who find
that nominal rigidity in industry wages increases with higher union density and stric-
ter employment protection legislation. Other institutional variables like bargaining
coverage, temporary employment and indices of centralization and coordination had
low explanatory power in their study. If these results are taken together, the correla-
tions between estimated degrees of downward nominal wage rigidity and institutional
variables are surprisingly weak, which suggests that other explanations, such as fair-
ness considerations, may be more relevant.

7 Summary and conclusions

This paper analyzes existence and extent of downward nominal wage rigidity in the
EU, which is a question of great significance, both from a theoretical and from a policy
perspective. The evidence available has been substantially extended by the first-time
econometric analysis with respect to these questions using employee micro data from
the ECHP for 12 of the EU’s current member states.

We develop and apply a pooled multi-country version of the histogram-location
approach, which exploits variation in the location of the standardized earnings-change
distributions over time and over countries and infers existence and extent of down-
ward nominal wage rigidity from the corresponding variation in the shape of observed
histograms. This approach allows the estimation of the degree of downward nominal
wage rigidity, which is the percentage of desired wage cuts prevented by downward
nominal wage rigidity in relation to all desired wage cuts. National and EU wide
estimates of this rigidity parameter support the view that downward nominal wage
rigidity is a rather widespread phenomenon within the EU and the Euro Area. Modifi-
cations of our reference specification with respect to subsample selection, histogram
construction and econometric model reveal that our estimation results are quite robust
to changes in the specification.

The estimation results on the national level show a considerable variation in the
degree of downward nominal wage rigidity across countries despite the comparable
data and uniform methodology used. A detailed comparison with other cross-national
studies reveals that there is a consensus among the studies that Italy and Portu-
gal have rather high downward nominal wage rigidity and that the UK and Spain
have rather little downward nominal wage rigidity. For other countries the degree
of uncertainty across studies is larger, which is reflected in wide ranges of degrees
of rigidity and wide ranges of ranks, e.g. for Greece, France and Ireland. Our eco-
nometric analyses of potential determinants of rigidity, together with results from
other studies, show that the correlations between institutional variables and esti-
mated degrees of downward nominal wage rigidity are surprisingly weak, which
suggests that other explanations, such as fairness considerations, may be more
relevant.

At the European level our estimated degree of downward nominal wage rigidity
varies between 0.31 and 0.40, i.e. between 31 and 40% of employees in stable jobs in
the Euro area are affected by rigidity, certainly a significant magnitude that should be
taken into account in the formulation of monetary policy.
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