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ABSTRACT

How Rigid are Nominal Wages?
Evidence and Implications for Germany~

Many of the recent attempts to find evidence of downward nominal wage rigidity in micro data
have suffered from a number of problems, including composition bias and the effects of
measurement error. In order to avoid these problems we explicitly model the determinants of
wage changes and the measurement process that leads to observable earnings changes,
thereby directly tackling the question of whether and to which extent downward nominal wage
rigidity exists in German micro data. We find a high degree of downward nominal wage
rigidity, which for rates of inflation lower than three percent is shown to lead to higher
equilibrium unemployment via the generated real wage wedge.
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1 Introduction

In contrast to the seventies and eighties when double digit inflation rates were rather the rule
than the exception, most countries can now look back upon a decade in which central banks
have been remarkably successful in taming inflation. In line with these developments, the fo-
cus of the academic discussion has shifted to the question of whether monetary authorities
should aim at (low) positive instead of zero or even negative inflation rates. This discussion
experienced new impetus from the now classic paper of Akerlof, Dickens and Perry (1996),
who provided a theoretical basis for the argument in Tobin (1972) that inflation may grease
the wheels of the labor market in the presence of downward nominal wage rigidity. Sinceit is
difficult to reconcile the hypothesis of downwardly rigid nominal wages with the postul ate of
rational behavior, it is al the more important to know whether the validity of the hypothesis
can be confirmed empirically.1

In this paper we anayze the evidence and policy implications of downward nominal wage
rigidity in Germany by using the |AB-Beschéftigtenstichprobe (IABS), which represents the
largest and most reliable data source of German income data. One of the reasons why an
anaysis of the German situation might be of broader interest is due to the fact that the sample
includes years with very low or even negative inflation rates. Hence, our analysisisless prone
to the critique that behavior with respect to nominal rigidity will be different from that in the
sample under close to zero rates of inflation. Furthermore, evidence concerning the extent of
downward nominal wage rigidity in Germany will also be of some interest for an evaluation of
the inflation policy of the European Central Bank, since Germany is the largest economy in
the Euro area.

The most commonly applied approaches for the analysis of downward nominal wage rigidity
in micro data make use of the following consideration: If downward nomina wage rigidity
does exidt, at least some of the desired wage cuts can not be enacted, thus leading to a de-
formed wage change distribution. Since inflation shifts the whole distribution, the existence
and possibly the extent of downward nominal wage rigidity can be inferred if the deformation
of the wage change distribution is stronger in low inflation than in high inflation years. In
Beissinger and Knoppik (2001) we applied two approaches to the IABS data, the skewness-
location approach of McLaughlin (1994) and the histogram-location approach of Kahn (1997),
which both exploit the information contained in joint changes of shape and location of the
wage change distribution.2 We analyzed the commonalties and differences of these ap-

1 Thereis, however, a strand of literature that seeks to provide theoretical explanations of downward nominal
wage rigidity in a bargaining framework, for instance, MacLeod and Malcomson (1993), Holden (1994) and
Holden (2001).

2 Applications of these approaches for US, Canadian and UK data include Lebow, Stockton and Washer
(1995), McLaughlin (1999), Lebow, Saks and Wilson (1999), Christofides and Leung (2000), Christofides
and Stengos (2000), McLaughlin (2000) and Nickell and Quintini (2001).



proaches and pointed out that one must be careful in interpreting the results.® This is because
the validity of these approaches rests on the assumption that changes in the shape of the wage
change distribution are solely caused by the interaction of downward nomina wage rigidity
and location and not affected by other factors. However, this presumption can be criticized for
two main reasons. First, the shape of the wage change distribution in different years a'so de-
pends on the composition of the workforce, which may change. Second, changes in the shape
of the wage change distribution may be obscured by measurement error. In survey data meas-
urement error may be a problem due to erroneous reporting, whereas in social security data as
in the IABS measurement error prevails because only information about earnings but not
about hourly wages is available. In our former paper we dealt with the first problem by select-
ing a subsample of the data which was as homogenous as possible and we took account of the
second point by emphasizing that our conclusions which confirmed the existence of down-
ward rigidity referred to downward nominal earnings rigidity. Since measurement error may
have obscured the true extent of wage rigidity, we suspected that the extent of downward
nominal wage rigidity is even higher.

Direct evidence about downward nominal wage rigidity is clearly desirable. We therefore use
an approach that is capable to deal with the two problems and to provide such direct evidence
in this paper. It might be termed earnings-function approach, since its distinctive feature is
that a number of variables (human capital, industry and aggregate) are used to explain wage
changes or wages, thereby tackling the first problem. With regard to the second problem,
Altonji and Devereux (1999) have suggested how to deal with the issue of measurement error.
Other applications within the earning-functions approach include Fehr and Goette (2000) and
Farés and Hogan (2000). Applications differ in i) their focus on wage changes or wages, ii)
the treatment of measurement error, and iii) the specific assumptions on the nature of down-
ward nominal wage rigidity.

Using a model for wage changes, our paper exhibits innovative features with regard to points
ii) and iii) in suggesting to apply a more genera modeling for the measurement error and in
developing a model with proportional downward nominal wage rigidity which seems more in
line with informal evidence on the nature of downward nominal wage rigidity, as reported in
Bewley (1999). This specification alows us to directly estimate the share of wage cuts that are
prevented by downward nominal rigidity. We also suggest new ways to examine the real im-
plications of our estimates. For both, the historical experience and aternative inflation poli-
cies the resulting real wage wedge between notional and actual real wage is computed and
used to infer the effects of downward nomina wage rigidity on the NAIRU under different
inflation policies.

3 Thisisalso true of the symmetry approach of Card and Hyslop (1997) which operates on a different principle,
and is also discussed in Beissinger and Knoppik (2001).



The remainder of the paper is organized as follows. In section 2 we present a model of wage
changes under proportional downward nominal wage rigidity, including alternative specifica-
tions of measurement error. Section 3 provides information on the data used. Sections 4 and 5
present our estimation results and discuss their implications, respectively. In section 6 we
suggest which conclusions can be drawn from our results.

2 Model

The log nominal wage change which would prevail in the absence of downward nominal ri-
gidity is usualy caled notional or counterfactual wage change. In the following the random
variable representing the counterfactual wage change for individual i at time t is denoted by
AW, . It is assumed that Aw, can be explained by a set of variables arranged in a row vec-
tor X, :

@) AW, =x B +&,, & ~N(0,07),

where (3 is acolumn vector of parameters and &, denotes an i.i.d. normally distributed error
term. The actual wage change Aw£ is equal to the notional wage change except in cases where
the latter is negative and the person is affected by downward nominal wage rigidity. Whether
thisis the case is indicated by a random variable D, which takes on the value one with prob-
ability p if there is downward nominal wage rigidity and zero otherwise. This is therefore a
model with proportional downward nominal wage rigidity, since a proportion p of notional
wage cuts will be prevented by rigidity; the degree of rigidity in the model is captured by the
parameter p. Under proportional downward nominal wage rigidity the actual wage change
takes on the following values:

DB +e, if XB+&, 20
2 Aw, % 0 if xpB+g <00D,=1
Bg +g, if xB+¢g, <00D,= 0.

It is our interpretation of the available interview studies that downward nominal wage rigidity
is better captured by our model of proportional downward nominal wage rigidity than by the
aternatives, threshold or absolute rigidity.# In particular, proportional downward nominal
wage rigidity takes account of the observation that cuts do happen, which is not the case under
absolute downward nominal wage rigidity. Also, small and moderate size cuts do happen,
which is not the case under a threshold downward nomina wage rigidity, at least not in its
pure form. Additional advantages of the proportional model are that the proportion of wage
cuts prevented by rigidity is directly estimated and that this functional form makes it directly

4 A recent example of these studiesis Bewley (1999). Altonji and Devereux (1999) and Fehr and Goette (2000)
use a threshold rigidity, where only those cuts whose absol ute value exceeds a threshold will occur; Farés and
Hogan (2000) use a mode!l with absolute rigidity.



comparable to the proportional model of the otherwise unrelated histogram-location ap-
proach.>

Because of the mass point at zero Aw; has no density. Instead, we use a construct we call
pseudo-density for graphical representation. The pseudo-density of Aw; derives from the
counterfactual density, but differs from it by thinning of its negative tail and pile up at zero. In
FIGURE 1 it is shown how the extent of change in shape depends on the degree of rigidity p
and the value of the expected (notional) wage change x, 3. In FIGURE 1a the counterfactual
density for given x, 3 is depicted. In the presence of downward nominal wage rigidity desired
wage changes are less likely if they require nominal cuts. A freeze of nomina wages is
thought to occur instead. In FIGURE 1b the associated thinning of the distribution below zero
and the mass point at zero can be recognized. Obvioudly, for a given expected wage change
x. B , these effects of downward nominal wage rigidity on the shape of the actual distribution
are more pronounced if the rigidity parameter p is high. The effects of downward nominal
wage rigidity also depend on the location of the density which may be measured by x.[.
A higher x, 8 implies alower probability for desired wage cuts. As aresult, a smaller part of
the left tail of the corresponding pseudo-density is negative and therefore affected by thinning,
which leads to a smaller mass point at zero (see FIGURE 1¢).

FIGURE 1

Measurement error may prevent actual wage changes to be directly observable, depending on
the nature of the data available. In survey data thisis caused by false or erroneous reporting of
some respondents. As explained in more detail in the next section, the social security data
used in this paper should hardly be affected by misreporting. Nevertheless, we have to dedl
with measurement error in our analysis since only information about observed changes in
earnings, Ay, , but not on actual changes in wage rates is available. Observable changes in
earnings can be interpreted as being the sum of changes in actual wage rates and a random
variable (1, which captures variation in working hours, fringe benefits and more conventional
measurement errors, i.e. Ay, = AwS + 1, . Together with equation (2) thisleads to

gstﬁwﬂun if 0<x,B+g,

(3) Dy, =0 W, if x,B+¢g <00D,=1 where Pr(D,=1)= p.
&tﬁ+£it+uit if xB+g <00D,=0

Along with the distribution of observable earnings changes also a distribution for counterfac-

tual earnings changes can be defined. This is the distribution which results from the distribu-
tion of notional wage changes if measurement error prevails, but rigidity is absent:

4 DY, = DW, + [ .

5 Cf. Kahn (1997) and Beissinger and Knoppik (2001).



To complete the model, the properties of (., have to be specified. We consider three alterna-
tive types of measurement error giving rise to three variants of the model described in equa-
tion (3). Under the first specification the measurement error p, is distributed normally, lead-
ing to the normal measurement error (NME) model of relative wage changes:

(5) w, ~N(0,02). (NME)

Two aternative specifications of p, are non normal, but contain normal building blocks. The
first alternative is the mixed measurement error (MME) model of relative wage changes. The
measurement error obeys®

t, ~N(0,07) with probability 1-n

(6) (MME)

U, =0 with probability  n,

where 0<n<1 is the share of observations that are measured exactly. In our context the
MME model describes a situation where for some observations the relative change in earnings
is solely brought about by the relative change in actual wages and not influenced by other fac-
tors as, for instance, variation in working hours. In addition to the NME and MME specifica-
tions of the measurement error, we consider a more elaborate alternative of the MME model
in which a share ¢ of the observations affected by measurement error is characterized by a
standard deviation o, instead of o, . Our intention behind estimating such a variant of the
model is the description of a situation where a small share ¢ of the observations is measured
very poorly. Hence, in the estimates it should turn out that 0<sc<1 and 0, >0, . Since the
high dispersion error component can be interpreted to contaminate the sample, the respective
model variant is called the contaminated mixed measurement error (CMME) modé of relative
wage changes.” In this case the measurement error follows

u, ~N (O, 05) with probability 1-n-c
©) w, ~N(0,02) with probability c (CMME)
U, =0 with probability n.

The extent of measurement error varies along the two dimensions dispersion, which is cap-
tured by the parameter o, (and o) and coverage, which is determined by the parameters n
in the MME model and n and ¢ in the CMME model. The implications with respect to cov-
erage for the shape of the distribution of relative earnings changes for the MME model are
illustrated in FIGURE 2. The plots in the columns of FIGURE 2 differ by the share n of observa
tions, that are not affected by measurement error. n decreases from n=1 in column a), where
all observations are measured correctly, to n=0 in column d), where all observations are af-
fected by measurement error. In the limiting cases of columns a) and d), the MME model be-

6 A mixed measurement error of this type has been suggested by Altonji and Devereux (1999).
7 Johnson and Kotz (1970), p. 87, briefly discuss such a type of contamination component in a normal distribu-
tion. In our estimations no restriction isimposed on the parameters 0, 0., ¢ and n.



comes equivalent to model (2) and the NME model, respectively. The plots in the rows of
FIGURE 2 demonstrate how the shape of the observable distribution of earnings changes Ay,
(strong line) is influenced by shifts in location, with the most leftward distribution in the first
row, and the most rightward distribution in the last row. For reference, each plot of FIGURE 2
also contains a plot of counterfactual earnings changes Ay, (thin line). Because of the absence
of measurement error, the counterfactual and observable distributions of earnings changes in
column a) coincide with the respective distributions of wage changes, thus providing a further
example of the joint variation of shape and location under downward nomina wage rigidity
which was already illustrated in FIGURE 1. From columns a) to d) the coverage and therefore
the overall extent of measurement error increases. This has several noteworthy consequences:
first, for given locations, the counterfactual and factual earnings distributions are getting more
spread out, with flatter peaks and thicker tails. Second, the extent of thinning below zero and
the spike at zero are reduced with the increase in coverage of the measurement error. The rea-
son is that measurement error shifts some probability mass from above zero and zero to the
range below zero. Third, if the share of observations affected by measurement error is high,
the change in the shape of the distribution due to a change in location is hardly discernible
(compare columns (c) and (d) with columns (a) and (b)). In this case methods which rely on
joint variation of shape and location for the identification of downward nominal wage rigidity
will massively understate the extent of true DWNR in wages if measurement error is not mod-
eled.

FIGURE 2

Before we turn to the estimation results obtained for the various models and to their implica-
tions, we give a brief introduction to our datain the following section.

3 Data

Our analysis is based on the 1AB-Beschéftigtenstichprobe (IABS) covering the period from
1975 to 1995.8 The IABS is a 1% random sample drawn from the German social security ac-
counts which represents one of the most important data sources for labor market research in
Germany. Due to the social insurance procedure introduced in 1973 employers are obliged to
report at least once a year all earnings for those employees who are subject to compulsory
social insurance. The earnings data in the IABS refer to gross earnings excluding employer’s
contributions to socia security but including all kinds of fringe benefits. The greatest advan-
tage of the IABS is the high reliability of the earnings data due to plausibility checks that are
performed by the socia security institutions and legal sanctions for misreporting. Contrary to
most other studies based on survey data, measurement error due to false or erroneous report-

8 In 1999 this dataset has been made available for scientific use by the research institute of the Federal Em-
ployment Service (‘Institut fir Arbeitsmarkt- und Berufsforschung’, 1AB). See Bender, Haas and Klose
(2000) for a description of the new version of the IABS.



ing is therefore not a problem in our analysis. However, as explained in appendix A, there are
also some drawbacks of the dataset, namely the censoring of the earnings distribution, a struc-
tural break in the earnings measure in 1984, the truncation of gross daily earnings to integer
values and the lack of information about hours worked.

The focus of our study are year-to-year changes of log earnings that are computed on the indi-
vidual level for full-time male employees working in the western part of Germany. The data
selection is explained in more detail in appendix A and can be summarized as follows: We
restrict the analysis to ,,job stayers’, i.e. employees who remained at the same employer for
two consecutive years for the full length of time. We only take skilled and unskilled employ-
ees into account, whereas high-skilled employees are excluded. We aso restrict the sample to
employees being at least 25 and at most 65 years old. Furthermore we consider only workers
and salaried employees in manufacturing and services, which comprise 34 industries. We only
use those observations that include information about firm size and thereby loose the 1975/76
changes. Due to our data selection we are left with atotal of 734,827 observations of year-to-
year log earnings changes for the sample period 1976-1995, with 590,570 observations for
workers and 144,257 observations for salaried employees.

4 Empirical implementation and results

In this section we discuss the results obtained by estimating the model of proportional down-
ward nomina wage rigidity described in equation (3). Prior to estimation, the human capital,
industry and aggregate variables which determine the notional wage change have to be speci-
fied. We include the variable experience in the equation for the notional wage change and
expect a negative sign in the estimation, since it is well-known that there is a positive and
concave functional relationship between earnings levels and experience. We aso include ex-
perience squared to allow for “higher-order non-linearity” in the earnings-experience relation-
ship. Furthermore, we add controls for education, marital status, firm size and nationality. We
include industry dummies to take account of the fact that notional wage changes among indus-
tries may differ due to differences in productivity growth or the wage-setting process. Relative
wage changes may also be affected by changes in the employment shares of industries, reflect-
ing declining and expanding industries. We therefore include the relative change in the em-
ployment share (in total employment) of each industry and expect a positive sign for the re-
spective estimate. We add the inflation rate and lagged inflation rates to the equation since
individual nominal wage changes depend on expected inflation. Furthermore, we include the
change (and lagged changes) of the aggregate unemployment rate because a rise in aggregate
unemployment will constrain wage growth. A dummy variable for 1984 controls for the struc-
tural break that occurred in that year due to a change in earnings reports, see appendix A.

As outlined in section 2, alternative assumptions about the measurement error lead to the
NME, MME and CMME variants of the model. We computed separate maximum likelihood
estimates for wage and salary earners, since wage formation for both groups of employees is



quite different. A detailed derivation and discussion of the likelihood functions is found in
Knoppik (2001). TABLE 1 reports the estimates for the key parameters of the downward nomi-
nal wage rigidity model, whereas the complete estimation results are delegated to appendix B.
In all estimated model variants we obtain a high and highly significant value of p . For work-
ers this value varies between 0.46 and 0.72 and for salaried employees between 0.58 and 0.91.
Taking the estimates for salaried employees as an example, our results imply that at least 58
percent (and possibly up to 91 percent) of all notional wage cuts are prevented by downward
rigidity. Hence, our results indicate the presence of substantial downward nomina wage rigid-
ity in the data.

TABLE 1

Since the estimated values of p differ between the model variants, a discussion of the relative
merits of the different specifications seems in order. In the NME moddl it is assumed that all
wage change observations are affected by measurement error. Thisimplies that the probability
of observing earnings freezes is zero, which is clearly at odds with the spike at zero in the
empirical earnings change distribution. Therefore, the NME model does not represent the best
strategy for estimating the extent of downward nominal wage rigidity. The two models with
mixed measurement specifications, MME and CMME, are well suited to reconcile the ob-
served spike at zero with the theoretical properties of the models. In both cases a fraction of
zero observations in the earnings change distribution represents exactly measured wage
freezes. The absence of measurement error for a fraction of employees seems plausible, since
there will aways be some who have identical incomes in two consecutive years. The MME
model is a specia case of the more general CMME model (¢ =0) and the choice between the
two can therefore be based on their log likelihoods.® The likelihood ratio test reveals that the
CMME model is a better description of the data which makes it our preferred specification.
As aresult, we put the strongest weight on the estimated degrees of rigidity of p =0.68 for
workersand p =0.91 for salaried employees.

A closer look at the results reported in TABLE 1 shows that along with the estimate for p aso
the estimates for o, and o, vary with the chosen model variant. In the NME model the esti-
mated standard deviation of the error term of the notional wage change equation (‘wage
change error term’) is roughly twice the standard deviation of the measurement error. This
ratio between estimated standard deviations is roughly inverted for the MME and CMME
models. The reason for these differences is related to the fact that the NME model on the one
hand and the MME and CMME models on the other hand deal differently with the spike at
zero in the observed earnings change distribution. In the NME model the presence of zero
earnings changes must lead to a low estimated standard deviation of the measurement er-
ror g,. Correspondingly a relatively high estimate of the standard deviation o, is obtained,
since g, must account for the width of the earnings change distribution which is not ex-

9 Because of the mass points in the MME and CMME models their likelihood values cannot directly be com-
pared with those of the NME model.



plained by the variables contained in the vector x. In the MME and CMME models the zero
earnings changes are interpreted as exactly measured observations. These observations there-
fore do not prevent (as they do in the NME model) an appropriate decomposition of total
variation into o, and o, ; for both models a rather high estimated o, and a rather low esti-
mated o, result. For the CMME model, 1.4 percent (1.7 for salary earners) of all observations
are affected by the “contamination” measurement error with a much higher dispersion and an
estimated standard deviation of o, =0.24. This explains why the “standard” measurement
error has alower standard deviation o, in the CMME model than in the MME model, where
the single measurement error term seems to be an average of the “standard” and “contamina-
tion " measurement error terms. A further effect of the differentiated modeling of the meas-
urement error in the CMME model is to further reduce estimated o, , which is accompanied
by higher estimated p to explain the observed freezes.

In the discussion of measurement error in section 2 we demonstrated that for sufficiently
strong measurement error the shape of the observable distribution of earnings and the joint
variation of location and shape under downward nomina wage rigidity are substantially af-
fected by the presence of measurement error. Under such circumstances the true degree of
rigidity will be hidden behind measurement error, at least to some extent. Our results do show
that the measurement error (1 is of the same order of magnitude as the wage error €. In order
to demonstrate how strongly this affects estimates of p that ignore measurement error, we
present parameter estimates from a composite error model with the same specification as our
earlier models, with one exception: measurement error is completely ignored. We use the term
composite error (rather than ‘no measurement error’) to emphasize that the single error term
n will contain unexplained wage variation and measurement error. The composite error
mode! is described by Ay, = x, 3 +n, and

anﬁ"'nn if 0<x,B +n,
® Ay,=g0 0 if xB+n,<00D,=1 where Pr(D,=1)= p.
Bﬁtﬁ +r]it if )(IIB +I7it <0 DDit: 0

TABLE 2 shows selected estimated parameters from the composite error model for wage and
salary earners. Estimated degrees of apparent rigidity p are much lower than in any of the
models with measurement error and are less than 40% of the estimates of p in the CMME
model.

Table?2

These findings also shed some light on the results in Beissinger and Knoppik (2001). The val-
ues found using the modified histogram-location approach are reproduced in row (5) of
TABLE 2. The “earnings rigidity” analyzed in that paper is effectively what is captured by the
“apparent” degree of rigidity p in the composite error model. The values of 6 and p,, are
almost identical and corroborate our earlier conjecture that the relatively low degrees of earn-
ings rigidity are due to the neglected role of measurement error and hours variation in the his-
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togram-location approach. In Beissinger and Knoppik (2001) it was also found that the degree
of earnings rigidity depends on business cycle conditions and it was suspected that the impor-
tance of variable earnings components may have increased after 1984. For that reason we also
estimated versions of the CMME model with year specific degree of rigidity p and 1984-95
dummies for the measurement error parameters. We found a dependence of downward nomi-
nal wage rigidity on business cycle conditions as proxied by changes in the rate of unemploy-
ment. The hypothesis of increased volatility was also confirmed. Since the key parameters of
the model remain essentially unchanged, and because of space limitations we do not present
these resultsin detail.

5 Implications

Our specification directly yields the proportion p of nominal wage cuts that are prevented by
downward nominal wage rigidity. In this section we explore several further implications of
our estimates, and are able to answer the following questions: How many observations in the
sample were affected by downward nomina wage rigidity? How does the share of affected
observations depend on the rate of inflation? And, what are the effects of the estimated degree
of downward nominal wage rigidity on long-run unemployment under different rates of infla-
tion?

Extent of downward nominal wage rigidity in the sample

The estimated degree of downward nominal wage rigidity p only allows a statement that is
conditional on the occurrence of notional cuts. But our results also enable us to evaluate how
likely notional cuts were, and therefore how likely it was to be affected by downward nominal
wage rigidity individually, or which share of observations was affected by downward nominal
wage rigidity in the aggregate. Since the expected values of individual notional wage changes
were estimated, the corresponding cumulative distribution functions can be used to calculate
the probability r, of awage freeze for each individual, in agiven period:

©) e = pPr (AW:t <0) =p (D( —Xm[}/é'g),

where CD() is the cumulative distribution function of the standard normal distribution. The
estimated individual freeze probabilities are a function of the estimated parameters and the
individual regressor values, r, =r (xn,é, 6E,/6). If averaged over all N observations in the
sample, the share of observations R affected by downward nominal wage rigidity is esti-
mated:

(10) R=%Z|2r(xtﬁﬁg,ﬁ).

Values of R for the three models for wage and salary earners are found in TABLE 3. For the
MME and CMME models the shares of those affected by downward nomina wage rigidity
appear to be rather low, with only between 4.9 and 7.3 percent of the observations affected by
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downward nominal wage rigidity. The vaues resulting from the NME models, 21.8 percent
for workers and 17.5 percent for salary earners are much higher. However, for the reasons
explained above, we are convinced the NME model misrepresents the situation.

TABLE 3

The explanation for the relative small values of R isthat while there are several low inflation
years in the sample period, average inflation over these years was slightly above three percent.
This was high enough to prevent more widespread effects of downward nominal wage rigid-
ity. It is an important question, how pervasive downward nominal wage rigidity becomes with
till lower rates of inflation. To answer this question, we will now calculate shares of affected
observations, sweep-up of individual wage growth and the real wage wedge for different rates
of inflation.

Role of inflation for individual and aggregate real wages

One of the determinants of the effects of downward nominal wage rigidity are the individual
expected values of the notional wage changes, which depend on current and lagged rates of
inflation. In order to explore the steady-state effects of different rates of inflation, x, and S
are reduced to %, and B by dropping current and lagged inflation and current and lagged
changes in unemployment. The expected values of individual notional wage growth that
would result under some rate of inflation 77 in the long run are then given by Xt,é +77.10
Hence, the shares of affected observations R for different rates of inflation can be calculated
as.

(1) R(m)=< 3 ¥ (%+m3..5).

Values of R(n) for the three models for workers and salary earners for rates of inflation from
zero to five percent are found in TABLE 3. At zero inflation the shares of those affected by
downward nominal wage rigidity would be much higher than they were under the actual infla-
tion experience during the sample period. For the CMME and MME models they range from
14.3 to 20.65 percent (31.4 and 28.8 for the NME model). As an example, for the CMME
model of salary earners the way in which the share of affected employees depends on the rate
of inflation is summarized by a plot in panel a) of FIGURE 3. The effect of downward nominal
wage rigidity is significant for rates of inflation below three percent, and negligible above five
percent.

FIGURE 3

10 The homogeneity constraint on current and lagged inflation in our specification ensures that steady-state infla-
tion enters with a coefficient of one.
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Next we calculate the difference between expected actual wage change and expected notional
wage change, the so called sweep-up, which is caused by the prevented wage cuts. Individual
sweep-up is defined as:
su, = EAW; - EAW,
=p#.0(1/0)+ he(4/0.) - uB

where the expected notional wage change L, is either equal to x, ,é or to % 3+ 11, depending
on the question at hand. Individual sweep-up is a function of the expected notional wage
change and the estimated parameters, su, =su(g,,J,, p). Aggregate sweep-up is obtained by
averaging over observations:

1 . .
(13) U =NZZSU(M“0HP)-

(12)

Values of aggregate sweep-up for the three models for wage and salary earners for rates of
inflation from zero to five percent and for the sample are presented in TABLE 3. At zero infla
tion sweep-up ranges from 0.3 to 0.4 additional percentage points of individual expected wage
growth for the CMME and MME models (1.5 and 1.2 for the NME model), depending on
specification and type of employee.11

Not only does downward nomina wage rigidity increase individua expected wage growth,
but it also introduces a real wage wedge between the aggregate actual and notional real wage
levels. Downward nomina wage rigidity does not, however, introduce additional aggregate
wage growth. The expected aggregate relative real wage wedge RWW is defined as:

01 1 0
. R PR AN PR A

In the case of the policy experiments, the real wage wedge is a function of inflation,
RV\NV(rr) It can be shown that sweep-up and real wage wedge are of the same size, by in-
serting equation (12) in equation (13).

(15) t |

11 Note that median notional expected wage growth ranges from 1.76 to 2.09 percent for the CMME and MME
models (0.98 and 1.63 for the NME model).
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Real effects of downward nominal wagerigidity

In order to assess the effects of the real wage wedge generated by downward nomina wage
rigidity on the long-run rate of unemployment, a modified Phillips curve specification as pro-
posed by Akerlof, Dickens and Perry (1996) is used:12

(16) m = 1f +a(u® -u ) +s.

i, and 1° denote the rate of inflation and the expected rate of inflation, u, and u*® are the
rate of unemployment and the lowest sustainable rate of unemployment, and s is the real
wage wedge relative to the level of the real wage. Except for the presence of s, equation (16)
isatypical bare-bones Phillips curve specification for annual data: If current unemployment is
one percentage point below the lowest sustainable rate of unemployment for one year, this
will raise the rate of inflation by a percentage points. Positive values of s will require in-
creased unemployment of Au=al$ if inflation is not to increase. The long-run version of
equation (16) allows us to calculate the non-accelerating inflation rate of unemployment
NAIRU, u™ :
(17) u™ =us +§s(7‘r,.) :
The NAIRU exceeds the lowest sustainable rate of unemployment when the relative real wage
wedge variable s is greater than zero. If downward nominal wage rigidity prevails, this will
be the case for low rates of inflation. Equation (17) therefore describes a non-linear long-run
Phillips curve. Since from our estimation results we aready have computed steady-state val-
ues for the relative real wage wedge for different values of the rate of inflation, RWW (1),
excess long-run unemployment as a function of inflation u™® (n) can be calculated as:13

us (IT) =y (IT) —u'‘s
o = 2R (),

a

where the only information still needed is an estimate of the parameter a, which measures
how strongly inflation reacts to deviations from the lowest sustainable unemployment rate.
Recent estimates of a for Germany in Franz (2001) range from 0.2 to 0.5.14 For the computa-
tion of excess unemployment u*® we have used a =.4; estimates of u”® for the three models
for wage and salary earners for rates of inflation from zero to five percent are found in
TABLE 3. At zero inflation downward nominal wage rigidity causes additional long-run unem-
ployment in arange from .74 to 1.02 percentage points in the CMME and MME models (3.85
and 2.92 percentage points in the NME model). This long-run adverse effect on unemploy-

12 we use § instead of 3 / ( B —1)3 in the original notation to denote the relative real wage wedge RWW.
A detailed discussion of the Phillips curvein Akerlof, Dickens and Perry (1996) isfound in Knoppik (1999).

13 In making this calculation it is assumed that the subsample in question is typical of the whole economy.

14 Franz (2001) uses quarterly data; his parameter estimates therefore had to be multiplied by four. Note that the
range for a of 0.2...0.5 roughly coincides with the range of a=0.3...0.6 that is reported by Stiglitz (1997),
p. 5 as a stylized fact for the US.
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ment of low rates of inflation is illustrated in a plot of the long-run Phillips curve in panel b)
of FIGURE 3.

It may come as a surprise that the zero inflation NAIRU is only around one percentage point
higher than the NAIRU at higher rates of inflation, given the high degree of estimated nominal
wage rigidity and bearing in mind the results of Akerlof, Dickens and Perry (1996) who have
found an increase of several percentage points. However, this result can be easily explained:
The estimated expected (notional) wage changes at zero inflation are on average positive, with
means and medians around two percent. Some of this may be due to aggregate productivity
growth, but in our interpretation individual wage growth over the course of a career also plays
amaor role. Together with the fact that the expected wage changes and the error term in the
wage equation both have rather small standard deviations, this means that even at zero infla-
tion only arelatively small part of the notional wage change distribution implies desired wage
cuts and is affected by downward nominal wage rigidity. This consideration also explains the
relatively small shares of affected observations at zero inflation, R(O) .

6 Concluding remarks

In this paper we analyzed the evidence and real implications of downward nominal wage ri-
gidity in Germany by using the |AB-Beschéftigtenstichprobe which represents the largest and
most reliable data source of German income data. Our model of proportional downward
nomina wage rigidity, which is formulated for observable individual earnings changes, takes
account of desired wage changes and their determinants as well as measurement error includ-
ing hours variation. We presented maximum likelihood estimates separately for wage and
salary earners for aternative specifications of measurement error. The degree of downward
nomina wage rigidity, which is reflected in the share of prevented wage cuts, is directly esti-
mated and turns out to be substantial: According to our preferred specification around 70 per-
cent of wage earners and 90 percent of salary earners who are due for wage reductions obtain
wage freezes instead. We also demonstrated that the neglect of measurement error generates
estimates of earnings rigidity which are 60 percent lower than our estimates of wage rigidity.
These estimates closely match our earlier results in Beissinger and Knoppik (2001) where
earnings rigidity was directly estimated by an unrelated method, the histogram-location ap-
proach. We see both lines of analysis supported by this correspondence. At the same time it
highlights the potential pitfalls of trying to directly draw conclusions on wage rigidity with ap-
proaches that eschew an explicit treatment of measurement error.

In order to explore the implications of our estimates, shares of affected individuals and the
increase in individual expected wage growth were calculated for the historical inflation ex-
perience over the sample period and for aternative inflation policies. The variation of infla
tion policy showed that the effects of downward nomina wage rigidity become sizable for
rates of inflation that are lower than three percent and are negligible for rates of inflation
above four percent. We aso tried to assess the effects of downward nominal wage rigidity on
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equilibrium unemployment. According to our results, a zero inflation policy will cause one
percentage point of excess unemployment, i.e. the NAIRU would be one percentage point
higher than the lowest sustainable rate of unemployment. Given the high degree of wage rigid-
ity this seems to be arelatively moderate increase. However, it can be explained by the narrow
estimated notional wage change distribution, which even at zero inflation on average requires
two percent individual wage growth.

Over the last few decades Germany has had the most favorable inflation record of all large
industrial nations, but by no means an impeccable one. While there is a zero inflation episode
in the sample period, some uncertainty remains whether attitudes towards nominal wage cuts
remain unchanged under permanent zero inflation. For this reason our results constitute no
definite proof of the role of downward nominal wage rigidity in a zero inflation environment.
Nevertheless, they take the theoretical argument of potential adverse effects of very low infla-
tion quite a step further by specifically showing the existence of downward nomina wage
rigidity in the largest European economy, finding its extent to be substantial and demonstrat-
ing that avery low inflation policy might indeed be arather costly endeavor.

Appendix A: Data selection

In the IABS there is no information about hours worked except for the information about part-
time or full-time status. It is therefore not possible to compute hourly wages. Since changes of
part-time to full-time work or vice versa do not lead to a new report of the employer, thereis
the possibility that temporary transitions to part-time work during the course of the year are
not documented in the annual report. According to the IAB this leads to some implausible
changes in annual earnings for female employees, for whom part-time work is much more
common. For that reason we restrict our analysis to full-time employed males working in the
western part of Germany. We only consider ,,job stayers’, i.e. employees who remained at the
same employer for two consecutive years for the full length of time. We exclude “movers’,
i.e. persons who changed the employer, since interpretation of the behavior of moversis much
less clear-cut than for stayers. The main reason is that movers consist of two groups, employ-
ees who were dismissed involuntarily and employees who voluntarily change the employer.

Earnings in the IABS are right-censored at the contribution assessment ceiling (‘ Beitragsbe-
messungsgrenze’). If (monthly) earnings are higher than this threshold, actual earnings will be
unknown. Since for employees whose earnings are censored the growth rate of earnings can
not be computed correctly, the censored records are removed from the dataset. However, this
leads to a substantial change in the skill structure of our sample. Since high-skilled employees
are no longer properly represented in the sample, they are completely removed from the data-
set. Our analysis is therefore confined to unskilled and skilled male employees. The unskilled
are defined as persons without vocational training. These are persons with a lower schooling
level and no further occupational qualifications completed; this group includes lower secon-
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dary school (Hauptschule) and intermediate secondary school (Realschule) graduates who did
not complete an apprenticeship or graduate from a full-time vocational school. The skilled are
defined as persons with vocational training. These are persons with an occupational qualifica-
tion, which might be either a completed apprenticeship or graduation from a vocational
school.

In the IABS fringe benefits cannot be separated from ‘regular’ earnings. Thisis of importance
since, starting in 1984, one-time payments to the employees have been subject to social secu-
rity taxation and are therefore included in the earnings report of the employer. Before that date
the inclusion of fringe benefits was voluntary. Steiner and Wagner (1996) analyzing the first
version of the IABS note that this results in a structural break in the earnings data in 1984
which mainly affects the upper part of the earnings distribution. The possibility of a structural
break has to be taken into account in our analysis. A structural break of this type directly leads
to a level effect that affects the 1983-84 log earnings changes. Observations before that date
should be valid, since if some employers reported fringe benefits before 1984 and others did
not, it is very likely that employers usually were consistently using a single kind of reporting
behavior. All observations after that date derive from correctly reported figures. However, it
cannot be ruled out that the additionally included compensation components are more volatile
than basic pay. This may indirectly have increased the volatility of earnings changes from
1984 onwards. A further problem that is relevant in the context of our analysis is caused by
the fact that in the IABS the gross daily earnings variable has been truncated to integer values,
which affects very small earnings changes. We therefore do not attempt to reach conclusions
about the existence of menu cost effects.

We further restricted the sample to the manufacturing and service sector.15 Taking account of
the anonymisation procedure of the IAB, we aggregated the IABS industry information to 34
industries which correspond to the national accounts classification. In this sample we detected
some implausible high growth rates of (annual) earnings lying between 100 and 400 percent,
which are concentrated in the group of employees being younger than 25 years. We suspect
that this is due to afalse coding in the variable describing the occupational status. In this vari-
able both the apprenticeship and the full-time/part-time distinction are coded. It is therefore
possible that an apprentice is incorrectly classified as a full-time worker. After the apprentice-
ship the respective person will probably earn more than double the previous income. To guar-
antee that these effects are not at work in our data, we restrict the sample to employees who
are at least 25 years 0ld.16 For our estimates we also use information about firm size. Unfortu-

15 Hence employees working in the following sectors were excluded: agriculture, mining, energy, the govern-
ment sector and private organizations. Furthermore we excluded the employees from the eastern part of Ger-
many who were working in the western part of Germany and the employees who were insured by the so-called
»Knappschaft”.

16 The upper limit of 65 yearsisimplied by the IABS.
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nately, the requirement that the firm size information must not be missing leads to the exclu-
sion of all 1975 to 1976 wage change observations; all other years are barely affected.l”

In our analysis we also use several aggregate time series. The inflation variable is based on the
consumer price index for al private households. The unemployment rate refers to the total
labor force. These series are taken from Sachverstandigenrat zur Begutachtung der Gesamt-
wirtschaftlichen Entwicklung (1997). The industry employment data are taken from the na-
tional accounts of the Statistisches Bundesamt Deutschlands (Federal statistical office),
Beschéftigtensegment 917.

Appendix B: Complete Results

Complete results are found in TABLE B.1 and TABLE B.2.

TABLEB.1

TABLE B.2

17 We also excluded apprentices and employees working at home. Furthermore we requested that the informa-
tion with respect to marital status, number of children, occupational status, training degree, occupation, na
tionality, industry affiliation and identification number of the respective firm are not missing. We examined
whether the exclusion of missing values has led to a biased employment or industry structure but could not
find evidence for this hypothesis. We also excluded records with overlapping employment spells, because
there is no information about the number of hours worked in each of these jobs.
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XIX

Tablesin order of appearancein text

TABLE 1: Selected parameter estimates

Wage earners Salary earners
NM E MM E CMME NME MME CMME
a) b) c) d) €) f)

P 0.72 0.46 0.68 0.79 0.58 0.91
o, 6.5 3.6 3.2 5.7 31 2.7
g, 29 10.1 75 26 11.6 6.7
n - 0.73 0.60 - 0.83 0.68
O e - - 24.1 - - 25.9
c - - 0.014 - - 0.017
InL 8171425 7221575 7292584  214936.4 209839.2 212789.4

N 590570 590570 590570 144257 144257 144257

Note: Complete results including standard errors are found in TABLE B.1 and TABLE B.2.
All parameters in this table are highly significant. The parameters are: p degree of rigidity,

o, sd.

of error term of the notional wage change equation; o, s.d. of measurement error; n

and c are the shares of exactly measured or contaminated observations, respectively; o,
s.d. of contamination error. Vaues of InL are not comparable between NME and other

models

because of the mass pointsin the MME and CMME models; original valuesfor InL

have been retained, while the scaling of several parameters has been adjusted to improve

readability.
TABLE 2: Composite error model

Wage earners Salary earners
Composite error o, e 6.4 5.8
model ) @ 0.24 0.34
CMME®") P ® 0.68 0.91
(2)/(3) [in %) @ 35.29 % 37.36 %
HLA® Py ~© 0.21 0.31

Note: (*) Estimates from the contaminated mixed measurement error
(CMME) modelsin TABLE 1. (+) Estimates from the application of the histo-
gram-location approach (HLA) to the IABS data in Beissinger and Knoppik
(2001), p. 25, table 4, row (1), columns (3) and (6).



TABLE 3: Implications of estimation results

Wage earners Salary earners
NME MME CMME NME MME CMME
Inflation a) b) C) d) €) f)

P 72.22 46.15 68.46 79.37 58.30 91.42
g, 6.53 3.62 3.16 5.70 3.15 2.67
R 21.75 6.11 7.28 17.51 4.85 5.61
R(77) 0 31.37 14.34 19.91 28.80 14.54 20.65
1 27.15 10.27 13.37 23.97 9.68 12.59

2 23.13 6.95 8.33 19.53 6.03 7.03

3 19.38 4.44 4.81 15.58 3.50 3.62

4 15.96 2.67 257 12.15 1.89 1.72

5 12.92 151 1.26 9.26 0.96 0.77

SV 0.95 0.12 0.12 0.61 0.08 0.08
U (n) 0 154 0.34 0.41 1.17 0.30 0.36
1 1.25 0.22 0.24 0.90 0.18 0.19

2 1.00 0.13 0.13 0.69 0.10 0.10

3 0.78 0.08 0.07 0.51 0.05 0.05

4 0.61 0.04 0.03 0.37 0.03 0.02

5 0.46 0.02 0.02 0.27 0.01 0.01

uw () 0 3.85 0.85 1.02 2.92 0.74 0.90
1 3.12 0.55 0.60 2.26 0.44 0.49

2 2.49 0.33 0.34 172 0.25 0.25

3 1.96 0.19 0.17 1.28 0.13 0.12

4 152 0.11 0.08 0.94 0.06 0.05

5 1.16 0.05 0.04 0.67 0.03 0.02

Note: All entriesin percent. R and R(71) are the shares of affected observations in the sample and
under aternative rates of inflation, respectively. SU and SU (71) are sweep-up in the sample and
under alternative rates of inflation, respectively. u”® (71) is excess unemployment for alternative
rates of inflation; it is defined as non-accel erating inflation rate of unemployment minus lowest sus-
tainable rate of unemployment u*®=u™ -uS; for the computation of u*® according to

equation (18) a=0.4 was used.
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TABLE B.1: Estimation results for workers

NME MME CMME
DYL Coef. Std. Err Coef. Std. Err Coef. Std. Err

EXP -0.21 0.005 -0.14 0.003 -0.13 0.003
EXPS 0.0026 0.0001 0.0018 0.0001 0.0017 0.0001
DSt1sk1 -1.09 0.046 -0.71 0.027 -0.66 0.026
DSt1Sk2 -1.20 0.049 -0.71 0.029 -0.66 0.027
DSt2sk1 -0.94 0.057 -0.60 0.034 -0.56 0.033
DSt2sk2 -1.21 0.042 -0.74 0.025 -0.68 0.023
DSt3sk1 -0.03 0.263 -0.04 0.155 -0.02 0.147
DSt3sk2 -0.74 0.078 -0.45 0.045 -0.46 0.043
DSt4Sk1 -0.12 0.130 -0.12 0.075 -0.14 0.071
DFOR -0.03 0.033 -0.08 0.022 -0.07 0.021
FAMST 0.08 0.024 0.09 0.015 0.09 0.014
Dsl -1.74 0.128 -3.17 0.079 -3.50 0.081
Ds2 -0.87 0.045 -1.10 0.027 -1.16 0.026
Ds3 -0.77 0.046 -0.69 0.027 -0.69 0.026
DsA -0.49 0.039 -0.43 0.024 -0.42 0.023
Ds5 -0.32 0.041 -0.30 0.025 -0.29 0.023
Ds6 -0.18 0.029 -0.17 0.018 -0.15 0.017
CONS 5.88 0.080 4.94 0.049 4.70 0.048
D84 0.99 0.056 0.58 0.034 0.50 0.032
INF 0.48 0.012 0.35 0.007 0.34 0.007
INF(-1) 0.25 0.017 0.26 0.011 0.25 0.010
INF(-2) 0.27 0.000 0.39 0.000 0.41 0.000
DU -1.66 0.020 -1.40 0.012 -1.37 0.011
DU(-1) -1.07 0.025 -0.80 0.015 -0.75 0.015
DU(-2) 0.01 0.019 -0.24 0.012 -0.27 0.011
WONALL 0.20 0.005 0.12 0.003 0.11 0.003
P 0.72 0.003 0.46 0.003 0.68 0.006
o, 6.53 0.011 3.62 0.010 3.16 0.009
Oy 2.95 0.013 10.10 0.032 7.50 0.031
0.74 0.002 0.60 0.002
O 24.12 0.352
c 0.01 0.001

InL 817142.54 722157.55 729258.4

N 590570 590570 590570

Note: The dependent variable is DYL, the log difference of earnings (in percentage points). EXP: ex-
perience. EXPS: experience squared. DSTiSkj: dummy variables for skills, reflecting formal skills and
occupational status. STi: different types of occupational status contained in the sample (i = 1,..,4). Sk1
and Sk2: unskilled and skilled employees. DFOR: foreigner dummy. FAMST: marital status. Dsi
(i = 1,..,6): firm size. D84: dummy for year 1984 due to structural break. INF, INF(-1), INF(-2): current
and lagged rates of inflation. DU, DU(-1), DU(-2): current and lagged changes of rates of unemploy-
ment. WQNALL: change in the industry employment share (relative to total employment). p,o,,0,,
n,c,0,.: parameters of the NME, MME and CMME models (details see text). InL: log likelihood
value; original values for InL have been retained, while the scaling of several parameters has been
adjusted to improve readability. N: number of observations. 33 dummies for 34 industries were in-
cluded in the estimation, but are not presented here.
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TABLE B.2: Estimation results for salaried employees

NME MME CMME
DYL Coef. Std. Err Coef. Std. Err Coef. Std. Err

EXP -0.45 0.009 -0.30 0.005 -0.28 0.005
EXPS 0.0063 0.0002 0.0042 0.0001 0.0039 0.0001
DSt1sk1 -0.75 0.111 -0.40 0.070 -0.37 0.065
DSt1Sk2 -1.02 0.094 -0.63 0.058 -0.52 0.055
DSt2sk1 -0.75 0.287 -0.49 0.179 -0.48 0.173
DSt2sk2 -0.65 0.078 -0.48 0.049 -0.41 0.046
DSt3sk1 0.37 0.342 0.07 0.182 0.10 0.168
DSt3sk2 0.05 0.078 0.04 0.042 0.03 0.039
DSt4Sk1 0.11 0.097 0.00 0.053 -0.04 0.050
DFOR 0.20 0.138 0.07 0.084 0.10 0.078
FAMST -0.10 0.039 0.06 0.022 0.08 0.021
Dsl -2.41 0.173 -4.42 0.117 -4.97 0.132
Ds2 -0.95 0.076 -1.42 0.044 -1.48 0.042
Ds3 -0.56 0.077 -0.60 0.044 -0.59 0.041
DsA -0.38 0.064 -0.40 0.036 -0.38 0.034
Ds5 -0.32 0.066 -0.28 0.037 -0.26 0.035
Ds6 -0.09 0.050 -0.08 0.028 -0.08 0.026
CONS 9.24 0.126 7.16 0.076 6.72 0.073
D84 2.63 0.095 1.82 0.057 1.57 0.055
INF 0.25 0.021 0.24 0.012 0.25 0.011
INF(-1) 0.42 0.031 0.32 0.018 0.28 0.017
INF(-2) 0.32 0.000 0.44 0.000 0.47 0.000
DU -1.16 0.035 -1.08 0.020 -1.09 0.018
DU(-1) -1.28 0.045 -0.91 0.026 -0.82 0.024
DU(-2 -0.06 0.033 -0.18 0.019 -0.21 0.018
WONALL 0.14 0.010 0.09 0.005 0.08 0.005
P 0.79 0.005 0.58 0.007 0.91 0.012
o, 5.70 0.018 3.15 0.013 2.67 0.012
Oy 2.61 0.021 11.62 0.083 6.71 0.057
0.83 0.002 0.60 0.002
O 25.86 0.566
c 0.02 0.001

InL 214936.44 209839.21 212789.36

N 144257 144257 144257

Note: See TABLE B.1.
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Figuresin order of appearancein text
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&) Counterfactual density, low x, 3
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b) Factual pseudo-density, low x,f3 ¢) Factual pseudo-density, high x, 8

FIGURE 1. Shape, location and downward nominal wagerigidity

Note: The shape of the factual distribution in panel b) differs from that of the counterfactual distribution in
panel a) because of thinning and pile up. The difference in shape depends on the expected notional wage
change x, 3 ; it becomes |ess pronounced for higher x, 3, as can be seen from panel c).
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FIGURE 3: Effects of downward nominal wagerigidity at different rates of inflation
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Note: Based on CMME estimates for salaried employees.
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