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Abstract

The purpose of this paper is
to investigate the relationship
between wage inflation and
unemployment rate in the 15
European member-states. For
this purpose 15 similar wage
determination equations were
estimated for each member
state. Each equation was re-
lating wages inflation to the
unemployment gap between
the actual unemployment rate
and the NAWRU, prices infla-
tion, labour productivity, and
lagged wage inflation, and
thus, making use of a modi-
fied structure of a Phillips
curve wage inflation equation.
Treating the NAWRU as a time
varying unobserved stochastic
process, a state-space maxi-
mum likelihood estimation
method - using Kalman filter
where the state variable was a
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random walk - was followed
in order to estimate the 15
equations. The estimates, us-
ing annual data from 1961 to
1999, suggest that the extent
and direction of changes in
the NAWRU over the periods
1961-80, 1981-90 and 1991-
99 is mixed across the EU
member states. Similarly, em-
ploying a dynamic multipliers
analysis, it is seen that the sen-
sitivity of wages inflation with
respect to changes in price
inflation, in labour productiv-
ity and in unemployment gap
considerably varies among the
15 EU member states. Thus,
the application of “common”
policies across the 15 Euro-
pean member states may be
questionablebecauseofthedif-
ferent effects of these policies
on the various economies.

Wage inflation, price inflation, unemployment rates, labour produc-
tivity, Phillips curve, NAWRU, Kalman filter, Europe.
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1. Introduction

Numerous econometric models have been used to obtain
estimates of the relationship between inflation and un-
employment rates. On the basis of a review of alternative
theoretical approaches, it is concluded that a reduced-
form Phillips curve framework is the most suitable for
the task of estimating this relationship. This is because
it provides a direct link to the relationship between in-
flation and unemployment rate and is consistent with a
variety of structural approaches (Richardson et al., 2000;
Laubach, 2001).

However, although economists such as Blinder (1997)
argue that Phillips curves should continue to play such a
role because these curves summarise empirical relation-
ships critical for policy making, other economists such as
Atkeson and Ohanian (2001) argue that economists have
not produced a version of the Phillips curve that makes
more accurate forecasts than those from usual econo-
metric models.

Within the framework of the Phillips curves it is con-
venient to estimate the non-accelerating price inflation
rate of unemployment (NAIRU). Although the dominant
view is that there is not a long-term trade-off between in-
flation and unemployment, however, in the short term a
trade-off exists such that if unemployment falls below the
NAIRU, inflation will rise until unemployment returns to
the NAIRU, at which time inflation will stabilise at a per-
manently higher level. Thus, the existence of a NAIRU
has immediate implications for carrying out economic
policies.

On the contrary, other economists, such as Brockway
(1995, 1999) and Kacapyr (1997), argue that it is time to
discard the NAIRU jacket because in a lot of cases un-
employment has fallen to historically low levels in the
mid-1990s without rekindling inflation, and furthermore,
that there is a substantial variation in the precision of the
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NAIRU estimates. In fact, Staiger et al. (1997), Richard-
son et al. (2000) and Laubach (2001), having estimated
the NAIRU for the United States, 21 OECD countries,
and for the G7 economies respectively, they do agree that
the estimates of the NAIRU are measured with large un-
certainty. In general, there is a substantial variation in the
precision of these estimates, both across countries and
across specifications. According to Laubach (2001), al-
lowing for a drift in the NAIRU leads to a dramatic de-
cline in the precision of the estimates when no additional
structure is imposed on the unemployment gap and that
information from unemployment data greatly improves
the precision of the NAIRU estimates. Furthermore, in
spite of all these problems, Richardson et al. (2000) sug-
gest that their Kalman filter estimates provide a system-
atic starting point for the OECD’s future NAIRU indica-
tors.

Summarising the relevant literature, we may say that
the main problem in the research referring to the esti-
mation of the relationship between inflation and unem-
ployment rate, using a Phillips curve specification, is the
uncertainty surrounding the estimates of the NAIRU, and
therefore, it is important any contribution to this area to
be concentrated on new specifications of the equations
involved and on new estimating techniques that will add
to our knowledge.

Taking into account the preceding suggestions, the
main purpose of this paper is to estimate the relationship
between wage inflation and the unemployment rate im-
plied by the non-accelerating wage rate of unemployment
(NAWRU) view in the 15 European member-states. Ac-
cording to this view there is a level of the unemployment
rate (the NAWRU) below which the wage level acceler-
ates and above which the wage level decelerates. Based on
Richardson et al. (2000), a version of this relationship is

Aw, = a(L)Aw,_, — B(L)U, =U,)+y(L)x, +¢, 1)
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where A is the first difference operator, t is the time peri-
od, w' is the wage inflation, U' is the unemployment rate,
x' is a vector of shock variables, €' is an error term, U* is
the NAWRU and a(L), B(L) and y(L) are polynomials in
the lag operator L.

The rationale of equation (1) is that if the unemploy-
ment rate U' is equal to U** for all t, the rate of wage infla-
tion will not change over time aside from the effects of
the shock variables x'. Otherwise, the rate of wage infla-
tion will increase over time if U' is less than U™ for all t
and will decrease over time if U' is greater than U for all
t (Fair, 2000).

Section 2, presents the model to be estimated and em-
ploying the Augmented Dickey-Fuller (ADF) tests, in-
vestigates the non-stationarity of all the data used. The
statistical estimates of the model, using the Kalman filter
estimation methodology, and discussion of the mean-
ing of these estimates is presented in section 3. Section
4 presents time varying estimates of the NAWRU for the
15 European member-states. Finally, section 5 presents
the conclusions and policy implications of the paper. All
estimates have been carried out using EViews 3.1.

2. The model and the data involved

Phillips curves of various kinds (Gordon, 1982, 1985;
Stockton and Glassman, 1987) have been a major compo-
nent of many macroeconomic models for a long time. For
comparison purposes between the 15 European member-
states we will use the following Phillips type wage infla-
tion equation.

wf:awf—'l+5(Uf—Uf*)+ypf+5gf+8f
0<a<l, B<0, y>0, 6§>0 (2)

where p' is the price inflation and g' is the labour pro-
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ductivity change. Equation (2) relates wages inflation (i.e.
changes in the level of wages) to the difference between
the level of unemployment and the NAWRU, which prox-
ies demand pressures; the lag in the wages inflation term
captures any inertia, by not imposing the restriction of «
being equal to one; the prices inflation term indicates that

causality is running from prices to wages (Mehra, 1991);

the labour productivity term indicates the positive pres-

sures to wages, although other economists prefer to use

productivity-adjusted wages (Mehra, 1991; Ghali, 1999).
The data used in the analysis is annual, cover the pe-

riod from 1961 to 1999 and are taken from European

Economy (1999). The identification of the variables used

is the following:

w = wages inflation (nominal compensation per employ-
ee; total economy; annual percentage change from na-
tional currency).

p = prices inflation (price deflator private consumption;
annual percentage change from national currency).

U = unemployment rate (total; percentage of civilian la-
bour force)

g = labour productivity growth (gross domestic product
at 1990 market prices per person employed; annual
percentage change from national currency).

In examining the stationarity of these variables we used
the Dickey-Fuller (DF) and Augmented Dickey-Fuller
(ADF) tests as shown in Table 1 (Dickey and Fuller, 1979
and 1981; Dickey and Pantula, 1987; Dickey et al, 1984).
The exact methodology followed is as follows (Seddighi
et al, 2000): In order to find the proper structure of the
DF/ADF equations, in terms of the inclusion in the equa-
tions of an intercept (c) and a trend (t), and in terms of
how many extra augmented lagged terms to include in
the ADF equations, for eliminating possible autocorrela-
tion in the disturbances, the usual Akaikes’s (1973) infor-
mation criterion (AIC) and Schwartz’s (1978) criterion
(SC) were employed. The minimum values of AIC and SC
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indicated the ‘best’ structure of the ADF equations. With

respect to testing for autocorrelation in the disturbances,

the usual Breusch (1978) and Godfrey (1978) or Lagrange
multiplier LM(1), test was used.

The structure of the figures in Table 1 is as follows: For
each country and for each variable (in each cell) there are
two figures of the DF/ADF statistics. The top figure refers
to the actual (level) variable and the bottom figure refers
to the 1st differenced variable. Next to each figure there
are three indicators; the first shows the corresponding
numbers of lagged terms used to eliminate possible au-
tocorrelations in the disturbances, the second shows the
inclusion in the equations of an intercept (c) and the third
shows the inclusion of a trend (t).

Comparing the DF/ADF statistics in Table 1, with the
MacKinnon (1991) critical values, shown at the bottom of
Table 1, the following conclusions may be derived:

« The statistics referring to the actual levels show that the
vast majority of the variables are non-stationary. How-
ever, these statistics show that the corresponding 1st
differenced variables are stationary. In other words the
vast majority of the variables in Table 1 are integrated of
order one, i.e. they are I(1).

« Variables wi (fori =4, 5), Ui (for (i=1, 4, 5,7, 12) and
g (fori=7,8, 10, 13, 16) are at the neighbourhood of
being I(1).

« Variables gi (fori =9, 12, 15) are stationary.

+ Because only 3 variables are stationary, from a total of
64 variables, for comparison purposes, in the estima-
tion below we will treat all variables as being I(1).

3. The model estimates
The time varying NAIRU is alternatively modelled as a

deterministic function of time (Staiger et al., 1997), as a
function of labour market variables (Staiger et al., 1997),
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Table 1. DF/ADF unit root tests for all the variables involved in

estimation.
Country w p U g
1.B -2393 1t | <2733 1ot | -2.260 Let | -1.765 2,¢
1*dif. | -6.187  0,c | -4.503 l,c | -3.583 1l,ct** | -8.939 2,c
2. DK -3209 2.t | -1.841 1t | -1.695 lc | -2.514 2,c.t
1 dif. -7.611 l,c | -5.159 lc | -4.119 O,c | -5.461 2,c
3.D -2.657 2.t | -3.100 1t | -3.115 2,ct | -2.925 2,c.t
1t dif. -5.914 l,c | -3.907 lc | -4.312 lc | -6.323 2,c
4. EL -2.255 24t | -1.737 Le | <2255 2t | -2.018 Zict
1% dif. -3.515  2,c* | -4.946 l,c | -3.515 2,c* | -7.040 l,c
5.E -1.871 2,ct | -1454 1t | -1.871 2,ct | -2.407 2,c
Itdif. | -3.113 1,c* | -4.601 lc | -3.113 Lc* | -6.136 2ic
6. F -1.704 2.t | -1.263 l,c | -2.228 l,ct | -3.187 Lt
1*dif. | -4.660 1,c | -5.629 0,c | -3.295 I,c* | -6.845 1,c
7. IRL -1.925 1,¢t | -1.777 l,c | -1.576 l,c | -3.110 2.
1*dif. | -7.796  0,c | -5.065 0, | -3.302 1,ct* | -8.203 lc
8.1 -1.431 l,c | -1.509 lc | -2.419 2,ct | -3.388 1,ct*
1 dif. -6.211 lL,e | -5.130 O,c | -5.926 l,c | -6.521 1,c
9.L -3.005 1t | -2.651 lc | -2.288 Let | -5.639 1,ct
1 dif. -5.799 2,ct | -4.091 l,c | -3.711 l,c | -6.761 l,c
10. NL -2.757 lt | -2373 1t | -1.630 2,c | -3.812 2,ct™
1*dif. | -4.435 1,c | -3.864 l,c | -3.807 lLc | -5.820 2,c
11. A -2499 1t | -1.660 lc | -2.748 Lct | -2.055 2t
1*dif. | -6.476 1l,c | -6.801 0,c | -4.979 lL,c | -9.592 1,c
12. P -1999  1,c | -1.375 lL,c | -2.256 Let | -5939 1t
1*dif. | -5.491 lc | -6.927 0,c | -3.495 0,c* | -7.803 lc
13. FIN -2495 2.t | -2589 1t | -2.541 2ct | -3.313 2ct™
1*dif. | -5.347 1, | -5.280 l,c | -4.597 l,c | -7.330 1,c
14.S -2679 0O,ct | -1.383 1.t | -1.840 2,c,t | -2.426 2,c
I*dif. | -5920 O,c | -5261 1t | -4.027 lc | -7.949 lc
15. UK <2591 1ot | -2.036 lc | -1.176 2,ct | -6.158 1ot
1*tdif. | -5.807 l,c | -4.899 l,c | -4.472 l,c | -7.400 Le
16. EU -2.175 lot | -1.470 l,c | -2.682 lice,t | -3.791 1,ct**
I*dif. | -4.436 1, | -4.103 lL,c | -3.638 l,c | -8.045 l,c

* Critical values (including intercept): -3.62 (1%); -2.94 (5%); -2.60 (10%).
** Critical values (including intercept and time trend): -4.22 (1%); -3.53 (5%); -3.20 (10%).

¢ Stationary
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and as an unobserved stochastic process (King et al., 1995;
Staiger et al., 1997; Gordon, 1997; Richardson et al., 2000;
Laubach, 2001).

In this paper we are following the third approach, in
which the NAWRU is treated as an unobserved stochas-
tic process. The estimation issues followed may be sum-
marised as follows:

« All the variables involved in the estimation assumed to
be I(1). In this case estimates will not produce spurious
results (Gujarati, 1995; Seddighi et al., 2000).

» The specification of the model described in (2) can be
written in a state-space form as follows:

Measurement equation:

w=ow,_ +pU,—zU,_)+yp, +0g, +&, (3)

Transition equation:

Zr - ¢Zr—1 T ur (4-')
NAWRU:
U: = Z.r -1 (5)

where z is the state variable, ¢ is a parameter and the dis-

turbance terms € _and u, are assumed to be independent

and white noise.

« The parameters of the equations (3)-(5) can be esti-
mated by maximum likelihood using the Kalman filter.
The Kalman filter is a recursive algorithm for sequen-
tially updating the state variable given past information.
More technically, it is an algorithm for calculating linear
least squares forecasts of the state variable given data
observed up to date t (Cuthbertson et al., 1992; EViews,
1998).

The state variable is either random walk (assuming ¢ =
1: shocks to the random coefficient persist indefinitely)
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or AR(1) and constant mean (assuming ¢ # 1; shocks to
the random coefficient have some persistence, but that
the coefficient eventually returns to its mean value).

+ Because the data is annual, at most three lags in the in-
dependent variables of equation (3) are used.

Table 2 presents the estimated wage equations using
Kalman filter. The estimates refer to the state variable
following a random walk process. Experiments assum-
ing that the state variable follows an AR(1) and constant
mean process were also performed but the results were
inferior because in most cases the autoregression coeffi-
cients were not significant. From the results in Table 2 we
may conclude the following.
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Table 2. Estimated wage equations using Kalman filter (depen-
dent variable is w ; state variable is random walk)

1.B | 2.DK 3.D | 4.EL 5.E 6.F | 7.IRL 8.1

Regressors
U-U/ -0.667 | -0.539 | -0.828 | -1.058 | -0.344 | -0.539 | -0.272 | -0.588
(1.76] | [1.59] | [7.21] | [1.49] | [1.51] | [2.82] | [0.92] | [1.73]
P, 0933 | 0786 | 0.735 | 0.365 | 0.656 | 0.856 | 0.920 | 0.828
(4.40] | [5.72] | [2.84] | [1.33] | [3.15] | [3.85] [ [3.14] | [11.5]
g, 0784 | 0301 | 0736 | 0.145| 0.28 , | 0494 | 0.503 | 0.402
(5.12] | [1.40] | [2.96] | [0.44] | [1.27] | [5.06] | [1.77] | [3.14]
W, 0.330 | 0353 | 0400 | 0627 | 0456 | 0.325 | 0.032 | 0.111
[1.82] | [3.02] | [2.79] | [2.03] | [2.71] | [2.25] | [0.11] | [0.83]
NAWRU:99 7.4 52 7.7 8.7 155 11.9 10.6 11.6
U:99 8.3 4.6 9.0 9.4 17.3 11.5 6.0 12.2
R? 0964 | 0913 | 0.747 | 0.744 | 0934 | 0955 | 0.896 | 0.958
DW 1997 | 2.172 | 1.866 | 1.871 | 2.169 | 2.146 | 2.153 | 2.313
Diagnostics'

Serial cor.? 0363 | 0340 | 0264 | 0059 | 0999 | 0.563 | 0.844 | 0.901
Normality* 0963 | 0079 | 0001 | 0549 | 0631 | 0.001 | 0504 | 0.718

Chow f.* 0493 | 0927 | 0613 | 0928 | 0943 | 0973 | 0.312 | 0.383
Chowb.? 0.253 | 0572 | 0463 | 0936 | 0498 | 0658 | 0.175 | 0.064
RESET® 0054 | 0134 | 0848 | 0621 | 0001 | 0059 | 0149 | 0338
Forecasting’

Theil 0.044 | 0.063 | 0.134 | 0.085 | 0.065 | 0.054 0.064 | 0.042
Bias 0.031 | 0.006 | 0.007 | 0.004 | 0.065 | 0.016 0.000 | 0.009
Variance 0.032 | 0.005 0.019 | 0.025 ( 0.033 | 0.002 0.009 | 0.007

Covariance 0938 | 0989 | 0974 [ 0971 | 0902 | 0982 | 0.991 | 0.984

Notes: t-ratios in brackets.

1. p-values reported.

2. Breusch-Godfrey Lagrange-Multiplier test for up to second order correlation of the resi-
duals.

3. Jarque-Bera test for normality of residuals.

4. Chow forecast test from 1990.

5. Chow breakpoint test for break in 1990.

6. Ramsey reset test of functional form based on the inclusion of two fitted terms.

7. Theil inequality coefficients from dynamic simulation; decomposition into bias propor-
tion, variance proportion and covariance proportion.
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Table 2 (continued). Estimated wage equations using Kalman fil-
ter (dependent variable is w,; state variable is random walk)

9.L 10.NL | 11.A | 12.P | 13.FIN | 14.S 15.UK | 16.EU

Regressors
U-U’
ot -0.991 | -0.343 | -1.972 | -1.669 | -1.083 | -0.436 | -0.558 | -0.540
(1.67] | [2.81] | [6.13] | [1.72] (5.90] | [1.57] | [1.89] | [1.71]
& 0329 [ 0.719 | 0.555 | 0.667 0.895 | 0.416 1.103 | 0.763
(1.24] | [2.54] | [1.85] [ [3.03] (4.36] | [2.07] | [8.86] | [2.81]
& 0.204 | 0398 | 046, | 0.70, 0.578 | 0.444 | 0403 | 0.445
[1.08] | [2.27] | [2.57] | [2.66] (2.88] | [1.33] | [1.15] | [2.17]
W 0323 | 0485 | 0.535 | 0415 0.326 | 0440 | 0.022 | 0372
(0.94] | [2.44] | [5.07] | [2.24] [2.33] | [3.06] | [0.20] | [1.67]
NAWRU:99 42 3.8 4.3 4.1 9.9 9.6 7.4 9.7
U:99 2.7 3.6 4.3 4.7 10.1 7.8 6.5 9.6
R? 0.590 | 0.952 | 0.803 | 0.808 0.866 | 0.761 0.864 | 0.962
DW 2159 | 2.079 | 2.678 | 1.981 1.860 1.895 2.142 2.344
Diagnostics'

Serial cor.?
g 0371 | 0940 | 0010 | 0437 | 0380 | 0383 [ 0902 | 0.999

Normality*

Chovca) | 0952| 0071 | 0001 | 0402 | 0743 | 0334 | 0015| 0007

= 0211 | 0994 | 0966 | 0985 | 0343 | 0221 | 0973 | 0994

el 0663 | 0897 | 0819 | 0776 | 0406 | 0593 | 0734 | 0.805
0215 | 0347 | 0808 | 0704 | 0114 | 0015 | 0010 | 0.001

Forecasting’

Theil 0115 | 0.063 | 0096 | 0092 | 0100 | 0096 | 0090 | 0.041

Bias 0.001 | 0052 | 0009 | 0000 | 0013 | 0000 | 0000 0.035

Variance 0077 | 0017 | 0221 | 0047 | 0001 | 0051 | 0021 | 0.070

Covariance 0922 | 0931 | 0.770 | 0.953 0.986 | 0.949 0979 | 0.895

Notes: t-ratios in brackets.

1. p-values reported.

2. Breusch-Godfrey Lagrange-Multiplier test for up to second order correlation of the resi-
duals.

3. Jarque-Bera test for normality of residuals.

4. Chow forecast test from 1990.

5. Chow breakpoint test for break in 1990.

6. Ramsey reset test of functional form based on the inclusion of two fitted terms.

7. Theil inequality coefficients from dynamic simulation; decomposition into bias proportion,
variance proportion and covariance proportion.



E. Katsouli — D. Pallis 73

+ In all cases the estimated coefficients have the expected
a priori signs. The unemployment gap affects negatively
wage inflation; price inflation and labour productivity
affect positively wage inflation.

+ Most estimates are generally acceptable, according to
the usual statistical, diagnostic and forecasting criteria.

« The specifications of the estimated Phillips curves are
largely identical. This ensures comparability of the re-
sults.

« Comparing the estimated coefficients of the unemploy-
ment gap of the wage equations of each member-state
with the corresponding estimated coefficient of the EU
wage equation we may categorise the member states
into “less sensitive” (IRL, S, NL, E, F, DK) and “more
sensitive” (UK, I, B, D, L, EL, FIN, P, A) with respect to
the magnitude that the unemployment gap affects wage
inflation.

» Comparing the estimated coefficients of the price in-
flation variable of the wage equations of each member-
state with the corresponding estimated coefficient of
the EU wage equation we may categorise the member
states into “less sensitive” (L, EL, S, A, E, P, NL, D) and
“more sensitive” (DK, I, F, FIN, IRL, B, UK) with respect
to the magnitude that price inflation affects wage infla-
tion.

« Comparing the estimated coefficients of the labour pro-
ductivity variable of the wage equations of each mem-
ber-state with the corresponding estimated coefficient
of the EU wage equation we may categorise the member
states into “less sensitive” (EL, L, E, DK, NL, I, UK, S)
and “more sensitive” (A, F, IRL, FIN, P, D, B) with re-
spect to the magnitude that labour productivity affects
wage inflation.
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4, Estimates of the NAWRU

Table 3 presents the estimates of the NAWRU for the
15 EU member-states derived from the estimated Phil-
lips equations presented in Table 2. For comparison pur-
poses, in the last column of this table the recent OECD
estimates of the NAIRU are also presented. Although our
estimates refer to NAWRU and the OECD’s estimates re-
fer to NAIRU, we may say that both estimates do not gen-
erally look to be far apart.

Our estimates suggest that the extent and direction of
changes in the NAWRU over the periods I (1961-80), 11
(1981-90) and III (1991-99) is mixed across the EU mem-
ber states. Specifically, by regressing log(NAWRU) on
time trend, we found that in period I most member states
experienced a significant increase in NAWRU, Greece
had a significant decrease, and Denmark, Italy, Neth-
erlands, Austria, and Sweden did not show any change.
In period II, the 80’s, most economies showed a stabil-
ity of the NAWRU, except Germany, Spain, France and
Austria where the NAWRU increased. Finally, during
the 90’s the change of the NAWRU is mixed across the
EU member states; Belgium, Spain, Italy, Portugal and
United Kingdom did not show any change; Denmark,
Ireland and Netherlands showed a decrease; Germany,
Greece, France, Luxembourg, Austria, Finland and Swe-
den showed an increase. Between the 80’s and the 90’s
the estimates indicate that the average NAWRU level in-
creased for the economies of Belgium, Denmark, Germa-
ny, Greece, Spain, France, Netherlands, Austria, Finland
and Sweden and decreased for the economies of Ireland,
Italy, Luxembourg, Portugal, and UK.
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Figure 1: The relationship between unemployment gap and wa-
ges inflation (the cases of Ireland and Belgium)
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In the same Table 3 the values of the actual rates of
unemployment for all member states are also presented.
This is in order to be able to recover the pressures to wag-
es inflation by the relative position of the NAWRU with
respect to the actual level of unemployment. In Figure 1,
for example, we present for the last decade these pres-
sures with respect to Ireland and Belgium. It is seen that
the higher the unemployment gap (U-U*), the lower the
pressure to the wages inflation. However, the overall be-
haviour of wages inflation does not depend only on the
unemployment gap but, furthermore, on prices inflation
and labour productivity.

5. Concluding remarks

The purpose of this paper was to investigate the relation-
ship between wage inflation and unemployment rate in
the 15 European member-states. For this purpose 15
similar wage determination equations were estimated
for each member state. Each equation was relating wages
inflation to the unemployment gap between the actual
unemployment rate and the NAWRU, prices inflation,
labour productivity change, and lagged wage inflation,
and thus, making use of a modified structure of a Phillips
curve wage inflation equation.
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This paper makes use of the argument that, at least in
the short-term, a trade-off exists between wage inflation
and unemployment, such that if unemployment falls be-
low the NAWRU, wage inflation will rise until unemploy-
ment returns to the NAWRU, at which time wage infla-
tion will stabilise at a permanently higher level. However,
the NAWRU may, to some extent, be influenced by the
path of actual unemployment and other structural fac-
tors.

Treating the NAWRU as a time varying unobserved
stochastic process, a state-space maximum likelihood
estimation method - using Kalman filter where the state
variable was a random walk - was followed in order to
estimate the 15 equations. However, although the Kal-
man filter estimates are preferred as being economically
more meaningful, the variation of the NAWRU needs to
be right, too little variation in the NAWRU will result in
miss-specified and unreliable equations; too much varia-
tions undermines the concept and makes the NAWRU of
limited use for policy (Richardson et al., 2000).

Generally, the rationale of the used equations suggests
that the level of unemployment have an effect on wage in-
flation and that a falling unemployment may put upward
pressure on wage inflation. Furthermore, the influence of
structural policies and monetary policies in determining
wage inflation is depicted by the labour productivity and
price inflation variables respectively (Nickell, 1998).

The Theil forecasting indexes from the dynamical
simulation of the equations indicate that the predicting
power of the equations is very high, and therefore, the
equations can be used for forecasting and for sensitivity
analysis. The methodology used in the sensitivity analysis
is as follows: The price inflation rate variable is decreased
at a given year by 1%, implying the existence of a mon-
etary policy aimed at decreasing price inflation. The cor-
responding impacts (dynamic multipliers) of this policy
on the wage rates are then estimated. The cumulative dy-
namic multipliers, as a % change in the wage rates, for
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the first five years, after the 1% shock in the price infla-
tion rate, in an increasing order are shown below for each
member state:

B(-0.840) < D(-0.760) < A(-0.515) < 1(-0.440) < E(-0.415)
< F(-0.356) < L(-0.355) < EU(-0.350) < UK(-0.349) < P(-
0.345) < EL(-0.315) < NL(-0.260) < IRL(-0.135) < S(-0.130)
< DK(-0.120) < FIN(-0.025)

Similarly, the labour productivity variable is increased
at a given year by 1%, implying the existence of a struc-
tural policy aimed at increasing labour productivity. The
corresponding impacts (dynamic multipliers) of this pol-
icy on the wage rates are then estimated. The cumulative
dynamic multipliers, as a % change in the wage rates, for
the first five years, after the 1% shock in the labour pro-
ductivity variable, in an increasing order are shown below
for each member state:

EL (0.015) < FIN (0.020) < E(0.035) < UK(0.055) <
NL(0.085) < DK(0.095) < S(0.105) < EU(0.115) < 1(0.120)
< L(0.135) < F(0.140) < IRL (0.230) < P(0.240) < A(0.460)
< B(0.605) < D(0.680)

In the same way, the unemployment gap variable is
decreased at a given year by 1%, implying the existence
of a structural policy aimed at decreasing the unemploy-
ment rate. The corresponding impacts (dynamic multipli-
ers) of this policy on the wage rates are then estimated.
The cumulative dynamic multipliers, as a % change in the
wage rates, for the first five years, after the 1% shock in
the unemployment gap variable, in an increasing order
are shown below for each member state:

A(0.010) < UK(0.115) < IRL(0.150) < E(0.155) < $(0.170) <
DK(0.190) < P(0.265) < 1(0.325) < EU(0.440) < L(0.441) <
D(0.600) < FIN(0.670) < NL(0.830) < E(0.850) < B(1.050)
< EL(4.616)
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Although in section 3 we have already categorised the
15 EU member states into less sensitive and more sensi-
tive, this categorisation was based on static results. Using
the dynamic results of the multipliers, the following con-
clusions may be drawn for the 15 EU member states:

+ The wage rates of Belgium, Germany, Austria, Italy,
Spain, France and Luxembourg are more sensitive to
changes in price inflation than the average situation in
EU. On the contrary, the wage rates of United Kingdom,
Portugal, Greece, Netherlands, Ireland, Sweden, Den-
mark and Finland are less sensitive to changes in price
inflation than the average situation in EU.

« The wage rates of Greece, Finland, Spain, United King-
dom, Netherlands, Denmark and Spain are less sensi-
tive to changes in price labour productivity than the
average situation in EU. On the contrary, the wage rates
of Italy, Luxembourg, France, Ireland, Portugal, Austria,
Belgium and Germany are more sensitive to changes in
labour productivity than the average situation in EU.

+ The wage rates of Austria, United Kingdom, Ireland,
France, Sweden, Denmark, Portugal and Italy are less
sensitive to changes in unemployment gap than the av-
erage situation in EU. On the contrary, the wage rates
of Luxembourg, Germany, Finland, Netherlands, Spain,
Belgium and Greece are more sensitive to changes in
unemployment gap than the average situation in EU.

Overall, the estimated equations suggest that the ex-
tent and direction of changes in the NAWRU over the pe-
riods 1961-80, 1981-90 and 1991-99 is mixed across the
EU member states and the simulated equations suggest
that that the sensitivity of wages inflation with respect to
changes in price inflation, in labour productivity and in
unemployment gap considerably varies among the 15 EU
member states. Thus, the application of “common” poli-
cies across the 15 European member states may be ques-
tionable because of the different effects of these policies
on the various economies.
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Finally, we must note here that the usual disadvan-
tages of the wage equations employed in this paper refer
to possible biases associated with the estimation of the
NAWRU in miss-specified Phillips curves. Two are the
main sources of biases: the treatment of wage inflation
expectations of the Phillips curve; and non-linearities
and asymmetries in the effect of the unemployment gap
on wage inflation. Therefore, further research is needed
in this field in the light of specific country experiences
(Richardson et al., 2000).
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