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1. Introduction

In this paper, we follow the so-called Structural Vector Autoregression approach (SVAR,
henceforth), along the lines developed by Blanchard and Quah (1989), by making use
of a set of long-run restrictions in a VAR in order to interpret reduced form innovations
as structural shocks stemming from different sources. In this manner, we will be able
to study the consequences of a particular shock on the variables forming the VAR. In
particular, we want to focus on the role played by various shocks in explaining the joint
dynamic behaviour of three key variables in the modelling of labour markets, namely,
real output, real wages and the unemployment rate. Indeed, given that we have three
variables in the system, we will then be able to identify three structural shocks that are
labelled as aggregate demand, productivity and labour supply shocks, respectively. This
distinction seems useful since those shocks have been traditionally invoked as important
factors in explaining the wide variety of labour market outcomes observed across OECD
economics in the post-war period. Hence, through the identification of those shocks we
will be able to analyse their contribution to labour market fluctuations in those countries,
highlighting both the common and differential features across them.

As is well known, Blanchard and Quah (1989) analysed the dynamic correlations
of real output growth and the unemployment rate in the US and were able to identify
the effects of aggregate demand and supply shocks by making use of the standard
neutrality restriction whereby demand shocks do not affect the level of output in the
long-run. Later, several studies have extended the number of shocks in the system by
enlarging the size of the VAR'. Specifically, a precursor of the approach taken here is
the study by Gamber and Joutz (1993) (GJ, henceforth) who disentangle supply shocks
into two further shocks with a similar interpretation to the one offered in this paper.
Nonetheless, our results generalise theirs in several directions.

First, we provide a simple supply-side model to explain the chosen identification
outline which differs from GJ’s arguments. According to GJ, the restriction that demand
shocks have no long-run impact on the level of real wages is explained in terms of a
Solow growth model with fixed saving rate. Rather than invoking the Solow model, we
obtain the same set of restrictions by assuming that wages are set in an insider-outsider
bargaining framework 4 la Blanchard and Summers (1986), which is a more natural
assumption when studying the functioning of labour markets in the OECD. As will
become clear below, our modelling strategy has the advantage of not only encompassing
GJ’s identification scheme when unemployment is a stationary variable but also of



nesting the case where unemployment has a unit root, a feature which seemingly
characterises the high unemployment persistence in some European countries.

Secondly, we extend the analysis of shocks in the US economy undertaken by
Blanchard and Quah (1989), and later by GJ, to a pool of sixteen OECD economies with
reasonably long annual time series for real wages, real output and unemployment. This
extension will allow to examine whether the stylised facts found for the US also hold
for other OECD countries.

Thirdly, as pointed out in GJ’s study, identifying aggregate demand shocks is
convenient for analysing another relevant issue in the behaviour of labour markets,
namely, which is the cyclical pattern of real wages. The usual approach to measuring
that cyclical behaviour is to regress the growth of real wages on some proxy for
business-cycle fluctuations, such as real output growth. The problem with this approach
is that demand and supply-induced shocks are expected to lead to opposite movements
in the real wage. To the extent that business-cycle fluctuations are produced by both
types of shock, it makes little sense to talk about procyclical or countercyclical real
wages, since the cycle itself is a conglomeration of both shocks. Thus, following our
approach, we will be able to unambiguously characterise the response of real wages to
a demand shock and, in this manner, proceed to evaluate whether sticky wage theories
or other alternative theories are more appropriate to describe real wage behaviour in our
sample of countries.

Finally, a further advantage of the approach proposed here is that it allows to
compute an index of real wage rigidity which differs from the one so far available in
the literature. The traditional index is based on the reciprocal of the estimated response
of real wages to unemployment in wage equations which further control for a set of
wage-pressure variables, such as bargaining structure, unemployment benefits, mismatch
indices, and so on (see Layard, et al., 1991; LNJ, henceforth). The problem with this
approach is that measurement problems in the construction of the wage-shift factors and
dubious identification restrictions abound (see Manning, 1993). To overcome these
difficulties, we use the SVAR approach to construct two alternative real wage rigidity
indices which are then compared to the index reported by LNJ. Hence, in this sense, our
approach will allow us to gauge how robust the available real wage rigidity rankings are
under the competing SVAR methodology, where many of the suspicious variables are
modelled in terms of shocks and the identification restrictions become clearer from the
outset.



The rest of the paper is structured as follows. In section 2 we present a
simplified labour market model which helps to interpret the nature of the structural
shocks driving economic fluctuations and next we discuss the implementation of the
SVAR methodology. Section 3, in turn, describes the data and presents the results in
terms of the usual tools in this kind of approach, namely, impulse-response functions
and forecast error variance decompositions. Section 4 deals with the construction of two
indices of real wage rigidity based on that type of methodology. Finally, section 5 draws
some concluding remarks.

2. A Stylised Model to Interpret Shocks
2.1 A hysteretic framework

To help interpreting the structural shocks driving labour market fluctuations in the
OECD, we start by presenting a simplified model which proves useful for the purpose
at hand. Since our primary concern is to analyse issues related to labor market
behaviour, such as the cyclical properties of real wages or unemployment hysteresis, our
aim will be to identify three types of shock which we will denote as aggregate demand,
productivity and labor-supply shocks, respectively.

The model is fairly stylised and basically consists of five equations. The first
three equations are as follows:

y = @(d-p) +ab 6))
y=n+0 (2)
p=w-0 3

where y, p, n, w and (d-p) denote the logs. of real output, price level, employment,
nominal wages and real aggregate demand; 6 and d, in turn, represent shift factors in
productivity (technical progress and capital accumulation) and nominal expenditure
(reflecting fiscal and monetary policies), respectively.

Equation (1) is a simplified version of an aggregate demand function where &>0.
Notice that productivity is allowed to affect aggregate demand through investment or
consumption decisions (e.g., through permanent-income effects) so that a>0. Equation



(2) is a (long-run) production function under a constant returns-to-scale (CRS)
technology. Finally, equation (3) describes the corresponding price-setting rule as a
function of nominal wages and productivity®.

To further characterize the supply-side of the labor market the following
equations are added to the model:

I = a(w-p) - bu +1 C)

w=argn® =M, +{1-Mn_} B

where 1 is the log of the labor force, n° is the expected value of (log) employment, u is
the unemployment rate and 7 is a labor-supply shift factor. Finally, the definition of the
unemployment rate implies:

u=l-n (6)

Equation (4) is a labor-supply function which depends upon real wages (w-p) and
the unemployment rate (u). As regards the latter, we expect b>0 if the discouragement
effect, whereby long-term unemployed get demoralized and withdraw from the labour
force, dominates the offsetting effect, whereby if the head of household loses her job
other secondary household members participate more; otherwise b<0’. Equation (5), in
turn, characterizes the wage-setting behaviour. As in Blanchard and Summers (1986),
targeted nominal wages are chosen one period in advance, and are set so as to equate
expected employment to a weighted average of lagged labour supply and employment.
As is well known, the microfoundations of (5) follow typically from an insider-outsider
framework which fits well with the characteristics of many labour markets, particularly
those in Europe. This parameterization leads to partial-hysteresis when 0<A<I, and to
full-hysteresis when A=0.

To close the model, as customary, we need to specify the stochastic processes
governing the evolution of the exogenous shift factors defined earlier. For illustrative
purposes, we consider that d, 6 and t evolve as simple random walks®.
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Ad =g,
AB = g 8)
At = g )

where g; & and g are uncorrelated i.i.d. aggregate demand, productivity and
labor-supply shocks, governing the evolution of d, 8 and T, respectively.

Solving equations (1)-(9) for real wages, real output and unemployment yields:

Awp) =&, (10)
(1-pL) Ay = @he, + [@ + a - (1+c) (1-p)] Ae, - (1-p)Ae,

+ (1+a) (1-ple, + (1-p) ¢, o
(1 -pLu = (1 +b)" [(1+a-¢-ak - dg, +¢) (12)

where L is the lag operator, A=1-L and p=(1+b)' (1+b-A). Thus, in this
partial-hysteresis framework, the persistence of unemployment is an increasing
function of both the discouragement effect (b) and the influence of lagged
employment on wage determination (). Note that, for finite b, p=1 is equivalent to
A=0, so that full-hysteresis is equivalent to the unemployment rate being an I(1)
variable, whereas real wages and output will remain I(1) processes in both cases.

To highlight the long-run identifying restrictions embedded in expressions
(10)~(12), let us omit the dating of variables and shocks and write the matrix of
long-run multipliers of the system in the following more compact form:

A(W—p) C”(l) 0 0 €
Ay =1, (1) ¢, (1) O g
u cy(D) (1) (D) ] &,

(13)

where ¢,(1)=1, ¢, (1)=(1+0), cp(1)=1, ¢y (1) = D' (1+0-@-a); cp(1)=D" and
c5(1)=-@D"! with D=(1+b) (1-p).

From expression (13) we observe that demand shocks are restricted to have no
permanent effects on both the levels of real output and real wages. As will become
clear below, both restrictions are concomitant to the natural rate hypothesis, i.e., that



u is an I(0) process. Finally, the identification of labour-supply shocks is based upon
the assumption that real wages are only driven in the long-run by productivity
shocks, a hypothesis which stems from the CRS assumption in the production
function. In fact, all these restrictions are identical to the ones imposed by GJ but
derived from different arguments, as discussed above.

Notice that under our interpretation of the identification scheme, the possibility
of allowing for full-hysteresis is envisaged. This assumption implies that the
wage-setting equation (5) now becomes w = arg {n ¢ = n_}, yielding the following
matrix of long-run multipliers:

A(W-p) C“(l) 0 0 €
Ay = [c, (1) e (1) O g, (13”)

Au c(D) (D) e5(D) ] g

where now ¢,,(1)= 1, ¢,,(1)= B+a, c(1)= G, ¢;,(1)= D' (1+0-T-a); ¢;,(1)= -D'D
and cy,(1)= D', with D= (1+b)'. Thus, by allowing for the possibility of
full-hysteresis, i.e., A=0, we obtain a similar recursive identification scheme to that
obtained in the partial-hysteresis case, but with some distinctive features. First, the
unemployment rate is an I(1) process rather than I(0). And, second, there is a switch
in the role of aggregate demand and labor-supply shocks as regards their permanent
effect on real output. Whereas, under partial-hysteresis, aggregate demand shocks do
not affect the level of output in the long-run, under full-hysteresis labour supply
shocks are the shocks with no long-run effect on output. Naturally, the stochastic
properties of the unemployment rate, i.e., whether it is an I(1) or an I(0) variable,
will be crucial in choosing the appropriate identification scheme.

Lastly, before describing the implementation of the SVAR methodology under
the chosen set of long-run identifying restrictions, it seems convenient to briefly
discuss how various well-known shocks -such as those arising from oil prices, labour
taxes, unemployment benefits and union power- can be addressed within our
framework. Since the variables underlying these shocks have been instrumental in
explaining the different paths of unemployment in OECD countries in previous
studies (see LNJ, 1991), it seems paramount to explain how they fit in. As regards
oil price shocks, the easiest way to interpret them is as negative productivity shocks
(e) which increase (decrease) price-wage margins (real wage) while raising
unemployment if the following inequality holds: ¢ + a > 1 + a. With regard to



the remaining shocks, they can all be considered as wage-push shocks, giving rise
to two alternative interpretations. Firstly, given that the price-setting rule is
horizontal in the real wage-unemployment space, those shocks will not change real
wages in the long-run whilst they will increase unemployment; thus, the easiest way
to interpret them is as positive labour supply shocks (g) (see equation (12)). For
example, more generous benefits or stronger union power, can be thought of as
encouraging labour market participation, i.e. an increase in . Secondly, higher labour
taxes could affect capital accumulation and so unemployment through negative
productivity shocks, assuming again that, ¢ + a > 1 + a, holds.

2.2 VAR Identification

In order to identify the three shocks defined above, we consider the following VAR
model:

AWL)X, = p, + 7, 14)

where X, is a (3x1) vector of variables including [A(w-p), Ay, u] in the
partial-hysteresis version of the model and [(Aw-p),, Ay,, Au,] in the full-hysteresis
one; A(L) is a k-th order matrix of lag polynomials in the lag operator L with all its
roots outside the unit circle and A(0)= I; y, is a vector of deterministic terms
-including, say, a constant-and 1), is a vector of zero-mean i.i.d. innovations with
covariance matrix . The Wold moving-average representation of (14) is given by:
X =DWU) nm, as)

where D(L)= A(L)", D,= I, and the deterministic terms have been omitted for
simplicity. The innovations are expressed as linear combinations of the shocks, i.e.,
n= Sg, where S is a (3x3) mapping matrix. Assuming that the ¢’s are uncorrelated
i.i.d. shocks with unit variances, since they are of different sources, we get the
following structural moving-average representation:

X =CL) e, (16)

where C(L)= D(L)S, C,=S. To identify the nine elements in S, three restrictions are
needed given that the orthonormality of ¢, already imposes six restrictions stemming
from the different elements of the covariance matrix X. Those required restrictions
can be easily obtained from the structure of S in expressions (13) and (13°), by
exploiting the absence of long-run impact of some shocks on some of the variables.
As Clarida and Gali (1994) have shown, assuming that the matrix of long-run



multipliers, C(1), is lower triangular (as is the case in our theoretical models), S can
be easily obtained as:

S =D()" € ' (17)

where C is the unique Cholesky lower triangular factor of the matrix D(DHZD(1)’
which can be easily estimated from the VAR in (14).

3. Implementation and Results
3.1 Data

The data are from the Centre of Economic Performance (CEP/LSE) data base
updated to 1996. We use annual data on the real gross domestic product, real labour
costs in terms of the GDP deflator and the OECD standarized unemployment rate.
We chose a subset of sixteen countries for which there is a long continuous set of
observations in the three variables during the post-war period. These countries and

the years of data available are listed in Table 1; in general, the sample runs from
1950 to 1996.

3.2 Unit root tests on unemployment

As explained above, to test whether specification (13”) is more appropriate than (13)
we simply need to test whether unemployment is I(1). To do this, rather than simply
carrying out the standard battery of univariate unit root tests on u, which usually do
not reject that u is I(1) is most countries due to lack of power, we test for such a
null hypothesis in multivariate framework using Johansen’s (1995) cointegration
approach, which has larger power due to the use of covariates. As is well known, if
we have n I(1) variables, there can be at most » < n-1 cointegrating vectors. Thus,
if we model a VAR in levels including [(w-p), vy, u], and an unrestricted a linear
trend, and we cannot reject both the null hypothesis that r=1, while r=0 is rejected,
and that the cointegrating vector has the form (0, 0, 1), this will mean that u is I(0)
while (w-p) and y are I(1) processes, without cointegration among the three
variables. This will be in agreement with the partial-hysteresis specification of the
VAR and will constitute the testing approach taken here.

Table 2 reports the results for the sixteen countries. The 5% critical values
for H :r =0 and H; : r = 1 are taken from Osterwald-Lenum (1992) whereas
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the test for the null that the cointegrating vector is (0, 0, 1) is distributed as y*(2)
(see Johansen, 1995). For most countries, the hypothesis that u is I(0) seems to be
accepted, favouring the partial-hysteresis interpretation. Even for Spain, where
unemployment has risen by almost 20 p.p. over the sample period and where a unit
root cannot be rejected, assuming that the consequences of a shock will last for ever
does not seem very satisfactory. Thus, in agreement with the partial hysteresis set-up,
the analysis in the rest of the paper will be based on a VAR formed by [A(w-p), Ay,
u], including a constant term. The lag length has been chosen on the basis of the
SBIC criteria and the absence of serial correlation in the residuals has been tested
with the Box-Ljung Q test. In all cases, a VAR with 2 lags proved to be a reasonable
choice.

3.3 Impulse-Response Functions

We begin with the discussion of the propagation of the shocks by means of the
impulse-responses (IR) of the three variables in the VAR to the different shocks.
Given the large number of IR functions, we choose to report those of four
representative countries in the sample (France, Germany, UK and US) which are
displayed in Fig. 1. However, when necessary, we will also briefly extend the
discussion to all countries in the sample. Solid lines depict point estimates of the
response of the variables to a one-unit shock. Broken lines depict approximate 90
percent confidence intervals computed using 1000 bootstrap replications according
to the method proposed by Runkle (1987). In general, the response of real wages
with respect to the three types of shock is fairly satisfactory. They increase both in
the short and the long-run in response to a (positive) productivity shock and decrease
in the short-run in response to (positive) a labor-supply shock. In turn, the response
of real wages with respect to (positive) aggregate demand shock tends to be
countercyclical in the short-run, with the exception of the US where there are clear
signs of pro-cyclical behaviour, confirming GJ’ findings. Thus, the results obtained
by GJ for the US do not extend to the rest of OECD countries in the sample. This
may explain why Real Business Cycle theories, which stress the procyclical
behaviour of real wages, have been most popular in the US whereas in other OECD
economies, theories based upon sticky wages have been more prominent (see Fischer,
1977).



With respect to the responses of real output to the different shocks, we observe
that it tends to react positively to both productivity and labour supply shocks at all
frequencies, and to demand shocks in the short-run. Finally, as regards
unemployment is concerned, it tends to increase temporarily to a productivity shock,
as in GJ’s analysis. Likewise, unemployment increases in response to a labour supply
shock whereas it decreases in response to a positive aggregate demand shock. The
first effect, namely, the temporary increase in unemployment following a positive
one-unit productivity shock seems to support the so-called "technological bias"
explanation of unemployment as a short-run phenomenon.

3.4 Variance Decompositions

Next, we discuss the role played by each shock in explaining the variability of each
variable in the system. Table 2 presents the forecast-error variance (FEV)
decomposition of the three variables at various horizons representing the short-run
(1 year), medium-run (5 years) and long-run (asymptotically) contributions of the
shocks to the variance of the forecast errors of the variables in the VAR.

As regards real wages, productivity shocks account for over 50% of its variance
in the short-run and near 100% in the long-run. Only in the case of Ireland, the other
two shocks slightly dominate the FEV decomposition in the short-run but then they
tend to loose importance later, gradually leaving ground to productivity shocks, in
agreement with the identifying restrictions imposed on the VAR.

With regard to real output, productivity shocks dominate in the long-run in
most countries. Demand shocks, in turn, generally play an important role in the
short-run, particularly in the UK and US.

From the view point of this paper the most interesting results are those related
to the FEV decomposition of the unemployment rate. In the short-run, we find that
the main contribution of unemployment fluctuation is largely driven by demand
shocks in nine countries, by productivity shocks in five countries, and by labour
supply shocks in Australia and Ireland. Productivity shocks dominate in the medium
and long-run, although demand shocks still have a large contribution in Italy, Spain
and the US. Finally, labour supply shocks still play a large role in explaining the
variability of Irish unemployment in the long-run.
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3.5 Measuring Real Wage Rigidity

A final exercise which could be undertaken within the present SVAR framework is
to compute an index of real wage rigidity (RWR) for our sample of countries. This
type of index has been popularized in the literature following the seminal work of
Layard, Nickell and Jackman (1991). In general, this index is computed as the
reciprocal of the estimated response of real wages to the unemployment rate in a
wage equation where, besides unemployment, a set of conditioning wage-push
variables appear as regressors. According to the partial hysteresis version of the
VAR, productivity shocks are the only shocks which have permanent effects on real
wages; thus, a natural definition of RWR is given by:
oXou,, / O,
lim *__ @18)
ko O(w-p),,./Oc,
that is, the long-run relative effect of productivity shocks on unemployment and real
wages. Notice that since no shock has permanent effect on unemployment, being an
I(0) variable, the numerator is the accumulated effect of ¢, on u,

The second column in Table 4 presents our RWR index, while the first column
offers the corresponding index as reported in LNJ (1991, Ch. 9, Table 2) for
comparison. While the magnitudes differ, given that they are computed using
different procedures, there is a relatively high degree of similarity between the
rankings of countries stemming from both approaches. Real wage rigidity is low in
Japan, USA and the previous EFTA countries, with the exception of Denmark, and
high in Australia, Belgium, Italy and Spain. Noticeable differences appear in the
cases of Belgium and Italy, and the UK which turn to have higher and lower rigidity,
respectively, than what is reported by LNJ (1991).

Further, to check how robust our results are with regard to the chosen
identification outline, we compute in what follows an alternative RWR index, using
again the SVAR methodology but this time, based on a very simple labour market
model which is closer in interpretation to the "battle of mark-ups’ model used in LNJ
(1991) (see Castillo et al, 1998’ for an application of this approach). The model is
based upon a bivariate VAR formed by first-differenced log real wages and the
unemployment rate and its basic structure is as follows. Assuming constant mark-up
pricing, where the mark-up has been omitted for simplicity, prices are given by: p-
w= z, where z, are price shocks assumed to follow an I(I) process. Wage
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determination negatively relates real wages to unemployment, as in the following
equation: w-p = -c(u-hu,) + z,, where h<I, 1.e., a parameter capturing hysteresis and
z,, are wage-push shocks to the wage equation. Next, assume that shocks to the
price-setting equation are interpreted as productivity shocks, as in the previous
model, such that z, = -v; - b g where Av, = g and g is assumed i.i.d., again for
simplicity. Notice that v, represents a permanent component and g, is a transitory
component as in the standard Beveridge-Nelson decomposition. Shocks to the wage
equation include both permanent and transitory productivity shocks and (temporary
11.d.) wage-push shocks (e,), so that z, = v, + b’ g + ¢,. Thus, solving for
unemployment yields the following expression in terms of shocks:
u =hu, +(l/ec)[e, + (' - b)e] 19)

whereas real wages are given by:
A(w-p) =&+ bAg, (20)

Thus, unemployment is I(0) and is affected by transitory wage shocks and by
productivity shocks if b#b’. Real wages, in turn, are I(1) and are only affected by
productivity shocks, given the CRS production function underlying the price-setting
equation. The long-run multiplier matrix of (19) - (20) in a compact form is given

by:
A(W"p) 011(1) 0 8_9 (21)

u c, (1) c,(1) e,

where ¢,(1)=1, c,,(1)=(b’-b)/c(1-h), and c,,(1)=1/c(1-h).

Therefore, following the original interpretation in LNJ, whereby RWR reflects
the response of unemployment to a shock in the wage-push factors, the previous
model suggests a simple measure based upon an estimate of ¢,,(1). The RWR index
is larger the smaller is ¢ and the larger is h, i.e., the smaller is the response of
equation real wages to unemployment and the larger is the degree of hysteresis. In
view of equation (20), the proposed index can be easily computed by means of the
lower triangular Cholesky decomposition of the long-run covariance matrix of the
bivariate VAR formed by [A(w-p), u], which yields an estimate of the long-run
response of u with respect to g,. The results are reported in the third column of
Table 4 and they tend to confirm the results previously found for the trivariate VAR,
with the exceptions of France and The Netherlands which now show higher and
lower RWR, respectively, than what was found with the LNJ index.
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4. Conclusions

In this paper we have presented empirical evidence on the dynamic responses of real
wages, real output and the unemployment rate to aggregate demand, productivity and
labour supply shocks in a sample of sixteen OECD economies over the period
1950-96. To this end, we have exploited the identification restrictions stemming from
a simple insider-outsider model of the labour market which allows to obtain
structural shocks with the previous interpretation through a recursive set of long-run
restrictions on the matrix of long-run multipliers of the system. Furthermore, as a
byproduct of the analysis, we are able to evaluate the cyclical properties of real
wages in response to a demand shock and to construct simple indices of real wage
rigidity which compare well with other indices available in the literature.

Our main results can be summarised as follows. First, we find that in most
countries the identification scheme based on unemployment being persistent but
stationary yields more reasonable results than that based on full-hysteresis whereby
unemployment is considered to be an I(1) variable. Thus, our analysis offers further
support to those approaches which test for an extreme degree of persistence in
unemployment, i.e., a unit root, in a multivariate framework instead of in a simple
univariate one where persistence is systematically overstated.

Secondly, we find that, in most cases, unemployment fluctuations are
dominated by aggregate demand shocks in the short-run and by labour supply and
productivity shocks at lower frequencies. However, in some highly sclerotic
economies like Italy and Spain, demand shocks seem important in explaining the
variability of unemployment in the medium and long-run. This result also holds in
the US, in agreement with previous findings by Blanchard and Quah (1989) and
Gamber and Joutz (1993). Likewise, in other countries, like Ireland, where
populations changes have been sizeable, labour supply shocks dominate at all
frequencies. Thirdly, as regards the cyclical behaviour of real wages, we find in all
countries, except in the US, real wages react in a countercyclical way to aggregate
demand shocks, supporting sticky-wage theories of the business cycle.

Lastly, regarding the real wage rigidity indices constructed here under the

SVAR methodology, we find that they support previous rankings of countries in the
literature, based upon alternative methodologies. Noticeable exceptions are Belgium,
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Italy and the U.K. The first two countries appear to have more rigid labour markets
than what was previously found, while the latter seems to have lower rigidity.
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Table 1
Data description

Country Sample Country Sample
Australia 1950-96 Italy 1954-96
Austria 1950-96 Japan 1952-96
Belgium 1950-96 Netherlands 1950-96
Canada 1950-96 Norway 1952-96
Denmark 1950-96 Spain 1954-96
France 1950-96 Sweden 1950-96
Germany 1950-96 UK. 1950-96
Ireland 1950-96 U.S. 1950-96

Note: Sample refers to years of data.



Table 2

Forecast error variance (FEV) decomposition

Country/Variable Lag g, g €4
Australia Real Wage 1 85(7) 5(3) 10(5)
5 89(5) 6(3) 5(3)
© 45(13) 1(0) 0(0)
Output | 45(13) 24(12) 31(6)
5 62(12) 23(11) 15(3)
) 63(12) 37(13) 0(0)
Unemployment | 22(10) | 14(3) 64(11)
5 36(10) 12(9) 45(10)
0 42(11) 24(9) 34(8)
Austria Real Wage 1 81(6) 15(6) 5(1)
5 95(2) 5(2) 0(0)
o 100(0) 0(0) 0(0)
Output 1 76(10) 9(8) 15(8)
5 75(9) 8(6) 17(6)
0 74(2) 8(5) 16(3)
Unemployment 1 27(10) 44(12) 29(11)
5 53(10) 20(9) 27(8)
0 66(8) 19(8) 15(5)
Belgium Real Wage 1 66(6) 5(3) 29(3)
5 93(1) 0(0) 7(1)
0 100(0) 0(0) 0(0)
Output 1 75(6) 5(2) 20(3)
5 82(5) 6(1) 12(2)
© 78(2) 10(0) 12(1)
Unemployment 1 56(7) 3(2) 41(5)
5 53(5) 8(2) 39(4)
) 50(5) 12(2) 38(3)




(cont. Table 2)

Country/Variable Lag g, €. €4
Canada Real Wage 1 59(9) 0(2) 41(8)
5 83(4) 2(1) 15(4)
© 98(1) 0(0) 2(0)
Output 1 45(13) 17(2) 38(6)
5 69(13) 14(1) 17(4)
0 76(11) 11(1) 13(3)
Unemployment 1 53(15) 2(3) 45(13)
5 47(12) 12(7) 41(11)
© 53(12) 14(7) 33(10)
Denmark  Real Wage 1 53(17) 12(4) 35(15)
5 78(9) 2(2) 20(9)
o 99(1) 0(0) 1(1)
Output 1 63(6) 26(6) 11(3)
5 80(5) 19(5) 1(0)
o 84(4) 15(4) 1(0)
Unemployment 1 37(9) 0(4) 63(9)
5 55(8) 5(3) 40(8)
© 62(8) 4(3) 34(7)
France Real Wage | 56(8) 10(6) 34(8)
5 84(3) 8(3) 8(2)
0 99(0) 0(0) 1(0)
Output 1 64(10) 24(10) 12(1)
5 68(9) 20(9) 12(1)
0 72(8) 18(8) 10(0)
Unemployment 1 49(12) 02) 31(13)
5 75(8) 5(1) 20(7)

82(6) 8(4) 10(4)




(cont. Table 2)

Country/Variable Lag & €. €4
Germany  Real Wage 1 75(7) 12(6) 13(2)
5 98(1) 1(0) 1(0)
o) 100(0) 0(0) 1(0)
Output 1 62(10) 0(4) 28(10)
5 63(92) 13(4) 24(7)
© 60(13) 22(3) 18(3)
Unemployment 1 35(11) 15(11) 49(13)
5 54(10) 18(9) 28(10)
0 64(9) 15(9) 21(7)
Ireland Real Wage 1 25(10) 35(11) 40(3)
5 71(6) 10(11) 19(3)
®© 99(0) 1(0) 0(0)
Output 1 70(8) 10(4) 20(6)
5 75(40) 21(3) 4(1)
0 79(41) 21(3) 0(0)
Unemployment 1 16(8) 56(12) 28(6)
5 19(8) 59(7) 22(5)
o 33(6) 50(7) 17(4)
[taly Real Wage 1 79(4) 5(3) 15(2)
5 97(1) 2(0) 1(0)
© 100(0) 0(0) 0(0)
Output 1 53(12) 33(8) 31(3)
5 73(11) 17(5) 20(2)
00 83(10) 17(5) 13(2)
Unemployment 1 20(9) 12(6) 68(8)
5 42(5) 8(5) 50(10)
) 43(5) 14(5) 43(10)




(cont. Table 2)

Country/Variable Lag g €. €4
Japan Real Wage 1 65(9) 24(9) 11(1)
5 87(2) 12(5) 1(0)
© 99(0) 1(0) 0(0)
Output 1 73(11) 11(6) 16(7)
5 78(8) 1(0) 21(7)
© 78(8) 0(0) 22(8)
Unemployment 1 14(10) 5(6) 81(15)
5 66(8) 0(2) 34(13)
o 90(5) 2(2) 8(4)
Netherlands Real Wage 1 67(11) 303) 30(11)
5 92(3) 0(0) 8(3)
®© 99(0) 0(0) 1(0)
Output 1 75(52) 15(5) 10(1)
5 84(4) 10(4) 6(0)
© 72(4) 8(2) 20(3)
Unemployment 1 63(10) 1(2) 36(10)
5 60(9) 10(1) 20(8)
0 56(92) 15(0) 29(7)
Norway Real Wage 1 75(7) 10(5) 15(5)
5 69(8) 20(7) 11(3)
0 96(2) 1(0) 3(1)
Output 1 74(9) 9(10) 17(3)
5 82(9) 7(9) 11(0)
o 84(9) 6(8) 10(0)
Unemployment 1 22(14) 5(6) 73(14)
5 32(12 32(10) 36(11)
© 40(11) 28(8) 32(8)




(cont. Table 2)

Country/Variable Lag g, g €4
Spain Real Wage 1 65(7) 10(5) 25(5)
5 69(8) 20(7) 11(3)
w0 96(1) 1(0) 3(1)
Output 1 64(9) 9(10) 21(3)
5 72(9) 7(9) 21(1)
% 84(9) 6(10) 10(0)
Unemployment 1 26(19) 16(12 58(19)
5 39(10) 13(9) 38(11)
0 45(3) 12(0) 53(7)
Sweden Real Wage 1 40(17) 28(14) 32(13)
5 54(15) 12(2) 24(11)
® 77(9) 2(5) 21(5)
Output 1 44(14) 15(8) 41(9)
5 39(11) 21(13) 40(8)
© 89(8) 3(4) 9(3)
Unemployment 1 65(2) 9(2) 26(2)
5 85(2) 4(2) 11(1)
o 80(3) 3(1) 17(1)
UK. Real Wage 1 78(1) 1(0) 21(3)
5 98(0) 0(0) 2(0)
o 100(0) 0(0) 0(0)
Output 1 42(6) 1(3) 57(11)
5 46(3) 16(6) 38(9)
®© 73(2) 18(5) 9(4)
Unemployment 1 54(13) 5(8) 41(8)
5 63(13) 7(6) 30(7)
0 64(11) 7(5) 29(6)




(cont. Table 2)

Country/Variable Lag
U.S. Real Wage 1
5
o0
Output 1
5
(e 0]
Unemployment 1
5
o0

€

S

64(11)
89(3)
98(0)

58(7)
50(5)
59(10)
30(6)

38(81)
37(53)

g

5(3)
1(0)
0(0)

3(2)
8(7)
10(11)
4(11)
122)
18(2)

&4

32(10)
10(3)
2(0)

39(3)
42(3)
31(1)
66(12)

50(9)
45(6)

Note: Standard errors are given in parenthesis.
method based on 1000 replications.

They are calculated using Runkle’s (1987) bootstrap



Table 3
Unit Root Tests for Unemployment (Johansen’s Trace Test)

Country H,: =0° Hp: r=1° H",: B=[0, 0, 1]°
Australia 42.6 16.2 52
Austria 40.3 134 4.6
Belgium 38.6 17.1 32
Canada 35.6 16.0 6.1
Denmark 39.3 17.7 5.3
France 36.3 153 4.2
Germany 35.1 14.6 43
Ireland 37.6 18.2 59
Italy 36.4 16.4 5.8
Japan 43.5 12.2 23
Netherlands 38.6 15.4 4.6
Noway 43.2 13.6 49
Spain 31.2 20.2 7.3
Sweden 40.5 134 52
UK. 36.8 16.2 | 5.5
U.S. 414 12.6 43
CV (5%) 34.6 18.2 6.0

Note: (a) denotes the null hypothesis that the cointegrating rank (r) is equal to zero; (b) denotes the
null hypothesis that the cointegrating rank (r) is unity; (c) denotes the null hypothesis that the
cointegrating vector (B) is (0, 0, 1)’; critical values (CV) are taken from Table 2 (case 2, Trace) in
Osterwald-Lenum (1992).



Table 4
Real Wage Rigidity (RWR) Indices

Country RWR (LNJ, 1991) RWR (3VAR) RWR (2VAR)
Australia -1.10 -3.90 -3.20
Austria -0.11 -1.66 -1.55
Belgium -0.25 -4.75 -4.50
Canada -0.32 -2.07 -1.52
Denmark -0.58 -4.07 -3.82
France -0.23 -2.51 -3.49
Germany -0.63 -1.29 -1.74
Ireland -0.27 -1.87 -2.05
Italy -0.06 -4.44 -4.84
Japan -0.06 -1.26 -1.10
Netherlands -0.25 -3.75 -2.35
Norway -0.08 -0.98 -0.86
Spain -0.52 -5.37 -6.02
Sweden -0.08 -2.16 -1.80
UK. -0.77 -2.08 -1.95
U.S. -0.25 -0.80 -0.75

Note: Column (1) offers the RWR index taken from Layard et al. (1991, Ch. 9, Table 2); Column
(2) offers the RWR index computed as in (18) from a trivariate VAR (3VAR); Column (3) offers
the RWR index computed as in (20) from a bivariate VAR (2VAR).



Notes

1. See, inter alia, Bean (1992), Gamber and Joutz (1993), Dolado and Lépez-Salido
(1996), Gali (1996), Dolado and Jimeno (1997) and Castillo et al. (1998).

2. Equations (1) to (3) are similar to those found in Blanchard and Quah
(1989).

3. Nickell (1987), Lindbeck and Snower (1988) and Blanchard (1991) have
provided theoretical arguments that justify how this outsider mechanism
can lead to additional persistence and thus to a smaller discipline effect
of unemployment on wages.

4. The random walk hypothesis is just adopted to simplify the subsequent
algebra. In general, we just need to assume that the exogenous shift
factors are I(1) processes.
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