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1. Introduction!

Phillips, in a well-known paper published in 1958, found a clear non-linear
inverse relationship between the change in money wages and the unemployment on an
estimation period from 1861 to 19572, Moreover, he found that before the World War II
the data describe counterclockwise loops and lie above the fitted curve when
unemployment rate is falling and inflation is rising (boom), while after the World War II
the loops become clockwise. The reason he put forward was that, for a given rate of
unemployment, employers would bid more vigorously for labour when unemployment is
falling than it is rising.

The empirical Phillips' relationship was elaborated by Lipsey (1960). Lipsey was
the first to linearise the Phillips Curve and extended it by adding further variables.
Lipsey's single structural equation becomes a stochastic difference equation with the
change in the nominal wage as the dependent variable on the LHS and both the levels
and changes in unemployment (to explain the loops) and in consumer prices as
independent variables on the RHS. Price inflation was introduced to take into account
the cost of living and Lipsey found that it improved the fit. He found the negative trade-
off, unemployment-inflation, and that the coefficient of price change was significantly
less than one (money illusion).

Policy consequences of the Phillips-Lipsey framework was that if a stable
negative relation exists and if a social welfare function, defined over the two variables
inflation and unemployment, could be chosen then it would be possible to choose an
optimal point on the Phillips Curve representing the optimal decision available to the
policy makers.

The Phillips-Lipsey arguments are opened to two objections. One is that wages
and prices should be estimated in a multivariate model. This point was recognised by
Phillips (1959) himself and by Samuelson-Solow (1960). Phillips estimated two
equations for 1947-1958 Australian annual data, one in the wage changes and one in the
price changes and wrote: "Changes in wage rate are influenced by earlier changes in
consumer prices, but changes in consumer prices are themselves largely determined by
earlier changes in wage rates".

The other and more important stated by Friedman (1968) regards the size of the
parameter of money illusion. In his own words "There is always a temporary trade-off
between inflation and unemployment, there is no permanent trade-off. The trade-off
comes not from inflation per-se, but from unanticipated inflation". This theoretical point
of view has an important impact on the debate on the effectiveness of the intervention
policy to reduce the unemployment. Friedman's point is simple: in the short run there
exist money illusion and the possibility to expand the aggregate demand reducing the
unemployment, but in the long run, when the agents adjust the adaptive expectations, the

I'We would like to thank Mark Stewart for helpful criticisms on the first draft. The authors are also
grateful to Adalgiso Amendola, Mario Biagioli and Mario Forni for suggestions and comments on the
final version of this work. The usual disclaimers apply.

2A variant of this relation was investigated by Fisher (1926). Two contemporary papers at the Phillips's
one are: Dicks, Mireaux and Dow (1959) and Klein and Ball (1959).



aggregate demand cannot be increased, unless an acceleration of the inflationary process.
Thus the long run Phillips Curve becomes vertical.

Friedman's position paved the way for the rational-expectation model of the
supply side in macroeconomics. In a context of maximising agent over an infinite
horizon, the Phillips Curve becomes vertical and the monetary intervention policy
becomes neutral also in the short-run.

From an empirical point of view, the negatively sloped short-run Phillips Curve
collapsed in the seventies, but during the past decade was supported by the data again.
The theoretical background becomes a context of welfare maximising behaviour
consistent with temporary departure from equilibrium (Ball, Mankiw and Romer 1988).
It is possible if, for example, costs of renegotiating contracts are higher than the costs of
disequilibrium and/or the contracts are staggered (New-Keynesian approach 3).

In this work we perform a purely statistical analysis of the Phillips Curve. We are
not interested in an empirical rehabilitation of a short run curve. Instead, our aim is to
use multivariate cointegration analysis to test if a long run Phillips Curve is supported by
Italian data. The short run dynamics towards the long run target, represented by the
estimated cointegration vector(s), is also analysed. This approach (Johansen 1988,
Johansen-Juselius 1990) permits to avoid the simultaneity problem arising from usual
estimation of a single equation and the problem of non standard distribution of the
statistics arising from testing regressions performed on non stationary variables. This
makes a first improvement on similar studies on Italian data such as the Phillips type
equations estimate by Onofri and Salituro (1985) and Zenezini (1986).

Four variables are a priori selected for possibly entering the final specification of
the model: nominal wages and prices inflation, unemployment rate and labour
productivity growth. The choice of variable changes rather than levels will be made both
on theoretical and statistical ground (degree of integration).

The introduction of the inflation rate (with a positive coefficient) into the
theoretical Phillips equation represents the hypothesis that the wage-earners are sensitive
to the effects of inflation on their purchasing power.

Growth of productivity may strengthen union demands and increase the
willingness of firms to satisfy these demands. Labour productivity or labour productivity
growth only occasionally is used in empirical work as an explanatory variable in the
specification of the Phillips Curve because this variable could be considered as an
alternative to the unemployment rate: if average productivity is a good substitute for
marginal productivity it should be a prime determinant of labour demand. However, we
consider that the marginal productivity primarily affects the demand side but we don't
want to restrict a priori the supply side of the labour market to the no money illusion
hypothesis because, for example, bargaining procedure, asymmetric information about
- marginal productivity etc. may induce rational labour supplier to take into account
unemployment.

Vanderkamp (1972), for example, includes both productivity and unemployment
as explanatory variables. He argues that because of labour hoarding and slow adjustment
to equilibrium by firms, productivity can be used together with unemployment or
vacancies to provide an improved proxy for net excess of demand. The idea is that when
demand falls, output falls but workers are not fired at least initially. Productivity falls as

3 See Blanchard (1983), Fischer (1977) and Taylor (1979).



well and the opposite occurs during recovery. Hence, average productivity is a proxy for
the amount of hoarded labour?.

Other variables appear in several studies: profits and union power. Two are the
justifications to include profits in the Phillips specification: one is that a high rate of profit
will be followed by a fall of the redistribution in favour of workers the other is that in
period of high profitability the opportunity cost of strikes is higher for employers who
will be inclined to concede more to wage demands. However, profits could be
considered a proxy for productivity introducing in our case a collinearity problem (Kuh
1967). The justification for including the union power is that an increase in the militancy
should bring increase in the wage rate. However, Ashenfelter and Johnson (1972) argue
that it exists a causality from wages to militancy and not vice versa. In particular they
find that union power is not significant in explaining wages. Moreover, as stressed by
Tobin (1972) the level of union power can explain the level of wage rate but not the
wage inflation. Hence, we doubt the importance of the inclusion of this variable in the
selected specification.

In Section 2 multivariate cointegration approach is presented. In Section 3
univariate integration analysis to test the stationarity of nominal wage, consumer prices,
unemployment rate and labour productivity is performed via Dickey Fuller tests. The
sample period is 1960-1990 and the data are annual. Section 4 presents tests for
stationarity performed on the estimated cointegration vectors as a more efficient
alternative to the univariate integration analysis. Some linear restrictions of economic
interest on the estimated cointegration vectors are finally performed and discussed. In
Section 5 the same exercise is repeated on a shorter quarterly data set: 1970Q1 -
1992QQ2. Section 6 presents the short run dynamics estimated on the reparameterised
ECM version of the original VAR, under the hypothesis of cointegration. The presence
(and direction) of the loops is tested on the coefficients of lagged change of
unemployment in the short run equation. Nominal wage flexibility is tested by
introducing partitioned (negative and positive) cointegration residuals in the error
correction specification of the wage equation. Section 7 concludes.

Hence, identification and specification of long run equations is achieved by linear
restrictions tested on long run parameters. This allows to compare the empirical
relevance of different theories about the role of the selected variables in the long run
equilibrium in the labour market. In particular, the main role played by unemployment
rate in defining the long run target for the wage inflation is interpreted as evidence
against insider-outsider models and in favour of bargaining models in the tradition of
Phillips' arguments.

2. The analysis of long run relationships

In this section the basic concepts of multivariate cointegration analysis,
estimation and testing of long run relationships are discussed. This is done estimating the
cointegration space as in Johansen (1988) and Johansen and Juselius (1990) and then
testing more specific hypotheses of economic interest within this space as presented in
Johansen and Juselius (1992). The stationarity testing in a multivariate framework is

4The impact of productivity is also shown in Simler and Tella (1968) and Kuth (1967).



also performed. This is more efficient than the usual univariate one, because a
multivariate model is likely to give lower residuals variance. Moreover, the multivariate
stationarity testing is different from the univariate one by formulating the null of
stationarity instead of non stationarity, as it is the case in the univariate test. In particular,
this procedure is performed by testing the stationarity of the series both jointly and
separately on the estimated cointegration vector(s). If stationarity is rejected it will be
possible to analyse whether these variables are cointegrated or not. Instead, if some
variables result to be stationary, it is possible to exclude them and to test for a
cointegration subset. So we will also consider stationarity tests in the multivariate model
as an exclusion test for the variable of interests. This, as well as a priori consideration on
the nature of the long run relationship, will have some consequences on the specification

of the final equation.
The cointegration analysis is carried out for the observational variable vector

Z,=(Aw,,Ap,,u,,Aq, ) where Aw is the first differences of logged nominal wage, Ap is

the first differences of logged consumer price, u is logged unemployment rate and Aq is
logged labour productivity growth. We insert the wage and price inflation separately
instead of real wage dynamics, because we don't want to impose a sort of a priori "no-
money-illusion" condition as it is currently preferred (see for example Hall(1986) and
Hall(1989), Alexander (1993) and Darby and Wren-Lewis (1993)). Money illusion will
be tested on the data as well as other hypothesis.’

The estimation period is 1960-1990 for the cointegration analysis on annual data
(Source: OECD, Main Economic Indicators) while is 1970Q1- 1992Q2 for the analysis
on quarterly data (Source: OECD, Main Economic Indicators)

The long run relationships are estimated jointly with the short-run dynamics (by
applying the M-L procedure) thus using all the information available in the data. This is
the main difference with respect to Engle and Granger (1987), Stock (1987), Phillips
(1987) two step procedure and implies more efficient estimates.

In the two step procedure, the cointegration relation is estimated OLS by a static
regression and in the second step the cointegration residuals are tested for stationarity. If
stationarity is accepted, residuals are included as an Error Correction Terms in the final
ECM model. The main problem of this procedure concerns the estimated long-run
parameters. If the variables are cointegrated, OLS static regression yields
superconsistent estimates of the long-run responses of the model, but the same cannot be
said of the estimated standard errors of the regression. This is because the distribution of
the OLS estimators is generally non-standard (Phillips 1988). Hence, it is not possible to
test the significance of the estimated coefficients and perform long-run restrictions of
economic interest on the static regression. This problem is avoided by applying the
multivariate procedure.

The model to be estimated is the reparametrisation of a VAR in the ECM form

SFor a discussion addressing the issue of expectations underlying the VAR specification refer to Juselius
(1991) p4. The intuition is that a reparameterised VAR in the ECM form requires that endogenous
variables always adjust to the long run target. This implies that if, for example, in the wage equation, a
price inflation coefficient less than one is found, agents find too costly fully adjusting wage inflation to
price inflation. This may be due either to the impossibility of continuous recontracting wages, or to the
high costs for the economy of a full indexation that is taken into account by bargaining agents.



(1) Az, =p+ 3 TAz,, +11z,, + Bx, +u,

i=1

where I'; and IT are nXn matrices of unknown parameters, Az, and Az, , are
nx1 vectors of I(0) variables, while the z,_, is a nx1vector of I(1) variables. B is an
m X s matrix and X, is a § X1 vector of I(0) variables or dummies. W is a drift parameter

capturing the trend in the series, while u, is a vector of Gaussian disturbances.
In order to estimate (1) by Johansen's (1988) procedure difference stationarity of
the involved variables must be accepted by univariate and multivariate stationarity tests.

Then, assuming that the vector z, is I(1), we need to test the hypothesis of reduced rank
of the I'T matrix

H:MT=af’

where the adjustment coefficient matrix o is (n X r) and B is the (r X n) matrix of

cointegration vectors. r is the rank of Il and determines the number of linearly
independent stationary relations between the levels of the variables, i.e. the number of
cointegration vectors in the data. If the rank is zero there is no cointegration, while if I

“is of full rank, then z, is stationary. Clearly if the rank is r<n, we have r cointegration
vectors.

3. Univariate integration analysis using annual data

The necessary condition to perform the Johansen procedure is that all the
variables in the VAR are I(1), as mentioned above. Hence, we test, via the Dickey Fuller
tests, the stochastic non-stationarity of the series. Table 1 reports the results of
integration tests for the basic set of logged variables: nominal wage, consumer prices,
unemployment rate and labour productivity. Following Perron (1988) we initially include
a trend in the testing regressions. Excluding a relevant trend, may give a bias, making
rejection of the null hypothesis of non-stationarity unlikely. However if an unnecessary
time trend is included a loss of power may occur. To guard against this, an inability to
reject the null hypothesis is always investigated further by performing an additional test
omitting the trend. The number of augmentation used in the ADF tests to avoid the
autocorrelation of the residuals are reported in brackets in Table 1. In general one lag is
enough given the low dynamics of annual data.

Unit root tests which incorporate structural breaks in the series are available
(Perron 1989). These may be useful because often the presence of unit root is only due
to the change in the slope or/and in the intercept of the time trend (Rappoport -Reichlin
1989, Perron 1993). However, we have insufficient observations here to perform these

tests.



Figg. 1, 2, 3, 4 plot the changes of the logged series. From the plots we can
deduce that nominal wage and price inflation are not stationary while the change in
unemployment rate seems to be stationary. The stationarity of the first difference of
labour productivity exhibit a negative trend. Thus, from a simple inspection of the plots,
the nominal variables seem to be I(2), while the unemployment rate seem to follow an
I(1) process. The labour productivity could be I(1) too, but the evidence of one (versus
two) unit root is not so clear.
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Table 1
Degree of integration: Dickey Fuller and Augmented Dikey Fuller tests

Including trend No trend

DF ADF @, @, DF ADF
p -2.31 -2.50 (1) 3.31 3.23 1.80 -1.13 (1)
w -1.24 -1.67 (1) 2.04 2.68 0.17 -1.28 (1)
u -3.61 -3.61 (0) 7.23 -0.12 -0.12 (0)
q -2.04 -2.04 (0) 10.78 -4.50 -4.50 (0)
Ap -1.14 -1.14 (0) 1.51 -1.67 -1.67 (0)
Aw -1.87 -1.87 (0) 2.67 -2.03 -2.03
Au -4.27 -4.27 (0) 9.34 -4.37 -4.37 (0)
Aq -5.21 -5.21 (0) 13.62 -3.88 -3.88 (0)
AAp -4.62 -4.62 (0) 10.75 -4.48 -4.48 (0)
AAw -5.12 -5.12 (0) 13.17 -5.03 -5.03 (0)

Note: The DF regression with rendis y =+ 1+ oy, , where t is the time trend, while the ADF(1)
regressionis y, = [L+7T+ay, , + Ay, . The critical values from Dickey - Fuller (1976, 1981).
T.(H,:00=1)in model with trend: -3.80 (2.5%), -3.50 (5%), -3.18 (10%)

®,(H,:00 =1,7 = 0) in model with trend: 7.81 (2.5%), 6.73 (5%), 5.61 (10%)

®,(H,:0 =1,7 =0, = 0) in model with trend: 5.94 (2.5%), 5.13 (5%), 4.31 (10%)

T,(H,:a =1) in model without trend: -3.22 (2.5%), -2.92 (5%), -2.60 (10%)

Performing the unit root tests on logged nominal wage (w) and logged consumer
price (p) it is not possible to reject the hypothesis that these variables are 1(2)6. There is a
clear-cut result of unit root in the levels and in the first difference of these variables,
while the second differences appear to be stationary.

Logged unemployment rate (u;) yields a less clear result. It is non stationary at
2.5% critical value, if the model with trend is considered, while the unit root in the series,
in the model without trend, is out of doubt. The first difference of unemployment rate is
stationary. This result is the same in Hall (1986) for UK data. A quick review of similar
studies has shown similar controversial results”. Despite the statistical findings, on the

6See Hall (1986, 1989) and Alogouskufis- Smith (1991).

7A visual inspection of the series shows as the logged unemployment rate has the same pattern of the
GDPand so of the labour productivity with a distinguished drop in 1973-74, where structural break could
be identified. Hence, a problem of segmented trend rises as in the case of DGP and unemployment rate.
In this case the unit root could be emerge as a spurious result of the segmentation of the time trend (an
analysis of unit root in the Italian DGP is in Caselli and Marinelli 1993). Blanchard and Fisher (1988)
refer to the unemployment series as stationary, but note 16 p.38 stresses as the evidence is not clear cut
depending on the characteristics of the single economies and on the sample. Nymoen (1989), testing
integration on Norwegian quarterly data, concludes that the null of non stationary is rejected, altough



ground that a deterministic trend in the unemployment rate is difficult to conceive from a
theoretical point of view, we regard unemployment as a I(1) process.

Logged labour productivity (q) is non stationary in the more appropriate model
with trend while the first differences of the variable appear to be stationary. Hence,
univariate Dickey-Fuller test suggests a random walk with drift process. However, from
the multivariate integration analysis the stationarity of the first difference of productivity
is rejected. The more efficient multivariate outcome will be preferred.

These result implies that our selected specification of the Phillips type equation is
in inflation of wages and prices®. This is not the common specification in the current
literature (see note 2), the usual specification being in level.

A possible rationale for the choice of levels (I(2)) of nominal variables could be
subset cointegration: as stressed in Hylleberg and Mizon (1990) p. 116, when the
dependent variables is I(1), "the regressor must include some I(1) variables or a
combination of variables of higher order of integration which are cointegrated (to I(1)).
If in such a case some of the regressor are I(0), these variables will affect the short run
behaviour of the dependent variable only. Furthermore there can be no deterministic
trend variables as a regressor in such cases" . This argument gives some rationale for the
specification adopted by Hall (1986), where the final selected long run equation has an
I(2) wage level as a dependent variable that cointegrates with another I(2) variable,
prices, among regressors, all other regressors being I(1). But the way in which Hall finds
(subset) cointegration between nominal wage rates and prices is not the usual one: he
computes the difference in logs and apply the DF and ADF to the resulting real wage
variable which ends to be I(1). Italian annual data accept the same test, but strongly
reject the cointegration computed in the proper way, i.e. by testing subset cointegration
on a multivariate VAR, between wages and prices inflation. For this reason it is difficult
to accept Hall's procedure to specify the Phillips relation on the sample at hand.

4. Results from cointegration analysis using annual data

The lag length of (1) that ensures residuals approximately white noise normal is
estimated before applying Johansen procedure. Table 2 shows diagnostics relating to the
specification of a VAR(1). Normality Jarque-Bera tests, Godfrey's test of residual serial
correlation and the tests for heteroskedasticity are derived from the analysis of the
residuals of each equation of the system. These tests shows that one lag is enough to
whiten the residuals in each of the equations.

not very confortably. Instead, Alexander (1993), on quarterly UK data and Darby and Lewis (1993) on
annual UK data, accept the unit root in the series of unemployment rate. Evidence of rejections of the
unit root with historical data from many countries can be found in Raj (1992), in particular if the
unemployment rate is considered in Mitchell (1993).

8This will presumibly loose the dynamic properties of the short ran ECM interpreted as a structural
form for adjustment in wages or prices.



Table 2

Diagnostics for a VAR(1)

Equations Godfrey's test Jarque-Bera test Heteroskedasticity
p-value p-value p-value

Wage equat. 0.29 0.50 0.96

Price equat. 0.11 0.62 0.15

Unempl. equat. 0.53 0.73 0.21

Prod. equat. 0.16 0.95 0.012

Note: Godfrey's test of residual serial correlation distributed as an F(1,22)
Jarque-Bera's test of the normality of residuals based on skewness and kurtosis, distributed as a X2 (2)
Heteroskedasticity test (F-version) based on the regression of squared residuals on squared fitted values,

distributed as an F(1, 26).
p-value: probability error of type 1

In the case of a VAR(1) and no dummies, the model to be estimated becomes

(2) Az, =u+Ilz, | +u,

The tests of the hypothesis of reduced rank of IT matrix enable us to accept r=2.
In fact, both the maximal eigenvalue and trace tests are consistent, at 95% significance
level, with the presence of two cointegration vectors (Table3). The estimated coefficients
of these vectors and the associated adjustment coefficients to the long run (dis)-
equilibrium are presented in Table 4. The clear-cut result of cointegration according to
both the tests means that the cointegration relationships are strong and confirm that the
speed of adjustment to the long run is not slow (see also the estimated adjustment
coefficients in Table 4). The cointegration residuals are shown in Fig. 5.

When the dimension of the cointegration space is larger than one, a problem of
direct economic interpretation may arise (Table 4). It is possible to identify some
relationships, for example a wage equation or a price equation, by imposing linear
restrictions on the unemployment or labour productivity equation. At first sight, the first
vector may reflect a wage equation describing the negative relation of the nominal wage
inflation with unemployment rate, the positive relation with price inflation and the
negative relation with labour productivity growth (efficiency effect (Alexander 1993):
greater efficiency of the workforce could increase unemployment and therefore decrease
the wage inflation, via a reduction of wage claims). If the restriction of no-money illusion
in the changes of nominal wages and prices will be accepted all these relationships can be
regarded as explaining the real wage dynamics. The second cointegration vector,
normalised with respect to price inflation, may be a mark-up equation in which, with
wages adjusted for labour productivity, and with a possibly small, even zero, coefficient
of unemployment. Whether the latter coefficient is either zero or not can be used to test
the hypothesis of cyclicity of mark-up. (See. Blanchard and Fisher (1989) p.543).



The estimated matrix IT= aff'(Table 5), which is the matrix of long run
responses (Hylleberg and Mizon (1989), gives information regarding the long run
behaviour of the system. This matrix describes the overall dynamics of the model due to
long run disequilibria, under the null of cointegration.

The signs on the main diagonal are all negative indicating for all the variables that
an error correction is working with different strength: the nominal wage inflation is the
more flexible variable followed by the price inflation and the unemployment rate. Since
the coefficient of productivity growth is -1.13, it should be tested if it is not significantly
different to one. In such a case long run disequilibria are not permanent at all, i.e. the
productivity growth doesn't depend at all, in the system, on its past values. Inflation
seems to react principally to wages disequilibrium in the sense predicted by the Phillips
Curve with a coefficient of 0.47. The opposite relation holds more strongly (0.64)
suggesting that the wage-price spiral mechanism is at work. The low value of the
parameter linking unemployment variation to the past value in the level (-0.12) suggests
a high value of shocks permanence in this variable (a degree of hysteresis in the system).

Table 3
Johansen Maximun Likelihood Procedure (Trended variables, Trend in DGP) for a VAR(1)

H H; Statistic ~ 95% CV

Cointegration LR test based on maximal eigenvalue of the stochastic matrix

r=0 r=1 51.09 27.96
r<t r=2 24.92 20.96
r=3 3.87 14.06

Cointegration LR test based on trace of the stochastic matrix

r=0 r=1 81.85 47.21
r<i r=2 30.76 29.68
r<2 r=3 5.83 15.41

Note: Critical Values in Osterwald-Lenum (1992)

10



Table 4
Estimated values of cointegration vectors and related adjustment coefficient

Variables Vector 1 Vector2 Adjustment coeff. Adjustment coeff.
vectorl vector2

Aw -1 -1 -0.082 0.74

Ap 0.29 0.90 -0.13 -0.33

u -0.14 .. -0.049 0.75 022

Aq -349 033 0.30 -0.25

Note: the estimated cointegration vectors and the relative adjustment coefficient vectors presented above
are normalised with respect to the nominal wage inflation,

Table §
Estimated restricted (r=2) IT = of§

ECM Aw(-1) Ap(-1) u(-1) Aq(-1)
AAw -0.66 0.64 -0.02 0.53
AAp 0.47 -0.34 0.03 0.35
Au -0.97 042 - -0.12 -2.56
AAq 0.05 -0.13 -0.03 -1.13
Fig. 5

Residuals of cointegrating vector 1 Residuals of cointegrating vector 2
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We perform, now, some tests (exclusion restrictions) both for stationarity and
subset cointegration. As referred above test for stationarity can be performed by
imposing proper linear restrictions to cointegration parameters. This procedure is more
efficient than the standard univariate one.

The hypothesis to test are the following ones

Restricted cointegration vector: testing stationariety on z. = (Aw,,Ap,,ui,Aq,)

Hy1(0, 0, -1, 0) 2 Sp(B) LR(2) =22.90
Hy2(0, 0,0, -1)2 Sp(B) LR(2) = 19.05
Hy3(-1, 0,0, 0) 2 Sp(B) LR(2) = 19.80
Hg4(0, 1,0,0) 2 Sp(R) LR(2) =21.27

The likelihood ratio tests, asymptotically distributed as a %2 with the appropriate
degree of freedom given in brackets, indicate that the stationarity is rejected in all the
cases. H1, H3 and H4 confirm the univariate integration analysis, i.e. the unemployment
rate, wage inflation and price in{lation are non stationary, while H2 reverses the result
obtained by the univariate analysis, stating that the changes in labour productivity are non
stationary. This justifies, on statistical grounds, the inclusion of the differences of labour
productivity in the estimation of the VAR.

The test for the suggested interpretation of cointegration vectors as defined
above will be performed by testing H5S

Ho5(-1, 1,0, 1) 2Sp(B) LR(2)=5.45 (pv=0.066)

This hypothesis on the cointegration vector interpreted as a roughly constant
mark-up equation is accepted by the LR test.® This means that a consistent long run price
equation is: Ap=Aw —Aq. Under this restriction the estimated second long run
equation of the system, interpreted as a long run Phillips curve, becomes:

Aw = 0.59Ap - 0.093u - 1.59Aq. The coefficient of Ap is rather low suggesting that the
widespread (see Hall (1986) and (1989), Alexander (1993), and Darby and Wren-Lewis
(1993) on UK data) a priori hypothesis of no money illusion is rejected. This could be
explained in terms of the accomodation of the monetary authority to wage shocks in the
60's and 70's and as evidence that full wage indexation only lasted for some time during

9 A possible objection would be that this hypothesis (weakly) accepts a real wage equation around the
productivity growth and no long run trade off. But this contrats with the evidence that the consequent
coefficient of wages in the price equation would be larger than 1 (1.59), and furthermore price inflation
would positively depend on unemployment and productivity. Another argument comes from the
remarkable long run trade off estimated by the same procedure on real wage inflation, unemployment
and productivity growth, under the a priori hypothesis that the endogenous variable in the system would
be the real wage (no money illusion by wage setters). We argue that statistical evidence for a long run
trade off under no money illusion, a fortiori, implies a long run trade off under money illusion. It has to
be stressed that a constant mark-up in the long run price equation doesn'prevent a cyclical mark-up that
should be tested on the ECM
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70s and 80s. The negative coefficient of productivity growth may track an efficiency
effect.

Solving for wage inflation in the restricted vectors and assuming an average
productivity growth of 3% per year (sample mean), the rate of unemployment,
corresponding to a wage inflation of 5% per year (price inflation of around 2%), is
around 10%. A long run wage inflation of 8% (corresponding to a 5% price inflation),
the non accelerating inflation rate of unemployment is around 9%.10

5. The analysis of long run relationships using quarterly datal!

In our analysis of annual data we found a negatively sloped long run Phillips
Curve. We now turn to a quarterly data set spanning over a shorter and more recent
period: 1970Q1 - 1992Q2. The series considered in the VAR are the same as before.
Nominal wage, consumer prices, unemployment rate retain the same order of integration
as before, while the productivity index appears to be I(1), see Table 6 and the plots of
differences, Figg.6, 7, 8, 9, and stationarity testing in the multivariate framework.

Some doubts arise from univariate analysis of productivity levels (q): ADF with
trend gives 1(0) around trend, while ADF without trend gives I(1). The choice between
the two options can be based on the procedure outlined in Perron(1988), and this would

induce to accept the hypothesis of non stationarity (®,), in particular, by rejecting @,

(see the note in Table 6), the test yields a unit root process with drift as an outcome.
Multivariate analysis, that has already been seen to be more efficient, will definitely
confirm the I(1) nature of the process. The same argument can be made for wage
inflation.

10 ayard et al (1991) p. 437 prefer to simulate Nairu estimates on subsample periods rather than solving
for the long run equilibrium the estimated unemployment equation. This is done under the assumption
of a changing equilibrium unemployment rate, anyway if the cointegrating relations found here track a
stable long run equilibrium, it is possible to solve for a long run equilibrium unemployment rate
considering it as a broad measure valid over the sample period. For a similar assumption cfr. Juselius
(1991) p.13.

HSource: OECD. Wages and prices are expressed in index number: 1985=1.
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Table 6

Degree of integration: Dickey Fuller and Augmented Dikey Fuller tests

Including trend No trend
DF ADF DF ADF
@, @,
w 1.46 042(1)° 473 8.15 -5.10 -2.83(1)
P 237 -0.43(2) 2.52 3.08 -3.46 2.25(2)
u 2.13 -3.11(3) 5.08 3.95 -1.22 -1.39(3)
q 292 -3.53(2) 6.55 7.62 -1.45 -1.26(2)
Aw -5.58 -5.58(0) 15.61 -4.46 -4.46(0)
Ap -3.49 -3.49(0) 6.73 291 -2.91(0)
Au -10.78 -4.04(2) 8.20 5.46 -10.77 4.01Q2)
Aq -7.42 -6.19(1) 19.18 12.82 734 -6.16(1)
AAw -11.28 -7.28(3) 26.61 17.74 -11.33 -7.29(3)
AAp -12.74 -12.74(0) 81.27 -12.69 -12.69(0)

Note: The DF regression with trend is y, = lL + T+ oy, , where t is the time trend, while the ADF(1)

regressionis y, =W+ T+ ay,, + Ay,_,. The critical values from Dickey - Fuller (1976, 1981).
1. (H,: 00 =1)in model with trend: -3.80 (2.5%), -3.50 (5%), -3.18 (10%)

®.(H,:0 =1,7 =0) in model with trend: 7.81 (2.5%), 6.73 (5%), 5.61 (10%)

d,(H,:a = 1,7 =0, = 0) in model with trend: 5.94 (2.5%), 5.13 (5%), 4.31 (10%)

T, (H,:a = 1) in model without trend: -3.22 (2.5%), -2.92 (5%), -2.60 (10%)
(.): number of augmentation used in the ADF regression.

Fig. 6
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First differemces of unemployment rate
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The I(1) productivity index introduces the issue of the specification of the VAR.
Two options are possible: either to insert the productivity level as a proxy for
techological change explaining real wage dynamics or inserting the change in
productivity of labour and testing its stationarity directly on the estimated cointegration
vector(s). In the latter case, if stationarity is accepted, this can be regarded as an
exclusion test and a cointegration subset is considered ( Juselius 1991). On theoretical
grounds there is no reason because the wage and price inflation should be explained by
the level rather than changes in labour productivity so that the second option is preferred.

Dynamic specification on quarterly data is more complex than for annual. The
lag-length of the VAR that whitens the residuals of each equation is lag four. Normality
is still a problem for the wage and price equations, possibly because of the presence of
some outliers (with respect to the estimated relation) in the early observations of the
sample presumably due to the oil shock in early 70s. Hetheroskedasticity is present in the
price and unemployment equation. We got rid of these problems by including dummies in
the years following the oil shock: D73 and D74 appear to be significant in the wage
equation, D76 in price equation and D73:2 and D73:3 in the unemployment equation

(see Table 7).
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Table 7

Diagnostics for a VAR(4)
Equations Godfrey's test Jarque-Bera test Heteroskedasticity
p-value p-value p-value
Without intervention dummies
Wage equat. 0.095 . 0.00 0.37
Price equat. 0.30 0.013 0.043
Unempl. equat. 0.11 0.094 0.00
Prod. equat. 0.87 0.97 0.14
With intervention dummies
Wage equat. 0.097 0.21 0.30
Price equat. 0.10 0.86 0.64
Unempl. equat. 0.15 0.77 0.40
Prod. equat. 0.87 0.97 0.14

Note: Godfrey's test of residual serial correlation distributed, F-version
Jarque-Bera's test of the normality of residuals based on skewness and kurtosis, distributed as a 1’ (2)
Heteroskedasticity test based on the regression of squared residuals on squared fitted values, distributed

asanF
p-value: probability error of type I

Given the choice of the second option above and diagnostics on dynamic
specification, the Johansen procedure is performed by testing the ECM restriction on a
four dimensional VAR(4) defined for the observational variable vector:

Z',=(Aw,,Ap,,u,,Aq, ) and dummies. The model to be estimated is

3
(3) Az, =pu+» T\Az,_ +11z,_, +Bx, +u,

i=1

where x, is a vector of I(0) variables. In this case these stationary variables are
the dummies mentioned above. Both the maximal eigenvalue and trace tests allow to
reject the null of no cointegrating vectors (Table 8) and two cointegrating vectors can be
accepted: B1= (-1,1.21,-0.075,-16.28), By = (-1, 0.72, -0.029, 0.28).

At first sight, the coefficient for productivity growth in the first vector is not
plausible and casts some doubts on the cointegration relationship found. However, if
labour productivity growth, Aq, included in the estimated cointegrating vectors, is
stationary, as expected from the univariate integration analysis, this is a sufficient
condition for cointegration among the other three variables. Stationarity can be easily
tested by imposing the following linear restriction: H(0, 0, 0, 1). This test allows to
accept the null of stationarity of labour productivity growth (x2(2)=1.67, PValue=0.43)
and, hence, the exclusion of this variable from the cointegrating set.
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We further attempt to establish a cointegrating relationship for the subset of the
other three variables, y', = (Aw,,Ap,,u, ), with y, in place of z, and x, including Aq, in
addition to the dummies. Both cointegration tests yield evidence for one cointegrating
vector, see Table 8. ‘

Table 8
Johansen Maximun Likelihood Procedure (Trended variables, Trend in DGP) for a VAR(4)

Hp Hj Statistic 95% CV A

Cointegration LR test based on maximal eigenvalue of the stochastic matrix

r=0 r=1 35.49 20.96 0.35
r<l r=2 12.67 14.06 0.14
r<2 r=3 0.42 3.76 0.05

Cointegration LR test based on trace of the stochastic matrix

r=0 r21 48.59 29.68 0.35
r<1 r22 13.10 15.41 0.14
rs<2 r=3 0.42 3.76 0.05

Note: Critical Values in Osterwald-Lenum ( 1992)

The correspondent cointegrating vector is B"= (-1, 0.70, -0.032) and the vector of
adjustment coefficients is a(1.10, 0.022, 1.10).12. The cointegration residuals are shown
in Fig. 10. By a simple inspection these residuals seem to be stationary.

12 The estimation of long run relationship without introducing intervention dummies gives the same
result of an I(0) productivity growth and the following cointegration vector: (-1, 0.72,-0.029) so that the
introduction of somewhat arbitrary variables like dummies doesn't affect results in any relevant way.

1
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Fig 10
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The estimated long run equation, Aw =0.70Ap —0.032u, is very similar to that
estimated on annual data. It shows a positive relationship between wage inflation and
price inflation, the magnitude is slightly less then expected from the no money illusion
hypothesis. The negative elasticity of wages to unemployment may imply, again, a long
run Phillips curve type relauonshlp The magnitude in the adjustment coefficient indicates
a very high speed of adjustment in wages and unemployment equation and almost no
adjustment in the price equation: this will be interpreted as evidence supporting the idea
that the relation found is a wage equation rather than a price equation. This will be
discussed later, when the ECM will be estimated for short run dynamics and t-tests on o

values will be performed.

19922

The following table exhibits some linear restriction on the B vector.

_ Restricted cointegration vector: testing linear restriction on 2: =( AAw,, ) o LAtt )
Hy 1(-1,1,0) 1Sp(B) LR(2)=19.82  prob value (0.000)
Hp 2(-1,0,0) 1Sp(B) LR(2) = 24.81 (0.000)
Hp3(0, 1, 0) 1Sp(B) LR(2) =23.76 (0.000)
Hg4(0, 0,-1) 1Sp(B) LR(2) = 30.40 (0.000)
H5(-1,0.70,0) 1Sp(B) LR(1) = 23.01 (0.000)
Hg6 (-1, 1,a) 1Sp(B) LR(1)=4.16 (0.041)
Hy7(-1, 1, -0.032) 1Sp(B) LR(1)=5.98 (0.05)
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H1, H2, H3, H4 reject the hypothesis of stationarity of real wage inflation,
nominal wage and price inflation, and unemployment rate. H5 rejects the null of a zero
coefficient of unemployment rate in the estimated cointegration vector. H1 can be also
interpreted as rejecting the null of a zero coefficient of unemployment under no money
illusion, so that the trade off is significant independently from money illusion.

We address now the careful issue of the presence of money illusion in the data
performing some linear restrictions on the long run relationship presented above. H6
(estimated a=-0.023) rejects (on the border) the null of no money illusion and a re-
estimated unemployment coefficient under the null, while H7 accepts (on the border) the
null of no money illusion in the estimated cointegration vector. The overall outcome
seems to be that money illusion may be small. As a consequence of that, it is also
possible to re-express the wage inflation equation in real terms so that the trade off
appears to be defined between real wage inflation and unemployment rate. Hence, a

consistent long run wage equation, under H7 becomes Aw = Ap —0.032u. This equation
describes a negative relation between real wage and unemployment. There are different
rationales for this statistical outcome. We suggest that the negative relation keeps two
main phenomena: one is that firms may have been rationed on the good market, as
described by disequilibrium models in the case of Keynesian unemployment, so that a
lower real wage makes more binding for firms the constraint on the good market and an
higher real wage reduces unemployment. The second is possibly linked to a real, long
lasting effect of monetary deflation of 80s: because of lackness of credibility, the only
way to deflate the economy was to sustain high unemployment costs, in order to reduce
wage claims and price setters expectations.

In the long run equilibrium, considering the non zero mean in the cointegration
residuals, the equilibrium rate of unemployment is around 10%. This is a rather high
figure computed under the hypothesis of a constant equilibrium rate of unemployment
over the sample period, as described by the cointegration vector.

6. Estimating the short run dynamics

The negative relationships between nominal wage inflation and unemployment
rate is explored in more details using the error correction form of the VAR(4). The OLS
estimated ECM is given in Table 9. Dummies are included but not reported and t-ratio
are in brackets. Diagnostics tests are satisfied in each equation (Table 10) but R2 and F
statistic of joint significance suggests that the best specified ECM equation between
wage and unemployment equation is the first one (Table 9), this somewhat supports the
preferred normalisation of the cointegration relationship with respect to wage inflation.
The ECM term is not significant in the short run price equation suggesting that the
specification is not satisfying for this variable.

The short run wage equation shows a trade off between the change in
unemployment rate and acceleration of wage inflation, a positive relation to the price
acceleration, with near to unity coefficients (this supports the idea for a very small
measure for money illusion even in the short run). The negative coefficient of lagged
change in unemployment gives evidence for counter-clockwise loops: as originally found
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by Phillips for a sample period before World War II, it implies that if unemployment is
decreasing in a given period (boom), employers will bid more vigorously for labour and
wage inflation will accelerate.

The negative effect of productivity growth is interpretable as an efficiency effect
working through the unemployment rate. The negative effect of productivity growth on
unemployment can be seen in the unemployment ECM. This seriously makes a case for
displacement effect as a main determinant of unemployment performance in recent years.

Table 9
Error Correction Models (1970Q1-1992Q2)#

Dependent Variable
Regressor AAw AAp Au
Constant 0.11 (6.02)* 0.002 (0.27) 0.12 2.31)*
AAw(-1) -0.96 (-8.12)* 0.069 (1.20) -0.22 (-0.64)
AAw(-2) -1.09 (-6.93)* 0.015 (0.20) -1.02 (-2.38)*
AAW(-3) -1.16 (-6.38)* -0.057 (-0.66) -1.14 (-2.19)*
AAp(-1) 0.97 (4.79)* -0.25 (-2.29)* -0.65 (-1.17)
AAp(-2) 1.16 (4.85)* -0.22 (-1.93)* 0.99 (1.54)
AAp(-3) 0.88 (3.79)* -0.26 (-2.31)* 1.94 (3.00)*
Au(-1) -0.0005 (-0.014)  -0.05 (-3.29)* -0.09 (-0.88)
Au(-2) -0.10 (-2.58)* -0.073 (-4.50)* 0.05 (0.57)
Au(-3) -0.04 (-1.13) 0.02 (1.23) 0.14 (1.51)
Aq(-1) -0.31 (-2.15)* 0.18 (2.44)* 0.03 (0.074)
Aq(-2) 0.08 (0.52) 0.09 (1.21) -0.11 (0.26)
Aq(-3) 0.06 (0.40) 0.09 (1.18) -0.91 (-2.09)*
Aq(-4) 0.12 (0.89) -0.10(-1.53) -0.87(-2.19)*
ECM(-4) -1.28 (-5.90)* -0.04 (-0.40) -1.25 (-2.01)*
R2 0.70 0.69 0.65
Dw 2.06 1.65 201
F F(16,60) = 9.13 F(1561)=94 F(16,60) = 7.04

Note: t-statistics in the brackets

# Intervention dummies are included in each estimated equation, but not reported.

* Significantly different from zero variables
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Table 10

Diagnostics for the ECMs

ECMs Godfrey’s test FF- tests Jarque-Bera- Heterosk-tests
p-value tests

AAw 0,40 F(4,56) 0.39 F(1,59) 0.38 0.27

AAp 0.71 F4,57) 0.75 F(1,60) 0.75 0.48

Au 0.14 F(4,56) 0.76 F(1,59) 0.70 041

Note: Godfrey's test of residual serial correlation (degrees of freedom given in the table)
FFtest, Ramsey's Reset test of functional form (degrees of freedom given in the table)

Jarque-Bera test for the normality of residuals based on skenewness and kurtosis, distributed as a X:(2)
Heteroskedasticity test based on the regression of squared residuals on squared fitted values, distributed
as an F(1,75)

p-value: probability error of type I

We partitioned the cointegration residuals into negative and positive to analyse
the symmetry of adjustment to the long run target for each ECM above, via the
associated t-ratio. The magnitude and significance of the estimated parameters of the
other variables in the ECM don't change so we only reported the partitioned error
correction terms. We tested for equality of the coefficients of the partitioned residuals in
the wage equation (x2(1)=0.03, pvalue=().85), the result is a symmetric adjustment of the
wage inflation to its long run equilibrium. Nominal wage is either below or above its
target, because of a shock in one of the cointegrating variables, will adjust and hence this
can be interpreted as no evidence for a downward rigidity of nominal wage inflation.

Table 11
Partitioned Error Correction Terms

Dependent Variable
ECMs AAwW AAcp Au
Ecm{+)(-4) -1.26 (-5.10)* -0.03 (-0.31) -0.86 (-1.27)
Ecm(-)(-4) -1.30 (-4.96)* -0.05 (-0.40) -1.82 (-247)*

Note: t-statistics in brakets

Ecm(+) partitioned residuals: positive
Ecm(-) partizioned residuals: negative

* Significantly different from zero variables
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7. Conclusions

The overall evidence from applying cointegration techniques to wage and price
inflation, unemployment rate and labour productivity growth is that of a significant trade
off between wages inflation and unemployment. The two examined data set give
somewhat different results about money illusion. In the case of annual data spanning
from 1960 to 1990, a negatively sloped long run Phillips Curve emerges, with a money
illusion coefficient significantly less than one. In the case of quarterly data spanning from
1970q1 to 199292 there is some, but not absolutely reliable (the relevant hypothesis is
accepted on the border of significance level), evidence for a rejection of the money
illusion hypothesis so that the long run trade off may be expressed in real terms.

This difference can be interpreted as due to the different spanning of the data and
to the different inflation expectation process in each period. Before the 70s inflation was
low and relatively stable and the expectations of future inflation were low as well, after
the 70s inflation became more volatile and much higher on average than before,
endogenous variables and expectations were subject to frequent shocks, vanishing the
stability of the trade off. In the 80s deflation was started at world-wide level and a stable
trade off arose again. The scatter plots of nominal inflation variables against
unemployment rate in the selected sub-sample (Fig. 11 for the wage inflation against the
unemployment rate and Fig. 12 for the price inflation, see Appendix) very much resemble
the original found by Phillips before the end of the 60s and after mid-70s.

Annual data comprehend two sub-periods where the Phillips mechanism is at
work: the 60s characterised by clockwise loop and the 80s, characterised by long lasting
deflation. The weakness of the Phillips relation in the period 1968-75, is not enough to
prevent that, at statistical level, a long run relation is found with money illusion.
Quarterly data set only comprehend 70s and 80s, with a large weight of the shocks of the
early 70s and the higher incidence of complete wage indexation in the sample period, so
that the coefficient of wages to price inflation is higher and not different from one.
However, this statistical relation gives evidence for the trade off and, in the ECM
formulation, the unemployment rate is a determining variable for the wage inflation
target. This is consistent with wage bargaining theory and casts doubt on the empirical
validity of insider-outsider models, according to which the relationship between
unemployment and real wages is weak.
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Appendix

Fig. 11. Scatter plot of wages inflation versus unemployment rate: 1960-1990
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