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This paper analyses the NAIRU making use of a cointegrated
VAR and of Italian labour market data. It is shown in the paper
that a cointegrated VAR represents a statistically adequate approach
to the estimation of the NAIRU, that is an effective way to over-
come several problems affecting standard structural approach. In
particular the paper investigates whether permanent employment
shift across italian industrial sector (in order to measure sectoral
shifts in labour demand it is used Neumann and Topel [34]'s em-
ployment-based dispersion index) has on effect on unemployment.

Findings of this paper indicate that permanent sectoral em-
ployment shifts affect unemployment both in long- and in short-
term. Another interesting result is that the effect of sectoral reallo-
cation on unemployment rate occurs only after somedelay. [JEL
Code: C32; C51; E24]

1. - Introduction

This paper concerns the estimation of the NAIRU (Non Ac-
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celerating Inflation Rate of Unemployment) models. The purpose
of this paper is twofold:

1) To analyse whether permanent employment shift across Ita-
lian industrial sectors has an effect on unemployment. Most of
the unemployment change could be explained by sectoral, rather
than aggregate shocks with remarkable policy implications. When
the sectoral employment shift is high there are some sectors in
boom and others facing a slump. Demand shifts can cause at lea-
st temporary increases in unemployment if workers who lose their
jobs in contracting sectors take time to search or retool for new
jobs in sectors that are expanding, or if the labour market shows
substantial rigidity (see, among others Lilien [26] and Abraham
and Katz [1]). These allocative disturbances can be an outcome
of rigidity of the labour market, that is market imperfections, hi-
gh adjustment costs and serious wage rigidity.

2) To understand if the sectoral employment shift affects the
natural rate of unemployment (NRU). Since the concept of NAI-
RU refers to an equilibrium solution, it is therefore necessary to
verify whether employment shift among sectors is temporary or
on the contrary is lasting since in that case NRU will be affected
by employment imbalances across sectors.

The Italian economy is a good example of the so- called Eu-
rosclerosis, showing serious labour market rigidities and it is par-
ticularly suitable for this kind of analysis.

As it will be shown in this paper the sectoral shift plays a re-
levant part in the persistence of unemployment in the Italian Eco-
nomy, even though the negative effect of mismatch on unem-
ployment occurs only after some delay. The findings of this paper
confirm partially the ones of Chiarini and Piselli [10]. This paper
uses the same employment dispersion index as in Neumann and
Topel [34], inserting it in a VECM model in order to test whether
permanent sectoral employment shift has an effect on unemploy-
ment and on wages. There are various diffe rences between our
paper and the Chiarini and Piselli [10]'s:

a) The sample: the sample used is different both regarding
the period (1975:1-1993:3 and 1984:1-1997:4) and, above all, from
a qualitative point of view. Indeed the data used in our paper, con-
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trary to those in Chiarini and Piselli [10], belong to the new na-
tional accounting system, which has been revised according to the
new European accounting standards SEC95.

b) The variables' set: variables used in the two papers are dif-
ferent, as Chiarini and Piselli [10] use a proxy variable for worked
hours in the industrial sector (worked hours in firms with more
than 500 employees) that is not considered in our paper. This va-
riable could bring about the difference in results, which is ex-
plained in the next paragraph.

c) The difference in results: results of the two papers are
rather different from an econometric point of view - the quoted
Authors find 2 cointegrating vectors whereas as we shall see in
our work only one cointegrating relation will be identified - even
though results are similar regarding the economic interpreta-
tion.

The paper is divided up as follows. Section 2 reports briefly
some familiar NAIRU models and discusses why these models pro-
vide unreliable estimations of the natural rate of unemployment.

Section 3 deals with the employment dispersion index pro-
posed by Neumann and Topel [34] and used in Chiarini and Pi-
selli [10] in a multivariate framework. The sectoral shift varia-
ble is defined using employment data from the Italian industrial
sector.

Section 4 refers to the econometric patterns involved in the
estimate and offers a description of the data making use of the
quarterly Italian labour market data from 1984:1 to 1997:4. The
Section also discusses how the NAIRU should be considered
within a cointegrated VAR. This Section continues reporting the
results of the cointegration analysis carried out according to
Johansen's maximum likelihood procedure. In particular the coin-
tegration space has been identified by testing a set of over-iden-
tifying restrictions, driven by the theory, on the unrestricted coin-
tegrating vectors.

Section 5 makes use of the information related to the coin-
tegration space to specify a VECM (Vector Error Correction Model)
including the differences in non-stationary variables.

Section 6 reports the results of the impulse response analysis
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to make clear the difference between short and long term beha-
viour of the variables.

Section 7 draws some concluding remarks.

2. - The NAIRU: The Textbook Approach and the Identifica-
tion Problem

There are two main approaches to estimation of the NAIRU:
the structural and statistical approach. Structural methods invol-
ve the specification of relationships governing wage and price de-
termination (or sometimes labour demand) usually based on so-
me underlying theory of agents' behaviour. The NAIRU is then de-
rived from these relationships by computing the dynamic steady-
state level of unemployment which will necessarily be consistent
with stable wage and price inflation. On the contrary, statistical
or direct methods1 postulate the existence of an equilibrium unem-
ployment rate but make no attempt to specify the underlying beha-
viour of economic agents. Instead, the NAIRU is derived from its
supposed effects based on observation of the relationship between
unemployment and inflation. (Westaway [45]).

This paper follows the structural approach to the estimation
of the NAIRU and refers to the imperfectly competitive bargaining
approach popularised by Layard, Nickell and Jackman [25]. Such
a model is known as the "battle of mark- ups" model, and is re-
ferred to as the "textbook approach". Within a stylised version of
the "battle of mark- ups" model unemployment must move to ba-
lance the demands of employers (the feasible real wage) and the
demands of employees (the bargained real wage).

This paper takes a critical look at this structural "textbook ap-
proach". Despite the vast literature (Gordon [19], Sawyer [40] and
the papers quoted therein) making use of the “battle of mark- ups”
model to estimate the NAIRU, this approach has many aspects
open to criticism. It is well known that this approach to the NAI-
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RU makes wage equation unidentified2 (see, among others Man-
ning [32], Bean [2] and Westaway [45]).

Graph 1 shows the implications of a lack of identification for
the wage setting schedule. The textbook approach only estimates
differently sloped versions of the wage curve that are crossing the
price curve at the same point. In empirical work identification is
obtained by imposing arbitrary zero restrictions or including ad-
hoc dynamics. This view of identification is strongly misleading,
since the reduced form is not estimated explicitly. What seems
really wrong in these models is the fact that the reduced form
estimated is invalid even if, as is commonly found, it seems to be
very reasonable3 . Rather than from a statistical reduced form,
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these conventional models calculate the NAIRU from estimated
structural forms. The empirical evidence based on these solutions
are seriously misspecified and, therefore, the policy implications
erroneous. Following some seminal papers of Spanos [41] [42]
[43], we argue that this kind of approach tends to impose theory-
oriented restrictions with little (if any) attention to statistical pro-
perties of the model4. This paper aims to show how developments
of cointegration within VAR methodology can represent an effec-
tive way to overcome problems of the textbook approach.

Section 4, below, will focus on this subject.

3. - The Employmen Dispersion Measure

Graph 2 shows the evolution of employment shares in Italy
for 10 two-digit industries according to the ISTAT classification
(see Table1) over the period 1982:1 - 1999:4.

The Graph shows distinct trends in the shares and makes
clear the reallocation process undergone by the employment com-

6 Vincenzo Di Maro

4 See also CHIARINI B. - PISELLI P. [11].

TABLE 1

10 TWO-DIGIT INDUSTRIES OF THE ITALIAN INDUSTRIAL
SECTOR ACCORDING TO THE ISTAT CLASSIFICATION*

energia: Energy products
alim: Food, beverages and tobacco
tessile: Textiles, apparel, leather and footwear
legno: Wood products and furniture, paper, rubber and others
chimica: Chemical products
non met: Non-metallic mineral products
metalli: Basic metal industries and fabricated metal industries
mecc: Mechanical industry
trasp: Tresportation equipment
costr: Construction

* Tag is the same reported in Graph 2



position over the sample period. Sectors that suffered most of the
reallocation are energy products, non-metallic mineral products,
manufactured products, chemical;products, construction and
food, beverages and tobacco. As previously stated unemployment
changes may be affected by a sectoral shock. Moreover, perma-
nent sectoral imbalances could affect the natural rate of unem-
ployment.

An empirical testing of former statements requires a variable
measuring employment dispersion. Since Lilien [26] many authors
have proposed a labour demand shift measure. Lilien's weighted
standard deviation of employment across sectors was the sectoral
shift measure most widely used in the '80s. However Abraham
and Katz [1] have shown that disentangling temporary and per-
manent effects of employment reallocation is important. They ar-
gued that the business cycle is not neutral across different markets
and in some sectors the employment shift, instead of representing
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the consequence of a permanent change in labour demand, might
be generated by cyclical effects.

Abraham and Katz's criticism has inspired the work of Neu-
mann and Topel [34] that shows an effective way to disentangle
variability of employment shares in two components: one ac-
counting for lasting changes in labour demand across sectors (per-
manent effects) and another aiming to catch the changes due to
local cycles or other unpredictable events (transitory effects).

In the following empirical analysis a variable measuring per-
manent employment shift will be used. The variable has been
worked out according to Neumann and Topel [34]5 ‘s suggestions
and to Chiarini and Piselli [10]6 who used a similar variable re-
lating to the period 1975:1-1993:3. The Section 1 of the Appendix
gives a detailed explanation of how the dispersion index was con-
structed.

The following Graph 3 shows the employment dispersion va-
riable, disp, and the unemployment rate during the period 1984:1-
1997:4.

By the simple comparison between the graphs of the two se-
ries an interesting feature seems to transpire: when employment
dispersion increases, unemployment rate tends to rise faster after
some delay. This trend became clearly visible during 1985 when
the employment dispersion index reached a peak and the unem-
ployment rate began increasing markedly. Later on, during the
whole period 1990-1995 the shift index was high and at the same
time the unemployment rate also showed a huge rise, even if it
only started to increase after 1992. Lastly, it's worth noticing that
when the employment shift measure is low or, even decreasing,
the unemployment rate is reasonably steady as is shown in Graph
3 focusing on the period 1987-1989 or after 1995.
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4 - Cointegration Analysis

4.1 The Data Set

Data are quarterly seasonally adjusted over the period
1984:1:1997:4.The system includes 5 stochastic variables [wp, u,
pq, pr, disp], respectively, consumption real wage, OECD standar-
dised unemployment rate, price wedge (consumption price minus
product price), labour productivity (value) (added/labour units)
and the previously defined sectoral shift variable7.

All the variables are non-stationary I(1) time series8 in log
form, except for unemployment rate, u and dispersion index, di-
sp, and refer to Italian industrial sector9.
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4.2 Criteria and Diagnostic Tests: Lag Length and Descriptive
Power of the Model

Lag order of the VAR was chosen by joint analysis of criteria
(Table 2) and of diagnostic tests (Table 3).

Akaike Information Criterion (AIC) picks out a lag order k=3
(even though the value for k=2 is very close to the k=3 one), whe-
reas the Schwarz Bayesian criterion (SBC) suggests a lag order of
k=1. The adjusted LR test reject k=6 against both k=1 and k=3.
These findings have to be completed by the study of diagnostic
tests. In Table 5 tests relevant to a VAR(3) seem to state white noi-
se residuals, except for some problems with the autocorrelation
of the dispersion index equation residuals.

Moreover, the diagnostic tests for VAR (3) are better than tho-
se for VAR (2) (not shown). Recursive tests (1-step residuals +/-
2*SE and Break-point Chow-test), shown in Graph 4, give eviden-
ce of a good descriptive power and a sufficient stability of the mo-
del.

In order to achieve white noise residuals it has been neces-
sary to augment the VAR with three shift dummy variables: d92q12
(1992:1-1992:2=1), d91q1 (1991:1=1) and d98q3 (1998:3=1). The la-
st two variables (d91q1 e d98q3) account for an outlier, respecti-
vely in the price wedge's and in the dispersion index's residuals
whereas d92q12 dummy variable is addressed to catch the re-
markable shift in unemployment rate during 1992. It's worth no-
ticing that data on 1992 show some problems both from a stati-
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TABLE 2

SECTION CRITERIA FOR ORDER OF THE VAR

order LL AIC SBC LR test adjusted LR test

6 768.9045 613.9045 465.7227 —— ——
5 730.9960 600.9960 476.7145 CHSQ( 25)= 75.8170 [0,000] 28.8105 [0.272]
4 683.9179 578.9179 478.5367 CHSQ( 50)=169.9733 [0,000] 64.5899 [0.080]
3 661.8414 581.8414 505.3605 CHSQ( 75)=214.1262 [0,000] 81.3680 [0.288]
2 636.6915 581.6915 529.1109 CHSQ(100)=264.4261 [0,000] 100.4819 [0.468]
1 592.2659 562.2659 533.5855 CHSQ(125)=353.2773 [0,000] 134.2454 [0.270]
0 313.7126 308.7126 303.9325 CHSQ(150)=910.3839 [0,000] 45.945 [0.000]



stical and an economic point of view. Eurostat changed its em-
ployment survey methodology exactly in 1992 and, besides, it was
one of the most troubled periods of the Italian economy in the la-
st decade10.

The NAIRU: Estimation and the Effect of Permanent etc. 11

TABLE 3
DIAGNOSTIC TEST FOR VAR(3)

(1984:Q1-1997:Q4)

lwp : AR 1- 4 F (4, 30) = 1.7954 [0.1558]
u : AR 1- 4 F (4, 30) = 1.0897 [0.3794]
lpq : AR 1- 4 F (4, 30) = 1.4927 [0.2293]
lpr : AR 1- 4 F (4, 30) = 0.20391 [0.9342]
disp : AR 1- 4 F (4, 30) = 6.5874 [0.0006] **
lwp : normality chi^2(2) = 1.8965 [0.3874]
u : normality chi^2(2) = 0.12023 [0.9417]
lpq : normality chi^2(2) = 0.80306 [0.6693]
lpr : normality chi^2(2) = 2.3027 [0.3162]
disp : normality chi^2(2) = 0.71756 [0.6985]
lwp : Arch 4 F(4, 26) = 0.056634 [0.9937]
u : Arch 4 F(4, 26) = 0.045778 [0.9958]
lpq : Arch 4 F(4, 26) = 0.43503 [0.7821]
lpr : Arch 4 F(4, 26) = 0.46969 [0.7574]
disp : Arch 4 F(4, 26) = 0.28937 [0.8822]
lwp : HET F(30, 3) = 0.10418 [0.9999]
u : HET F(30, 3) = 0.22266 [0.9898]
lpq : HET F(30, 3) = 0.075625 [1.0000]
lpr : HET F(30, 3) = 0.072627 [1.0000]
disp : HET F(30, 3) = 0.13719 [0.9992]
vector AR 1-4 F(100, 53) = 1.3596 [0.1098]
vector normality chi^2(10) = 5.2515 [0.8738]
vector HET chi^2(450) = 459.02 [0.3742]
testing for vector error autocorrelation from lags 4 to 4
chi^2(25) = 51.185 [0,0015] ** F-form(25.94) = 1.5668 [0.0637]
lwp for error autocorrelation from lags 4 to 4
chi^2(1) = 3.151 [0.0759] F-form(1.33) = 2.0859 [0.1581]
u for error autocorrelation from lags 4 to 4
chi^2(1) = 4.5806 [0,0323] * F-form(1.33) = 3.1219 [0.0865]
lpq for error autocorrelation from lags 4 to 4
chi^2(1) = 0.065803 [0.7975] F-form(1.33) = 0.041023 [0.8407]
lpr for error autocorrelation from lags 4 to 4
chi^2(1) = 0.64187 [0.4230] F-form(1.33) = 0.40455 [0.5291]
disp for error autocorrelation from lags 4 to 4
chi^2(1) = 0.26398 [0.6074] F-form(1,33) = 0.16519 [0.6870]

**=the test does not reject the null hypothesis at 1%
*=the test does not reject the null hypothesis at 5%

10 In the summer of 1992 the Bank of Italy nearly used all its foreign cur-
rency reserves to protect Italian currency from a speculative attack. In September
of 1992 the Bank of Italy gave up protecting the currency and Italy shifted to a
floating exchange rate system (SIGNORINI L.F. - VISCO I. [44]).



4.3 The Statistical Model

Criteria and diagnostic tests of the previous sub-section let
one conclude that a VAR (3) is a good approximation of the da-
ta. Dealing with I(1) variables it is very useful to reformulate the
model by applying the so-called "cointegrating transformation" in
order to have a model in the error correction form:

(1) ∆xt = Γ1∆xt-1 + Γ2∆xt-2 + Πxt-3 + ψDt + µt

whereÃ1 = – (I-A1), Ã2 = – (I-A1-I-A2), Ai is a (nxn) matrix and the
vector Dt is a set of conditioning non-stochastic variables such as
intervention or shift dummies and others that are weakly exoge-
nous.
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It follows from the Granger representation theorem11 that if
the rank of matrix Π, whose dimension is (nxn), is equal to r<n,
there exists a representation of Π such that Π=αβ, where α and β
are both nxr matrices. (Johansen [23]).

Coefficients of the matrix α represent the speed of adjustment
to disequilibrium, while β, also called the “cointegrating matrix",
is the matrix of long-run coefficients such that the term βXt-3 em-
bedded in (1) stands for up to (n-1) cointegration relationships.
(see, among others Harris [21], Hendry [22], Favero [17], Door-
nik and Hendry [13] and Hamilton [20]).

The problem of detecting the number and the shape of coin-
tegrating vectors can be solved by applying Johansen's reduced
rank regression (Johansen [23]), a widely used technique for se-
lecting rank of Π (and so number of cointegrating vectors) and
providing ML estimates of α e β matrices. This last technique will
be applied in sub-Section 4.5 where cointegration analysis will be
carried out.

4.4 The NAIRU Within a Cointegrated VAR

In Section 2 we reviewed some of the problems affecting the
standard structural approach to estimation of the NAIRU. In par-
ticular the textbook approach does not give the right attention to
the problem of lack of identification of the wage equation and to
statistical properties of the model (see Westaway [45], Manning
[32], Bean [2], Chiarini and Piselli [11]).

Following Spanos [41] [42] [43] a “battle of mark-ups" model
cannot be considered statistically adequate. In fact, the textbook
approach considers the probabilistic structure of the data only as
an afterthought and specifies the statistical model simply "...atta-
ching an error term to theoretical relationships". Spanos argued
that the structure of data should be considered at the statistical
model specification stage and, therefore, within the textbook ap-
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proach there is no room for implementing statistical adequacy.
Chiarini and Piselli [11], following Spanos, have shown that the-
se conventional models define a deducted form, rather than a sta-
tistical reduced form, calculating the NAIRU from estimated struc-
tural forms. Even if estimates of structural equations seem to be
reasonable in terms of goodness of fit, t-statistic of regressors, cor-
relations of residuals and expected signs of coefficients, their im-
plicit reduced form is often not valid as it does not show "white
noise" properties12 , and it is well known that properties of the re-
duced form are crucial for consistency of the structural form. A
reduced form multivariate framework, such as a cointegrated VAR
model, can be an effective way to specify a model with the stati-
stical adequacy property. The probabilistic structure of data be-
comes a key point within a cointegrated VAR and a statistical mo-
del will be specified only if probability assumptions are not rejec-
ted by data (Hendry [22] and Favero [17]). Data assume a role
that it is not secondary compared to that of the theory. The sta-
tistical model, within this approach, is a convenient summary of
the sample information that, at the same time, considers the theo-
retical model (Spanos [42]).

The NAIRU models, such as the "battle of mark-ups”, should
be integrated into a framework for modelling multivariate rela-
tionships. In this context, the empirical model needs two distinct
characteristics: it will need to capture the equilibrium relation-
ships among the variables and it needs to capture the adjustment
to equilibrium following a shock. Thus, we should examine con-
ditions for stability and stationarity of the model and show how
the presence of non-stationary variables is potentially useful in
providing information about the long-run relationships.

Using a cointegrated VAR for estimating the cointegration spa-
ce, that is the space which stationary relations span13 , a sensible
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restricted cointegrating vectors. The only way to identify unique relationships is
to impose some restrictions on unrestricted vectors.



set of theory-grounded restrictions should be able to detect a firm
and an union real wage equation. In the "battle of mark-ups" mo-
del unemployment moves to balance the bargained (union) and
feasible (firm) real wage.

The relevant question, at this stage, is the following: after its
movements to equilibrate firm and union real wage will the unem-
ployment rate come back every time to the same level, that is to
the natural level? or, in other words, is the NAIRU a single fixed
point in the cointegration space?

The answer to the latter question is not straightforward. Howe-
ver, relying on the concept of the stationa ry (cointegrated) space
it is possible to use a helpful geometrical explanation. For instan-
ce, Chiarini and Piselli [11] argue that the NAIRU estimates using
conventional reduced form models (or the Phillips curve), are mi-
sleading since the natural rate of unemployment cannot be consi-
dered as a fixed point, as in the traditional NAIRU models, calling
for the ceteris paribus assumption for all the data involved. In a
simplified model of only 3 variables and 2 cointegrating vectors,
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the NAIRU has to be considered as a straight line, defined by the
orthogonality of the two stationary relationships.

From a stricter geometrical point of view the NAIRU is defi-
ned as the attractor set, that is the orthogonal complement of β,
written as β⊥ (Graph 5).β is the cointegrating matrix, whose r co-
lumns are the r cointegrating vectors and the orthogonal comple-
ment of β is defined as the [nx(n-r)] matrix β⊥ such that β′ β⊥ =
0. In actual models, with n variables and r cointegrating vectors,
the NAIRU has to be considered as hyperplane with dimension n-
r. Within a cointegrated VAR, a shock to one variable implies a
shock to all the variables in the long run and so the ceteris pari-
bus assumption is not allowed. The only way of analysing the eco-
nomic relationships in this context remains the impulse response
analysis, that will be carried out in Section 6. If the NAIRU is
analysed in a multivariate context, eventually, specifying a fixed
value for it makes no sense.

4.5 Johansen's reduced rank regression

Applying Johansen's reduced rank regression and testing for
cointegration provide the result reported in Table 4 where Max
and Trace are, respectively, Max eigenvalue and Trace statistics in
the standard version and adjusted for degrees of freedom (Max^
and Trace^).

Max eigenvalue suggests the presence of one cointegrating
vector while Trace statistics selects five. One should not be sur-
prised by this diverging result since the critical values of tests, due
to conditioning set Dt affecting the asymptotic distribution of the-
se ones, are considered to be indicative.

For this reason it is necessary, as Juselius [24] pointed out, to
gather further information analysing the magnitude of eigenvalues
and roots of the companion matrix14 of VAR model as well as graphs

16 Vincenzo Di Maro

14 The companion matrix of the VAR model refers to the matrix A of equation
(1). It is interesting to analyse the roots of the companion matrix as these provi-
de useful information about the stability of the system. If all roots have modulus 



of the eigenvectors. To begin with, the first eigenvalue in Table 4 is
high enough (0.5106) while second one is already too low (0.3971).
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TABLE 4

COINTEGRATION ANALLYSIS
(1984:Q1-1997:Q4)

eigenvalues
0.510605 0.397133 0.270864 0.223992 0.165959

Ho:rank=p Max using T-nm 95% trace using T-nm 95%

p == 0 37.87** 27.15 34.4 104.5** 74.92 76.1
p <= 1 26.82 19.23 28.1 66.62** 47.77 53.1
p <= 2 16.74 12 22.0 39.8** 28.54 34.9
p <= 3 13.44 9.637 15.7 23.06** 16.53 20.0
p <= 4 9.618 6.896 9.2 9.618** 6.896 9.2

standardized/beta eigenvectors

lwp u lpq lpr disp constant trend

1.0000 0.021531 0.48839 –1.0251 –0.0069453 0.60454 0.0017509
121.87 1.0000 128.55 –9.2104 –10.910 597.36 –0.67599

0.69914 0.015608 1.0000 –0.39300 0.069711 1.8739 –0.0038503
1.1047 –0.026567 –0.58767 1.0000 –0.054941 9.9006 –0.0036223

12.020 0.62023 –18.534 –1.6242 1.0000 43.305 0.035317

inside the unit circle then all the variables are I(1). When any of the modu-
lus is outside the unit circle, some of the variables could be I(2).

15 Critical values to be used for tests on "generated" variables, like cointegra-
ting vectors, should be different from those used for inference on time series. Thou-
gh, when tests deals with generated series, they loss reliability.

standardized/alpha coefficients

lwp 0.12411 –0.0014037 –0.27240 –0.028016 –0.0039689
u 2.8183 –0.0067621 4.6708 0.32737 –0.15964
lpq 0.29730 –0.0018186 0.10495 0.075423 0.0027409
lpr 0.73246 –0.00092115 0.073468 –0.11650 0.0014080
disp 0.41849 0.0058612 –0.55182 0.33119 –0.0052317

**=the test does not reject the null hypothesis at 1%
*=the test does not reject the null hypothesis at 5%
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GRAPH 6

THE FIRST TWO EIGENVECTORS

TABLE 5

ADF TEST ON THE FIRST 2 EIGENVECTORS
(1984:Q1-1997:Q4)

critical values: 5%=–2.921 1%=3.568; constant included

t-adf

vettore1 ADF(3) –3.3472*
vettore1 ADF(2) –2.9053
vettore1 ADF(1) –3.1532*
vettore1 DF –3.4576*
vettore2 ADF(3) –3.2089*
vettore2 ADF(2) –2.5627
vettore2 ADF(1) –3.5327*
vettore2 DF –2.6347



The graphs of the Graph 6 depict the first two eigenvectors
and show that the second vector cannot be considered stationary.
Notice also, the wide range in which vector floats (+5, -2.5).

All the roots of the companion matrix (they aren*k=15) are
inside the unit circle and the four largest ones have as modulus
a value very close to 1 (0.9868 0.9868 0.9097 0.9097) while the
fifth (0.8073) seems far enough from 1. Despite some explanatory
difficulties15, it is worth analysing results of the ADF (augmented
Dickey-Fuller) (Dickey and Fuller [12]) test carried out on the fir-
st two eigenvectors (Table 5). ADF states stationarity of the first
vector on the one hand, though , on the other hand, it provides
little information about second vector. In any case, this confirms
the graph analysis from which the non stationarity of the second
cointegrating vector emerged.

All previous information supports the choice of one cointe-
grating vector only and n-r=4 common stochastic trends.

4.6 Identification of Cointegrating Vector

Dealing with only one cointegrating vector it suffices to nor-
malise for one of the variables to achieve identification. If the vec-
tor is normalised for the real wage (wp=1), the just-identified vec-
tor is represented by the equation (2), where t-statistics are in
brackets.

(2) wp=–0.02 u–0.48 pq+1.025 pr+0.0069 disp –0.60 INT –0.00179trend
(4.87)      (2.31)       (5.39)          (0.33)           (0.72)           (1.38)

However, besides this just-identified relationship, we have at-
tempted to test for cointegration several theoretically-motivated
structures, such as for instance cointegration between unem-
ployment and the dispersion index [chi^2(3)=16.005 (0.0011)**]
as well as cointegration between the real wage and the disper-
sion index [chi^2(3)=14.086 (0.0028) **] which have been rejec-
ted by the appropriate LR test. Imposing the over-identifying re-
strictions (wp=pr) it was identified the following restricted coin-
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tegrating vector that spans the cointegrating space as LR test
confirms [chi^2(1)=0.0057668 (0.9395)].

(3) wp=pr–0.0211196u–0.49360pq+0.00777disp–0.71541INT0.00159trend
(6.59)           (2.43)          (0.42)            (12.05)           (1.79)

As a consequence in the long run unemployment cointegrates with
real wage, productivity, price wedge and dispersion index. Em-
ployment dispersion index, disp, enters in cointegrating vector
with a low coefficient (0.00777), that is also not significant16 (t-
ratio 0.42), even though the sign is correct17. Actually it does not
make much sense interpreting coefficients of cointegrating vectors
as structural parameters18 and as regards this subject Lutkepohl
[28] and [29] showed why it is wrong to consider coefficients as
elasticity. In any case, a low coefficient of dispersion index could
also mean that mismatch, brought about by sectoral reallocation,
does not affect real wage in the long run.

It is now clear that to understand the links among variables
one has to consider not only the long run properties of the sy-
stem but also the short run structure of the model. This last
subject will be fully covered in the next Section.

20 Vincenzo Di Maro

16 Although the variable disp is not significant int the coitegrating vector, it
has a not marginal role in the short-run model, hence disp enters the short-run
system. Note that in CHIARINI B. - PISELLI P. [10], disp enters the first cointegra-
ting vector with a significant coefficient. This diverging result further confirms the
different ecometric features of the model estimated in CHIARINI B. - PISELLI P. [10]
with respect to ours, which can be explained with the different source of data (we
use new national accounting system data) and the fact that we do not consider
an "ambigous" variable like the worked hours in firms with more than 500 em-
ployees (and not in the industrial sector as a whole), that is used in the quoted
work.

17 The positive sign of dispersion index is consistent with CHIARINI B. - PISEL-
LI P. [10]'s findings. They found, however, 2 cointegrating vectors for the period
1975:1-1993:1. One possible explanation of this conflicting result could be the dif-
ferent variables' set used in CHIARINI B. - PISELLI P. [10] which includes also a proxy
variable for worked hours in the industrial sector.

18 If variables are in log form one could consider coefficients of vectors as ela-
sticity. LUTKEPOHL H. [30] has shown that this is correct only if one supposes that
when a variables moves, the others hold constant. The latter is clearly an unreal
assumption within a simultaneous system whereas, citing Lutkepohl's words, (eco-
nomists would like to know what actually happens in the real world).



5 - Modelling the Short Run

5.1 From Long-Run Findings to Short-Run Structure

The stationary relationship discussed in the previous section
represents an error correction term. It is now possible to refor-
mulate the VAR model using first differences of variables and in-
cluding explicitly the error correction term, ECM. Hence the
VECM including long and short run information becomes:

(4) ∆xt = Γ1∆xt-1 + Γ2∆xt-2 + αECMt-3 + ΨDt + µt

where ∆xt = [∆wp, ∆u, ∆pq, ∆pr, ∆disp], ECM represents the error
correction mechanism and Dt includes an intercept and three
dummy variables (d2q12, d91q1, d97q2).

From the OLS estimate (results are not shown but can be pro-
vided upon request) of model (4), it emerges that there is some
correlation among residuals of different equations. In particular
simultaneity emerges between the equations of productivity and
real wage and also between the equations of productivity and pri-
ce wedge. The FIML estimate, or full information maximum like-
lihood (see, among others, Harris [41] and Hendry [42]) has been
used to estimate a parsimonious version of the VECM that is
achieved dropping insignificant repressors out.

The simultaneous structural model is presented in Table 6,
where there are also multivariate diagnostic tests suggesting that
the model has white noise and normally distributed errors,
while univariate autocorrelation test for unemployment equa-
tion's residuals shows some problems [AR 1-4 F(4.32)=3.303
(0.0225)*].

Moreover LR test of over-identifying restrictions indicates that
the structural model encompasses parsimoniously the VECM
[chi^2(35)=16.4379 (0.9968)]. As one can notice from table the re-
siduals correlations matrix is not completely diagonal and, in par-
ticular, there are some problems in the productivity's residuals.
This fact is influencing the results of the impulse response analy-
sis, carried out in Section 6. Recursive tests, 1-step residuals and
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TABLE 6

STRUCTURAL SHORT-TERM MODEL FIML
(1984:Q1-1997:Q4)

T-values in brackets

∆wp=–0.0086458∆ut-2–0.24901–∆pqt-2–0.05963∆prt-1–0.031332∆dispt-1+
(1.60)               (2.21)                (0.75)               (4.27)

+0.0028189INT–0.071483ECMt-1+0.021622d91q1
(2.02)               (1.01)                 (2.70)

∆u= 3.780∆wpt-2–0.45376∆ut-1–1.0556∆dispt-1+1.2343∆dispt-2+
(1.05)           (3.39)              (1.16)               (1.41)

+2.6540ECMt-1–0.22290d92q12
(1.82)              (1.63)

∆pq=0.38914∆wpt-1–0.19838∆wpt-2–0.0083045∆ut-2–0.42248∆pqt-2+
(2.91)               (1.44)                (1.49)            (4.21)

+0.22955ECMt-1+0.0043650INT–0.026606d91q1–0.017353d97q2
(3.41)                (3.30)                (3.48)               (2.20)

∆pr=0.24997∆wpt-1–0.16390∆wpt-2–0.57773∆prt-1+0.072085∆dispt-2+
(1.22)           (0.81)              (4.44)               (2.10)

+0.51557ECMt-1–0.0041062INT
(4.55)              (2.02)

∆disp=0.046180∆ut-2–0.51108∆pqt-1+0.94075∆prt-21.0006∆dispt-1+
(2.51)                (1.57)                (3.77)               (8.48)

–0.39071∆dispt-2+0.71935ECMt-1+0.072805d91q1–0.06418d97q2
(3.33)                (3.21)                (2.72)               (2.37)

Residuals’ correlation matrix

dlwp du dlpq dlpr ddisp

dlwp –1,033
du 0,120 1,033
dlpq –0.083 –0.004 1,033
dlpr 0.270 0.100 0.250 1,33
ddisp –0.033 0.049 0.070 –0.33 1

vector diagnostic vector test
vector AR 1-4 F(100, 102) = 1.0609 [0.3833]
vector normality Chi^2(10) = 12.516 [0.2520]
vector chi^2 F(375, 103) = 0.58946 [0.9998]



the Break-point Chow test (not shown), eventually claim a good
stability of the model.

5.2 Main Features of the Estimated Model

The structural model's findings offer various hints to be di-
scussed. In particular it is worth discussing the following ones:

a) Lagged unemployment changes do enter significantly the
unemployment equation. This seems to give evidence of the pre-
sence of unemployment persistence, and so of the hysteresis phe-
nomenon. (see, among others, Blanchard and Summers [4], Lind-
beck and Snower [27]), Blanchard [3].

b) There is the possibility of a wage gap (wp-pr) in the short-
run as productivity changes have no significant effects on real wa-
ge. Therefore if productivity growth falls, real wage is expected to
remain unaffected, determining a wage gap, as Italy experimen-
ted19 in the 80s.

c) Lagged changes of the employment dispersion index enter
the unemployment equation. In particular t-1 term has a negati-
ve sign while t-2 has a positive sign. In other words when chan-
ges in the employment dispersion of the previous period tends to
rise, the actual change of unemployment should fall. This result
is quite peculiar and a possible explanation will be provided be-
low, referring to impulse response analysis.

d) Lagged unemployment change enters the real wage equa-
tion with the expected negative sign but the coefficient is very low
(-0.0086) as well as it not showing a satisfactory t-value (1.60).
This result does not seem very surprising considering that the Ita-
lian labour market is highly unionised, with a centralized bargai-
ning process where the "outsiders" have no role to play.
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19 In the 80s the scala mobile, a system of wage indexation, was revised. In-
come policy, which was able to revise wage indexation, started in 1983 with a ge-
neral agreement that brought about a 15% decrease of average rate of wage in-
dexation. Then, in first semester of 1984 government started linking wages' rise to
estimated inflation target. Later wage indexation mechanism was radically revised
and average indexation rate fell to about 50%. (SIGNORINI L. F. - VISCO I. [44]).



e) Real wage cointegrates in the long-run with unemployment,
price wedge and employment dispersion measure as well as pro-
ductivity. Moreover, it was tested if the wage gap (wp-pr) exists in
the cointegration space, that is if it is stationary, with the data rejec-
ting this hypothesis [chi^2(3) = 16.603 [0.0009] **]. These two out-
comes indicate a high degree of real wage rigidity that is confirmed
by the short-run structure: since the cointegration relation, ECM,
enters the wage equation with a coefficient (-0,071) that is non-si-
gnificant (t-ratio 1.01).

f) Price wedge has a negative effect on the real wage (the coef-
ficient is (-0.24). Hence any expansionary macro-policy that makes
price wedge rise reduces the real wage and, therefore, the unem-
ployment.

Before discussing the impulse response analysis is worth poin-
ting out that the analysis of this work is carried out on the ag-
gregate Italian labour market and it neglects some important fea-
tures of this market. For instance, the Italian labour market pre-
sents a remarkable dualism with the Northern labour market clo-
se to full employment whereas the unemployment rate in the
southern regions is about 25%20. In fact in many studies consi-
dering a dualistic labour market (see Bodo and Sestito [5], Chia-
rini and Piselli [9]), the southern unemployment rate is found not
significant both in the short and long -run with strong policy im-
plications. Furthermore, over the last fifteen years a striking chan-
ge in the structure of union membership has been observed, with
a remarkable increase in the number of pensioners and a signifi-
cant rise in membership in the southern regions. (Santi [39], CE-
SOS [7], Merolla [33] and Chiarini [8]).

Section 4 and 5 provided a good description of long- and short-
run properties of the model. However, it has not to be neglected
the simultaneous nature of the short run model that calls for a spe-
cial care when one interprets the signs and the coefficients of the

24 Vincenzo Di Maro

20 In 1965 unemployment in the Southern Italy was 6% while in the Northern
and Central Italy was 5,6%. In 1996 unemployment in the South was equal to
28,8%, about three times as large as unemployment in the rest of the country, that
reached 9,5% (BRUNELLO G. -LUPI C. - ORDINE P. [6]).



equations in Table 6. Only considering the simultaneous dynamics
of the model we can have a complete outline of relationships linking
variables of the system. The impulse response analysis, carried out
in the next section, tries to give an answers to this need.

6. - Impulse Response Analysis

Impulse response analysis consists of simulating an impulse
in one of the variables of the system and analysing response of
the whole system. In particular this analysis amounts to a dyna-
mic simulation, from an initial value of zero, where a shock21 at
t=1 in a variable is traced through (Lutkephol [28], Lutkepohl and
Reimers [31]).

Examination of the graphs of responses (responses to a shock
in ∆wp, ∆pq, ∆pr and ∆disp are shown, respectively, in Graphs from
7 to 10) gives useful information on both the stability of the sy-
stem and relations between variables. When an impulse in a dif-
ferenced variable is quickly absorbed by other endogenous varia-
bles22, one can conclude that there is a good stability in the sy-
stem, one of the main properties the model should have for
making results of simulations reliable23. Moreover it is possible to
know if impulses have a permanent (long-run) effect on levels of
the variables by examining accumulated responses24.
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21 The one-time impulse is of size one-standard deviation. Another possibility
could have been to impose a shock of unit size.

22 In the sense that all the endogenous variables return to their previous va-
lue if no further shocks hit the system.

23 As shown in the Table 6 of Section 5, the residual correlations matrix is not
completely diagonal and there are some problems with the residuals of the pro-
ductivity with respect to the residuals of the other variables. In that case ortho-
gonality of residuals is achieved through decomposition s (for example the Cho-
leski decomposition) of the residual covariances matrix that are affected by the
ordering of the variables in the VAR. The results of the impulse response analy-
sis, under these circumstances, have to be assessed with more care (see LUTKE-
POHL H. - REIMERS H.E. [31])

24 A shock imposed in period t=1 brings about a change in other variables for
a number of steps (in this analysis steps refer to quarters). Each step can be a ne-
gative or a positive change. When changes are absorbed regarding variables in dif-
ferences (that return to the initial value of zero), the new permanent level of the



Graphs 7-10 show that endogenous differenced variables when
shocked tend to return to their steady-state value after only few
periods, indicating that the system is quite stable.

A real wage innovation (see Graph 7) has the effect to make
the unemployment rate grow for about 5 periods. Afterwards it
converges to zero. The innovation seems to have a permanent ef-
fect on unemployment that settles at a higher equilibrium value.
This outcome is completely consistent with Layard, Nickell and
Jackman [25]'s unemployment theory25. Real wage impulse seems

26 Vincenzo Di Maro

variables can be worked out by adding up changes of various steps, that is
accumulating the responses.

25 In Layard, Nickell and Jackman's "battle of mark-ups" model the equili-
brium solution for natural rate of unemployment gives:

whereβ0 and γ1 represents respectively wage push and price push, and β1 and γ1are
wage and price flexibility. A real wage impulse can be thought of as an exogenous
increase of numerator in previous expression that clearly makes unemployment rise.
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+
β γ
β γ

0 0

1 1

GRAPH 7

RESPONSE TO AN IMPULSE IN ∆wp



to have no permanent effect on labour productivity. This still
further confirms the presence of a wage gap (wp-pr).

The reaction of the dispersion measure is peculiar since the
variable disp settles at a lower equilibrium value after the real wa-
ge shock. This result, together with the previous one (unemploy-
ment increases after real wage impulse), could be interpreted
against the hypothesis of a positive relationship between unem-
ployment rate and sectoral employment dispersion.

Actually when an exogenous shock brings about a rise in
unemployment, it means that there is a lower demand pressure
in the labour market and so reallocation across sectors is likely
to be quite low.

Graph 8 displays the effects of an impulse in the dispersion
measure variable. As expected the unemployment level is per-
manently higher after the shock. This confirms that when per-
manent26 reallocation across sectors is high, there is a mismat-
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26 The employment dispersion index used in the estimate is built as to catch
permanent part of employment reallocation across sectors.

GRAF. 8

RESPONSE TO AN IMPULSE IN ∆disp



ch effect having a negative outcome on employment. Actually in-
terpretation of the unemployment response to an employment
dispersion's shock seems to be much more intricate than it ap-
pears : unemployment tends to decrease just after the impulse
and only after some delay (about 6 periods) it settles at a per-
manently higher level. Real wage and productivity's response is
consistent with the temporary reduction in unemployment as real
wage goes down and productivity increases after the shock. This
peculiar behaviour of unemployment following the innovation in
the employment dispersion across sectors, suggests the following
interpretation. When employment dispersion is high, reallocation
across industrial sectors is in progress, or in other words this
means that there are growing sectors where labour demand is
high and other sectors from which employees are being expel-
led. At the outset of the reallocation, the firms in dynamic sec-
tors tend to employ more workers in order to allow their ex-
pansion and, therefore, they bargain over lower real wage. So-
me features of the Italian labour market could explain how firms
manage to lower wages during sectoral reallocation: first of all
firms can employ a huge number of low-specialised unemployed
people, especially coming from southern regions of Italy. Mo-
reover in the Italian industrial sector there is only low demand
for hi-tech employment27. Hence, firms in growing sectors do not
find it difficult to bargain lower wages since they need mostly
non-specialised workers. Employment growth in expanding sec-
tors is greater than the fall in contracting sectors' employment,
and so, at the beginning of the sectoral reallocation, aggregate
unemployment decreases. After some time (impulse response
analysis indicates 4 periods, or one year) unemployment begins
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27 There are several indicators that give evidence of a poor public and priva-
te demand in Italian hi-tech industries and in R&D sector. A comprehensive sur-
vey on the subject is the European Commission's "Key Figures 2001" on research
policies (EUROPEAN COMMISSION [16]), that shows several indicators worthy of com-
ment: patents per million population shows that Italy applied for only 62 patents
in 1999 with an EU's average of 125. Total R&D expenditure in relation to GDP,
then, is lower than in the EU as a whole (Italy:1.04 EU:1,92 in 1999) as is R&D
expenditure financed by industry in relation to industrial output (Italy: 0.60
EU:1.42 in 1999).



to rise and, finally, settles at a higher permanent level than the
initial value. This happens when the mismatch effect becomes
so great that it is able to offset the employment gain of the out-
set of the reallocation.

Previous interpretation of unemployment reaction to a shock
in employment dispersion is clearly limited and this should be
seen only as a suggestion for further analysis on unemployment-
sectoral reallocation links.

As far as response to a shock in labour productivity is con-
cerned, one can see from Graph 9 that unemployment tends to
decrease just after the shock is imposed. Then unemployment
starts growing only when employment dispersion begins to rise.
It is again confirmed that employment reallocation has an effect
on unemployment only after some delay. Something peculiar is
that the real wage settles at a lower level after the productivity
shock, even though change is very low (-0.01).
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Lastly Graph 10 reports the system's reaction to a price wedge
shock. The impulse has a striking effect on dispersion measure and,
therefore, on unemployment. In fact both variables take a lower
equilibrium value. The response of the real wage and the producti-
vity is consistent with previous movements as they both settle at a
lower value. Hence any expansionary macroeconomic policy that
brings about a price rise should be able to reduce unemployment.

7. - Concluding Remarks

In this paper we investigate the estimation procedure of the
NAIRU models. In particular the paper deals with the short- and
long-run effect of the employment sectoral reallocation on the
unemployment rate in the Italian economy.

A cointegrated VAR was used in order to carry out the esti-
mates. It is well known that this kind of methodology is an ef-
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fective way to overcome several problems affecting the standard
structural approach to the estimation of the NAIRU. Following
Spanos' suggestions, a model that has the property of statistical
adequacy is specified in this paper.

Empirical evidence provides several interesting results. Coin-
tegration analysis shows that real wage cointegrates with unem-
ployment, productivity, price wedge and the employment disper-
sion variable in the long run. Then stationarity of the wage-gap
(wp-pr) is rejected by the appropriate LR test. This seems to give
evidence of a serious rigidity of real wage.

A further result is interesting: a rise in the permanent shift of
the employment composition brings about a permanent increase
in the unemployment. This means that permanent employment
reallocation is a significant determinant of unemployment.

It is also worthy of comment that the effect of permanent
shift in employment composition on unemployment occurs only
after some delay. In particular impulse response analysis shows
that at the outset of the employment reallocation, the unemploy-
ment tends to decrease. After some time (impulse response analy-
sis indicates 4 quarters) the mismatch effect, brought about by
the reallocation, becomes so large that unemployment begins to
rise and settles at a higher permanent value.

Although this paper is not intended to discuss the policy mea-
sures eligible to face up to the phenomenon of the persistence of
unemployment, the results of the analysis suggest some simple po-
licy implication. The findings of the paper confirm some rigidity
in the Italian labour market. In particular the effect of permanent
sectoral employment shift on the unemployment rate can be con-
sidered as a sign of the need for structural policy measures. The-
se structural measures are above all those able to attenuate the
mismatch between labour supply and demand, which is one of
the main causes of the persistence of the unemployment28.
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28 The literature has pointed out, among others, the following measures: enhan-
cement in part-time work, simplification of the elaborate work regulation, mea-
sures that aim to reduce hiring and firing costs, favourable fiscal treatment for
firms that hire new workers or workers to be retrained, and above all measures
that aim to improve information on vacancies.



Finally, within a multivariate cointegrated space, the NAIRU
has to be thought of as a hyperplane with dimension n-r (n=num-
ber of endogenous variables and r=number of cointegrating vec-
tors), rather than as a single point. In this context it is possible
to investigate the NAIRU only taking into account the full system,
that is short-term structure and impulse response analysis.
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APPENDIX

1. - The Employment Dispersion Measure

The employment dispersion variable used in the empirical
part of this work has been derived on the basis of Neumann and
Topel [34]'s employment-based dispersion index . In particular it
was used an index based on employment distribution in 10 indu-
strial sectors according to the ISTAT classification, as that used
in Chiarini and Piselli [10] Construction of the sectoral shift mea-
sure undergoes 3 steps:

a) Define a direction of a permanent change.
Employment shares, λi, are defined as the ratio of sectoral

employment to the total industry employment, or

where ni is the employment in i-th sector and N is the total in-
dustry employment. Considering λ = (λ1, λ2,…λ10) a vector of em-
ployment shares, Neumann and Topel define the direction of a
"permanent" change in industry composition shift as follows:

(5)

Equation (5) represents the difference between moving averages
of future and past vectors of employment shares. The parameters
σi stand for smoothly declining weights while J is the time hori-
zon. In this paper σi =0,9J e J=8 quarters29.
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29 The choice of s in the smoothing procedure seems to be important in de-
scribing the behavi our of employment dispersion index. s should be chosen so as
to take into account peculiarities of the sample period.



b) compute the actual difference between current and past
employment distribution.

Given the equation (5) the difference between the current and
the past employment distribution is defined as:

(6)

c) determine the least squares projection of (b) onto (a).
Considering the difference (6) as a linear combination of a per-

manent effect and transitory component it is possible to write:

(7) ∆λt = βλ̂ + ∆λt
T

where:

β∆λ̂ is the least square projection of the current changes onto the
vector measuring the direction of "permanent" changes, and ∆λt

T

is the transitory (orthogonal to ∆λ̂) component. In the Neumann
and Topel's terminology, the vector measuring permanent shifts is
given by the following expression.

(8) ∆λt
P = β∆λ̂

When "permanent" shifts are zero, over time each sector keeps its
share of employment and each component of∆λt

P is zero. If em-
ployment shifts, shares will change in the future compared to the
past and, therefore, some components will not be zero. A measu-
re of the importance of the shifts among sectors is provided by
the Euclidean length of ∆λt

P:

(9)
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The scalar δt is the sectoral shift variable used in the esti-
mate.

2. - Variables And Sources

In the following table an outline of time series used in this
paper is displayed. In the first part of table there are time series
(upper-case) from which variables used in the estimates (lower-ca-
se) have been derived.

Sample period : 1984:1 -- 1997:4
Data frequency : quarterly
Sources: all variable refers to ISTAT's Quarterly National Ac-

counts except for unemployment rate, u, that comes from ISTAT's
Quarterly Labour Force Statistics, but it is in standardised version
provided by OECD.
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name description

RET Total gross compensation
ULAT Total standardized labour units
CFIK Private final consumption expenditure, constant prices
CFIC Private final consumption expenditure, current prices
VAPBC Base prices added value, current prices
VAPBK Base prices added value, constant prices
STUR Standardized unemployment rate (OECD)

algebra

w Gross compensation per employee RET/ULAT
p Private final consumption deflator CFIC/CFIK
wp Real wage w/p
q Base prices added value deflator VAPC/VAPBK
u Standardized unemployment rate (OECD) STUR
pq Price wedge (or relative prices) p-q
pr Labour productivity VAPBK/ULAT
disp Sectorial employment shift measure see Appendix 1
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3. - Unit root test

3.1 Augmented Dickey-Fuller (1984:1 1997:4)

3.2 Perron-modifiet (P-mod) (Perron [36]) e Phillips-Perron (Ph-P
test) (Phillips-Perron [37]) test per le variabili ∆u e ∆disp

critical values: 5%=–3.497 1%=–4.142; constant and Trend included

AR order ADF-t

wp 1 –2.0120
u 2 –1.9294
pq 3 –2.5933
pr 1 –2.8959
disp 2 –2.5866

critical values: 5%=–2.918 1%=–3.56; constant included

ordine AR ADF-t

∆wp 1 –5.0404**
∆u 1 –3.1207**
∆pq 1 –8.5347**
∆pr 1 –5.9907**
∆disp 1 –3.4324**

**=the test does not reject the null hypothesis at 1%
*=the test does not reject the null hypothesis at 5%

AR order ADF-t P-mod Ph-P test dummy

∆u 1 –3.1207* –8.0429** –3.2461* ∆add92q1
∆disp 1 –3.4324* –3.8721** –3.2325* ∆add91q1

**=the test does not reject the null hypothesis at 1%
*=the test does not reject the null hypothesis at 5%
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