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Abstract

The relationships between real wages, output per capita, inflation and unemployment in Italy
between 1970 and 1994, are modelled using a cointegrated vector autoregression. There is evid-
ence of achangein the underlying equilibriaand in the dynamic evolution of the variables, probably
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1 Introduction

Sargan (1964) sowed the seeds for many important changes in the practice of econometrics, especialy
in the analysis of macroeconomic time series. In thissemina paper, in addition to demonstrating empir-
ically how important ‘real-wage resistance’ isin wage bargains, so that there exists a‘ catch-up’ mech-
anism for recouping losses incurred from unanticipated inflation, Denis Sargan formulated and used a
new class of dynamic econometric modd that is now known as the ‘error correction model’ and plays
apivotal role in cointegration analysis. It gives us much pleasure therefore to dedicate to his honour
this study of the relationship between real wages, output per capita, inflation, and unemployment using
avector equilibrium correction model (VEqCM).

For many years after 1945 western European economies were able to maintain high rates of em-
ployment and modest rates of inflation. However, by the 1970s historically high rates of inflation were
being experienced, although unemployment rates were still low. This led numerous European countries
inthe early 1980sto switch the emphasis from high employment Keynesian-type policiesto tight monet-
ary policiesto combat the bogey of inflation. Hence in very broad terms there was a change in priorities
(frommaintaining ‘full’ employment to stabilizing therateof inflationat a‘low’ level), with aconsegquent
switch in the type of economic policies adopted. Therefore econometric modelling of wages, prices, un-
employment and output per capita for these economies may well encounter difficulties associated with
structural changes, unless the underlying changes in economic priorities and policies are accounted for
in the models. This paper develops models of the determination of wages and pricesin the Italian eco-
nomy, which athough having a number of common features with other European countries, has been
characterized by several particular features (such as wage indexation via ‘la scala mobile’), and since
the late 1970s the whole economy has experienced many changes.

Inview of the non-stationary nature of the databeing modelled, and the desire to embed the modelling
of real wagesin asmall system containing some of the macro variables relevant to wage determination,
the general class of model adopted is the cointegrated VAR (vector autoregression). Once the number
of cointegrating vectors has been determined the VAR is re-parameterized as a VE¢qCM (see Hendry,
1995 and Mizon, 1995). In addition to capturing changes in the short run dynamics of the system and
allowing for the effects of autonomous shifts via event-specific dummy variables, attention is paid to
changesin the equilibria of the system. Infact, thereisevidence of structural change having taken place
around 1980. Consequently, forecasting the events of the 1980s and 1990s using a 1970s-based VEqCM
model will be extremely difficult (seeinter alia Clements and Hendry, 1999, and Mizon, 1995). Whilst
forecasting the later period can be done successfully using a VAR in the first or second differences of
variables (denoted DVAR and DDVAR respectively), such models are less valuable for conducting eco-
nomic policy analysiswhich usually analyzes partial responses between the levels of variables, not their
changes. Banerjee, Hendry and Mizon (1996), Hendry and Mizon (2000), and Hendry and Mizon (1998)
present amore detailed discussion of these issues.

Section 2 provides a description of the major features of the sample data that are modelled in the
later sections, and briefly reviews the literature which has previoudly analyzed this sector of the Italian



economy. The class of statistical model used is described in Section 3. Sections 4 and 5 contain split-
sample analyses of a system for real wages, inflation, output per capita and unemployment for the 1970s,
and the 1980s and 1990s, respectively. Section 6 contains analysis of possible homogeneity across the
whole sample period using various tests for parameter constancy and forecast accuracy, and discusses the
alternative of analyzing an open system that conditions on other macroeconomic variables. Conclusions
are presented in Section 7. Details of the definitions and sources of the data are given in a Data Appendix.

2 The Sample Data and Historical Perspective

The sample data are quarterly seasonally adjusted for the period 1970(1) to 1994(4)!. wy is the log of
nominal average earnings which is referred to as wages, p . is the log of the consumer price index, so that
(w — p) , is the log of real wages and Ap ; is the quarterly inflation rate.  ; is the log of the percentage
unemployment rate. (y — 1) ¢ is the log of the ratio of real GDP to total employment which was used
in Sargan (1964) as a simple measure of productivity, though as discussed below this variable is closely
related to log labour share and a measure of the output gap. For further details see the Data Appendix.

Figure 1 contains full sample time plots of the main variables (w —p) ¢, (y — ) ¢, w ¢, Ap  and their
first differences.
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Figure 1  Full sample levels and first differences.

Although (w—p) +,u ¢ and (y — 1) ; appear to be dominated by positive trends, the dominant path of

LWe are grateful to Roberto Golinelli for kindly providing most of these data. Seasonally unadjusted data are not available
for all the chosen variables over this period.



Ap  rises strongly from 1972 to 1980 whereupon it falls to 1986, and then remains constant to the end of
the sample. A%p 4, A(w — p) ; and A(y — ) ; reveal greater variability in the earlier part of the sample.
Aw ; on the other hand behaves differently, having fairly constant variability throughout the sample, the
exceptions being two very short periods of high variability in 1973 and 1992. The correlograms (not
presented) of (w—p) ; and (y —1) « indicate nonstationarity for the full sample and split samples with the
break at the end of 1979. However, the correlograms for Ap ; and w ; exhibit different characteristics in
each of the periods 1970-1994, 1970-1979 and 1980-94. This evidence already indicates that there may
have been a structural change around the beginning of the 1980s. Hence it isimportant to consider some
of the relevant economic history for Italy and refer to other studies that have analyzed similar data sets.

Unemployment in Europe started rising in the late 1970s and has been one of the most serious social
and economic problemsfor many members of the European Union, seefor example Alogoskoufis, Bean,
Bertola, Dolado and Saint-Paul (1995). Italy is particularly affected by this problem, as the time plot of
the log of unemployment (u ;) in figure 1 testifies. One of the sharp changes in unemployment noted
above (up to 8%) came in 1973(2) just prior to the first oil crisis, and coincided with alira devaluation.
Between 1973 and 1975 the rate of unemployment fell to 6%, the rate that had prevailed for many years
previously. However, from 1975 the unemployment rate rose steadily, reaching 8% by 1980, and fur-
ther peaks of more than 12% (which corresponds to nearly 3 million unemployed people) in the period
1986-1988. Although there were reductions afterwards, it never fell below 10%. The available statistics
though require careful use. For example, the big fall in the final quarter of 1992 (the second of the big
changes noted above) is almost certainly the consequence of a major change in the questionnaire used
to collect the labour market data, so that the data pre and post 1992(3) are not comparable - thisissueis
discussed further in Section 5.

Figure 2 shows evidence of changing rel ationships between (w — p) ; and u ¢, and between Ap , and
u ¢ It isingructive therefore to consider the mgjor supply and demand shocks that affected the Italian
economy in the 1970s, 1980s, and 1990s - as done by Bean (19944), Bean (1994b), and Alogoskoufis
et al. (1995). The 1970s were dominated by the two ail crises, and by major increasesin the price of raw
materials more generally. These led to arapid increase in the aggregate inflation rate - see the quarterly
inflation rate Ap ; in figure 1. It is also evident from figure 2 that the relationship between v , and Ap ,
is quite different in the 1970s and in the 1980s and 1990s.? In the first decade the two variables exhibit
modest positive correlation ( +-0.21), which istypical in periods of stagfiation. In the second period the
correlation isnegative ( —0.79), which ismorein line with atraditional Phillips curve-type relationship.
However, these are bivariate descriptionsignoring the effects of other potentially relevant variables, and
the sequential regression linesin figure 2 indicate substantial variability in the plot of Ap , against u ;.

The 1980s began with a period of strong disinflation, which was achieved by means of arestrictive
monetary policy. Figure 3 highlights thisin the sharp fall in inverse velocity of money (m2 —p —y) in
1980 following the big increaseintheinterest rate (R). Note that prior to the adoption of atight monetary
policy in 1980 thereal interest rate (Real R) had been negativefor many quarters. Thisrestrictive policy,

2In the last two graphs Ap and « are scaled to have matching means and ranges.
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Figure2 Real wages, inflation and unemployment.

together with the stagnation of world demand, brought the economy into the descending phase of the
cycle after the peak in 1980(1).
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Figure4 Labour share, adjusted unemployment, and output gap.

The behaviour of the lira exchange rate and the balance of payments was also rather different in the
1970sand the 1980s - seefigure 3. Infact, therewere big depreciations of thelirain 1973(2) and 1976(2),
and other marked but less strong deval uations throughout the 1980s, culminating in the expulsion from
the EMS in September 1992. The net trade balance relative to GDP (NetT'rade/G D P) had a marked
increase in volatility from 1980 onwards. The strong improvement in Net Trade/GDP at the end of the
sampleismainly dueto the real exchange rate depreciation. The tight monetary policy introduced at the
time of thetemporary exit from the EMSin September 1992 (Italy rejoined the EMSin November 1996),
resulted in adramatic fall in GDP and an even larger percentage fall in employment so that output per
capita continued to grow.

A reform of the indexation law ‘la scala mobile’, which was introduced in 1975 to automatically
increase wages in line with inflation, began in 1982. The average degree of coverage was gradually re-
duced, while after an agreement in 1992 the automatic indexation was abolished - see e.g. Erickson and
Ichino (1994), Bertola and Ichino (1995) and the references therein for further details. Another pos-
sible explanation for the different labour market behaviour pre and post 1980 is the decline in union
power during the later period, which can be proxied by the decrease both in working hours lost in la-
bour disputes (Hours Lost in figure 3) and in union penetration measured by the fraction of eligible
employees who become union members (see Bertola and Ichino, 1995). However, throughout most of
the sample period Italian |abour law has provided enormous security of tenure for employed labour, and
so union membership in Italy isnot as good an indicator of bargaining strength asit isin other countries
such as the UK. Figure 3 also shows that capacity utilization (C'ap Util) declined in the early 1970s,



1980s and 1990s when there were recessions, but cross plots (not shown) of Cap Util with w ¢, Ay ¢,
and Hours Lost reveal essentially zero correations across the whole sample. Note though that from
1975 onwards there is a remarkable similarity in the movement (after re-scaling to match means and
ranges) of capacity utilization and a measure of the output gap, defined as trend adjusted log output per
capita- gap + = (y—1) + —0.005¢ (seefigure 4). Thelatter variable, which playsan important rolein the
subsequent analysis, can beinterpreted for a constant returns Cobb Douglas technology as the deviation
of output from capacity, or the log of output per capita as a deviation from capital per capita (proxied
by trend). However, the graph of log labour share (s ; = (w — p) ¢+ — (y — ) +) in figure 4 shows a
marked upward trend in the period 1970(1) to 1980(1) which isinconsistent with a Cobb Douglas tech-
nology, and not typical of the behaviour of labour share in awider historical perspective. Indeed, the
relatively constant mean that s, has after 1980 is more typical. Hence any equilibria that are estimated
using sample data prior to 1980 could contain non-sustainable features, and thus differ from long run
economic relationships even though they provide agood characterization of a particular sample of data.

From figure 3 the upward trend in total employment (Emp) from 1973 is evident. There was an
increased participation rate which was probably due to a mixture of demographic factors (such as the
baby boom of the 1960s and alower emigration rate), social factors (such as female emancipation), and
economic factors (such as unemployment benefits). Theincreasein labour forceisnearly matched by an
increase in employment up to the late 1970s, but thereafter there is a marked slowdown in employment
which underlies the increase in the unemployment rate. The big effects of the changes in definitions
in 1992, and the events surrounding the exit of the lira from the EMS in September 1992, are clearly
visible. Daveri and Tabellini (1997) arguethat increasesin labour taxation have also resulted in increased
unemployment. As afinal remark on labour force participation, note that the requirements for a person
to be considered as a member of the labour force are less stringent in Italy and Europe generally than
inthe US. According to theresultsin Micali (1990), if the unemployment rate for Italy were calcul ated
according to the US standards it would nearly halve.

In summary, thereisampleinformal evidence in the descriptive statistics presented above to suggest
that the series to be analyzed in the following sections have different characteristics pre and post 1980.
Similar informal evidence, contained in thefollowing table giving sample means and standard deviations,
shows there to be less volatility in al the price-related variables after 1980, with the same degree of
volatility in the output-related variablesin both periods. Although the mean of real wagesincreased after
1980, the mean rate of inflation was substantially lower. The means of the output-related variables all
increased after 1980. Also notethat the rates of growth of (w—p) ¢, (y —1) ¢, and therate of acceleration
of prices A?p ; have very different means and standard deviations pre and post 1980 - higher and more
volatile in the 1970s. There is however much less change in these statistics for w ¢.



Table 1 Descriptive Statistics

70(3) —79(4) 80(1) —94(4) 70(3) —94(4)

Mean SD Mean SD Mean SD

(w—p)¢ 3.235 0.108 3.526 0.083 3.413 0.170

Ap, 0.031 0.015 0.021 0.013 0.025 0.015

(y—10), 3.392 0.072 3.633 0.080 3.540 0.140
uwy 1.850 0.131 2.339 0.133 2.150 0.273 .

A(w —p)+ 0.012 0.021 0.004 0.012 0.007 0.016

A%py 0090 1.324  —0.070 0.716  —0.008 0.999

A(y—1)¢ 0.007 0.010 0.004 0.006 0.005 0.008

Auy 0.009 0.063 0.007 0.045 0.008 0.052

The presentation and discussion of the descriptive stati stics above has concentrated on univariate and
bivariate analysis, and is suggestive rather than definitive. Moreover, the inter-relationships amongst
the variables of primary interest are multidimensional and dynamic. Hence attention is now turned to
modelling amultivariate dynamic statistical system to characteri se the evol ution of wages, prices, output,
and employment in Italy between 1970 and 1994.

3 The Statistical M odel

Though the primary aim of this analysisisto develop amodel of wage determination similar to thosein
Sargan (1964), it is done within a small system rather than a single equation. The descriptive statistics
presented in Section 2 strongly indicate that most of the variables to be modelled are non-stationary,
and in particular well represented as | (1) or | (2) variables. It is therefore essential to adopt a systems
approach in order to accommodate the possibility of there being multiple cointegrating vectors. The set
of variables that are potentially relevant for the explanation of wage determination in Italy islarge (see
Erickson and Ichino, 1994 and Bertolaand Ichino, 1995), and so it is ot possible to jointly model al of
them using presently available system-modelling technology. Hence the value of the present modelling
liesintheinsightsit yieldsinto the properties of, and inter-rel ationshi ps between, the chosen small set of
variables. Although one of the findings is non-constancy in the equilibria of the system, it isimportant
to note that once a system is non-constant, increasing the dimension of the system will not remove the
non-constancy, irrespective of the properties of the additiona variables. The non-constancy is smply
reallocated to other equations, and leaves an equally complicated system to be modelled with different
non-constancies. A similar argument applies to the approach of opening the system, by conditioning on
variables(e.g., exchange rates and tax rates) that capture some of the underlying changesin the modelled
variables, since forecasting will still require an explanation of the changesin the conditioning variables
which in any case may not be weakly exogenous for the parameters of interest in wage determination.
The general system adopted for the subsequent analysis is a cointegrated VAR with deterministic



variables (such astrend, and event specific dummies) included. The VAR isanimportant and commonly-
used class of econometric model for linear dynamic processes. If the variablesto be modelled cannot be
well represented as amultivariate linear process then the VAR will not be congruent (see Bontemps and
Mizon, 1996 and Hendry, 1995), and thus will exhibit signs of misspecification. Were this to be the
case reformulation of the model (perhaps by variable transformation or by the inclusion of intervention
dummy variables), will often enable the reformulated system to be well characterised by a VAR. Hence,
provided that attention is paid to ensuring that it is congruent, the VAR can be expected to be awidely
appropriate statistical model to use for modelling economic time series.

For k lags on avector of n variablesx ; with ny deterministic variables q ¢, the corresponding VAR

k
x:=Y Ajx;+Kq,+e; with €, ~IN, (0,%). 1)

j=1
When Ajisann x n matrixj of autoregressive coefficients, K isan n x ny matrix of coefficients of
the no deterministic variables, and € ; is a vector of n unobserved errors which have a zero mean and
constant covariance matrix . When the variables being modelled x ; are | (1) but therearer < N
cointegrating vectors 3'x . which arel (0) , the VAR (1) can bewritten asavector equilibrium-correction
mechanism (VE¢CM: see Johansen, 1988, 1992, and Hendry, 1995) which is a multivariate extension
of the error/equilibrium correction mechanism introduced in Sargan (1964):

k—1
Ax = ZFijt_j+a (ﬁ,Xt—l) +th+€t, (2)

j=1
where A isthe first difference operator, I'; = — Zf:jH A;, and a and 3 are n x r matrices of rank
r such that @ = — (IN — Zle Ai). Identification restrictions are required to ensure uniqueness

of a and 3. Themodd in (2) isin 1 (0) space when correctly formulated, thus inference concerning
its parameters T'1, T's, ....T's 1, a, K and X can be conducted using conventional procedures. Since r
is not known a priori its value has to be determined empirically, and the procedure adopted in the next
sections is the maximum likelihood one devel oped by Johansen (1988) as implemented in PcFiml 9.21
(see Doornik and Hendry, 1997).

The properties of this system are conveniently considered for a second-order system (k = 2). The
possibility that x ; is1(2) is ruled out when the condition rank (o/, ®3,) = n — r is satisfied, with
® = (I, + af@’ —TI') being the mean-lag matrix, I'y = T', and o, and 3, aren x (n — r) satisfying
o a=p08=0suchtha (a : o) and (3 : B) arefull rank n. Univariate analysis of correlo-
gramsand unit root statistics suggested that w ; and p ; might bel (2), so we have chosen to model jointly
(w—p),,uy, (y—1), and Ap, as| (1) variables with deterministic changes represented by atrend
and dummy variables.?

Further, let Kq ; = d be avector of n constants, which covers most issues of substance, then (2)
becomes the VE¢qCM:

Ax; =0+ af'x_1 +TAx_1 + €. ©)

3Independent unpublished analysis of our data by Hanne Lyngesen has confirmed that there areno | (2) featuresin the spe-
cification that we adopt.



As pointed out in Hendry and Mizon (1993), when both Ax ; and 3'x ; are | (0), the variables grow at
the vector rate E[Ax ;] = -, and ther dimensional equilibrium of the systemisE [3'x ;]. Thelong-run
solution of thesystemisaE [3'x ¢ = Iy — ')y — §, 0 letting E [3'x ¢] = p impliesthat

6=y -T)y—oap (4)

and yields:

(Axy—v) =a(Bx—1—p) +T(Ax1 —7) + €. 5)
Whenx ; isl (1) and r is correctly specified all termsin (5) have zero means, and since A (3'x ¢) isthe
difference of a stationary variable, 3’4 = 0. These latter » restrictions together with (4) identify ~ and
w, dthough both § and v aren x 1 and p isr x 1. When § isrestricted to liein the cointegration space
(0 = —au) the system has no growth since~ = 0.

In addition to requiring that x , be a most | (1) , the Johansen (1988) procedure for determining r
requires the parameters of the VAR to be constant. However it is well known that it can be difficult
to distinguish between deterministic shifts and unit roots in linear | (1) systems (see for example Per-
ron, 1989, Rappoport and Reichlin, 1989, Hendry and Neale, 1991, and Campos, Ericsson and Hendry,
1996). Hence dtatisticsfor testing parameter constancy have important rolesto play in evaluating there-
lative merits of alternative models for time series variables which might be subject to regime shifts, and
in assessing whether conditionsrequired for the valid application of procedures such asthat of Johansen
(1988) are satisfied. In particular, since parameter non-constancy impinges on testsfor the existence and
dimension of cointegrating spaceit seems appropriateto test the hypothesis of parameter constancy prior
to testing unit root hypotheses. In multivariate contextsthisisthe approach adopted for example by Cle-
ments and Mizon (1991) and Hendry and Mizon (1993), who used recursive estimation as a convenient
and powerful approach to assessing parameter constancy. Recursive estimation is valuable in assessing
the number and location of break pointsin asystem. However, interest is sometimes focused on the pos-
shility of a single break point, and there are a number of test statistics available for such hypotheses,
for example the single equation test statistics described in Chow (1960) and the system test statistics as
implemented in PcFiml (see Doornik and Hendry, 1997). These procedures are implemented in Section
6 to provide formal evidence of the presence of structural changes.

4 First Period Analysis

In the next two sectionsthe results of estimating and evaluatinga VAR like (1) for the split samples 1970-
1979 and 1980-1994 are discussed.* The general approach adopted to the modelling isthat described in
Mizon (1995). Clements and Mizon (1991) and Mizon (1995) provide a similar analysis for this sector
of the UK, and Golinelli (1997) and Binotti (1994) related analysesfor Italy.> Golinelli (1997) modelled

4All the empirical results were obtained using GiveWin 1.25 and PcFiml 9.21 (Doornik and Hendry, 1997).
®Modigliani, Padoa Schioppaand Rossi (1986) and Baici (1992) adopt amore structural approach, relying on aLayard and

Nickell (1985) type of model. Fabiani, Locarno, Oneto and Sestito (1996) focus on the effects of income policy on unemploy-
ment, with a particular emphasis on the most recent period. The review paper on wage determination in Italy by Sestito (1993)
also provides some useful insights on unemployment, and further references.
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annual datafor (Aw, Ap, pr,v) (withv = (Aw — Ap — pr)), in our notation over the period 1951 to
1996, and found only one cointegrating vector. Binotti (1994) modelsa set of quarterly variables corres-
ponding essentidly to x* = (w ¢, u¢, (y — 1) ¢,p+). It was possible to reproduce closely her results by
modelling x* asaVVAR(5), estimated over her sample (1970(1)-1990(4)). Yet, thisre-estimation sugges-
ted the existence of two cointegrating relationships and not one as reported in Binotti (1994). Moreover,
w ¢ and p ; could be better represented as| (2) rather than | (1) processes, while the transformed variables
X, =(w=p)t,u,(y—1)¢,Apy) aedl 1 (1).

From the discussion in Section 2 many other variables could be relevant for explaining the dynamic
inter-rel ationships between wages, prices, unemployment, and output per capita, including interest and
exchange rates and measures of fiscal and monetary policy. Initialy, rather than attempt to model such a
large system, attention isconfined to modelling the 4 variablesinx ; jointly with up to 4 lags, and determ-
inistic components including an unrestricted constant, plus a trend restricted to lie in the cointegrating
space. The following impulse dummies, each of which is associated with known events, were included
to avoid the effects of outlying observations D732, D733, D762. In 1973 there was a general increase
in the price of raw materials and the first oil price shock in its third quarter. In the second quarters of
both 1973 and 1976 there were substantial devaluations of the lira - more than 10% with respect to the
US dollar and the Deutschemark.

In determining dynamics of the VAR sequential likelihood ratio tests indicate that the third lag of the
variablesisnot required, whilethe second oneis. Hence an unrestricted VAR(2) for x ; was estimated by
OLS for the sample 1970(4) to 1979(4), and Table 2 presents the single equation and vector diagnostic
test statistics, with associated p-values given in square brackets. Theincluded statisticsare: single equa-
tion residual standard deviations &, p* order serial correlation AR(p), heteroscedaticity H, ¢'" order
autoregressive heteroscedasticity ARC' H (q), normality N test statistics; and their system versionswhen
enough degrees of freedom are available (see Doornik and Hendry (1997) for more details). Onthebasis
of the outcome of these tests, none of them reject the null hypothesis at the 5%, it is reasonable to con-
clude that thisis a congruent unrestricted VAR.

Table 2. System Diagnostic Statistics

(w—p) u (y—1) Ap system
& 1.7% 4.84% 0.72% 0.75% —~
AR(3) 2.15 [0.12] 0.29 [0.83] 1.10 [0.37] 1.21 [0.33] 0.83 [0.73]

[
ARCH(3) 1.15 [0.36] 0.22 [0.88] 0.67 [0.58] 0.65 [0.60] -—

H 0.19 [1.00] 0.17 [1.00] 0.67 [0.76] 0.46 [0.90] 184.5 [0.40]
N 0.84 [0.66] 3.66 [0.16] 1.02 [0.60] 3.06 [0.22] 6.11 [0.64]

The next step was the determination of r, the number of equilibrium relationships among the
variables. Table 3 reports the results for Johansen’s Max (= —TIn(1—pu,)) and Trace (=
=T In(1— p;))test statistics, together with the values of the eigenvalues, 1. ;, and thevalue of the
maximized likelihood function apart from aconstant (which isdefinedas! = —7'/2> 7 In (1 — p;))
(see Johansen, 1988 or Johansen, 1995 for details). The Max and T'race test statistics are not adjusted



11

for degrees of freedom, and the critical values used are given in Osterwald-Lenum (1992); * and **
indicate rejection at the 5% and 1% level of the hypothesis that the rank is < (r — 1). We note that
Doornik, Nielsen and Hendry (1998) recommend use of the T'race statistic without degrees of freedom
adjustment. The first two eigenvalues 1; are substantial, suggesting that # = 2 might be appropriate.
Actually, they are significantly different from zero on the basis of the maximum eigenvalue and trace
test statistics, so that we continue the analysis under the hypothesisthat # = 2.

Table 3: Cointegration Statistics
r 1 2 3 4
l 648 662 669 671
[ 0.66 0.52 0.33 0.09
Max 39.36™ 27.35% 14.94 3.41
Trace 85.07"* 45.71* 18.35 3.41

Table 4 shows the first sample equilibria resulting after imposing non-rejected over-identifying re-
grictionsthat weretested using aL R statistic, (when eqmay; indicatesthe i mean-adjusted equilibrium
correction term given by (3'x; 1 — p) inequation (5) with fi1; = —1.91 and f1;2 = —2.66), and their
related adjustment coefficients &; (Standard errors are in parentheses).

Table 4: First Period Equilibria (7 = 2) and Adjustment Coefficients

eqmany = s vk QA3 ue= 083 =1+ 191 & =1 Q=2
' ' - - 039 087
(w=p)e (0.15)  (0.29)
eqma127t = Ap t+ 0.09 u t— 0.88 ((y — l) tt— 0.005 t) + 2.69 Ut 0
(0.02) (0.11) -1, 0.24
x%(2) = 1.18 [0.56] (equilibria) (0.05)
x2(5) = 2.75  [0.74] (equilibria and feedback) Ap (%gg) - (%.Ei%

The resulting first relationship indicates that labour share decreases with unemployment and in-
creases with output per capita. The negative effect of unemployment is similar to that found in the wage
equation reported in Sargan (1964), and can be interpreted as weak demand for labour ceteris paribus
leading to afall in labour share. In addition, labour share increasing with output per capita can be inter-
preted as asignal of the strong power of employed labour (higher output per capita is accompanied by
higher real wages), combined with the conseguences of the wage indexation system (“Scala Mobile”)
that was introduced in 1975.% Also recall that labour share, unusually, increased throughout this period.
This equilibrium term exerts asignificant effect on the rates of growth of all the variables, except unem-
ployment, and the signs of the reactions are as expected.

The second relationship admits an augmented Phillips curve interpretation. Inflation decreases with
increasesin unemployment, but increaseswith excess output per capita (positive deviations of output per

5Dummy variables associated with this event were not statistically significant.
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capitafrom its sample trend), which can be also considered as a proxy for excess demand or the output
gap as discussed earlier. Deviations from this equilibrium significantly affect real wages and inflation.

Further inspection of the estimated adjustment coefficients &; shows that unemployment is uninflu-
enced by any of the disequilibria, and so it isweakly exogenous for the parameters of these first sample
equilibria. As a consequence, one of the two stochastic trends driving the system is represented by the
cumulated residuals of the unemployment equation. This provides preliminary evidencein favour of an
hysteresis explanation for unemployment in the 1970s, namely, shocks to the unemployment rate tend to
have permanent effectsby increasing the natural rate of unemployment, seee.g. Blanchard and Summers
(1988).

The VE¢CM, where the first differences of the variables are regressed on their first lags, a constant
and the two equilibrium relationships in Table 4, is aso congruent. It was therefore used as a basisto
derive areduced model in terms of the rates of growth of the variables. The results of FIML estimation
are reported in Table 5, together with diagnostic tests. The reduced model imposes 22 over-identifying
redtrictions, that are accepted by aLR test (x?(22) = 24.86 [0.30]), and none of the diagnostic statistics
indicates a problem with this specification.

Table 5: First Period Reduced Model

A(w—p), =—0.25egmaris—1+ 0. 52 eqmaiz—1+ 0.013 + 0.05 D733
(0.11) (0.19) (0.003)  (0.02)
Au g =0.15 D732— 0.24 D733
(0.05) (0.05)

A(y — l)t =0.21 eqmany ¢—1+ 027 A( — l)t 1— 0. 04 Auy_1+ 0.003
(0.04) (0.11) (0.02) (0.001)

002 D732+ 002 D733
(0 7 (0.008)

A%p, —(% 18) eqmany t—1— (063) eqmayz—1— (0 18) A(w —p)t—1— (057) A?p_y
+ 0.014 D732+ 0.035 D762
(0.007) (0.006)
A(w—p) Au Ay —1) A?p system
o 1.74% 4.75% 0.72% 0.72% -
AR(3) 174 [0.19] 1.62 [0.21] 148 [0.24] 2.39 [0.09] 0.99 [0.51]
H 0.93 [0.56] 0.36 [0.97] 0.87 [0.60] 1.41 [0.20] 0.90 [0.72]
ARCH(3) 032 [0.81] 039 [0.76] 0.05 [0.99] 0.71 [0.56] —
N 124 [0.54] 1.61 [0.45] 3.26 [0.20] 0.87 [0.65] 6.16 [0.63]
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A first characteristic to be noted isthat no contemporaneous variables are significant in the equations.
Thismight be aconsequence of thelevel of temporal aggregation of thedata- seee.g. Marcellino (1999).
The growth of real wages depends mainly on deviations from both equilibria, with the appropriate signs.
Itisremarkablethat unemployment hasno direct short run effect on real wages, eventhoughitisinvolved
in the real wage equilibrium egmas 1 ;. Unemployment appearsto be arandom walk without driftin this
period, which accords with it being weakly exogenous for the long run parameters of the system, and
providesfurther evidence for the hysteresistheory. The growth of output per capitais affected primarily
by its own lag, suggesting a certain degree of persistence, by lagged changes in unemployment, and by
thefirst equilibrium with an appropriate adjustment coefficient. Finally, the changeininflationisrelated
to both equilibria, to its own lag, to past growth in real wages, and has no autonomous drift.

5 Second Period Analysis

Attention is now turned to modelling x ; in the period 1980(1)-1994(4), and comparing the results with
those for the 1970s in the previous section. The starting point is again the construction of a congruent
VAR for the variables, which provides the basis for the satistical analysis. The following deterministic
variableswere included: aconstant, atrend (restricted to lie in the cointegrating space), three step dum-
mies Divorce (1981(3) and 1981(4)) when there was a deval uation and the “divorce’ between the Bank
of Italy and the Treasury, D92.Shi ft (covering 1992(4) to 1993(4)) aperiod of strong devaluation follow-
ing the exit of thelirafrom the EMS, De flate for the tight monetary policy leading to arecessioninthe
period 1980(1) to 1982(2), plus DUnemp (1992(4) minus 1993(2)) for the change in definition of unem-
ployment. Therole of DUnemp (which was entered unrestrictedly in the cointegrated VAR) in correct-
ing for datamis-measurement isillustrated by the graphsof «; and ua; in figure4, when ua; isunemploy-
ment adjusted for the change in definition obtained as the residua from regressing u, on the partial sum
St DUnemp; over the sample 1980(1) - 1994(4). In fact, ua ; = w4+ 0.11833 "', DUnemp;.
The fact that the resulting estimates are essentially invariant to re-estimation with data to 1992(3) only,
lends support to the use of this dummy variable. Simplifying the dynamics whilst requiring the VAR to
be congruent, led to the choice of lag length two, asin the first period.

Table 6 indicatesthat the resulting VAR(2) passes all diagnostic controls, with borderline valuesonly
for the normality test in the real wage equation and the serial correlation test for the output per capita
equation.

Table 6. System Diagnostic Statistics
(w—p) u (y—1) Ap system
& 0.90% 3.21% 0.54% 0.46% -
AR(4) 0.90 [0.47] 0.38 [0.82] 2.47 [0.06] 1.91 [0.13] 0.81 [0.83]
H 0.19 [1.00] 0.66 [0.82] 1.18 [0.34] 1.28 [0.28] 0.72 [0.99]
ARCH(4) 1.85 [0.14] 0.36 [0.84] 0.31 [0.87] 0.57 [0.69] —
N 5.86 [0.05] 0.39 [0.82] 2.48 [0.29] 1.30 [0.52] 10.5 [0.23]
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The Max and Trace statistics in Table 7 indicate that » > 1 is appropriate. In view of the small
sample, and the fact that the critical values used do not alow for the dummy variables, we chose # =
2. Thisisfurther supported by the eigenvalues of the companion matrix having a complex pair with
modulus 0.93, and the next largest eigenvalue being 0.73. The congruence of the restricted VEqCM
which includes the two equilibrium correction terms in Table 8, and their strong statistical significance,
provide further support for this hypothesis.

Table 7: Cointegration Statistics
r 1 2 3 4
l 1151 1160 1167 1173
i 0.68 0.25  0.21 0.19
Max 68.38* 16.88 13.74 12.71*
Trace 111.7"* 43.33* 26.45* 12.71*

Table 8 shows the second period equilibria (egmas;) resulting from imposing non-rejected over-
identifying restrictions, and their related adjustment coefficients (standard errors are in parentheses).

Table 8: Second Period Equilibria (7 = 2) and Adjustment Coefficients
eqmagy ¢ = s ¢+ 0.13 w;— 0.39 (y —1) ¢ +1.22 & i=1 i=2
(0.08) (0.05)
(w—p): — 033 0.51
(0.09)  (0.29)
eqmags s = Ap 1+ 0.08 u¢— 0.64 ((y — 1) ; — 0.005t) 4 1.89 Uy 0 0
(0.02) (0.05) _ _

) o (y—0)¢ —013 0.62

Xx“(2) =2.29 [0.32] (equilibria) (0.06)  (0.19)
x%(4) = 3.05 [0.55] (equilibria and feedback) Ap (%igf) - (10-.919)

The number of equilibriaisequal in thefirst and second periods, these equilibriasatisfy the sametwo
over-identifying restrictions, have similar interpretations, and the coefficient of trend in the output gap
variable, gap + = (y — 1) + — 0.005t, is the same for both periods. However, the coefficients of output
per capita change markedly across the two periods. In the first equilibrium, labour share still decreases
with unemployment and increases with output per capita, though the absol ute value of the coefficient of
the latter is 27% smaller than its value in the 1970s. This change probably reflects a decline in labour
power - recall the decrease in hours lost in labour disputes (figure 3) - and the modifications leading to
the abalition of the wage indexation system in the early 1980s.

In the second equilibrium, the Phillips curve, the coefficient of unemployment is virtually the same
asin the 1970s, but that of the output gap decreases in absolute value by 12%. This can be interpreted
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as demand shocks having alower effect on inflation, which is probably due to the more active monetary
policy specifically aimed at reducing inflation. This latter interpretation though suggests that egmass ;
might be better normalized on the output gap.

u ¢ remains weakly exogenous for the long run parameters so that unemployment is still one of the
two stochastic trends driving the system, which remains consistent with an hysteresisinterpretation. On
the other hand the adjustment coefficients of (y — [) ; to both equilibria are markedly different, which
again probably reflects the changed rel ationship between output per capita and the wage and price vari-
ables resulting from the changed policy stance on infiation.

The unrestricted VE¢gCM using the mean-adjusted equilibriafrom Table 8, egmas; ¢+ and egmagz ¢,
when estimated by OLS was congruent. Hence a simplified model was devel oped, the FIML estimates
for which are reported in Table 9. This reduced model parsimoniously encompasses the unrestricted
VEGCM (x*(25) = 18.65 [0.81]). Asin the 1970s, no contemporaneous variable proved relevant,
which is compatible with the type of variables under analysis. None of the single equation diagnostic
statistics indicates a serious problem, though there is some serial correlation in the (y — 1) ; residuals
and heteroscedaticity in those of the A2p ; equation. All the system diagnostics are satisfactory.

Table 9: Second Period Reduced Mode

A(w— =—0.31 _1+ 0.55 _1— 0.27 A(w — p)i—1— 0.65 A?p,_
(w—p), 0.06) eqmagi t—1+ 0% eqmagg t—1 o1 (w — p)i—1 015 Pt—1
+ 0.008 — 0.023 D92Shift+ 0.034 Divorce
(0.001)  (0.004) (0.006)
Auy = — 0.17 DUnemp
(0.02)
Ay —1 =—0.14 _1+ 0.68 1+ 0.19 A(w — p)g_1— 0.05 Awuy
(y—1)+ 0.03) eqmazi i1+ L5 eqmagat—1+ 007 (W —p)i—1 003 Ug—1
+ 0.004 + 0.01 Deflate
(0.001)  (0.004)
A%p, =0.20 eqgmasy - 1— 0.86 eqmasga; 1+ 0.14 A’p,
(0.03) (0.09) (0.07)
— 0.02 Deflate+ 0.007 D92Shift
(0.002) (0.002)
Aw—p), Auy Ay —1) A%p, system
5l 0.84% 3.48% 0.55% 0.47% —
AR(4) 0.83 [0.51] 1.24 [0.31] 2.78 [0.04] 1.78 [0.15] 0.59 [0.99]
H 0.25 [1.00] 0.92 [0.56] 1.41 [0.20] 2.52 [0.01] 1.02 [0.43]

ARCH(4) 242 [0.06] 0.63 [0.64] 028 [0.89] 1.05
N 408 [0.13] 023 [0.89] 226 [0.32] 0.41

0.40] —
0.82] 6.18 [0.62]

— — — —
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From Table 9, A (w — p) , reacts negatively to both past changes in inflation and to its own past
growth. Inaddition, it adjusts appropriately to both equilibrium correction terms, and has a positive drift
of about 3% per annum, which is lower than in the 1970s and further decreases in the final part of the
sample (as measured by the coefficient of D92.Shi ft), as a conseguence of the changesin the wage set-
ting processintroduced in July 1992. Therate of growth of unemployment isarandomwalk in thissmall
system, but is affected by the change in definition viathe DUnemp dummy variable. Hence, asin this
first period, unemployment is modelled as an integrated process unaffected by the other variablesin the
system, which is coherent with the hysteresis theory and it being weakly exogenous. Growth in output
per capita reacts appropriately to eqgmas ;1 and eqgmasa 1, negatively to rea wage disequilibrium
and positively to inflation disequilibrium respectively. Thisis a change from the results for the 1970s
in which output per capita growth only depended on egmaj; ;1. It aso reacts appropriately to lagged
growth in real wages and unemployment, and has an autonomous drift of about 1.5% which is lower
than that in the 1970s. The reaction of price acceleration to the two equilibriais normal, and thereis no
drift, whichisreassuring to guarantee astablelow level of inflation, asrequired by the Maastricht Treaty.
In addition, the negative response to De flate indicates the success of the tight monetary policy in the
early 1980s. The positive coefficient on D92Shi ft appears to be offsetting for the declining values of
eqmas ¢ a the end of the sample.

In summary, unemployment is well modelled as an integrated process unaffected by the other vari-
ables in the system for the whole period 1970-1994, which provides support for an hysteresis interpret-
ation. However, after 1980 there were changes both in the equilibria and in the dynamic evolution of
the other variables under analysis, especially real wages and inflation. Inflation respondslessto demand
shocks (lower coefficient on (y — 1) ; in eqmasy ), and much more to egmass ¢ in the second period.
Also, theinstitutional and policy changes that took place in the 1980s appear to have led to wage mod-
eration, with real wages evolving in line with output per capita but not inflation, but still not reacting to
increased unemployment in the latter part of the sample. The major changes in both the equilibria and
the nature of the reduced model between the two periods lies in the role of output per capita.

6 Evidence of Structural Change

From the graphs in Section 2 it was evident that there was a marked change in the behaviour of sev-
eral variablesinthelate 1970s or early 1980s, associated with major changesin theinstitutional setting.
The results in Sections 4 and 5 provide some support for this hypothesis, by highlighting substantial
differences both in the short run dynamics and in the equilibrium relationships amongst the variables,
especialy (y — 1), in the two sub-periods. In this section we analyze this issue in more detail, noting
that recursive estimation techniques, apowerful tool for stability analys's, are not very useful in our case
since the number of observations required to initialize the procedure only allows us to evaluate reliably
whether stability holds from the mid 1980s onwards.

Firstly, we note that even if the VAR and the reduced model are congruent and provide good stat-
istical representations for the variables in the 1970s (see Section 4), they perform badly in forecasting
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all variablesin the 1980s and early 1990s. Figures 5 and 6 give the 1-step ahead forecasts for the period
1980(1) to 1994(4) using the first period unrestricted VAR, and dynamic forecasts for the same period
using the reduced model respectively. The major forecast failures are over-prediction of (w — p) ; and
under-prediction of Ap ., which are primarily due to the changed coefficient of (y — 1) ; in the two equi-
libria across the two periods leading in turn to the changes in the equilibrium means noted above. Also
notice that the unemployment equation fails to explain the change in definition of 1992(4) which was
unknown in 1979(4). Thedifferencein the estimated cointegrating coefficients between the two regimes
yields corresponding shifts in the means of the equilibria - the means of the two equilibriafor the first
regimeare ji;; = —1.91 and fi;0 = —2.69, whereas those for the second regime are fi2; = —1.22 and
fi22 = —1.89. One of the key findings in Clements and Hendry (1999) is that shifts in the equilibrium
means are amajor cause of predictivefailure, henceit isnot a surprisethat thefirst regime model suffers
forecast failurein the second period. Formal statistical testsfor forecast failure are presentedin Table 10.
Hendry, 1995 page 435 givesthe definition of the Wald test statistic F'1 used below. F2 differsfrom F'1
by taking into account parameter uncertainty in computing the variance-covariance matrix of theforecast
errors, see Doornik and Hendry (1994) for further details. Asto be expected both F'1 and F2 strongly
indicate forecast failure.

Table 10. Forecast Statistics
F1 F2
VAR(240,24)  20.05** [0.00] 2.54** [0.00]
Model(240,33)  5.11** [0.00]  3.62** [0.00]
DDVAR(240,33) 0.52 [1.00]  0.50 [1.00]

Clements and Hendry (1999) show that forecasts based on modelling A?x ; in a VAR are robust to
in-sample shiftsin equilibrium means. The statistics given for the DDVAR in Table 10 in showing the
absence of forecast failure illustrate this result, and provide further confirmation of the hypothesis that
there was an important change in the equilibria

Secondly, the evidence for asingle regime, rather than two separate regimes, providing an adequate
characterization of the data was evaluated directly. An unrestricted VAR(2) for x ; with a constant, re-
stricted trend, and the seven dummy variables that were used in the split sample analysisincluded, was
estimated by OLS for the sample 1970(4) to 1994(4). The result was a highly non-congruent model,
as evidenced by the system serial correlation test £'(80,227) = 1.52 [0.01] and vector normality test
x2(8) = 15.98 [0.04]. Although the major reason for the non-congruence of the full sample model
appeared to be outliers, increasing the lag length to 5 did not improve the results. Further, though it was
possible to get amodel in which none of the diagnostic test statistics was significant by introducing ad-
ditional dummy variables, the resulting cointegration analysis was inconclusive on the number of coin-
tegrating vectors (r = 1 or 2), and the equilibria were difficult to interpret economically. Furthermore,
although the estimated unrestricted VAR(2) for x ; with a constant, restricted trend, the seven dummy
variables, plus a step dummy for the second period restricted to lie in the cointegrating space, was con-
gruent and indicated that 7 = 2, the resulting equilibrium coefficient estimates were very different from
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thosein either Table 4 or Table 8 and difficult to interpret.
As athird possibility, we evaluated whether the structural changes in the Italian economy could be
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captured by some of the variables that we described in Section 2. In particular, we considered the role
of thereal interest rate, asaproxy for monetary policy, the effective exchange rate and the net trade bal -
ance weighted by GDP, to take into account the fact that Italy is an open economy, and the hourslost in
labour disputes, as aproxy for the importance of unions and more generally for the climate in the labour
market. Up to four lags of each variable were included as exogenous regressorsin a VAR for the full
sample period, and non significant variables were sequentialy eliminated. The resulting specification
passes all diagnostic tests, and therefore it appears that the exogenous variables manage to proxy reas-
onably well the changing characteristics of the economy. Yet, when the model isused for forecasting the
behaviour of the variables from the early 1980s onwards or from the late 1980s onwards, there are ma-
jor forecast failures. Thisillustrates the argument presented in Section 3 that conditioning on variables
(e.g., exchangerates and tax rates) that capture some of the underlying changesin the modelled variables
cannot remove forecast failure, since forecasting will still require an explanation of the changesin the
conditioning variables.

Hence despite the non rejection of the same restrictions on the equilibria of the two periods, and the
fact that resulting restricted equilibria were broadly similar, there is strong evidence suggesting that the
equilibriain the two periods are different. We conclude that the split-sample analysis of Sections 4 and
5 remains more reliable than the alternatives considered.

7 Conclusions

This paper has illustrated the potential value of equilibrium correction mechanisms for small system
modelling of the evolution of wages, prices, output per capita, unemployment, and inflation similar to the
single equation modelling done by Denis Sargan in hisfamous paper Sargan (1964), but for an economy
subject to substantial structural change. Modelling macroeconomic time series for economies that have
experienced cons derable changeis both achallenge and potentially highly informative about underlying
structural relationships. Economies that present these opportunities are of many types. two leading ex-
amples are the economies of central and eastern Europe which have moved from being centrally planned
to using decentralized markets,; and the economies of western Europe that have relied less on Keynesian
polices and more on monetarist ones, as well as undertaking major programmes of de-regulation and
privatization. Attempting to model the evolution of wages, prices, inflation, output per capita, and un-
employment in such economies is prone to many difficulties. The many changes that took place in the
foreign exchange and labour markets, in monetary and fiscal policy, and in financial deregulation, are
probably linked to these difficulties. Noting the turbulence in this sector of the Italian economy between
1970 and 1994, it has been important to adopt methods of accommodating change within the framework
of the vector equilibrium correction model. These haveincluded choice of lag length, the use of dummy
variables, modelling conditionally on related macroeconomic variables, and modelling separate regimes.
The last provides an illustration of the fact that equilibrium correction mechanisms do not error correct
to changesin equilibrium means and growth rates, and is the most satisfactory option considered.
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8 Data Appendix

The data are quarterly seasonally adjusted for the period 1970(1) to 1994(4), seasonally unadjusted data
for these dl variables being unavailable. By units of labour is meant the number of employed people
without alowance for number of hours of work. Thisis apotential source of difficulty since some flex-
ibility in the employment of labour is achieved via varying the hours of work. Equally, if the composi-
tion of the labour force - self-employed and non self-employed - has changed over time this may have
an important influence on the data being analysed. Total earnings are the nominal earnings plus social
insurance contributions for non self-employed workers (including professional, manual, and services).

Table Al. Definitions of variables
Source
otal earnings non se fem oye
w Wwages ltngtsl of la.bugur non sellf emli)llub;e(ii ISTAT
P prices CPl (1990=100) ISTAT
% unemployment rate
U unemployment ’ e ISTAT
for total employment
Y GDP GDP (constant 1985 prices) ISTAT
Y/ L OUtpUt per Capl ta total unit(s}]afP all labour ISTAT
M2 M2 money ISTAT
effective exchange trade weighted exchange OECD
Eff Exch
rate rate (1990=100) 1656009H
. long term Treasury OECD
R interest rate
bond rate (% pa) 165578AH
OECD
Net Trade net trade balance f.o.b.-c.i.f. (billionslira)
16765103
rate of capacit OECD
Cap Util - cap Y Business tendencies survey (%)
utilization 163088F0
timelost in labour OECD
Hours Lost hours lost _
disputes (’000s hours) 16429880
seasonally adjusted - OECD
Emp people (millions)
total employment 16426580
Net Trade/GDP s L
Real R R/400 — Ap

Notethat for al variableslower case |etters denote the natural logarithm of the upper casevariable. The
employment variable was seasonally adjusted by regression on seasonal dummy variables.
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