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Introduction

After the seminal paper by Nelson-Plosser (1982) a lively debate developed in U.S.A on the
issue of the existence of a unit root in us GNP series (see Summers, De Long (1988), Campbell,
Mankiw (1987), Cochrane (1988), Christiano, Eichembaum (1990), Christiano (1992), Rappoport,

Reichlin(1989) Perron (1989)). Summing up the debate we may summarise three main positions:

A) Nelson and Plosser argue that the USA quarterly per capita GNP time series for the period 1945-
1980 has a unit root and stress the importance of the technological factors (i.e., permanent component
versus transitory one)! in the GNP per capita time series. This result deemphasises the importance of

economic policy measures from the demand side. Christiano, Eichennbaum and Mankiw get roughly the

same conclusions.

B) De Long, Summers (1988) object to this view on the basis of the analysis of a longer GNP per capita
time series for the USA. They find that for the period (1890-1985) the USGNP series has a unique trend
and does not exhibit a unit root; on the other hand, splitting the series in two sub samples (1860-1929
and 1945-1985, skipping the data for the 1929-crises and the second world war period) the first part of
the series has no unit root, while the second post WW series shows a unit root. Their conclusion was
that in the first period the presence of a strong transitory component was due to the lack of keynesian-
type policies, while in the second period the presence of a unit root confirmed that keynesian policies

were effective in dampening the transitory component. Their point, therefore, stresses the importance of

demand side policies.

C) Rappoport and Reichlin (1987, 1989) suggest that in presence of big shocks occurring infrequently,
the representation of an economic time series with a DS model is inappropriate and that is more suitable

to use a2 TS model with breaks. Perron (1989), in the same years, shows that the GNP series has not a

IFor a comprehensive survey of the linkages between stochastic and deterministic trends and the decomposition of time
series in permanent and temporary components sec Lippi (1992)
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unique trend, but presents two segmented trends in correspondence of the 1929 breakdown and of the
1973 oil shock. He claims-that if the 1929 crisis and the slowdown in growth after 1973 are not
realisations of an underline time-invariant stochastic process but can be thought as exogenous
phenomena, "(_.) then the conclusion is that the many macroeconomic time series are not characterised
by the presence of a unit root. Fluctuations are indeed stationary around a deterministic trend function"
Following Perron's suggestions we test the hypothesis whether the behaviour of the Italian GNP series
from 1890 to 1990 is better represented by a unit root process or by a trend stationary model with
breaks; our results are not only interesting from a statistical point of view, but also from an interpretative
one. They shed some light on three important economic issues: the existence of different regimes of
growth in the Italian economy during the last century, their time span, and last but not least, the

importance of keynesian policies in the process of economic growth.

The existence of a segmented trend in Italian GNP series 1890-1992

Inspecting the plot of the log of the Italian GNP series? (Figure 1), we see that the trend rate of
growth changed infrequently suggesting that the underlying data generating process can not be
represented by a random walk-like function. Moreover, this conviction is also supported by the

examination of the plot of the first and second differences of the same series (Figure 2 and 3).

2The annual data are taken from the work by Rossi. Sorgato and Toniolo (1992). They revised the existing national
account statistics for the period 1890 to 1990. taking into account new estimates of GNP for two benchmark years (1911
and 1951) recently produced. We thank the authors and specially Prof. Rossi for providing the data series. Statistical
manipulations were performed by using RATS program. version n.3.02 1986-1988.
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Figure 1: The log of the Italian GNP
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Figure 2: First differences of the log of Italian GNP
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Figure 3: Second differences of the log of Italian GNP
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What clearly emerges is that the Italian economy was characterised by the same regime of
growth for the entire period 1890-1939, as shown by the amplitude and frequency of accelerations
which is different from the one in the subsequent sub period. Furthermore it is also different from the
one after the 1973 oil shock.

These findings reinforce the idea that big changes occurred in the way of the economic machine
worked, suggesting the existence of segmented trends in the Italian GNP series.

Perron (1989) demonstrated that in presence of such structural breaks a spurious unit root
emerges, and it may not vanish even asymptotically. Consequently we used a TS model with breaks
similar to the one proposed by Perron, with some modifications in order to take into account the specific
features of the Italian economy during the 20th century.

Perron in his analysis of GNP behaviour put two break points in 1929 and 1973 for the simple
reason that the two shocks are historically much more important than any other economic shocks in the
economic history of the 20th century. His choice is made on a a priori ground.

In the economic growth of the Italian economy there are three great shocks: the two world
wars which in any sense are also economic shocks and the first oil shock.

The two wars had different effects on the Italian economic system: while the first WW acted like an
engine of growth of the Italian industrial sector for the entire period 1915-1918, the effects of the
second WW were quite different. In particular the period 1943-1945 witnessed a great destruction of the
Italian economic system, in particular its infrastructure. Starting from 1946 onwards the Italian economy
experienced a structural change in its growth path, which was subsequently modified by the first oil

shock.

The model and estimation results

In the present section we proceed to test the trend-stationary model with the breaks as

mentioned above. Let { 32 } be the residuals from a regression of y, on, respectively, a constant, a time
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trend, a dummy indicating a change in the slope and a dummy that takes into account a change in the

level of the series. Moreover, let ﬁ’ be the least squares estimate of {3 in the following regression:

Fo=P, e, = 12T [1]

We proceed to test the null hypothesis B =1. Perron (1989) provides the distribution of the statistics of
interest, namely the normalised bias, T([)" 1)and the / statistic on ,ZJ’ The series {j‘,} corresponds to the

residuals we have been obtained from the following regression by using OLS

y, = a+Bt+y,DUM15+ y,DUM16+ y ,DUM17 + y,DUM18 + v, DUMA43

+ 3, DUM44 + y, DUMAS + $, LD46 + $,SDA6 + $,SDT5 + &, o)

& =0"(L)O(L)u, =,

where the u, are i1d(0,62 ), DUM;i, i=15..18 and 43..45, represent the dummies used to eliminate the
effects of the wars, while LD and SD are, respectively, the dummies introduced to capture the changes
in the level and in the slope of the series occurred, respectively, in 1946 and 1975.

All the parameters of the regression are statistically significant and the goodness of fit, (i.e., the

R? statistic, corrected by the number of regressors (RZBAR)), is 0.998. (see Table 1, Figure 4).



Table 1: Estimated value of the regression [2]

VARIABLE COEFFICIENT STAND. ERROR T-STATISTIC
constant 10.826 0.10077E-01 1074.29
trend 0.2292E-01 0.32211E-03 71.173

DUMI15 0.8813E-01 0.36285E-01 2.428
DUMI16 0.1774214 0.36284E-01 4.889
DUM17 0.21642 0.36285E-01 5.964
DUMI18 0.2803 0.36290E-01 7.723
DUMA43 -0.1143 0.37317E-01 -3.063
DUM44 -0.2986 0.37394E-01 -7.987
DUMA45 -0.5655 0.37473E-01 -15.091

LD46 -2.051 0.57879E-01 -35.431
SD46 0.3107E-01 0.85985E-03 36.141
SD75 0.61999E-02 0.25319E-03 24.487

R2=09986 R?BAR=09983 RSS=0.1174 DW=1.1391

Figure 4: Plot of the actual and fitted values of the log of the Italian GNP.




Then, we tested the stationarity of the residuals {j,} applying both the graphical analysis of the
correlogram, (see Box, Jenkins (1976)), and the standard Dikey-Fuller test methodology. The
correlogram shows a substantial stationarity of the residuals, with serial correlation decaying quite
quickly, even if they could not be considered as a white noise process (Figure 5), as we expected

looking at the Durbin-Watson statistic reported at the end of Tab. 1.

Figure 5: Correlogram of the residuals resulting from the regression equation [2]
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Relating to equation [1] the value of B is 0.384 which results in a value of the statistics T(B-1) equals -
61.6. Perron has tabulated the different critical values following the different models proposed (with a
level change only, with a slope change only, with both a level and a slope changes). We can reject the
null that the residuals of the regression [2] contain a unit root even taking the highest (in absolute terms)

critical value contained in the tables proposed by Perron (-44.75).

By using a segmented trend we get a representation of the data coherent with the interpretation of
important economic facts, in a satisfactory statistical method, i.e. at the same time capturing the first and

second moment non-stationarity contained in the data.



We should note that by introducing a segmented trend the coeflicient of the lagged GNP
consistently reduces, passing from 0.949 to 0.395; in other words, the unit root is consistently reduced if
we allow the model account for the breaks. In order to check how robust are the results obtained we
carried over an F-test in view of test whether or not the introduction of a segmented trend in a model
with a unit root, is able to reduce in a sensible way the sum of the squared residuals (RSS). To reject the
null hypothesis of non-existence of a sensible reduction in RSS it must be shown that the introduction of
the time variable contributes substantially to explain the behaviour of the time series. Indeed, usually the

introduction of a time variable when the data generating process contains a unit root does not reduce the

variance of the residuals.

The test is structured as follows. Let RRSS and URSS be the residual sum of squares, of),

respectively, the restricted and unrestricted model. They can be written as
yi=a,+pt+o LD+, +é,
g, = iid(0, 7))

for the restricted model, and

¥, = @+ B+ @ LD+ aSD + 9, 4,

v, =iid (0, Gf )

for the unrestricted model. We can write down the test as the ratio?

_ RRSS —URSS (T K ) ~ F(m. k) B]

) URSS

m

3 For the formal derivation of the test. see Spanos (1986).
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where m represents the number of restrictions, 4 is the number of variables involved, 7'is the sample size
and LD, SD are the dummies indicating, respectively, the changes in the levels and in the slopes.

The numerical value of the test statistic (/) is 40.64, with m= 3 and k=13 Hence we strongly reject the
possibility that the restricted and the unrestricted models may be equal, the size of the test is in fact

a=0.025. In other words, the segmented trend plays an important role in explaining the time behaviour

of the sertes.

Again, to stress the robustness of our results compare the different forecasting performances of
the model containing a unit root and the one with a segmented trend plus an autoregressive component.
The introduction of an autoregressive component allows to entirely capture the serial correlation
contained iﬁ the residuals of equation [2] (Figure 6).

Figure 6: Correlogram of residuals obtained by introducing
an autoregressive component in equation [2]
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In particular, we compare the absolute values of the forecast error one and two step ahead
computed by estimating the models on the sub period 1890-1980. The numerical results show that the
one step ahead forecast error when using the segmented trend model is ten times lower than the one we

get by using a random walk process with drift. The better performance of the TS model is confirmed in
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the two step ahead forecast experiment. In this case the value of the forecast error for the segmented

trend model equals 0.021 while the value for the random walk is 0.020.

UNIT ROOT TEST AND SEGMENTED TREND

In this section we show that applying the unit roots test on the entire sample and on the
subsample, we get evidence in favour of segmented trend.
Adopting the simplest formulation of the Dickey-Fuller in order to test the presence of a unit

root in the data, we compare the following alternatives

O: yt :yr~l +gr

against the alternative

H,: Y, =a+pt+oy, , +¢

where ¢, is a white-noise innovation and & is less than one. Following the literature, firstly proposed by
Fuller (1976) and Dickey, Fuller (1979), we estimated three models: the first, containing only the
autoregressive component; the second, containing both a drift and an autoregressive component; and
finally, an equation containing both a linear trend, a constant and the autoregressive part. On the entire

sample 1890-1990 and using the critical values tabulated in Fuller (1976), we accepted the null



hypothesis only when we include the trend and the constant (table 3) with a confidence of 95%

rather weak result since we find the existence of a unit root only in one model.

Table 3: Estimated values for the unit root test

In squared brackets the critical values: in round brackets the values of the /-statistic

.Thisis a

constant trend Yiq lg
4y, -- -- 0.002340 4.963
[-2.24;1.64]
4y, -0.03486 - 0.0052 0.79864
(-0.4423) [-3.17;0.26]
4y, 0.5645 0.001743 -0.0517 -1.7612
(1.810) (1.985) [-3.73;-0.62]

Putting aside statistical weakness, if we split the series in two sub-samples (1890-1945 and 1946-1992)

we accept the existence of the unit root only in the latter sub period, as long as we use the model with a

trend and a constant (see table 4, a and b).

Table 4: Estimated values for the unit root test considering different sub-samples
In squared brackets the critical values: in round brackets the value of the /-statistic.

a) Sub-sample 1890-1945

constant trend Yo lg
Ay, - - 0.000923 .887
[-2.25;1.66]
4y, 0.4323 - -0.0367 -1.5013
(1.540) [-3.22;0.29]
Ay, -0.8324 0.002726 0.080399 0.723979
(-0.6919) (-1.0810) [-3.80;-0.58]




b) Sub-sample 1946-1992

constant trend Yiq lg
4y, - - 0.003593 8.2645
[-2.25;1.66]
4y, 0.5391 - -0.0379 -5.608
(6.1456) [-3.22;0.29]
Ay, 1.4132 0.004389 -0.1327 -3.5136
(3.999) (2.544) [-3.80;-0.58]

These results support the idea proposed by DeLong and Summers (1988), that the effectiveness
of 'fine tuning' economic policies in reducing temporary fluctuations -- policies widely adopted after the
second world war -- allows the permanent part of the fluctuations to emerge with more evidence.
According to this realisation we report in Tab. 5 the sample variances of the first differences of the log
of Italian GNP calculated for the three sub-periods 1890-1945, 1946-1974, and 1946-1992 as well as an
F-test* to verify the null hypothesis that all sample variances are equals. To reject this hypothesis, as we
do, implies, in our case, that the volatility of the Italian GNP has experienced a consistent reduction after
the second world war, i.e. in the period when keynesian policies were implemented. We can agree with
the economic conclusions proposed by De Long and Summer, but we deem them to be built on fragile

statistical grounds. Further researches able to discriminate between temporary and permanent

4The general expression of an F-test. implemented to verify if two variances are si gutficanty different. takes the following
form:

Se o
5
v

n-tan-t

where szi, 1=x,v, represents the sample variances of the two subsamples. », m, indicates the sample sizes and o is the size
of the test. i.e. the probability of rejecting the null hvpothesis when true. We accept the null hypothesis that the two true

" oo

2 are equal when Sy F . and reject otherwise.

. - (r-lan-1e)
p)

i 2
vanances. o4, ¢ v

R



determinants of the fluctuations, of the same type proposed by Blanchard and Quah (1989), should

sheed more light on the robustness of their, and our, economic conclusions.

Table S: Sample variances of the first differences of the log of Italiann GNP and F-fest calculated for
the different subperiods

YEARS SAMPLE VARIANCES NUM. OF OBSERVAT.
1890-1992 0.3303E-2 102
1890-1945 0.4374E-2 55
1946-1992 0.1376E-2 47
1946-1974 0.1471E-2 29
1975 1992 0.4211E-3 18

F-test
HYPOTHESIS SAMPLING CRITICAL
’ VALUES VALUES
(o = 5%)
VAR(1890-1945)
VS 2.9735 1.75
VAR(1946-1974)
VAR(1890-1945)
Vs, 3.1788 1.64
VAR(1946-1992)

To verify the idea that the finding of a unit root is statistically unsound we implemented the
criteria recently proposed by Kwiatkowski e7 al.(1992). They perform tests based on the null hypothesis
of stationarity around a linear trend, instead of a null of the presence of a unit root in the data. The test
statistic, which is a Lagrange Multiplier (LM), takes the following form. Let &~ the estimate of the
error variance (the sum of squared residuals, divided by T) from the regression of y on an intercept and a

time trend. Then define the partial sum process of the residuals as
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S, =) ¢ r=12,.....T [6]

Then LM statistic becomes

T
IM=YS}/5, [7]

t=1
Critical values under the null are supplied by Kwiatkowski ef al. (1992). These analytical results hold
under the hypothesis that the errors of the regression are independent and identically distributed (iid).
However when the residuals are not iid the appropriate denominator of the LM statistic became a
consistent estimate of the 'long run variance', defined by Kwiatkowski as

im 77'E(S;)

o =1
T

which enters into the asymptotic distribution of the test statistics. As a consistent estimate of o2,

denoted by s2(/), we adopted the following

st (1) = T"Zr:ef +27" i(l —s/(I+1)) iefe,_s [7]

s=1 r=5+1

where (1-s/(/+1)) correspond to a particular, and arbitrary weighting function. The specific function
chosen represents the Barlett window, widely used in spectral analysis: it guarantees the non-negativity

of s2(/); / is the truncation lags. Then the test statistic becomes

n=T72%.8/s() [8]

—
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Our results are showed in Table 6. It should be pointed out that the test presents a unattractive
trade-off between correct size and power of the test, when the sample size ranges between 50 and 100.
In particular, choosing / large enough to avoid size bias in the presence of realistic amounts of auto
correlation will make the test have very little power. As we can see from the table, the values of the test
statistics is fairly sensitive to the choice of /, and in particular it decreases as / increases. In the presence
of large and persistent positive auto correlation in the series the denominator of [8] increases
substantially as / increases. Kwiatkowski ez al. (1992) found that a good compromise is reached when
I=8. We calculated the test statistic for /=0, /=1 and /=8. As we expected, since the series under analysis
is highly temporally dependent, the values of the statistic is very volatile depending on the fact that we
did not correct for error auto correlation at all -- that corresponds to set /=0. But in this case iid errors
are not plausible under the null hypothesis, and failing to allow for auto correlation is not recommended.
Based on the estimated value for 7, when /=8, we could not reject the null hypothesis of a trend-
stationary GNP.

To strengthen the results and make them more comparable with those obtained in the standard
Dickey-Fuller experiment above, we calculated the same statistics for the sub-periods 1890-1945 and

1946-1992. In both cases we could not reject the null hypothesis of trend stationarity, even with a size

of 2.5% (critical value = 0.176).

Table 6: 7 test for trend stationarity of the Italian Real GNP

lag truncation parameter (/)

Series -0 1 8

1+ 1% critical value is 0.216

log of Real GNP 1890-1992 1.789 0.937 0.245
log of Real GNP 1890-1945 0.379 0237 0.138
log of Real GNP 1946-1992 1.111 0315 0.175
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As we may see from Table 6, we can weakly reject the null hypothesis of trend stationarity over
the sample 1890-1992. Hence the results seem to confirm the existence of a unit root in the data.
However, by splitting the sample in two sub-periods, in both cases we cannot reject the null hypothesis
of trend stationarity in any of the two subperiods. On one hand, this partially contradicts the preyious
findings shown in tab. 4 a), b), where we could not reject the null hypothesis of the existence of a unit
root in the data. Secondly, we think that the fact that in the two sub-samples we accepted the trend-
stationarity hypothesis while we rejected it in the full sample, could represent an indirect confirmation of
the existence of, at least, two segmented trend in the data, with the residuals being stationary around
them.

Since we cannot reject either the unit root hypothesis or the trend stationary one the
appropriate conclusion should be that the data are not sufficiently informative to distinguish between
these two hypothesis. However, in our opinion this also confirms the accuracy of the analysis firstly
proposed by Rappoport, Reichlin (1989) and Perron (1989): adopting the approach implemented by
Nelson, Plosser (1982), if the true data generating process from which the time series is drawn contains
a segmented trend, the trend-stationary representation of such a time series is rejected much more often

when true in favour of a representation containing a stochastic trend.
Concluding remarks

From the analysis of the Italian GNP we found that a segmented trend is the best model that
capture the non stationarity in the first and second moment present in the data. Hence the results
obtained appear to strongly confirm the validity of the approach firstly proposed by Rappoport, Reichlin
(1989) and Perron (1989). Moreover, we concluded that, on statistical ground, is not possible to
discriminate between a trend-stationary representation and a difference-stationary one, if we based the
test either on the traditional Dickey-Fuller approach or on the new one recently proposed Kwiatkowski

et al. (1992). Both are performed specifying a non-segmented linear deterministic trend.



Using the segmented trend approach we accepted in the Italian GNP series the existence of two
important breaks that allows us to detect three different trends over the entire period: 1890-1945, 1946-
1974 and 1975-1992. It seems reasonable, from an economic point of view, to talk about three different
regimes of growth for the three different periods. What we mean by different regimes of growth are
different types of economic organisation, characterised by the implementation of different type of
economic policies, the presence of dissimilar "régimes salariaux", a changed international environment:
these kinds of exogenous different ways of organising the entire economic activity may be reflected in
the statistical behaviour of the data (see the various works of the French regulation school, such as
Aglietta (1976) Boyer (1986), Boyer and Mistral (1982)).

What we do emphasise is that although big changes in the underlying trend occur infrequently
and take time in fully displaying their effects, we can detect with reasonable good precision the break
points of these changes: they may be sudden and pervasive like the one after the second world war, or
less pronounced like the one occurred after the first oil shock.

Our view is that the information given by the statistical methodology must be complemented by
external informations, coming from economic history. By quoting Christiano (1992), the usual approach

in choosing breaks in time series analysis is the following one:

“(..) In practice, researchers use a combination of data plots, consultations with
colleagues, and formal techniques to select a break date, which is then tested for
statistical significance (..)"

Criticising this approach, he finds that the only break-point that still look statistically significant
for the GNP of U.S. is neither the 1973.2 oil shock, nor the 1966.1 tax-cut or the deregulation
beginning in 1980.2, but the 1950.2 date. This may be sound or debatable from a statistical point of
view, but the point at issue is: "What is a permanent shock?"

In our opinion, a big shock is the one which affects permanently the behaviour of economic
agents in a lasting way; 1.e., they remember it for quite a long time from its occurrence. This cannot be

decided only by means of a statistical examination of the data, but also on a historical evidence..



The economic implications of choosing a segmented trend against a random-walk-like
mechanism to represent the growth process, are that the greatest part of the changes in the economic
system may be considered as a sort of "by-product” of cyclical fluctuations during which the economic
system undergoes continuos changes along a growth path, described by a linear trend. At some historical
point these changes are of such importance that, in presence of a big exogenous shock, they cause the
underlying trend to shift upwards or downwards. In our opinion, the segmented trend representation is
the best one available to depict such movements, at least for the Italian economy over the period 1880-
1992.

To make historical examples, the growth of the Italian economy from the second post-war until
the mid-seventies may be described as the alliance among the fordist mass methods of production, the
Beveridge ideas on a social plan, and keynesian demand management policies. Such a framework
describes a "regime of growth quite different from the previous one, 1890-1948. In this period there has
been no substantial changes either in the economic system, in the enacted economic policies, or in the
social framework.

The period 1949-1974 is also different from the following one, during which keynesian demand
policies were questioned, the social system has been put under severe stresses and, from a technological

point of view, the methods of production are quite different from the "Fordist" method of production.
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