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1. Introduction®*
This paper is the continuation of a previous research (G. Cifarelli (1983))
in "which a macrorational model was developed and estimated using Italian
data over the 1960-1979 time period. This very model is used in t'ne. tests
Set forth below.
The Natural_Rate of Unemployment with Rational Expectations model
=in the various versions- implies thats
-Ianticipated money supply changes (and anticipated changes in other policy
instruments) are reflected in price changes only, having no effect on output
and employment;

- unanticipated changes in economic policy instruments only are reflected
on output changes.

This is the "economic policy ineffectivene-ss" proposition: it depends
upon the assoclation of the Natural Rate of Unemployment and of the Rational
Expectations hypotheses, which are thus of p;xramount importance.

These hypoteses have i:een investigated in this paper comparing neutral
and nonneutral versions of the model that include the (maintained) Rational -
Expectations hypothesis, and comparing Rational and non-Rational versions
of the model that include the (maintained) Natural Rate of Unemployment
(neutrality) hypothesis.

The “economic policy ineffectiveness" proposition has also been investi-

* Paper submitted in October 1933.




gated directly by means of a Granger causality test between output and eco-
nomic policy stimuli, and by means of an analysis of the reaction of the model
estimates to changes in the lags with which data,are assumed to enter the

information set the public uses to derive expectations.

2. An Outline of the Main Difficulties

The estimation of models incorporating the hypotheses mentioned above
brings about econometric problems that have been faced in different ways,
glving rise to a variety of empirical specifications.

A first difficulty is associated with the gquantification of anticipated
stimuli, which play a relevant role in models of this kind, the actua!l value
of these stimuli being unobservable.

A second problem arises because of the so-called “observational equi-
valence", mentioned by T.J. Sargent (1976a) between natural and non-natural
rate of unemployment (ouput) relationships.

The expectations of the public about an economic stimulus have been
quantified by moving averages, over a certain number of time periods, of
the past value of this stimulus: such an approach has been used by A.H. Meltzer
(1377), M. Fratianni (1978), P. Korteweg and A.H. Meltzer (1978) and others.

Sometimes anticipated stimuli have simply been set equal to the previous
time period value of these very stimuli. Such an approach has been followed

= by A. Fourcans (1978) and P. Korteweg (1978).

Alternatively the anticipated stimulus is the fitted value of an auto-

regression of this very stimulus on its own past values, autoregression that
can be estimated by means of OLS or by means of Box and Jenkins approaches.
The latter technique has been used by M. Fratianni (1978), P. Korteweg (1978)
and E.J. Bomholff (1980)“).

Unanticipated stimuli have been obtained by subtracting from the
original series the chosen anticipated stimuli proxies.

Both the moving average and own autoregression approaches have been
used in our empiriéal investigations below.

Anticipated prices (i.e. Rational Expectations about prices) have been
obtained as fitted values of OLS regressions of prices on anticipated stimuli.
Alternatively anticipated prices have been obtained as fitted values of OLS
regressions of prices directly oﬁ the determinants of anticipated stimuli, i.e.
on the elements assumed to enter the information set of the public. Such
an approach has been followed by J. Rutledge (1974), B.T. McCallum (1976)
and T.J. Sargent (1973, 1976).

"Observational equivalence" brings about severe restrictions on the
neutrality propositior;.

This problem can be dealt with in various ways: at an intuitive level
it is required that iat.;tors that influence price ekpectations do not enter
directly the output relationship (i.e. fhe Lucas supply curve). Otherwise the
latter becomes liable to a nonneutral interpretation, being indistinguishable
<from a standard Keynesian reduced form between output and factors that

(2)

influence prices .



This problem has been investigated by R. Barro (1977, 1978), B.T. McCal-

fum (1979, 1979a) and M.H. Pesaran (1980).

3. Macrorational Models Specification Tests
3.1. Lucas Supply Curve Tests.
At an intuitive level Rational Expectations and neutrality tests can
be developed in two ways:
a) - comparing (the quality of fit) of neutral and nonneutral versions of rela-
tionships incorporating the Rational Expectations hypothesis;
b) - comparing (the quality of fit) of Rational and non-Rational Expectations

versions of relationships incorporating the neutrality hypothesis.

3.2. A Simple Macrorational Model,
Consider the standard Lucas supply curve:
()] yYo* o+ ﬁynt + 7 (Pt -P:) UL
where
- Pt = rate'of change of consumer prices;
- P; a expected rate of change of consumer prices;
e 3 rate of change of real output;
r Yitpen trend rate of change of output. In the empirical investigations below
we assume that:

(3)

Yy .= Clyt-l or that ynt 3 clyt-l + czy,‘_2 + csy,t_3 .

nt

We assume that the behaviour of prices can be explained by means

of the following reduced form:

() Pta AMt+BZt+C+u2t .
where
-M 55 ra;te of change qf the money supply;
-Z o] vector of predetermined variables.that influence inflation.

In the empirical investigations below, we assume that:

Ze2 ®rot & Ve P

where
- Pm ¢ ¢ rate of change of import prices expressed in Italian lira;
- e, » rate of change of the volume of Italian exports.

The aggregate supply relationship, equation (I), incorporates the Natural
Rate of Unemployment hypothesis about the behaviour of economic agents:
unexpected increases in the general price level raise supply because economic
agents interpret such increases as increases in the relative price of the goods
they are supplying, and they usually receive information about the price of
their own goods faster than about the general price level. As a consequence
unanticipated increases in the inflation raté have an expansionary effect on
output, raising its rate of growth above the trend rate.

We assume economic agents believe price determination to be explained
by equation (If),

Taking expectations of equation (Il), we obtain the (Rational) price

« expectations formation relationship:

2 s p° » ° .
(1m E(Pth?t_l) Pt= AMt+BZt+C



We assume that:
E (u2t h’t-l) 30 ,
where
- x;: E (xt /¢ t-l) s value of X, the public expects to prevail at time t;
- #t-l = set of observations on variables dated t-1 and earlier, at the disposal

of the public and of the Government at time t. In the empirical

investigations below includes vy

t-1 2 B

and lagged values of

nt t-1

M,» e and P (with lags qf up to four quarters).
- E (.) = mathematical expectations operator.
Equations (1), (II) and (II) constitute the model that shall be used as
framework in the empirical investigations below.
Subtracting from the price determination relationship the corresponding
price expectations relationship, we obtain an equation of the form:
‘ P - o - o - (4
) (p, Pt)= AWM M) + B(Z, z)+uy,
It explains the behaviour of unanticipated price changes in terms of
unanticipated stimuli.
It can be rewritten as:
' ) ° - Mo _ 70
(vY) Ptz FPt + A (Mt Mt) +B (Zt Zt) U
where it is assumed that F = 1.
Substituting in equation (I), we obtain the Lucas supply curve “reduced":
V g [ - o - L ] 2 R
(V) yp2 a+ g Ve BT A(Mt Mt) +B (Zt Zt) + (ult +7u“t)
It illustrates how unanticipated stimuli bring about output deviations

(%)

from trend i .

The empirical investigation deals with a relatively long time period,
spanning from 1960, 1° quarter, 1o 1979, Iv® quarter, in which can be distin-
guished:

- the 1960, I° quarter - 1969, 1V® quarter, subperiod, with relatively stable
prices and rapidly growing output;

- the 1970, I° quarter - 1979, IV® quarter, subperiod, with rapidly growing
prices and slow rate of growth of output.

On the whole the neoclassical elements of the model connected with
the Lucas supply curve seem 'to be stronger in the 1970s than in the 1960s.

Ex;;ectations of the public about the behaviour of a given economic
policy variable x ¢ o€ proxied in two ways:

- as a moving average of this very -variable, spanning over four time periods;
- as the fitted value of a regression (by OLS) of this variable on its own past
values. |

MA (Moving Averagekh \

E (x, Jo, )= xp= 18 i?l X-i #
OA (Own Autoregression)s

E(x, fu, ) % =10,
where it is assumed that *t can be represented by the corresponding time
series:

X, 2 'ngL)‘xt v, PR X.1 * 79 X 2 LU A
.x° is the anticipated value of the stimulgs X conditional on information about

t

it at time t-l. L) is the information set of the public about X, . The




idea s that individuals derive expectations about the (unobservabie) current

value of X, by looking at its own past values.

3.3. Neutmlit); Tests Based on the Specification Analysis of the Lucas
Supply Curve.

Consider the following Lucas supply curve:

' (6)
) yt=oz+ﬁy“,‘+r(Pt-P;)+ult .

.As pointed out by T.J. Sargent (1973), macroeconomic theory implies
that P_ and Ye be simultaneously determined and, as a consequence, that
t

in equation (I} be correlated, making least squares estimation of

It
. 7 ;
this equation inappropnate( ). (It is assumed that E(u 1t u2t) 0)

d
Ptan u

T.J. Sargent suggests that the problem be solved by means of the stan-
dard instrumental variables approach, replacing Pt in equation (I) by ist' the
predicted value of Pt from a first stage regression on auxiliary instruments(g).
As a consequence we have replaced it by the following equation:

)y =Py y (B - P+ luy +y1) £ 3 P -F, -

The Lucas supply curve, in the specification above, implies that eco-
nomic agents are not affected by money illusion: anticipated changes in the
rate of inflation exert no effect on output.

This property can be assessed by checking whether in the relationship
(VD) below, H a I, satisfying the neutrality and absence of money illusion

“ hypotheses.

(vp) Yy o @+BY . +y(Pt - HP;) + (ult +yft) .

A test of this kind can be performed by estimating a relationship such
ast

(vin) Y= @ +pynt + rll;t + Pyt (ult + yft)
and testing by means of F statistics the validity of the money illusion restriction

Eory e

Alternatively the following relationship, set forth by T.J. Sargent (1973),
can be estimated:

(v Y =a+ﬂynt + r(f’t - P;) + AP; + (uh + yft) .

The null hypothesis can then be investigated that

A=0 .,

In that case the neut'rality hypothesis holds.

The estimates show that the anticipated (systematic) component of
the rate of inflation does not affect output rate of growth (deviations from
trend) over the 1970.1-1979.IV time period: the null hypothesis that 4 = 0
is always accepted in equation (VIH) at the 5% significance level (with the

exception of the case of MA anticipated stimuli and Yt = €

1 Yer
Anticipated inflation affects output rate of growth if the estimates
are performed over the 1960.1-1979.IV time period: with one exception the

null hypothesis that A= 0 is refused at the 5% significance level. (It is not

refused, however, at the 1% significance level.)
Support for the neutrality hypothesis is weakened somewthat by the
~estimates of equations (VII) if we assume that Yoi = <, Yepe since the hypo-

thesis that



Table 1
v y' = a+ ﬁym oylPt wrzP; + (uh+yf')'
Yot = €Yy
-2 & -2
Ant.SuFre R py, Ant.suFae  R% O py,
NnE-, nE-1,
1960.1-1979.1v MA  (1,60) OA  (1,60)
bE55%s 0,58 205 425%% 0,57 2,03
1970.4-1979,1v MA  (1,36) OA  (1,3)
435 gy .93 3.66 0.58 191
e S €t S¥p vy,
Ant. St, Fee ® b Ant. St. Fes ® b
ne-7, nEsn
i S I i
1960.1-1979.1y MA 1,58 oA 1,5
. G49ves 059 327 S.66¥e 062 2,17
19704-1979,1y MA  (1,3) OA  (1,34)
2.45 064 2,09 256 066 2.8

¢ Analogous results have been obtained with relatlonshlps In which no corrections for simultanelty
between P‘ and Yy have been made.

** F tests of the nuil hypothesis that R P

**¢ Hypothesis accepted at the 1% slgnlﬁcance level only.

WDy = e py o 1B -Py o AP« Wy e gty

Yot = €Yy
-2 i -2 3
An. St. F”Alo K D.w. An. St. F"A=0 R D.w.
1960.1-1979.}y MA  (1,39) OA (1,59)
.87 0.58 1,97 4.03 0.37 1.96
1920.1-1979.ly " MA  (1,35) OA (1,35)
4.3] 0.64 1,93 .64 0.58 1,91
Yor " 1Yy Sy, ¢ €3V¢.a
-2 -2
An, St. F”A'o R D.Ww. An. S1. F”A:O 13 D.\W.
19604-1979.1v MA (1,57) OA (1,57)
5.43 0.63 2,08 6.0} 0.64 2,14
1970.1-1979,1v MA (1,33) OA (1,33
2,37 0.64 2,09 242 0.64 2,18

¥ Analogous results have been obtained with relar)

onshlps In which no corrections for slimultanelty between
Pt and Y, have been made,

¥/ F tests of the null hypothesls that 4= 0.
10

- extrapolative expectations P2t = 2/3P gt U3Pt-8 H

Yl SRS 72 ’
is not rejected -with one exception for the 1970.1-1979.1y time period- at
the 1% level of significance only. If we assume instéad that ynt = cl yt-l +
* e, Yoo * Cy yt_3, the neutrality hypothesis is always accepted at the 5%

confidence level over the 1970.1-1979.1y time period.

It is more difficult to reject the neutrality hypothesis in the 1970.I-

19791V time period than in the 1960.1-1979.1V time period.

3.4. Rational and Non-Rational Quantifications of Inflationary Expecta-
tions.
The Lucas supply curve has been associated In the previous section

with Rational Expectations, and estimates have been obtained that are closely

'

connected with the a priori hypotheses about Parameter coefficients signs

and absolute values provided by the theory.

We assess here the consequen_ces, from this- point of view, of the use
of alternative non-Rational hypotheses about the formation of inﬂaﬁonary
expectations.

We estimat_e the following relationship:

UX) y, =o+ By + v (P, i A rih

where Elt is the expected value of P ¢ and has been proxied as:

- halve expectations P It = Pt-#

L

- partly-Rational expectations P. =< p

11




Table I

(IX) y, = a+ pym + 7(P1'Pit) + (ut+ ,,ft) .

Yt = St
Nalve Expectations =
Extrapolative Expectations =

Partly-Rational Expectatlons =

1960.1-1979.1v Y, = 0.01+078y
(155 (8.14) *}

y, = 0.00+0.75y
t -
2.01) (8.53 !

y., = 0.034+034y

(2.35) (2.91) *!

1970.1-1979.1v Y= 00134077y
: (1.50) (5.69) *
Yy= 0024076y

(1.87) (6.23)

Y= 0024038y
(L.34) (2.5%) ©
1960.1-1969.1V y, = -0.003 +0.84 y

Y (.30 (s.00) T

y,= 0.00! +0.71 y

(©.15) (6.06) !

Ye= 00014089y
(0.08) (5.72) V"

0.33(P -B )
(-2.33) it

042 (P, - B )
(-2.98) 2t

+0.86 (P, - B_ Jus
(lep t

-0.29 (13t -B

)
(-1.57) ;

1

-0.40 (P, - B_)
(-2.13) 2t

+0.73 (P - B, Ju#
(i * 3¢

-0.97 (B_-B, )
(-2.70) I

154 (P, - B_)
(-4.79) b

251 (P, - B, )
(-1.76) e

R” S.E.  D.w.
0.51 . 0.04% 2.07
0.53 0.048 2.12
0.50 0.050 2.07
0.46 0.058 1.93
0.49 0.056 1.99
0.49 0.057 2.00
G.64 0.031 1.45
077 0.024 2.20
0.58 0.033 1.22

* The estimations have also been performed with y 9
n

alteration of the results.

-
** First order serial correlation of residuals has been elimi

iterative approach.

12

= Clyt_l+czyt_2+c3y 3" with no significant

nated by means of the Cochrane Orcutt

where

~

Pt is the fitted value of the following OLS regression:

+a, P +a P +a P +a_P +5,

P =
% * 8 227 %3 13t By Ty 35 T T ey

t 0 1

=Pt-e‘t=pt .

Pt-l

P3t

The estimations above (Table 1l) show that with non-Rational inflationary
expectations the quality of fit is rather poor over the three time periods
taken into consideration. The y coefficient, which quantifies the effect of
forecast. errors on output deviations fom trend, is either negative, contradicting
the Natural Rate of Unemployment hypothesis, or not significantly different

from zero.
4. "Economic Policy leffectiveness® Praposition Tests

4.1, Neutrality Tests.

T.J. Sargent (1973, 1976) has suggested an indirect test of the neutrality
hypothesis (and indeed also of the Rational Expectations hypothesis) based
on "Granger Causality" analysis of relationships between economic policy
stimuli and output rate of growth, derived from the Lucas supply curve set

forth above.

The following equations are estimated:

£
G = i{"figci Vit A Xyt Y

* where x ¢ represents alternative specifications of components of the information

set of the public, u, is a serially uncorrelated, normally distributed, random

13



variable, and the null hypothesis that ( ﬂl’ pz, venp Bf) = 0 is assessed by means
of F tests(g).
We have performed this test for the following specifications of X

over the 1960.1-1979.1V time period:

x. =M ,e,P » DG

1 t t’ mt t'DBt'

- DBt = quarterly rate of change of public debt issues in the hands of the
public;
- DGt = quarterly rate of change of Government expenditure.

We have assumed thats

f = &4, i.e. we have tested the hypothesis that
pl=ﬁ2=53=ﬁu=0 and that
f = 6, i.e. we have tested the hypothesis that

By=Pp=PF3= B, =Bs5=F=0-

In both cases, as in the Lucas supply curve estimation above, we have
assumed alternatively that q = 1 and q = 3. Variables are expressed as rates
of change.

The empirical findings do not reject ‘the "economic policy ineffec-
tiveness" proposition. If four lagged values of the stimuli are considered,
f =4 , we obtain mixed results.

Neither public debt, DBt’ nor Government expenditure, DGt’ affect
output, whilst import prices, Pmt' do exert a significant effect (the null

- hypothesis that the coefficients are zero is rejected at the 1% level of

significance) and, depending upon the lags of output rate of growth used

14

(£=6)
Siklei
e
(6,54)
3.795

i=1
{g=3)

3
&

B = ﬂ6
Yot =
l-l
(6,54)
1.684
(6,54)
2,262
(6,54)
2.282
(6,54)
0.578
(18,42)
1.088

F tests that
by =Py = b,

(6,56)
2.845
(6,56)
3.900
(6,56
3.110

1

2%

€1Vt
(q=1)

B
ynt N
(6,56)

1.353
(6,56)

0.348

(18,44)

1.172

1*

Table M

Granger Causality Tests
1960.1-1979.1V

{4,56)
4172
4,56)
3.566
(12,48)*+
2.632

(g=3)

(4,56)
2.255

(4,56)
0.913

(4,56)
0.637

ll
t) g

t

F tests that
By
Pl
(g=1})
(%,58)
4,122
(4,58) -
4.522
(12,50)
2.940
: € Pt DB DG
the null hypothesis is always accepted.

0.053
(4,58)
1.933
(4,58)
0.159
Xt =] (M e P

I*
(&,58)

yn't

t
1* Not Refused. At the 5% significance level.

2* Refused. At the 5% significance level.
#* Accepted at the 1% significance level.

mt

*** 1f the Granger causality test is performed with the following enlarged specification of x

Specification
of x
DB
DG
£ 2
(Mte P t)"




to represent the systematic component of the output time series, the volume

of exports, €, and money supply, M, may or may not have a significant

t
effect on output. (Their coefficients may or may nof be significantly different
from zero at both the 5% and 1% levels.)

If the number of lags over which the test is performed is raised to
six (f = 6), support for "economic policy ineffectiveness" sems to be stronger,
the more so if the analysis is associated with output rat; of growth lagged
up to three time periods (q = 3). If the estimates are repeated over the 1970.l-
1879.1V time period, we obtain the same result, even if overall support for
"economic policy ineffectiveness" seems to be stronger.

T.J. Sargent (1973) suggests an additional test in which the simultaneous
relevance of stimuli entering the information set of the public is assessed.
The tests above have been repeated, over four and six lags of X0 with the
following specification of X3

52 U & Wl

The null hypothesis {that the coefficients of the lagged stimuli X,
are zero) is always accepted if the test is performed over six lags (f = 6)
at the 5% significance level, supporting the "economic policy ineffectiveness”
proposition. The null hypothesis is rejected if the test is performed over
four lags (f = 4); if i = < yt_l' +C, yt~2 +C3Y, 3 is used, it is.not rejected
however at the 1% level of significance.

Analogous results are obtained if the test is performed over the 1970.1-

1979.1V time period.

lé

4.2. Rationallty Tests.

Rational Expectations imply that individual economic agents include
in their information set past relevant data as soon as they become available
to them. We have assumed above that data from the previous quarter onwards
are perceived and enter the information set. Some events {(data) may take
longer to be perceived by the public and to influence the expectations
formation process.

If we raise the length of the time lag with which data are assumed
to enter the information set,’i.e. give individual agents more time (and thus
more data) to form their expectations, and if the Rational Expecta-
tions hypothesis holds, expectations should become .more accurate.

The additional time needed to improve expectations may be sometimes
very short: the shorter the time period needed to develop (optimal) Rational
Expectations, the "stronger" the Rational Expectations hypothesis.

This assumption can be tested by means of the "economic policy inef-
fectiveness" proposition(m).

In order to investigate the nature of the Rational Expectations forma-
tion process and the corresponding timing of the reaétion of the economy
to unanticipated stimuli, various possible lags with which variables might

be perceived and enter the information set of the public have been examined,

Let

xt’j =RE! (xt / wt-l-j) = 1/4 él xt-i-j s j=0,1,2 3,4,

be the MA anticipation proxy of the variable x t‘, and

17



° . ] - = )
xt,j = E (Xt /‘!,Ut_l_j) = g (L) xt-j 1§=0,1,2,3,4,

be the 0A anticipation proxy of X

Unanticipated stimuli become:

4

X, =X - X
X, xt,j X, 1/4 & xt-i-j and )
xt-xt,j=xt-n(L) xt-j yj=0,1,2 3,4, )

A corollary of the Natural Rate of Unemployment with Rational Expec-
tations model and of the ensuing "economic policy ineffectiveness" proposition,
is that the longer the "black out" interval (between economic policy stimuli
and their perception by economic agents), the larger the scope for active
anticyclical economlc policy of the authorities; the shorter the "black out"
interval, the smaller the likellhood that systematic anticyclical economic
policy measures will have real effects.

We can test these hypotheses with the help of the following relation-
ships (the symbols are those of the previous section)k

Price Expectations Formation Relationship

{X1) Pt= AMt,j+th,j+c+ullt 0 Pt,]=Pt-ullt )
j=0,1,23, 4.
(11) )
Lucas Supply Curve
(X1 Y, =0 +,ﬂ-'ynt + y(Pt - Pt,j) + (u12t + yft) )

0,1, 2,3, 4

j
Price Forecast Errors Equation

P° Y+u (12)

(XIl) P._=Fp°, N
t t, mt  mt,j 13t

j+a3(P

j=0,1,2 3,4

18

Lucas Supply Curve Reduced
XIlv = - M =G
(x1v) y = a+ ﬁ)_'nt + 1 (Mt Mt,j) & 7 (et et,j) +

+y3(P =P J+u

mt mt,] 14t j=0,1,2, 3,4,

If the Rational Expectations hypothesis holds, we expect the quality
of fit of the Rational Price Expectations formation relationship, equation
(X1), to improve as | is raised since individual agents are given more time
to develop their expectations about the (unobservable) value of Pt . At the
same timg we expect coefficient y of the Lucas supply curve, equation (XII),
to become smaller in absolute value, or even not significantly different from
zero as j is raised, since price expectations become more accurate and
expectations errors correspondingly smaller.

If the Rational Expectations hypothesis holds, unanticipated stimuli
coefficients, Tp Yy Vg of the Lucas supply curve reduced, equation (XIV),
should become smaller or even not significantly different from zero as j
is raised, since stimuli forecasts become more accurate.

Price expectations, P;j , should have a one to one effect on F’t
: . :

in equation (XIM) as j is raised, whilst the coefficient of unanticipated

import prices changes should become smaller.

Empirical investigations of equations (XI), (XII), (XIII), and (XIV), per-
formed over the 1960.1-1-979.lV time period, seem to support the Rational
Expectations hypothesis.

Estimates of the Lucas supply curve (equation (XH) , Table IV) , how-

ever, do not always support this hypothesist if MA stimuli are used, coeffi-
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cient y tends to become larger as  j is raised from 0 to 4, contradicting
the Rational Expectations test specified above, since the corresponding price
expectations formation fit seems to improve, providing more accurate price
forecasts. Only if OA stimuli are used do the results confirm the Rational
Expectations hypothesis test above, since the value of y declines as j
rises.

If these estimates are performed over the 1970.1-1979.IV time period,
we obtain results that show a more rapid perception of data and a speedier
Convergence of Rational Expectations to their equilibrium value. The "black
out" period seems to have become shorter and the Rational Expectations
hypothesis stronger.

This can be seen from the estimates of the Lucas supply curve reduced
(equation (XIV), Table VI), since the value of the coefficients of the unanti-
cipated stimuli declines more rapidly than in the 1960.1-1979.IV time period
estimation above. An analogous result is provided by the estimates of the
price expectations formation rela.tionship (equation (XI) , Table Vi): the fit
is already very good for j=0 and does. not seem to improve, as | is
raised, showing that price expectations have, from the outset, converged
to their optimal Rational Expectations value. Price equation (XII), Table

VD), provides results that support the Rational Expectations hypothesis, and

are not very different from those obtained over the 1960.1-1979.1V time period.
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Table VI

*

€1 Va1

1970.1-1979.1v

ynt

»

Price Forecast Error Relationshiﬁ

Price Expectations Formation

Relationship

Lucas Supply Curve Reduced**

3 mt,j

't 27,

(X1 Pt=a M® +a_e® +a_ P

FP° -P °.
t,)+a3(Pmt pmt,])wlBt

(xun p

Mo °
S+ Byt My B "z(et‘et,j) y

t:

(XIV) y

ynt Y11

+EPt_ 1+F

]
mt,j) *Ylge

mt

+ 7‘3(P -P

Ant.

D.w.

S.E.

D.w.

S.E.

D.Ww.

S.E.

1.93

2.15

1.74

0.79 0.0360

MA  0.43 0.3% 0.3%
(3.43) (3.02) (5.03)

0

1 0.92 0.0170

1.00 0.06 o0.0144

(60.38) (3.3¢)

0.92 0.0173

1.73

0.0150 1.89

1.00 0.0¢

(58.21) (2.74)

2.01

0.47 0.07 0.06 0.30 0.0486

(3.49) (0.91) (1.11)
.0.40 0.06 0.01
(3.28) (0.76) (0.22)

MA

1.68

1.72 0.92 0.0169

0.99 0.03 0.0151

(57.56) (2.19)

1.86

0.24¢ 0.0590

MA

2

1.71

1.75 0.93 0.0161

0.9 0.02 0.0146

(59.38) (1.87)

1.74

-0.04 0.19 0.0524

0.33  0.09
(2.82) (0.98)(-0.77)

MA

3

1.92

2.03 0.93 0.0le4

0.99 0.03 0.0147

(58.47) (2.04)

1.71

- 025 0.10 -0.06 0.14 0.0542

MA

A

(2.17) (1.01)(-1.29)

f the results.

ion o

Ve Y Y, 4 C3¥,.3 With no relevant alterat

ynt 2

* The estimates have been repeated wi

ilar results.

** Nonlinear estimates have been performed and have provided sim

ion of the resuits.

ficant alterat

igni

**%* The estimates have been repeated with OA anticipated stimuli, with no si
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5. Concluding Remarics

The Natural Rate of Unemployment and the Rational Expectations
hypotheses of classical macroeconomics have beep subjected in this paper
to some preliminary empirical tests using Italian quarterly data over the

1960-1979 time period.
These hypotheses do not seem to be contradicted by Italian data, espe-
cially in the 1970-1979 subperiod. The crudeness of the approaches used here,

howeve}, calls for further, more sophisticated, empirical investigations.
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APPENDIX

Definition and Statistical Sources of the Relevant Time Series,

Definition
P_ = rate of growth of consumer prices

Y, = rate of growth of industrial output

P = rate of growth of import prices
mt . . o
expressed in Italian lira

€, = rate of growth of the volume of
Italian exports

DGt = rate of growth of Government
expenditure

Mt = rate of growth of money supply

DBt = rate of growth of the public debt in the
hands of the public, This time series is
assumed to include Treasury Bills and
Public Sector Assets not purchased by
the Bank of Italy. Public sector assets
lump together Government Assets and
bonds issued on behalf of the Treasury
and of various local agencies (Enti
Locali). To this aggregate are added
Postal Savings.

Source

ISTAT, "Annuario Stati-
stico Italiano", various
issues.

ISTAT, “Annuario Statj-
sti¢o Italiano", various
issues,

OECD, *"Majn Economic
Indicators". varjous
issues.

OECD, "“Main Economic
Indicators", various
issues,

OECD, "“Maijn Economic
Indicators", various
Issues,

IMF, ‘“International Finan-
cial Statistics", various
issues,

Banca d'ltalia, "Bollet~
tino",various issues,

Rate of growth of the variable x t {using quarterly data) =

by =X 2y
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NOTES

(1) R. Barro, (1977, 1978) and others ha\;e used a rather different
approach, and have developed a money supply growth relationship, which is
supposed to quantify the authorities' money feedback rule as seen by the
public.

* E.J. Bomhoff (1980) interprets a Box and Jenkins ARIMA (0, 1, 1) money
rate of growth relationship as a monetary reaction function too. The other
anticipated stimuli quantification approaches have not been interpreted in

that way.

(2) This proposition has been set forth by T.J. Sargent (1976a). Consider

the following Lucas supply relationship:
1 = =
n A(L) 7 y(Pt E’t-l Pt) tu

(1) Pt=d(L)pt -

where

E i 3
i i
dL = a5 - E’)"i" ,

+Y; = rate of change of output;

0
]

rate of change of prices;
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Et- | Pt = mathematical expectatlons of P o conditional on past P 2

A(L) and d(L) are assumed to have both one-sided inverses under convolution
and u and o ¢ are mutually and serially independent random variables, with
mean zero and finite variance. Unanticipated changes in prices bring about
changes in Yy

The system above can be rewritten as:

-1 . -1
am y =42 Wydy p, +47 M) u

av) P =d(L) py

t
Inverting (IV) and substituting into equation (1IN, we obtain:
-l -1 -1

v oy = (L)ydy d™ (L) Pot A7 (L) u.
Inverting (V) we obtain:
-1
(v) (L) Y = vdy d L) P+ Ugs

Equation (VI) is a standard reduced form used by Keynesian econome-
tricians to quantify Phillips curve like relationships, and is "observationally
equivalent" to the Lucas supply curve (eduatlon (D ) -Such an equivalence

would disappear if P ¢ Were to depend on factors that do not appear in equation

(n.

(3) These assumptions have been made on the basis of the autoregressive
structure of the Ye time series, which can be represented either by a first

order or by a third tlxder autoregression. Over the 1960.1-1979.IV time period,
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we obtain the following estimatess

o= 079y 3SE.=0052 ;D.W.= L8l ;Dh.=-0.97 ;

t
(10.15)

Yo= 085y, + 03y - 028y , ;SE = 0050 ; DW. = 213;

(6.89) (0.79) (-2.27)  D.h. = 2.69.

(4) Reduced form (V) has been used to measure the relevance of the
"economic policy ineffectiveness" proposition once equation (I) has been used
to assess its validity, since relationships of this kind are compatible with
nonneutral interpretations. (This is the case because we assume that - M"t

and Z‘t’ depend only on own past values.)

(5) In the case of moving average expectations (MA),

Vear = Oy Xp X3 %) 3

in the case of own autoregressive expectations (0A):

v, , = )

t-1 T Yo ¥ee2

depending upon the autoregressive structure of the time series under examin-

ation. Si ¢ i
. Since s is composed of M, e, pmt’ ynt and Pt-l’

-1 o & with lags

of various length, o -1 is a subset of &t 1

The quarterly rate of growth {(quarterly rate of change) of the variable

X, is given by

28

x -x

Wixe

(6) This relationship is important for the neutrality issue. We assume
that M:, e: and P:nt’ variables Fhat influence price expectations, do not
have an independent influence on output rate“of growth. We avoid in this
way the problem of observational equivalence between neutral and nonneutral
relationships mentioned by T.J. Sargent (1976a). The statistical independence

of Ve from lagged values of Mt ) € and Pmt has been checked by means

of Granger tests in section 4.1 below.

(7) This "so-called simultaneous equations bias" affects coefficient y
only. Since it is assumed that
E (ult/ ot-l) =0 ,

it follows that u is uncorrelated with P; , since the latter is a linear

It
combination of elements of '}t-l . Moreover, by construction of P°t in equa-
H - pe° i o o °

tion (III), (Pt Pt) is orthogonal to Yot * Pt-l and to Mt ) € and Pmt
by the orthogonality of least squares residuals to regressors. However Pt 0

and thus (Pt - P;), are correlated with ul p " the error term of equation

0.

(8) ﬁt is the fitted value of Pt from a first stage OLS regression

«of P

¢ P and current and lagged values (with lags

on a constant, ynt » Fei

. of up to four quarters) of the exogenous variables of the model, i.e. of Mt S
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e and Pm

t t

(9) According to T.J. Sargent (1973), the rationale for this test is the

following: assume output rate of growth has the following ARMA representations

£
y = ),
Y él iVt S0 By

[ t-j is a serially uncorrelated, normally distributed, random variable. The
Ngturél Rate of Unemployment (neutrality) hypothesis implies that the random
part of output rate of growth cannot be correlated with past endogenous
and exogenous variables:

E(et/'ot_l)=0.
or, if we want,

Bl /¥, sy o) B, 0y yt_q) =

=1g €Yy

F tests above, based on the standard C.W.J. Granger (1969) causality analysis,

t-q’

are meant to test this hypothesis,

(10) S. Fischer (1980) had analysed a similar problem in the context

of R. Barro's standard model of 1978.

(I11) We assume here that the Lucas supply curve is not affected by

30

money illusion, l.e. that it satisfies the neutrality principle. This assumption
has to be made in order to isolate the effects of different rationality hypothe-

ses on the "economic policy ineffectiveness" proposition.
(12) Unanticipated changes in money supply and in the volume of exports

have no effects on Pt and have thus been dropped from the estimation of

the price forecast errors equation.
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