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INTRODUCTION

The idea in what is generally known as "New Classical Economics" theory
(henceforth NCE), is that anticipated growth in money does not influence real
output. Phelps(1970) developed this idea in the context of decentralized
markets where agents have limited information about other markets. In these
kind of models, agents can misinterpret price signals and respond to shocks,
which they would otherwise ignore. This idea had been developed in an
important paper by Lucas(1973). In section one, we introduce this model
explaining its implications together with its theoretical problems. Then, we
review the proposed tests to verify real effects of anticipated and unanticipated
money. We also consider a potentially serious identification problem of
observational equivalence.

In section two, we propose an alternative approach to the topic using the
univariate properties of the series and cointegration analysis.

SECTION 1

1.1 THE LUCAS MODEL

Lucas(1973) reports the results of an empirical study of real output-inflation
trade-offs for eighteen countries over the years 1951-1967.

As he says: "These data are examined from the point of view of the
hypothesis that average real output levels are invariant under changes in the
time pattern of the rate of inflation, or that there exists a "natural rate" of real
output"”.

In this model, Lucas makes three assumptions: (i) nominal output is demand
determined; (ii) "rigidities”, which dominate the short-run period, result from
supplier's lack of information; and (iii) expectations are made rationally (or
optimally), considering the stochastic character of the ecohomy

Using this model, we express output as a function of unanticipated
changes in nominal money:

[1.1.1] y=[b(1-A)/(L+b(IA)IM; - E(M | Qp.q)].

! cf. Blanchard-Fischer(1989), pp.356-360.



Where b is the real output elasticity to unexpected change in pricethe
percentage of expected change in the general level of prices due to a unit
change in the sector specific price, dad is the information set available at
time t-1.Output responds to unant|C|pated changes in nominal money with an
elasticity of [b(1A)/(1+b(1A))]. The Lucas model is subject to two serious
criticisms: (i) the supply equation [1.1.1] is postulated rather than derived from
a maximization problem, and (ii) the model has no dynamics (no rigidities are
supposed to operate in the economy). Considering the Italian experience, there
is an interesting paper of Guiso-Sestito(1987). In this paper the authors test the
Lucas formulation for the supply function. Usi@d.S estimatefor the sample
period 1958-1985, they verify the hypothesis of positive correlation between
the deviation of output from its trend and unanticipated inflation even though,
in the short-run, they found that anticipated inflation influences output.

In this section, we review some procedures used to test the invariance
proposition underlying [1.1.1].

1.2 TESTING THE INVARIANCE PROPOSITION

The monetary policy invariance proposition can be stated in the
following statistical form:

[L2 20 E [ ™) =EM |1 -

Equation [1.2.1] states that the expectation of output, conditional on the
information set containing the expected quantity of mongY, (is equal to the
expectation of output conditional on the same information set without the
expected money{l The next step is to specify an equation for the quantity of
money. Let us suppose that the quantity of money is a linear function of its past
values and a set of predetermined varidlpgkss a Gaussian white noise shock:

[1.2.2] m = p(L)my,; + p(L)K ey + Em

From [1.2.2], considering the rational expectations hypothesis, we can
decompose money into two components: its expected vaIﬁeEuj@ (me | )=

K (L)m, + p(L)K;.; and the "surprise"ef,). Using [1.2.2], we can evaluate
these two components using OLS:

i} :Em@(mt| |{n): HL)mye, + LK., andef=m; - Em@(mt| I{n)a-

Considering output and money simultaneously, we can test the
invariance proposition as follows

2 In this context our variables are thought as deviations from their natural rate of growth.
* From now on we will considergy(m; | I")=mS,.



[1.2.3] % = a(L)yy, + B(LK g + (L) [Mi-m& ] + TR(L)M& + &y

[1.2.4] m = mf + €t .
The FIML counterpart of system [1.2.3]-[1.2.4] is:

[1.2.3bis] ¥ =& (L)ygs + B (LDKey +T4(L) [ My - LMy, - F(LK] +
L) [ ELMey + F(LK e ]+ €y,

[1.2.4bis] m = T (Mey + FLK ey + € e

With E(ee€)) =Z, wheregi=[ey; , €' If we want to test the invariance
proposition, we have to verify the hypothesis tliaflL)=0. In order to test this
hypothesis, we can use a likelihood ratio (LR) test:

[1.2.5] -2[ log E, |-log EError! Bookmark not defined., | ] CError! Bookmark not
defined. XError! Bookmark not defined. 2(q)’

where ZError! Bookmark not defined.Ir and ZError! Bookmark not defined.ur are
respectively the constrained and the unconstrained estimateSerof!
Bookmark not defined.and q is the number of restrictions.

If TError! Bookmark not defined. ,(L)=TError! Bookmark not defined. ,(L), [1.2.3]
collapses to:

[1.2.6] % = dEror! Bookmark not defined. (L)Y, + [Error! Bookmark not
defined(L)K.; + TError! Bookmark not defined. (L)m; + €Error! Bookmark not defined. vy ,

equation [1.2.6] implies that unanticipated and anticipated money have
identical effects on output. Further, to test the persistence of anticipated and
unanticipated money a LR test is again appropriate. To see this, rewrite [1.2.3]
as:

[1.2.7] ¥ = PError! Bookmark not defined.”(L)K;., + TError! Bookmark not
defined.," (L) [M-m&] + TError! Bookmark not defined. ," (L)m&; + €Error! Bookmark not
definedyy ",

where: BError! Bookmark not defined. *(L) = [1- OiError! Bookmark not defined. (L)L]"
'Errort Bookmark not defined. 3(L), TError! Bookmark not defined. ;" (L) = [1- QError!
Bookmark not defined(L)L] *m(L), TErrort Bookmark not defined.,”(L) =[1- QError!

* This is the procedure proposed by Mishkin(1982).



Bookmark not defined(L)L] *m,(L) and, €Error! Bookmark not defined.yt*:[l- OError!
Bookmark not defined (L)L] -15yt °,

The hypothesis that unanticipated money growth affects output in the
short-run, can be performed by testing the null hypothesisr! Bookmark not
defined,"(1)=C. TError! Bookmark not defined.,"(1) is the total multiplier of the
unanticipated quantity of money on output. This is substantially the test
procedure proposed by MishkinThe previous test procedure has been
developed to overcome the inconsistent estimation (see Appendix 1) of the
Sargent(1976a) procedure; this procedure consists of running a Granger
causality test on the following model:

[1.2.8] % = ky; (L)Yt + kp(L)mg, + W,

[1.2.9] m=k,,(L)ys + Ko(L)Mpy + Wi .

If k,,(L)=0, monetary policy has no real effecls. appendix A.1 we
show that k(L)=0 is generally equivalent to both the ineffectiveness of
monetary policy and that output is not affected by past monetary shocks (unless
a special case occurs), while if,(k)#Error! Bookmark not defined.0 we cannot
conclude anything about the effectiveness of the monetary policy. Even in the
case of upper triangularity of the system, we cannot exclude that the causality
is determined either by central banks pursuing accommodating policies
(endogeneity of moneybr because most of the money stock is inside money,
whose real volume adjusts to the level of economic activy pointed out by
Toda-Phillips(1993), the real problem of using a Wald test to verify this
hypothesis is the presence of stochastic trends and cointegration in the system.
They “......conclude [that] the empirical use of Granger causality tests in levels
VAR'’s is not to be encouraged in general when there are stochastic trends and
the possibility of cointegration” (p.1387).

1.3 THE OBSERVATIONAL EQUIVALENCE PROBLEM *

In this subsection we consider identification of the regime underlying
the system. In equations [1.2.3] and [1.2.4], suppmseor! Bookmark not
defined.,(L) and TError! Bookmark not defined. ,(L) are different from zero, then

® Obviously, we need [@Error! Bookmark not defined. (L)L] to be invertibleor, which is the same,
that all thecharacteristic roots of [@Error! Bookmark not defined. (L)L] lie outsidethe unitcircle
of the complex plane.

® The same applies for§n(i.e. if mError! Bookmark not defined. ;5(1)=0).

" See also Barro(1978,1979) and Buiter(1983).

8 Cf. Tobin(1970).

® Cf. King-Plosser(1984).

19 A good reading on this topic is McCallum(1979).



model [1.2.3]-[1.2.4] has both unanticipated and anticipated money effects on
output. If only unanticipated money influences output:

[1.3.1] y=0aError! Bookmark not defined. (L)Y;.,+BError! Bookmark not defined. (L)K ¢, +
TError! Bookmark not defined. ;(L)[M-m&]+¢€Error! Bookmark not defined. *y  ,

[1.3.2] m= WError! Bookmark not defined. (L)€Error! Bookmark not defined. 1y ¢ ,

where gError! Bookmark not defined. *y ¢ and €Error! Bookmark not defined. *, ¢ are
independent white noise disturbance processes.

Although [1.3.1]-[1.3.2] appears to be Classical, Sargent(1976b) shows
that it could be expressed in a form that makes it appear Keynesian. Expressing
[1.3.2] in the following AR representation:

[1.3.2bis]uError! Bookmark not defined. 1(L)M=€Error! Bookmark not defined. 1y ¢ ,
and substituting it into [1.3.1] we obtain:

[1.3.1bis] y=0Error! Bookmark not defined. (L)y;.;+BEror!  Bookmark not
defined(L)K ., +YError! Bookmark not defined. (L)M¢+€Error! Bookmark not defined. *y 1
where: yError! Bookmark not defined. (L)=Error! Bookmark not defined. (L) UError!
Bookmark not defined1(L).

As is well known, underidentification implies that different structural
models can have the same reduced-form representation. Using a bivariate
Granger causality test, if the polynomial matrix K(L) is a full matrix (see
appendix A.1) an identification problem exists because we cannot distinguish if
this is due to anticipated, unanticipated or both effects.

Accepting the Granger's "philosophy" of causality, we indirectly remove
the observational equivalence problem. Suppose we tested the lower
triangularity of K(L) but we do not entirely "believe" in Granger causality:
again we would have a problem of identification (or observational
equivalence); let us consider the bivariate VAR model fang ny-:

[1.3.3] K(L)x=€Error! Bookmark not defined.; , Where Ef:Error! Bookmark not
definedError! Bookmark not defined. ")=ZError! Bookmark not defined. , xt:[yt,mt]' ande

Error! Bookmark not defined.t:[aError! Bookmark not defined.y,t , EError! Bookmark not
defined,y, ' .

In this model the contemporaneity between variables is contained in the
variance-covariance matrkerror! Bookmark not defined.. WWe can consider model
[1.3.3] as a reduced form of the "true" structural model:

! Where yand x are considered, for the moment, stationary.



[1.3.4] Ax=K'(L)x., + Bg , where: diag(A)=I, E(e)=I =
Pre-multiplying both sides of [1.3.4] by Ave obtain [1.3.3].

To achieve identification, we need to restrict coefficients on A and B
and this fact implies that our results depend substantially on our view of the
economy.

SECTION 2

2.1 A PRELIMINARY DISCUSSION ON COINTEGRATION THEORY

In this section we employ a different strategy to see whether monetary
policy affects output. Instead of a structural model, we use an ARIMA model to
describe the monetary rule; using this kind of model we do not have the
problem of working with several time series and we have an unbiased
estimation of r4 (for further details see appendix A.2).

Since we are working with non-stationary processes, we cannot use
standard limiting distribution theory. Furthermore, we need to investigate the
possibility of having cointegration in our model. Let us first introduce the
concept of cointegratiéh Consider the following VAR model:

[2.1.1] %= MError! Bookmark not defined. (L) X;_; + €Error! Bookmark not defined. t,

where x is a n-dimensional vectoF]Error! Bookmark not defined. (L) = MError!
Bookmark not defined,+[1Error! Bookmark not defined. ,L+....H1Error! Bookmark not
defined.kLk'l; X s weeeenns , % are fixed an@Eerror! Bookmark not defined. ; LError!
Bookmark not defined. i.i.d. N(OZError! Bookmark not defined.). We can rewrite
model [2.1.1] in the following form:

[2.1.2] AError! Bookmark not defined. X; = A(L)AError! Bookmark not defined. X¢_; - AX;.
1t EError! Bookmark not defined. ¢,

k
where: A= - zl_lh and A=l - TError! Bookmark not defined.; - ....- MError!
h=i+1
Bookmark not defined;.. Cointegration analysis concerns the rank of the matrix A:
(a) pError! Bookmark not defined. (A) = n [ Error! Bookmark not defined. X; [Error!
Bookmark not defined. 1(0);

12 € is the vector of structural disturbances (cf. Bernanke(1986)).
13 Cf. Johansen(1988).



(b) pError! Bookmark not defined. (A) = O [J Error! Bookmark not defined. A = 0 and
model [2.1.2] corresponds to a traditional VAR in which variables are
expressed in their first differences;

(c) O<pErrort Bookmark not defined. (A)=r<n [] Error! Bookmark not defined. A=0[3

Error! Bookmark not defined.', where OError! Bookmark not defined. and [BError!
Bookmark not defined. are matrices, of full column rank, of order n x r fimor!
Bookmark not defined.X; [Error! Bookmark not defined. 1(0). In this last case, model
[2.1.2] can be considered as a multivariate error-correction thodéthout
going deeply into cointegration theory, recall th&tror! Bookmark not defined.
represents the loading matrix, or the velocity of adjustment toward the long-run
equilibrium, while BError! Bookmark not defined. contains, by column, the
cointegration vectors representing the long-run equilibrium relations such that
BError! Bookmark not defined. "X [Error! Bookmark not defined. 1(0).

The first step in our analysis consists of investigating the order of
integration of our set of variables. Instead of studying a bivariate model money-
income, we prefer to consider a four-variate model, as in Friedman-
Kuttner(1992), which includes: real incomg)(yhominal money (g, the level
of prices (p), and an interest ratg)(rWhile there is no debate about the order
of integration of income and money expressed in real termslebate exists
about the order of integration of the variables expressed in nominal terms; King
et al.(1991) find evidence of I(2) series for US nominal money and nominal
output data, implying 43 Error! Bookmark not defined. 1(2)*,

We intend to argue that the order of integration of prices must be the
same as those of nominal money and income or thahdp are 1(2) whereas
y;: and (m-py) are 1(1). Another issue is the order of integration of the interest
rate; in some cases it has been verified to be (trend) stationary, while in some
other cases, as in Italy, it appears stationary after differencing the series once.

With this introduction, we turn trying to verify the invariance
proposition using cointegration analysis. Recall that the money-income
correlation can arise in three different ways: (a) money is not neuta!t (H)
the money-income correlation is due to price misperceptigp)(Hc) the
money-income correlation is a case of reverse causality). (Me will
investigate it H,,|H ¢, that is: money is not neutral conditional to the fact that
the money-income correlation is not due to a case of reverse causality.
Bergman-Warne(1993) describe the relation between Granger-causality and
long-run neutrality: while Granger non-causality implies long-run neutrality,
the reverse is not true. So as we are interested in testing the monetary policy
neutrality, we prefer to investigate this hypothesis rather than Granger non-
causality of money. In fact, the long-run non-neutrality of money implies that

14 Engle-Granger(1987).

> They generally appear to be I(1).

18 1n fact, if two stochastic processes have different ordéntefgration, then the order of integration
of any linear combination among them (withefficient different from zero) will bhe highest of the
single ones.



the level of money influences outputFurthermore, if money appears to be
neutral (in the long-run, i.e. no cointegration between money and income) and
we consider the following bivariate model:

Ay, O [, (L) a, Oy, 0 &, 0
Bm B, a,0Fm BR,.H

money is superneuttélf a,,(L)=0 or long-run superneutral if #1)=0.

Several authors prefer to consider a four-variate rffodecause, as
pointed out in Friedman-Kuttner(1992): ".....unless the demand for money is
interest insensitive or interest rates are [trend] stationary, neither of which
assumption has received much support from the relevant empirical literature,
money and income should not be expected to exhibit cointegration unless the
cointegration equation also includes an interest rate" (p.487).

If there were cointegration, no conclusion about neutrality can be drawn
because of the previously described identification problem. As an example,
consider the following: Ae&PError! Bookmark not defined.'; if we take any
invertible matrix P of order r, it is easily verified thakrror! Bookmark not
defined” BError! Bookmark not defined.*', With OError! Bookmark not defined.* = QError!
Bookmark not defined. Q' and BError! Bookmark not defined.* = BError! Bookmark not
defined. Q', generate, an "observationally equivalent” situation, thatgsor!
Bookmark not defined. 3 =QOError! Bookmark not defined. [3Error! Bookmark not defined. .

2.2 TESTING NEUTRALITY IN INTEGRATED SYSTEMS

Consider the following representation of the integrated sy#ierar!
Bookmark not definedxt:[AError! Bookmark not defined.Y;, AError! Bookmark not
defined.m;, AError! Bookmark not defined. Py, AError! Bookmark not defined. I]'?’:

[2.2.1] AError! Bookmark not defined. X; = A(L) AError! Bookmark not defined. X¢_; -AX;.
1 + EError! Bookmark not defined. ¢ *,

whereeError! Bookmark not defined.; [Error! Bookmark not defined. i.i.d. N(OZError!
Bookmark not defined). Define the following matrices:

17j.e. there exists a long-run equilibrium relation linking money and output.
18 Superneutrality implies that the rate of change of money does note influence output.
VoMol

All the variables are assumed to be I(1).
21 To simplify the problem we marginalize the analysis with respect tpdksibility ofhaving drift,
trends and seasonal dummies.



%’11 a12 al3 al4g %11 (L) a12 (L) a13 (L) a14 (LE

_ 2 azz az3 @4 _ 21 (L) azz (L) a23 (L) a24 (L

A= %131 a, a, %SA(L) - Easl L a,(L) a,lL) a, (L)%l
l3'41 a42 all3 a44D l3’41 (L) a42 (L) a43 (L) a'44 (L)]

Remembering how we definégrror! Bookmark not defined. X;, money &

(a) directly neutral (in the long-run) if &O0;

(b) indirectly neutral if g@=a,,=0;

(c) totally neutral if (a)lError! Bookmark not defined. (b);

(d) directly superneutral (in the long-run) [£@)=0;

(e) indirectly superneutral if,g1)=a,,(1)=0;

() totally superneutral if (d)}JError! Bookmark not defined. (€);
furthermore, considering what we said about the relation linking the Granger-
causality and neutrality, money does not help in predicting output:
(g) directly, if g,(L)=0% and &,=0;

(h) indirectly, if a,(L)=a,,(L)=0 and g,=a,,=0;

(i) totally, if (g) UError! Bookmark not defined. (h).

Focusing on neutrality, we know that:
[, O

g O .
A = a3Error! Bookmark not defined. = O gBl - Br] .

O

o, [

For simplicity we consider two cases: r=1 and r=2.

CASE 1: r=1.

A = O[3Error! Bookmark not defined. = B1 B, Bz B 4];

w

GO
Mmoo o0

IN

22 Given that all the coefficients not considered in the following are different from zero.
2 |n this case money is superneutral even in the short-run.

10



the hypothesis of neutrality is satisfied wheno@)ror! Bookmark not defined. ;=0

or (ii) PBError! Bookmark not defined.,=0. The sub-case (ii) is the simplest one
because it says that money does not enter the long-run relationship. When we
will discuss necessary and sufficient conditions for identifying the
cointegration space, it will be clear that this hypothesis can be tested since the
unrestricted model is just identified, apart from a factor scale. The sub-case (i)
implies that, even though a long-run relationship exists, it does not influence
the output equation.

CASE 2: r=2.

|13‘11 O‘12%
@‘21 O PB1r Bar Bar B sl

A= 0
%‘31 a 32%1312 Bz PBaz B
By, oyH

in this case the hypothesis of neutrality is satisfied when:

(i) aError! Bookmark not defined. ;;[3,,+0Error! Bookmark not defined. ;,3,,=0%, (direct
neutrality);

(i) aErrort  Bookmark not defined. 5;[3,,+0Error!  Bookmark not defined. 5,3,,=0,
(indirect neutral, via prices);

(i) aErrort  Bookmark not defined. 44[3,,F0Error!  Bookmark not defined. ;,[3,,=0,
(indirect neutral, via the interest rate).

Focusing our attention on direct neutrality (i) implies that the weighted effect
of money on the output equation, via the two long-run relationships, is equal to
zero. This can happen, for example, when the first, the third and the fourth
rows of 0Error! Bookmark not defined. are equal to zero dBError! Bookmark not
defined,,=[3Error! Bookmark not defined. ,,=0. Obviously, the problem we deal with
consists of identifying the cointegration space.

Johansen(1992) provides statistical tools that permit us to check
identification. We can express our set of restrictions implicitly usifig=Be>,
or explicitly BError! Bookmark not defined. ;=Sy; Error! Bookmark not defined. ** where
RiS=0. A necessary condition for identification is that the number of
restrictions in each cointegrating vector is greater than or equal to the rank of
cointegration minus one. Johansen(1992) reports necessary and sufficient
conditions in the following theorem: "A necessary and sufficient condition that

%4 This is a necessary but not sufficient condition.

#* R is a matrix of order,x n with pError! Bookmark not defined. (R)=r, (r; is the number of
restrictions on the i-th equation).

% S andyError! Bookmark not defined.; are respectively of order n x (p-and (n-) x 1, withp
Error! Bookmark not defined. (§)=n-r;.

11



a parameter valud€rror! Bookmark not defined., QError! Bookmark not defined.) iS
identified is thapError! Bookmark not defined. (Ri3)=r-1, i=1,...,r" (p.2).

Equivalently, a necessary and sufficient condition for identification is
that pError! Bookmark not defined. [Ri(Sl|....|$k)]2Error! Bookmark not defined.k, for
k=1,...,r-1 and &Error! Bookmark not defined. i,<...<Error! Bookmark not defined. i <.

The i-th equation is overidentified if the strict inequality holds. If the

overidentification case occurs, Johansen proved that we can test our set of
r

restrictions using ®Error! Bookmark not defined. 2 statistics withz P(R;)- [r (r-1)]

i=1
degrees of freedom.

Now we have all we need to achieve identification in our model and to
start from it to test restrictions in either the short-term and long-term structure
(BError! Bookmark not defined.). We can do more then this: instead of using the
reduced form, we can consider the structural form and, as shown in Johansen-
Juselius(1992), verify that the long-term structure is the same in both
representation. Again, consider model [2.2.1]; after imposing a reduced rank (r)
to A:

[2.2.1'] AError! Bookmark not defined. X¢ = A(L) AError! Bookmark not defined. X.; -0f3
Error! Bookmark not defined. X;.; + EError! Bookmark not defined. ,

the short-term structure is represented by the parametersofloy; Bookmark

not defined. and ZError! Bookmark not defined., wWhile the long-term structure is
contained inBError! Bookmark not defined.. Since the instantaneous relationships
are contained in the covariance mali¢ror! Bookmark not defined., we have:

[2.2.2] KeError! Bookmark not defined. =S8,

where @ Error! Bookmark not defined. i.i.d. N(O,l) are the structural disturbances
and K and S are full rank square matrices. From [2.2.2] we obtain that K
1SS'(K')'=ZError Bookmark not defined.. If we let S!K=B and pre-multiply
[2.2.1"] by B, we obtain:

[2.2.3] BAError! Bookmark not defined. X; = BA(L)AError! Bookmark not defined. X, -B
O3Error! Bookmark not defined. 'X;_; +6;

defining A (L)=BA(L) and oError! Bookmark not defined. *=BaError! Bookmark not
defined. and using a compact notation for [2.2.3], we obtain:

[2.2.3'] QJError! Bookmark not defined. X =-0I3Error! Bookmark not defined. 'X;_; +&;
where Q=[B|-BA(L)] andError! Bookmark not defined. X=[AError! Bookmark not

defined X¢JAError! Bookmark not defined.X,]'. The analysis of the long-term
structure can be performed using either the structural or the reduced form; in

12



fact while the structural short-run parameters now are contained in Q@ and
Error! Bookmark not defined.”, the structural long-run parameters are again
contained infError! Bookmark not defined.. Considering the short-term structure
we can formulate identifying restrictions orf={B|A"(L)|aError! Bookmark not
defined.”]. This is due to the fact that contains the instantaneous relationships
linking the x’s which influence only the short-run coefficients.

For several reasons, it is not an easy task to test neutrality using
cointegration analysis. First, we have to solve again a problem of identification,
that is, we need to impose identifying restrictions on our parameter space.
Second, the invariance proposition contains long-term as well as short-term
meanings; furthermore, the problem becomes more and more complicated as
the rank of cointegration increases and, last but not least, in our examples we
considered I(1) processes even though, as we shall see, Italian data suggest that
p; CError! Bookmark not defined. 1(2). In this last case, and if both real output and
real money are I(1) processes, an important conclusion can be drawn: money is
long-run neutral. In fact, bein@\Error! Bookmark not defined. M, [Error! Bookmark
not defined. 1(1), there could exist a long-run equilibrium relationship only
betweenAError! Bookmark not defined. m, and real output; if it does not exist,
money is superneutral in the long-run.

2.3 TESTING MONEY NEUTRALITY USING ITALIAN DATA

In this subsection, we test the hypothesis of money neutrality using
Italian data. While, we do not claim that the monetary policy cannot affect real
output, we find no evidence in favour of a long-run equilibrium relationship
linking nominal money and real output.

Our variables are: real output (y), nominal money (m), the price level
(p), and a nominal interest rate*(i)As pointed out in the previous paragraph,
we suspect nominal variables, excluding the interest rate, to be 1(2) but we start
our analysis assuming that y, m, p, and i are I(1) processes and then we
evaluate the consistency of this hypothesis.

From the cointegration analy%i¢cf. table 1) we obtain a strange result:
choosing a significance level of 5%, we have a cointegration rank equal to 4
which means that our variables are stationary in levels. This is due to the
problem of having some variables that are 1(2), in fact the Johansen's test
procedure is for a model in which the variables are I(1). As a further proof of
working with 1(2) processes, in figure 1 we plot the "most stationary"
component of this model, which is evidently non stationary.

27 Sample period 1970:1-1988:4 (quarterly data); soutbesGDP deflator (p) is a Bank of Italy
elaboration on ISTAT data; nominaloney(m2), Bank of Italy; realGDP (y), ISTAT;the interest
rate (i) is a three-monthHsondrate, Bank of Italy. All variablegpart the interest rate, aggpressed
in logarithms.

28 \We performed cointegration analysis using a RATS procedure (MALCOLM) of Rocco Mosconi.
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We think that the problem of having 1(2) series is due to prices. This
series seems to be [{2)in fact, we tested the hypothesis of prices being 1(2)
against the alternative of 1(1), using Dickey-Pantula(1987). We did not reject
the null hypothesis. From this, we know that also nominal money and nominal
output are I(Zf, and we need to investigate the order of integration of real
output which could be I(1); we test this last hypothesis considering an
integrated model, where nominal variables and prices are expressed in their
first difference, and testing the existence of a long-run equilibrium
relation, with coefficients [1, -1],

FIGURE 1
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TABLE 1
SAMPLE PERIOD: 1970:1 1988:4
VARIABLES Sy, mp,i
MAXIMUM LAG : 2
MODEL 2 1(1)
TESTS forr

LAMBDA MAX TESTS:

r Statistic 50% 80% 90% 95% 97.5% 99%
0 56.88 17.66 21.98 2473 27.07 2898 32.24
1 30.46 12.34 16.20 18.60 20.97 23.09 25.52
2 14.31 6.85 10.04 12.07 14.07 16.05 18.63
3 5.76 044 166 269 376 495 6.65

29 Thinking in continuous timethis means that theelocity ofpprices (i.e. the quarterly inflation rate)
is I(1) and the acceleration of prices is 1(0).

30 Unlessrealmoneyand reabutput are I(2)processes (each) cointegrated CI(2,1) with prices with
coefficients [1, 1] y; —m{OI(1) ).
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TRACE TESTS:

r Statistic 50% 80% 90% 95%  97.5% 99%
0 107.40 33.60 40.15 4395 4721 50.35 54.46
1 50.52 18.70 23.64 26.79 29.68 3256 35.65
2 20.06 7.55 11.07 13.33 1541 17.52 20.04
3 5.76 044 166 269 376 495 6.65

between nominal output growthAgrror! Bookmark not defined.y{) and the
inflation raté. We estimated the modeland we found two cointegrating
relationships and we tested the hypothesis that one of th&Bwrds Bookmark
not defined.y( -AError! Bookmark not defined. p; Without rejecting the null hypothesis
with a marginal significance level of 40%.

The fact that real output is I(1) while money is [(2), given that real
money is I(1), implies that no equilibrium relationship exists between them and
this is evidence of long-run money neutr&fity

This result allows us to consider the following (1) model:

[2.3.1] AError! Bookmark not defined. X;=HLError! Bookmark not defined. ,+A(L) AError!
Bookmark not definedXy.; -AXt., +EError! Bookmark not defined.;, where: ¥[y;, A
Error! Bookmark not defined. My, AError! Bookmark not defined. P it]' ;

using an LR test we choose a maximum lag of 5 for model [2.3.1].

At this point, we performed the Johansen’s cointegration tests finding a
rank of cointegration equal to one (cf. table 2) and the following estimates for
andf:

a‘=[ 0.35225 -1.08009 0.48002 -5.17272];

‘=[0.04561 1.0000 -0.61142 0.000086].

TABLE 2

SAMPLE PERIOD: 1970:2 1988:4
VARIABLES  : y,Am,Ap, i
MAXIMUM LAG : 5

MODEL : (1)

31 When we are dealing with mixgatocesses, I(1and 1(2), itcould be more interesting to use a
modelthat takes this into account; ifiact, using an 1(1) model we cannrify if an equilibrium
relationship that links real output with real money. Cf. Johansen(1993).

32 With no restrictions on the mean and no trend in the stationary part and a linear trend on the 1(1)
part.

33 Cf. Fisher-Seater(1993), p.405.
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TESTS FORr

LAMBDA MAX TESTS:

r Statistic 50% 80% 90% 95% 97.5% 99%

0 38.03 17.66 2198 2473 27.07 2898 32.24
1 12.35 12.34 16.20 18.60 20.97 23.09 25.52
2 8.91 6.85 10.04 12.07 14.07 16.05 18.63
3 1.21 044 166 269 376 495 6.65
TRACE TESTS:

r Statistic 50% 80% 90% 95% 97.5% 99%

0 60.51 33.60 40.15 4395 47.21 50.35 54.46
1 22.47 18.70 23.64 26.79 29.68 3256 35.65
2 10.13 7.55 11.07 13.33 1541 17.52 20.04
3 1.21 044 166 269 376 495 6.65

The first problem we wanted to solve was the stability of our estimates,
expecially if we consider that during this period the so-called “divorce”
between the Government (Treasury) and the Central Bank occurs.
Unfortunately, as far as we know, econometric literature does not consider
structural breaks in cointegrated systems and the only thing we do is to try to
have an idea of the stability of the cointegration rank, estimating the system
recursively from 1981:1 until 1988:4. From this analysis, it is clear that the
cointegration rank remains stable to one.

Now, we want to see wheth¢:, or a;, = 0. We tested first the
hypothesis of3, = 0 (cf. table 3) rejecting the null and then we testgd (cf.
table 3) without rejecting the null. In this last case, our estimatesaotif are
the following:

a'=[0-1.20279 0.33149 -40.14549];
B‘=[0.04616 1.0000 -0.63885 .000217043].

From these results we conclude that money results super-neutral (in the
long-run), but we have to be careful because, as we previously said, things can
change if we work with a structural model. In fact, in a structural model like
[2.2.3], if the first row of the B matrix is not orthogonalotave cannot claim
long-run money neutrality

34 As we saidonly the long-run relationships remain unchanged padsimy a reduced form to a
structural one.
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TABLE 3

TestingP, =0

LOG-LIKELIHOOD UNDER HO  : 1198.06855
LOG-LIKELIHOOD UNDER HA  : 1203.74821
NUMBER OF DEGREES OF FREEDOM : 1

CHI SQUARE TEST : 11.35933
SIGNIFICANCE LEVEL : 7.50700e-004
Testinga; =0

LOG-LIKELIHOOD UNDER HO  : 1021.72331
LOG-LIKELIHOOD UNDER HA  : 1023.07295
NUMBER OF DEGREES OF FREEDOM : 1

CHI SQUARE TEST . 2.69929
SIGNIFICANCE LEVEL : 0.10039
TABLE 4

Granger causality test: money vs real output

LOG-L TEST &2 ) DGF  SIGNIF
1006.1 33.969 13 0.0012

The last step, is to test what we called the hyperneutrality hypothesis.
This test can be easily performed using a Granger causality test in a ECM
framework as in Mosconi-Giannini(1992). This test consists in testing
restrictions on both short-run and long-run coeffici&ntand it provides
evidence against this hypothesis (cf. table 4).

CONCLUSIONS

This paper, after reviewing some of the literature on the so called
invariance proposition, studied money neutrality using Italian data. A number
of difficulties were encountered, one of which was dealing with processes with
different order of integration. In fact, prices and nominal money seem to be 1(2)
processes while real output and the nominal interest rate seem I(1). Due to this
disparity, we attempted to overcome the problem using an 1(1) model in which
we have variables in their first and second differences.

% Again, Toda-Phillips(1993) suggest caution in using a Grarmesality test ishis kind ofmodels.
Anyway, their conclusion is in favour dbrangercausality test in ECM’ modelsther then idevel
VAR’ model expecially whenhe system issmall (3-4 variablesand with aieast 100 observations
(cf. Toda-Phillips(1991)).
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Due to the different order of integration of nominal money (I(2)) and
real output (I(1)), given that real money is I(1), it follows that no equilibrium
relationship exists between them and this is strong evidence of long-run
nominal money neutrality. Following this finding, we went to investigate the
hypothesis of superneutrality and hyperneutrality finding weak evidence for the
first and no evidence at all for the second. Considering the fact that we found
evidence of superneutrality via the loading matrix, a structural investigation is
needed.

In conclusion, we state again that money neutrality is not evidence of
monetary policy neutrality; furthermore, even in the case in which one finds
strong evidence of this hypothesis, the case of reverse causality may occur.

TECHNICAL APPENDICES

APPENDIX A.1

In this section we will explain the partial usefulness of the Granger
causality procedure in proving the invariance proposition. Before doing this we
need to state the Granger causality concept; for this purpose we use the
definition contained in Sims(1972): "...the time-series Y is said to "cause" X
relative to the universe U (U is the vector time-series including X and Y as
components) if, and only if, predictions of X(t) based on U(s) for all s<t are
better than predictions based on all components of U(s) except Y(s) for s<t".
Obviously the main problem of this definition of causality is that, even if Y
does not Granger-cause X, it may be that it leads that variable or it determines
X contemporaneously. We have seen that there are several theoretical
explanation of the money versus income Granger causality even if output
determines money.

As we said, we can use the Granger causality direction using the
following VARMA representatiott

A qq Ba®) &, (UMY, O b, () b, (L), O
[A.1.1] R (L) a, (L)%ﬂt H Bb,.(L) bzz(l—)%mt@

% we consider yand m (respectivelythe natural logarithms of realitputandmoney) to be a jointly
covariance-stationary pair of stochastic processes; if their levels are I(1) processes, we caartdink y
m, to be the rates of growth of the variables. In this leste, we excludehe presence of
cointegration.
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where: y=[uy Uyy" is NID[O,ZEror! Bookmark not defined.]*’. Using the Granger
concept of causality, yicause yif and only if: &,,(L) and/or Q,(L)#ZError!
Bookmark not defined0 and, a,,(L)=b,,(L)=0%. We can rewrite system [A.1.1] in
the following way:

[A.1.1.b] A*(L)x=B(L)u;,
where x=[y;,m]' and, y=[uy;,Un". The [A.1.1.b] form is equivalent to:
[A.1.1.c] x=A(L)x;+B(L)u; , where A(L)=I-A(L).

Sargent(1976) proposed to test the invariance proposition using the
Granger causality framework using a simple VAR system of the following
kind:

[A.1.2] X=Q(L)X¢-1+U -

The invariance proposition consists in testing the lower triangularity of
the Q(L) matrix. As we previously said, this test procedure has been criticised
for its supposed inconsistency in a situation in which passed monetary shocks
affect output. In what follows, we will discuss this point.

Considering A(L) and B(L) invertible polynomial matrices, we can
transform the VARMA system [1] to a VAR system:

[A.1.3] K(L)x=u, where K(L)=B(L)'A*(L);
or to a VMA system:
[A.1.4] =F(L)w, where F(L)=A(L)"B(L).

Consider the first system [A.1.4]; using the Cramer's rule to invert A
and considering [A.1.1] we can express [A.1.4] in its extended form:

. - l]azz bll - a‘:Z b21 ) (@2 QZ_ az QZ Ijl:l'lyt |:|
A-L4DISI %= diga b, — a,b,) (. b~ &, b, bR F

where ¢= 1/det[A’(L)] and ;=§;(L), with &=a",b and i,j=1,2.

Estimating a VMA system, its lower triangularity implies not only the
invariance proposition fa(L)=0] but also that surprises do not affect output (
b,,(L)=0, super neutrality of money). When, ®, =a,,b,, the system can be
lower triangular even if ‘a(L) and Q,(L) are not equal to zero. In this
particular case, it is interesting to note that the long run response of output to a

3 U, is the non-structuralizedector of innovation. Avay oftesting theabsence of contemporaneity
consist of testing the diagonality BError! Bookmark not defined. .

*®a(L)=1-ay, L - &y, L% R(L=1 + b L + Iy, L>*...... ; &(L) and p(L), for i#Error!
Bookmark not definedj, are polynomials in L not containing 1.
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[det A' (1) (A" (1)
Hdet B(1) Bb,,(1)

whereperror! Bookmark not defined. = E(UpnUy)/E(Uyny)?. Therefore, if the shocks,
Untand Yy, are mutually uncorrelated, we have again long-run neutrality. Other
cases of lower triangularity are ruled out when we imposed the invertibility of
the A'(L) matrix and the stationarity of our processes. If our F(L) matrix is
upper triangular, we cannot exclude the invariance proposition because we
cannot exclude the casg 4.)=0. Another possibility is that the F(L) matrix is
full; in this case we cannot establish any direction of causality.

Consider now the VAR representation:

unitary monetary shock ipError! Bookmark not defined.

. I]ail b22 - a‘;l QZ ) (az QZ_ QZ bZ D' - I:Llyt |:|
A-L30IS] g b~ a,b,) (@, h- a,b,5 A

where ¢g=1/det[B(L)]. Again the lower triangularity of the model implies the
invariance propositiarThe same observation made for the VMA representation
also applies for the VAR representation.

APPENDIX A.2

Consider the following ARX model as the "true" model of monetary
policy®:

[A.2.1] m=a(L)m.,+ b(L)K; + €Error! Bookmark not defined. , { , €Error! Bookmark
not definedy, ¢ [ I.i.d. N(OOError! Bookmark not defined. 28 ),

where K is a vector of exogenous and/or pre-determined variables. This must
be thought of as the model used to make expectations (rational), furthermore

we are assuming rError! Bookmark not defined. 1(0). In [A.2.1]:

me=a(L)m._,+b(L)E[K{| k] T Error! Bookmark not defined. mMy-m&=&Error! Bookmark
not definedy, {*. M& is the expected value of;wonditioned on the information
set |.

Instead of [A.2.1], consider a simple AR model of the following kind:

[A.2.2] m=s(L)m_,+€nt, Gt LError! Bookmark not defined. i.i.d. N(O, OError!
Bookmark not defined.ze);

39 This must be thought of as tineodel used to make expectations (rational), furthermore we are
assuming mCError! Bookmark not defined. 1(0).

% The condition E[K I]=K, is verified if K contains deterministic components and/or lagged
variables.
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in this case:

me=s(L)my, O s(L)m.,=a(L)m.,+b(L)E[K{] 1.

If E[K{ k=K * we have thakError! Bookmark not defined. ,, =€,  and
model [A.2.1] is equivalent to model [A.2.2] otherwise VgreVar(gEror!
Bookmark not defined,y, ). In fact, from model [A.2.1]:

[A.2.3] m-me=gError! Bookmark not defined. m, (HO(L)( Ki-E[K¢| k] ).

Supposing Kstationary and uncorrelated withrror! Bookmark not defined. y, .

E[(m-me)’]=Var(m)=Var(e, )=0Errort Bookmark not defined.’s and, using
[A.2.3] :

[A.2.4]Var(m)=Var(gError! Bookmark not defined. , )+b*(1)Var(Ky)=0Error!
Bookmark not defined%+b*(1)0Error! Bookmark not defined.%*? Error! Bookmark not
defined.[] G%.=0Error! Bookmark not defined. %+b?(1)0Error! Bookmark not defined. 2k :

REFERENCES

Barro, R.J., (1978),"Unanticipated Money, Output and the Price Level in the
United States", Journal of Political Economy, 86, pp.549-581.

Barro, R.J., (1979),"The Equilibrium Approach to Business Cycles", Nov.,
unpublished.

Bergman, M., A. Warne, (1993), "Money-Income Causality and the
Neutrality of Money", mimeo.

Bernanke, B.S., (1986),"Alternative Explanations of the Money-Income
Correlation”, Canergie-Rochester Conference Series on Public Policy, 25,
pp.49-100.

*I For instance when we have fand so E[K, | I]=K,.
*2 Here B(1)=0’ +b’+...+1f,, where p is the order of b(L).

21



Blanchard, O.J., S. Fischer, (1989).ectures on Macroeconomicshe MIT
press, Cambridge, Massachusetts.

Buiter, W.H., (1983), "Real Effects of Anticipated and Unanticipated Money:
some Problems of Estimation and Hypothesis Testing"”, Journal of Monetary
Economics, 11, pp.207-224.

Dickey, D.A., S.G. Pantula, (1987)Determining the Order of Differencing in
Autoregressive Processes”, Journal of Business and Economic Statistics, 5, pp.
455-461.

Engle, R.F., C.W.J. Granger, (1987);Co-integration and Error Correction:
Representation, Estimation and Testing", Econometrica, 55, pp.251-276.
Fisher, M.E., J.J. Seater, (1993)'Long-Run Neutrality and Superneutrality in

an ARIMA Framework", American Economic Review, 83, pp.402-415.
Frydman, R., E.S. Phelps, (1983) Individual Forecasting andggregate
Outcames, Cambridge University Press, Cambridge.

Guiso, L., P. Sestito, (1987),Fluttuazioni Cicliche e Curva di Offerta "a la"
Lucas: Una Verifica Empirica Diretta”, Giornale degli Economisti, vol. XLVI,
pp.401-415.

Johansen,S., (1988),Likelihood Based Inference on Cointegration. Theory
and Applications, Lectures notes for a course on cointegration held at the
Seminario Estivo di Econometria, Centro Studi Sorelle Clarke, Bagni di Lucca,
Italy.

Johansen,S., (1992), "ldentifying Restrictions of Linear Equations”, Institute
of Mathematical Statistics, University of Copenhagen.

Johansen, S., (1993), "A Statistical Analysis of Cointegration for 1(2)
Variables", forthcoming (Econometric Theory).

Johansen,S., K. Juselius, (1992})Identification of the Long-Run and the
Short-Run Structure. An Application to thiSLM Model", Institute of
Mathematical Statistics, University of Copenhagen.

King, R., C.I. Plosser, (1984); Money, Credit and Prices in a Real Business
Cycle", American Economic Review 74, 3, pp. 363-380.

King, R.G., C.l. Plosser, J.H. Stock, M.W.Watson, (1991),"Stochastic
Trends and Economic Fluctuations”, American Economic Review, 81, pp.819-
840.

Lucas, R.E., (1973);'Some International Evidence on Output-Inflation Trade-
Offs", American Economic Review, 63, pp.326-334.

McCallum, B.T., (1979),"On the Observational Inequivalence of Classical and
Keynesian Models", Journal of Political Economy, 87, pp.395-409.

Mishkin, F., (1982), Macroeconomic Rational Expectation Models: An
Econometric Analysis, The University of Chicago.

Mosconi, R., C. Giannini, (1992), “Non-Causality in Cointegrated Systems:
Representation Estimation and Testing”, Oxford Bulletin of Economics and
Statistics, 54, pp.399-417.

Phelps, E.S., (1970),Microeconomic Foundations of Employment and
Inflation Theory, Norton, New York.

22



Sargent, T.J., (1976a); A Classical Macroeconometric Model for the United
States", Journal of Political Economy, 84, pp.207-237.

Sargent, T.J., (1976b),"The Observational Equivalence of Natural and
Unnatural Rate Theories", Journal of Political Economy, 84, pp.631-640.
Tobin, J., (1970),"Post Hoc Ergo Propter Hoc", Quarterly Journal of
Economics, 84, pp.310-317.

Toda, H.Y., P.C.B. Phillips, (1993),Vector Autoregressions and Causality”,
Econometrica, 61, pp.1367-1393.

Toda, H.Y., P.C.B. Phillips, (1991); Vector Autoregression and Causality: A
Theoretical Overview and Simulation Study”, University of Western Australia
Working Paper 91-07.

23



