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Introduction

The 17970 °'s have witnessed dramatic developments in macroeconomic
theory and practice. The New Classical Approach has brought
forth a focus on the different effects of anticipated and
unanticipated movements in nominal variables on real ocutput.
These preoccupations have supplanted the earlier kKeynesian cum
Monetarist ones of examining the transmission between monetary
policy, whether expected or unexpected, and real output.

One particular expression of the distinction between the
effects of anticipated and unanticipated movements in nominal
variables is the hypothesis that the anticipated movements have
no effect on real output. Empirical tests of this hypothesis
have been carried out by many authors, but perhaps the most
renowned models are those of Mishkin and Barro. Barro (1977,
1278) found support for the neutrality hypothesis in the United
States, using annual data. Leiderman {(1980) also found that he
could not reject policy neutrality using Barro’'s model. Mishkin
(1983) estimated a slightly different model using guarterly data.
His conclusions agreed with Barro’s and Leiderman’s when the
length of the lag of the nominal wariables in the putput equation
was short, but he discovered the hypothesis was rejected when the
lag distribution was substantially lengthened. While mixed,
these results, along with the theoretical pedigree of the model
on which they are based, have caused the research agenda of the
New Classical view to dominate the activities of empirical
macroeconomists.

In our earlier papers we demonstrated that problems inherent

in measuring ratiponal expectations correctly cast doubt on the



validity of the statistical inferences required to support the
conclusiaons of these studies. Rappoport (19854) demonstrated that
the expectations models used by Barro and Mishkin did not satisfy
minimal conditions of rationality. Frydman and Rappoport {1%84)
showed that this kind of mismeasurement of rational expectations
rendered Barro’'s and Mishkin‘s estimates incansistent, and their
test procedures invalid. Thus, the empirical evidence concerning
the New Classical propositions has to be reassembled using
methods that are immune to the problems arising from
mismeasurement of rational expectations.

One tack is to test the hypothesis that the etfect of
monetary paolicy on autput is the same, irrespective of whether
policy is anticipated or unanticipated. We call this hvypothesis
the "Irrelevance of the Anticipated-Unanticipated Distinction"
(IAUD). Under IAUD, the deviation of output from its natural
rate depends only on the total money grawth rate, that is, it
does not matter whether a particular movement in the money arowth
rate is anticipated or unanticipated. Therefore, it will not
matter for computing the distribution of test statistics under
this null hypothesis, how money is decomposed into expected and
unexpected components. A fortiori, it does not matter (for the
probability of a Type I error) whether expectations are measured
correctly or not.

The purpose of this paper is to test the IAUD hypothesis

using the models of Barro and Mishkin. The hypothesis receives

This reinterpretation of the empirical information contained in



these well-known empirical models suggests that the efforts of
the past decade may have been misdirected.

It is necessary to explain the precise meaning of this
result. The "standard framework" for testing neutrality is a model
which output is regressed on variables supposed to capture the
natural rate of output, and on distributed lags of anticipated
and unanticipated money growth. The coefficients in this
equation are not permitted to vary over time. The sample period
employed is typically part of the post-war era. In this
"standard framework", we demonstrate that the IAUD hypothesis is
convincingly supported. Thus, the version of the output equation
that has been estimated in pursuit of the hypotheses of the New
Classical Macroeconomics collapses into one in which money growth
affects output directly, without the intermediation of
expectational phenomena.

While the evidence that has been assembled in the literature
concerning the rational expectations and neutrality hypotheses
is uninterpretable as a result of the mismeasurement of
expectations, the support evidences for IAUD in the standard
framework allow some inferences to be made concerning these
hypotheses. Since there is no distinction between the effects an
output of anticipated and unanticipated money growth, the output
equation evidently provides no information about expectations.
That is, rational expectations do not imply any binding craoss-—
equation restriction on the parameters of the output and money
growth equations. Hence, the rational expectations hypothesis
cannot be tested in the this framework. However, the effect of

anticipated policy on output is the same as that of the entire

in



palicy variable, under IAUD. In the context of the models tested
here, we find this effect to be non—-zero. Consequently, the
neutrality hypothesis, finds no support from our results. In
summary, our results suggest that empirical research based on the
lucas supply curve, when carried out in the "standard framework,"
would lead one to believe that phenomena having to do with
expectations do not intervene in the transmission from money to
output. The IAUD hypothesis thus emerges as a simple first step
in the effort to distinguish between the rational expectations
appraoach and its predecessurs.1

While the usual perspective on the determination of output
thus delivers the IAUD hypothesis, this, of course, is not the
end of the story. Other monetary forecast functions must be
examined. More general specifications may reveal that IAUD is
invalid when coefficients are allowed to vary aver time, or that
output depends on variables other than lags of the money growth
rate and the hypothesised components of the natural rate.

The plan of the paper is as follows. In section 1 we
outline the model and the hypotheses to be tested, and in Section
2 we discuss the econometric properties of the estimation and
testing procedures. Section 3 presents results for the models of
Barro and Mishkin, and a summary is contained in Section 4.

1. The Model and Hypotheses

Several hypotheses concerning the relationship of money

grawth and output will be tested in this paper, in the context of



Barro’'s and Mishkin's models of these two variables. These models

2
both have the following form:
M e M e
(1) Yo = b By Xy = xgigh R o8 F Vet
‘|=0 1"0
(2} Xp = 248+ Ay

The two empirical specifications diffter in the length of the

lag distributions in (1), the nature of the natural rate of
output and the contents of z . Specific details will be given in
Sectien 3. :

The hypothesis of the irrelevance of the anticipated-

unanticipated distinction (IAUD) is

(3} & =B

whersa 8=(60,.”,6M) and B is similarly defined. I+ this
' 3
hypothesis is wvalid, the output eguation may be rewritten as

Eguation (4) motivates the guestion of whether money atfects
output at all, i.e. T =0. This hypothesis will also be tested.
However., a valid test will only emerge if 9 =8, and so the
significance level of the T =0 test should be adjusted. As the
two hypotheses are not independent, this is complicated.
Therefore, we shall also provide more easily interpretable
1

evidence by testing 98= 0.

The hypothesis that is usually tested on the parameters of

w



equation (1) is the neutrality restriction 8 =0. Since consistent
estimates and correct test statistics can only be obtained (in

the presence of mismeasurement of expectations) whent = 3, the
neutrality restriction becomes 6 = 8 =0, which is tested against s =R #0 .
Thus, the test of neutrality collapses into the test of whether

"money matters," i.e. 1 =0. Consequently, we only present the
indirect evidence on the neutrality hypothesis that emerges from

the tests of IAUD. The same comments apply, mutatis mutandis,

for the hypothesis (E=0.

The above tests examine whether there is any response to the
nominal wvariables on the right hand sides of (1) and (4). One
may also enquire whether the aggregate effect of the distributed
lags of these variables is of importance, that is, if the
response, if any, of output to nominal variables is transitory or
permanent. This can be achieved by testing the hypotheses that
sums of coefficients are zero. Thus, we test H% = ﬂ% =0 on
equation (1), and ZT1=O on equation ((4). The distribution of
these test statistics is computed under the relevant null and
under the maintained hypothesis of IAUD.

In order to test hypotheses involving 9 and B , it is
necessary to provide a proxy for expectations, xe. Following the
practice of Barro and Mishkin, we take Zt§ in equation (2) as
our measure of expectations. This is typically described as the
assumption of rational expectations, although Zt5 is not an exact
measurement of rational expectations when the agents’™ information

set is larger than z . In order that the output equation can bhe
t

rewritten correctly once this substitution is made, it is

necessary to decompose rational expectations into measured and



unmeasured parts.
re
et rational expectations, = , be defined by
re
{51 " =x - e
t t re
where & 1is white noise. The projection of u on the (smaller:
t
information set used by the investigator vyields
re
(&) H =z & + v
t t
where v and z are contemporaneously orthogoral by construction.

v, Which 1is not necessarily white noise, is the investigator's
error in measuring rational expectations, since the "instrument”

Zt = Xt is used to proxy rational expectations. Substitoeting this

expression in (1) vields

“ra _oore +
(7) yt = zei (Xt-i - xt—i) + 64 Xt—i + Ynt ﬂt
or squivalently,
8 = I X - .
(8) yt 81 { to Zt*15) + zeth_1 + ynt +nt

whers

i}

The principal model to be s2stimated 1= described by
gquations () ar (7)) and (Z). Equation (B} embodies the rational
sxpectations nypothesis. While these ars measurad with error

sguation (9) shows that when 8 = 0, the effscts ot mismeasurament

W

~J



disappear from the output equation, i.e. W

"t T Y-

Since test statistics are evaluated under the null
hypothesis, expectations figure nowhere in the model, hence the
way they are measured does not affect estimation and inference.
Only when the power of the tests is considered (i.e., distribu-
tions are computed under the assumption ¢ #8) does mismeasurement
aftfect the results. Unfortunately, to calculate the power is a
formidable task, since, in general under the alternate
hypothesis, the estimators of all overidentified parameters are

4
inconsistent.

In the literature, estimation has proceeded under

the assumption that At and w are contemporaneously independent,
t
and we shall invoke this assumption too. We shall use a two—step

method of estimation, in which (2) is run first to provide an
“re A

estimated proxy for rational expectations, X; = ?tQ where ¢ is
“re re
the OLS estimator of ¢ . Xt is then substituted for Xt in
=
equation (7) , and ¢ and B
- ~ &

are then estimated by least squares yielding 9 and B .

The alternative method of estimation is a systems method
7

such as FIML. Since this uses information from both the output
equation {(B) and the money growth equation (2), it provides more
efficient estimates in tests of the rational expectations and
neutrality hypotheses (when the mismeasurement of rational
expectations not present). A further disadvantage of the two—

A ~

step method i1s that, in general, the variance of O and B must

be corrected to allow for the fact that ¢ rather than ¢ is



5
usaed 1n the second stage.

It turns out that both cof these problems disappear when & =
even 1in the presence of mismeasurement of rational expectations.
It is convenient to deal first with the problem of the sampling
variance of © and 8 | Murphy and Topel (1983, po 7 and 11) show
that the standard estimator of the asymptotic cCovariance matrix
of (R', 8% "tfor example that provided by a computer regression
package} has to be altered by a factor that i=s a function o+ ths=

~

sampling variance of ¢, computed from the first stage regression

vl

+ (2. Howewver, this factor is also a guadratic form in & =8,
Since it is to bhe svaluated under the null hypothesis, in which
“-B=0, the correction factor disappears.

We now turn to the relative efficiency of the two step and
systems methods, under the assumption of IAUD. It 1= convenient
in sketching this argument to omit v from the output eguatiaon.
nt

This does not affect the generality of the argument. The system

to be estimated may be written as

= IBs{x §) + 8. z, .8+
Yt il t-1"Zt- ) t-i7" Tt
X, = S+ A
t %t t
Let the 2 M + 1) varizbles whose coetficients are B and & ba=

represented by B(S) .

i
[
|
1
[
3
i
mn
—
m
r+
1
Q

Under the assumpticon that At and Ny ar
{(whicn, amounis to Ktand w being uncorreliated whern IAULD is

t
truel, FIML amounts to minimization of

AMan'n

By



(where X' = ¢ lP...,lT), and N is similarly defined) with
respect ta B, fand 6§ . The covariance matrix of the FIML
estimators (which are consistent under IAUD) is given by the
inverse of the information matrix. The information matrix is
block diagonal in ¢ and (B,8) when evaluated at 6=8. Hence, so

is its inverse. The block corresponding to ( B8',9") is

This is the formula for the covariance matrix of the two step
estimator of 8 and 9 under IAUD (c.f. Murphy and Topel 1983).
Hence, we conclude that the two-step method is asymptotically
efficient under IAUD. Furthermore, since the two step estimators

2

of On and § are consistent under I1AUD, a consistent estimator

of (10) may be constructed from the parameters estimated in the
two—step method.

Intuitively this result occurs because IAUD reduces (1} to
(4) , which does not contain expectations. Hence, under IAUD, the
output and money growth equations are dislocated. Since their
errors are assumed to be uncorrelated with each other, systems
estimation results in statistics with the same properties as
single—equation estimation.

While the first step of the estimation method provides
proxies for the regressors in (1) related to expectations, this
regression cannot be run until a proxy 1s found for the natural
rate of output. Following Barro and Mishkin, we deal with this

problem as follows: Equation (1} is rewritten:

re

re
t-i " Xg-i

(11) Yp = LBy {x ) + 0, Xioi

+ +
Nta ut



=

. o+ oW
71 ut—1 t

(12) Ue

I i

i=1

where N is a iist of variables, on which data are ava:ilsble and
t
to which v is related. Thus the natural rate is modelled by:
nt
- J

- z
(13) ynt Nta +1=1 D_iut_-_i

The parameters of =zguations (11) and (13F ars eskhimanz=d
Jointly by iterateg genesralized least sguares. This has tha cam=
asymptotic properties as maximum likelihood sstimatior ot the
non-linear equation that results ftrom applying the transformation
1-p{l) to eguation (147. Thus, in summary, ths two step
estimatior procedurse used is as follows:

1. Estimate (2) by 0OLS, to yield z .6

bl
“re
Xt

F. Estimate this =quation and (12) by GLES.

Z. SBuoz=titute in {11}
In analyses of the money—output =quation system, 1t 1z
customarwv to operates in terms of the asvymptotic distributicns of

test tati

]
n

tics. Whiie the asymptcoctic distribut:ons ot ths three
conventional statistics are i1dentical under both the null ang

Ccs. In finite

sl
U
+
yu
in
rt
pois

aliternate hvpotheses, we employ Wald =

amplas, wn=n r=2ferrred to a xz distributiliocn., these ars less

ul

Tavourable to the null than the Lagrange multiplier or

-

rat:o statistics. (c.+. Berndt and Zavin {1977)). In order to

ctr th2 potential overstatement of the size of the test we

Tt
3

=

]

o

(1]

4

5= the degrees of fresdom adiustment suggested by Evans arnd
Zavin (1982,

11



22 Empirical Resulis

In this section we present the results of estimation of the
models of Barro and Rush (1280) and Mishkin (1983%), and use them
to test the hypotheses discussed in Ssction 1. The data used are
quarterly,q and the sample period runs from 1254.1 to 1276.1IV.
This is the sample period used by Mishkin, but i1s employed for
both models to provide for uniformity of the results.

The first step in estimating the models is to estimate
eqguation (2) by regressing the nominal wvariable (the guarterly
growth rate of M1} on the list of explanatory wvariables chosen by
each author.10 To conserve space we dao not exhibit the results of
these regressions. They replicated the coefficient estimates
reported by Barro and Rush (1980, p. 3B) and Mishkin (1983, Table

6.8.20. Caolumns 1 and 4). Estimates of anticipated and

unanticipated money growth are now constructed from the fitted

~ ~

. ‘re °r
part and residuals of the first stap. This yields Xt and Xt—xt

e
respectively.

In order to estimate the output equation (11) and its
autoregressive correction (12), three issues of specification
must be dealt with. One concerns the variables in M , the known
components of the natural rate of output. Again we :nllmw
Mishkin and Barro and Rush, using a constant and linear time
trend 1in the first case, and add wvariables measuring the effects
of minimum wages and the selective military dratt in the
latter.11 A second guestion 1s the determination of J, the
order of the autoregressive model in (12). Barro and Rush used
a second-order model, while Mishkin set J at 4. We report

results using a fourth order lag in both cases, since the results

of no hypothesis test was changed when J was set at 2.



TABLE 1

Amemiya's Prediction Criterion and
v2 test for significance of lags of anticipated
and unanticipated money growth beyond the seventh (a}/

Lag Lenath Barro Mishkin
" PC x 10 2 pvatuel®/ e x 1o 2 p val
¥v2 p value X ¥2 p value
7 817 - 906 ;
10 .904 868 967 304
12 .975 .962 .956 173
15 962 .097 1.08 341
18 .936 13 957 044
20 .929 . 069 913 .009
25 781 *(c) .805 *
Notes

(a) The test has 2(M-7) degrees of freedom.

(b} The p-value is the probability of the data being generated by the model
under the null hypothesis, i.e. the area under the yx? density function to
the right of the computed value of the test statistic.

(c} An asterisk denotes a p-value less than .00001.

(d) Lack of data required that this model be estimated on the sample
1955.1I1 - 1976.1V, which contains 87 observations.



The final, and most problematic matter of specification is
the length of the lag distributions on unanticipated and
anticipated money growth in eguation (1). Barro and Rush (1780,
p. 346) reported results for 7, B and 10 lags. Mishkin found that
the results of his tests of the neutrality hypotheses were sensitive
to the lag length used: with seven lags the hypothesis was not
rejected, whereas with twenty it was.

The attempt to distinguish among different specifications of
the lag length does not yield an unambiguous answer. In Table 1
the first column for each model exhibits the computation of

2
Amemiya’'s Frediction Criteriunlh for models with
7. 10, 12, 153, 18, 20 and 25 lags.

For both specifications, the seven lag model yields a lower
value of FC than does the twenty lag specification, indicating
that the former is to be preferred between these two, although it
is a close race in the case aof Mishkin's model. The conventional
test of significance of lags of anticpated and unanticipated
money beyond the seventh is also reported in Table I. The
seven lag specification is not rejected at all for Barro's model
and for Mishkin’'s model it is not rejected when compared with
madeles containing up to 15 lags. However, the seven lag
specification is rejected at the 5% level {far eighteen lags and
at the 1% level for twenty lags.

If the twenty lag model is correct then the coefficient
estimates that it provides will be ronsistent. These estimates,

which are exhibited in Table 11, evidence some perplexing

mavements. Both models show large (absolute) responses at very



on

ot

lage, anc there is no tendency for the lag distributions to

1)

die out. This latter fact suggests that if a2 model with long lag
distributions is to be favored, the lag distribution should be
even longer. This motivates our examination of tne maodel with
twenty five lags, which is clearly favored by the tests in Table
I. However, the estimated Iag distributions for the twenty five
lag mpdel are sven more problematic than those far the twenty lag
models, -exhibiting larger amplitudes and again no tendency o
1Z

dies out after six years.

There are two obvious wave of interpreting these resulis
On the one hand, one may conclude that the lag length i1s 1in fact
long, and the results +or shorter lag lengths emerge because a
misespecitied model is forced an the data. O~ the other hanmd. one
may decide that the results for Iong lag lengths are spurious,
and arise bhecause too many degrees of freedom are used up. In
=hort, somewhere bhetween seven and twenty—-ftive lags a ftnreshold
is crossed, and elther this threshold divides economically
incorrect fraom correct (but overparameterized) specification=, or
1t divides adeguate specifications from those that use too manv

degrees of +r=zedom.

While the issue ot the approgriate lag lsngth canniot b

U1
b}
rt
L
L
1
vt
1
rt
-t
dl
-t
-
Al
]
Pl
—
-

cevond doubt, we belisve that the =zhapes of
th2 iong lag distributions are implausible on economic grounds.

Li:sflcal resuits s=em to arise from rear exhaustion of
14
degrees of freedom. Neverthnaless, for completensss, ws

The =

ri
M

tha results for tests of the IAUD hypothesis for all the lag
lengths exzmined above, They are to be interprsted i1n the

light af this discussian.



TABLE I1I

Coefficients of Unanticipated and Anticipated Money Growth

Barro-Rush Mishkin
?O lags _ ?5 lags _ ?O lags _ ?5 lags _

Lag pi 07 gi 01 g1 i g1 g1

0 0.76* -0.58 0.85% -4.43 0.82* 0.69 0.94* -0.21

1 1.63 7.83 4.33 24.74 0.66 0.42 1.53* -1.21

2 -3.27 -1.81 13.13* -17.32 1.19 1.25 3.04* -0.17

3 1.51 2.21 8.54% 17.54* 0.97 0.74 3.13* -0.23

4 -0.03 -2.53 ~9.03* -1.11 1.14 0.94 3.02* 0.55

5 4.06 0.42 2.89 -2.80 0.97 0.36 1.86% 0.54

6 2.54 2.94 3.25 16.96 0.78 0.31 1.08 1.27

7 0.03 0.06 -9.03* -8.25 0.72 0.89 0.82 1.04

8 0.32 -1.21 5.16 6.53 0.17 0.29 0.89 -0.86

9 0.98 -0.99 -3.23 -7.69 0.31 ~-0.04 2.54* -2.03

10 1.95 3.55 7.57* 8.54 0.24 -0.01 4.64* -1.28

11 -1.04 -0.36 -0.89 -8.38 0.24 -1,27* 5.28%* -1.79

12 -0.35 4.87 6.22 10.79 1.58 0.45 5.95* 0.08

13 -4.37 0.26 -4.92 -5.28 0.79 -0.07 4.21* -2.03

14  -2.20 -3.78 2.96 -2.92 0.36 (.23 4.77* -1.35

15 1.16 5.29 2.41 14.62* 0.40 -0.83 5.44* -0.88

16 -3.16 0.78 -7.91 -9.04 1.29 -2.32* 4.99* -(0.97

17 -1.57 -1.33 3.29 5.93 2.65% -0.07 3.966* 1.80%*
18  -1.53 -0.45 -5.93 2.62 1.44 -1.35* 1.49 -0.42

19 -0.15 -1.38 -2.59 -4.3 2.13* 1.22*% 2.69* 2.21%
20 2.23 0.78 1.49 6.98 0.54 0.60 0.98 0.52

21 -6.39* -3.03 0.99 0.11

22 0.40 1.12 1.75 -2.75*
23 -1.92 0.64 4.97* -0.80

24 -1.21 0.01 4.41* 1.26

25 -0.70 -0.57 1.57* 0.95

Note: an asterisk indicates a coefficient significantly different from zero at

the 5% level



Table III contains the results of tests of the IAUD and
related hypotheses. For the shorter lag lenghts, the IAUD
hypothesis is strongly supported by the data, and even at 20 lags
it is not rejected at the 1% level, tha p-values being in excess
of ZL. A $urther (inforeal) piace of ' evidence
is given by the Box Pierce statistics far the restricted models.
As Wald tests are carried out, the restricted model is estimated
on data transformed according to the pattern of the p's in (12)
that was estimated using the unrestricted model. In all cases,
the p—values are high, indicating that deviations of the
residuals of the restricted model from white noise are not
detected by the Box—-Fierce test. Similarly, visual inspection of
the autocorrelations and partial autocorrelations of the errors
from the restricted model does not vield evidence of any
systematic patterns. This means that imposing the restriction
in estimation does not leave unexplained any less of the serial
carrelation in output than estimating the unrestricted model in
which 0 = 8 is not imposed.

The IAUD hypothesis is only soundly rejected when the lag
length is extended to 25 quarters. #fAs mentioned above, in the
case of the Barro—Rush model, for example, the unrestricted model
involves estimating 60 parameters using B7 observations, while
restricted estimation involves only 34 parameters.

Table 111 also presents tests of two other hypotheses. The
restriction 6= 8 = 0 may he regarded as a check on whether the
decomposition of money into anticipated and unanticipated

components is irrelevant because the components are irrelevant

15



TABLE ITII

p-values for x? Tests on Equation {10)

Barro Mishkin
Box R BoX Toi=
?;Egce 8=R 8=3=0 F3i=0 ?;iice 88 9=g=0 78i=0
degrees
of
freedom 24 M+1 2(M+1) 2 24 M+1 2{M+1) 2
lag
length
M
7 91 . 658 .0009 * .79 .954 .00073 *
10 .87 .807 .01804 .0002 . 945 .825 .00014 .00009
12 .79 .83 .06 .00487 .79 467 .00013 . 00066
15 .45 .045 * * .87 .b16 .00126 .0089
18 .72 .045 * * .628 .14 * .15
20 .75 .021 * .0001 .186 .023 * .026
25 . 006 * * * .045 * * *




to the determination of output. This restriction is soundly
rejected for all models, except for the Barro—Rush models with 1G
and 12 lags. In the former case it is rejected at the 5% level
and not at the 1% level, whereas in the latter it is not rejected
at the S% level. For longer lag lengths, the strength of the
rejaction (the low p—-values of the tests) is likely to result
from the number of restrictions imposed. The restriction 291=§$1=0
imposes the condition that the total or permanent effects of
anticipated and unanticipated money on output are zero. Because
of the presence of mismeasurement of rational expectaions, the
test statistics for this hypothesis only possess a X2
distribution if it is also true that © = 8 . However, this
malintained hypothesis is imposed neither in the unrestricted nor
in the restricted estimation procedures. The hypothesis is
rejected at conventional significance levels for all
specifications except Mishkin's model with 18 and Z0 lags.

In summary, the IAUD hypothesis is supported by the data
except in models with long lag distributions. The results are
slightly more ambiguous for the other two hypotheses tested. The
Harro-Rush model with 10 or 12 lags suggests that no part of
maney growth has an effect on output, while for some longer lags,
Mishkin’'s model suggests that the permanent effects of the
components of money growth on output may be zero. However, none
of these results impugn the conclusion to be drawn from the IAUD
tests: in the way the specification (11), (12) summarises the
data, shaort of there being a case for believing the lag
distributions to be very long, there are no grounds for

distinguishing between the effects on output of uvnanticipated and

16



anticipated soney growth, in the usual framswork analysis.

As the IAUD hypothesis is supported by the data, a next
step would be to estimate the model (4). The coefficient
estimates for the lag distributions on money growth are presented
in Table IV¥. 0Only the results for the Barro-Rush madel are
exhibited. For the Mishkin model, the lag distributions follow
the same pattern extremely clusely.15 The lag distributions in
this table evidence none of the anomalies that were present in
estimation of equations (11} and (12). All lag distributions
exhibit the same plausible shape. They have a maximum at two
periods and tail off after that. Table 1V evidences a remarkable
similarity among the different models. The values of the
coefficients of lags 0 through 7 differ very little across
equations, in spite of the fact that the lag distribution is
permitted to "spread" itselt over more than seven lags. The
values of all coefficients beyond seven lags are close to zero,
and are individually statistically insignificant. A formal test
of the proposition that lags beyond the seventh do not belong to
the equation is given in the first column of Table V. In no case
is the p-value for this hypathesis less than 50'/..16 These
results are consistent with our earlier arguments for the
appropriateness of the model with shorter rather than longer
lags.

Table V also presents results on two hypotheses analogous to
those tested on equation (11). The second column cantains tests

of the hypothesis that money has no effect at any lag;: it is

soundly rejected in all cases. The third column presents the



TABLE 1V
Coefficients of Lags of Money Growth in Equation (4)

Barro-Rush Model

lag

Tength: 7 10 12 15 18 20 25
Tag

0 0.71* 0.74* 0.77* 0.78* 0.80% 0.76* 0.77*
1 0.57* 0.65* 0.64* 0.65* 0.67* 0.63* 0.52*
2 1.08* 1.14* 1.12* 1.12* 1.15% 1.12* 1.16%*
3 1.02* 1.02% 1.00* 1.03* 1.01* 0.97* 1.03*
4 0.93* 1.00* 1.01% 1.03* 1.04* 0.98* 1.05%
5 0.61* 0.73* 0.73* 0.73* 0.75* 0.74* 0.86*
6 0.40* 0.51% 0.46* 0.43 0.43 0.41 0.61*
7 0.56* 0.64* 0.61* 0.61* 0.64* 0.65* 0.94
8 0.12 0.10 0.13 0.12 0.09 0.31
9 0.29* 0.28 0.24 0.23 0.18 0.51
10 0.04 0.01 -0.04 -0.09 -0.10 0.16
11 -0.11 ~-0.16 -0.23 -0.18 0.07
12 0.09 0.05 -0.05 0.14 0.32
13 -0.07 -0.21 -0.20 -0.03
14 -0.19 -0.32 -0.32 -0.12
15 0.01 -0.14 -0.03 0.15
16 -0.25 -0.11 0.04
17 -0.12 0.00 -(0.03
18 -0.35 -0.21 -0.17
19 0.27 0.39
20 0.37 0.49
21 0.04
22 0.29
23 0.20
24 0.12
25 -0.47*

Note: an asterisk indicates a coe-ficient significantly different than zero at the 5% level.



TABLE V
p-values for x? tests of Equation (4)

Barro-Rush Model

Hypothesis

TB Ty =0 =0 £ti=0
degrees M-7 M1 1
of
freedom
Tag
length
M
7 - .0001 *
10 .552 * *
12 737 .00004 .00002
15 .886 . 00052 .00022
18 742 .0008 .0097
20 .518 .00016 .00195

25 507 .00004 .00017



results on the hypothesis that the permanent eftect of money
growth on output is zero. This hypothesis is rejected at the 3%
level for all models, although at the 1% level it surviwves in the
twenty lag case, and is marginally rejected in the eighteen lag
model. Thus, in the context of the models examined here not only
is money non—neutral in the short-run, it is also non—neutral in

the long-run.

4. Summary

At this point we are able to summarize the empirical results
that emerge from the standard models used in testing the New
LClassical propositions. We find that these models lead one to
believe that there is no distinction between the output effects
of anticipated and unanticipated money growth. Furthermore,
this result does not arise becaudvse "money does not matter."
lronically, in these models, it matters both in the short and
long runs. This seems to close a chapter in the study of the

determination of output. A caretful reconsideration of the

specification of the output eguation i1s motivated.
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FOOTNOTES

1. It is surprising that this hypothesis was not tested at the
outset. The explanation may be that it does not arise naturally
from the New Classical perspective.

An early examination of this hypothesis was carried out by
Rappoport (1%81). Subsequent to writing this paper we discaovered
that some tests for the UK have been done by Bean (1984).

Neither considered the relationship of the IAUD hypothesis to the
issue of mismeasurement of rational expectations.

Another paper that examines the New Classical model from a
Feynesian perspective is Fesaran (1%82).

2. Here, y represents real output, y 1its natural rate, x the rate
n

aof growth of the money supply, and x the forecast at t-1 of x .

t t -
z 15 a list of regressors chasen by the investigator, and w and Xt
t t
are random error terms.
3. In the sequel, an unadorned summation sign will stand for v
i<0
4. If x - 2z ¢ 1is white noise, inconsistency does not result if

t t

{c.f. Frydman and Rappaport, 1¥84). However, Rappoport (1984)
demonstrated that this case does not characterise the rational

expectations proxies of Barro and Mishkin used below.

5. This method has been used by Barro (1%77) and Barro and Rush

(1780) .

&, In practice, vy is modelled as containing a serially correlated
nt ~ ~

process, so the procedure used to derive 8 and B is (iterated)

generalized least sguares. Details will be discussed in section

—r
<
-~F

7. Systems estimators are used by Leiderman (1980) and Mishkin

19



(17833 .

8. C.f. Murphy and Topel (1283) and Fagan (1%84). Again, the
treatment af this issue in the literature abstracts from the
problem of mismeasurement af rational expectations.
7. The data for Barro’'s model were those used by Barro and Rush
(1980) , and were kindly provided by Jdohn Merrick. The
additional data series required to implement Mishkin’'s model were
taken from the Citibase databank.
i0. Barro and Rush regress the monsy growth rate an a constant, six
lagged values aof the dependent variable, three lagged wvalues of
the logit of the unemployment rate and the contemporaneous wvalue
of "FEDV", a measure of the deviation of federal government
expenditure from its normal value. Mishkin’'s regressors are a
constant and four lagged values each of the dependent variable,
the average rate on month bank treasury bills and the high
employment government surplus. The data in the Barro and Rush
dataset are seasonally adjusted, and we used adjusted data for
Mishkin’'s model.
11. Barro and Rush did not use both of these variables in any single
equation. We do so anly for conciseness.
1Z. The farmula for this is SSR (T+K) y, Wwhere S5R is the sum of
T {T-K)
sfquared residuals and K is the number of parameters estimated in
the model. We have used Amemiva’s Criterion because he shaws
that it is appropriate for non-linear models, of which (11) and

(12) constitute an example. Thus, we include in K the four lags

of u specified in equation (12). Amemiva (1980) demonstrates his



criterion to be equivalent to a version of Akaike’'s Criterion in

the case of the standard regression model.

13. One possible explanation for these results may be collinearity
among the regressors. If the variables other than lags of money
growth in equation (2) have negligible contributions to the money

~

growth rate equation, then i;e is close to being a linear
combination of a constant and lags of the money growth rate,
variables which can be constructed from the other regressors in
the output equation. Indeed, none of these non—money variables
is significant in the Barro-Rush money growth squation, although
some are in Mishkin’'s model. However, what matters is not the
statistical significance of coefficients but the size of the
effect of the variable. This may be measured, for example, by
the mean of the regressor multiplied by its coefficient, relative
to the mean of the dependent variable. This turns out to be

substantial {around 10%) in the case of the wvariables other than

lags of money growth in Barro and Rush’'s equation.

14. In the 25 (20) lag Barro-Rush model, unrestricted

estimation involves fitting BY (92) observations on by selecting
&0 (S0) parameters. The restricted model imposes 346 (26)
restrictions. It therefore seems plausible that the unrestricted
regression 1s spurious, and the restricted regression results in a
much higher sum of squared residuals because it imposes so

many restrictions on an already spuriously parameterised model.

We also note that Amemiya’'s model selection criterion {see
footnote 12) may be unreliable when K becomes large, since it is

continuous in E and undefined for K=T.



15. The two models are estimated with the fourth order
autoregressive correction described by eguation (153). They
differ only in their specification of the natural rate of output.

156. Table V only reports results fer the Barro—Rush model. Those

for Mishkin's model offer a similar picture.
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