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Does Anticipation of US Monetary· Policy Have Value: 
A Time-Varying Coefficients ARCH Model 

Cheolsu Kim* 

Abstract: 

This paper examines empirically the longstanding macro issue of monetary neutrality 
under the maintained rational expectations hypothesis. Though the parameters of the 
unpredictable components of aggregate demand should drift over time according to 
Lucas' Critique (1972), none of the previous studies support this. This paper 
develops a model whose parameters are functions of the variance of the 
unanticipated monetary shocks which are assumed to follow an ARCH process. One 
advantageous feature of the ARCH specification of this model is that the ARCH test 
can be used to detect time variation of both the parameters and the variance. By 
using quarterly data for the United States for the period 1948.1-1988.IV, this paper 
finds that both unanticipated and anticipated monetary policy matters for the 
fluctuation of real economic activity, which supporting the earlier findings of Mishkin 
(1982). Moreover, the ARCH test performed in this study shows that the conditional 
variance of the monetary disturbances follows an ARCH(2) process. Since an ARCH 
specification has not been incorporated in previous empirical studies, this paper 
suggests that the correct specification and estimation of the empirical REM model 
should account for the ARCH innovation in the model. 
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Introduction 

The Rational Expectations Macroeronomics (REM) hypothesis is rornposed of two 
constituents: (1) rational expectations and (2) the neutrality ci. money. These two 
hypotheses imply that predictable movement in ~gregate demand, or the predictable 
component of monetary growth, will have no effect on any real variables. Thus, an 
important implication of the REM hypothesis is that any monetary stabilization policy whidl 
is based on a systematic feedback rule will have no effect on real economic variables. 

The most corrmon empirical studies associated with the REM hypothesis are 
Barro-Mishkin type tests sud! as those found in Barro (1977, 1981), Leiderrnan (1980), 
Barro and Rush (1980), Mishkin (1982, 1983), and Cea::hetti (1986). 

An interesting empirical result whidl has emerged from these studies is that there 
is evidenre that both unanticipated money growth and anticipated money growth affect real 
eronomic variables1). These mixed results leave unresolved the issue of whether anticipated 
money growth really matters. 
Moreover, the previous studies whidl attempted to test the REM hypothesis empirically are 
likely to violate the essential behavioral assumption of the rational expectations hypothesis 
originally proposed by Muth (1961) because of its unsatisfactory assumption of time-invariant 
parameters of the model. 

Acrording to Muth (1961), we can call an expectation rational if only if the 
subjective probabilities of economic agents coincide with the objective probabilities of events 
to be forecast. Thus, if agents form expectations rationally in Muth's (1961) sense, then 
any dlange in policy will systematically dlange the structure of rnacroeronomic models. 
This, in tum, implies that the parameters of the structural equations in the model will not 
remain fixed. Acrordingly, the failure to account property for this theoretical issue will result 
in incorrect statistical inference. 
One more thing to be mentioned. Tests of the REM hypothesis have assumed that the 
innovation to the money growth equation is conditionally homoscedastic. However, numerous 
empirical studies have documented that key macroeconomic time series display time-varying 
conditional variances and have used Engel's {1982) ARCH model to dlaracterize sudl 
changing variances. The issue of heteroscedasticity is important in the rontext of REM 

theory because of its relevance for hypothesis testing and the fact that the failure to 
account property for this econometric issue may, too, result in incorrect statistical inference. 

The main purpose of this paper, therefore, is to develop a time-varying coefficients 
model whidl reflects the implied REM hypothesis2). This paper also reexamines the issue 

of the short-run neutrality of money and investigates the time series behavior of the 

l See, for example, Leiderman(l980), p.81, and Mishkin(l982), p.47. 
2 Although Lucas(l976) recommends the 'Adaptive Regression Model' of Cooley and 
Prescott(l973) as an alternative to the conventional fixed parameter time series 
model, we employ the Time-Varying ARCH (Autoregressive Conditional 
Heteroscedasticity) model as an alternative to the conventional fixed parameter 
model. The so cal led 'Adaptive Regression Model' allows the model parameters to 
vary over time by assuming that the coefficients of the model follows a random 
walk. 
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ronditional varianre of the rooney growth process. 
The structure of the paper is as follows. Section 2 briefly reviews the 

Barro-Mishkin frarnework and develops the Time-Varying ARCH modeP). Section 3 disrusses 
the estimation method and testing procedures. Section 4 reports the empirical findings of 
this study. Concluding remarks follow. 

2. The Model: A Restatement 

2.1 A Review of the Barro-Mishkin Framework 

Following Barro (1977) and Mishkin (1982), a basic version ci the empirical REM 
model can be summarized in the following system cl two equali~: 

DM, = z; r + U1, (1) 

UN, = x;s + f;.b.-(DM,_,. - DM~-J + .t t ;l)M'J_,. + U2, (2) 

where DM, is the growth rate of the quarterty average of M1, D~ is the anticipated (or 

expected) value cl DM, ronditional on the information available at time t-1, UN1 is the 

unemployment rate, Z 1 is a ·vector rJ. regressors in the forecasting equation (1), x, is a 

vector cl regressors in the structural equation (2), and u11 and U2, are random error 

terms which are assumed to be serially uncx,rrelated and nonnally distributed with mean 

zero and varianre a! 1 and a! 2 respectively 4). The vectors cl regressors Z 1 and 

X, are assumed to include variables which satisfy orthorJonality ronditions that: 

E( u, . e ,) = E( u,. 1/J J = o V t (3) 

where u, = [ U1t U21] ' , e , and 1/J , are the vectors cl regressors in equations 

(1) and (2) respectively, and E deootes a mathematical expedati~. Only exorJeneous 
variables and lagged endogeneous variables are assumed to be included in z, and x, . 

Unfortunately, there is little c:oncensus about the specific variables to be included 
in z, and x, . Therefore, the choice of the variables to be included in z, and x, is 

based upon previous empirical studies. 
The variables included in z, for this study are: (1) DM,_,. , the lagged value cl 

the growth rate of the quarterty averages cl M1; (2) FEDV,_,., the lagged value of an 

index cl the deviation cl actual government expenditure from its 'nonnal' value; (3) UN,_,. , 
the lagged value cl the unemployment rate; and (4) DEXP,_,. , the lagged value cl the 

3 The key distinction between the ARCH model and the time-varying ARCH model is 
that the ARCH model al lows only time-varying variances because of the AROi 
process, while the time-varying ARCH model contains time-varying parameters and 
variances. 
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percentage change in exports. The variables included in X r are: (1) UNr-,. ; (2) 

DEX.Pr-,- , the lagged value ex the percentage change in exports; and (3) MlNWr- .- , the 

lagged value of real minimum wage rate 5)_ 

The system ex equations (1) and (2) can then be rewritten as: 

DM, = a0+ ../f, a;IJM,_, + ~ aN+;FEDV,_, + ../f, aN+K+,UN,_, .~ '~ ,'=1 (4) 

+ ~ aw+K+JJEX.P,_,- + U11 

UN,= /3 0 + f:, b;IJMR,_,+ f:, o ;I)~_,-+ ../f, /3 .. UN,_, ,-o ,-o ,fi, (5) 

+ ;t,.d;l)EXP,_,-+ ~ q, ,MINWi+ Uu 

where DMR,_,- = DMr-i - D~-i and the optimal forecast, D~, is defind as: 

D~= ao+ ~ a.-DMr-,-+ ~ aN+;FEDVr-i+ ~ aN+K+,+1UNr-i i=i .~ -~ 
+ .f, aw+ K + ;DEXP,_; ,~ 

The assumption that the disturbance teITTlS, Ur= [ U11 , U2,J ' 
distributed and unrorrelated with each other and across time 
variance-rovariance matrix which is a (2n x 2n) diagonal matrix defined by: 

where J is an identity matrix ex order n, the sample size. 

(4) 

are normally 

yields the 

(6) 

The rational expectations hypothesis assumes that eronomic agents know the 
parameters cl the model, the variance-rovariance structure cl the disturbance tem,s, and 
the values ex all right slde variables in the system when forming their expectations. 
Although rational eoonomic agents are assumed not to make systematic forecast errors, 
they do make forecast errors because the stochastic nature cl the disturbcance teITTlS in 
the economic system Thus, unanticipated movements in money are the only dlannel 
through which rronetary policy is assumed to influenre real eoonomic variables in the REM 
model. 
In the following section, therefore, we provide a general methodology designed to improve 
the Barro-Mishkin framework. 

4 The mutually i.i.d. disturbance assumption is due to Barro's original paper. In 
his 1977 paper, he found that the MLE estimates of the correlation coefficient of 
the AR(l) process for Ult is insignificantly different from zero at the 5" 
significance level, and the D-W statistic of estimated equation (2) of 1. 96 
indicates the absence of AR(l) in the residuals. 
5 The MINW series is included in this study because, as in Barro (1977), it would 
take account of the negative impacts of the III in i mum wage on emp 1 oymen t and 1 ahor 
force partlclpatloo. 
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2.2 The Time-Varying ARCH-REM Model. 

To provide a more theoretically sound REM model in the sense of 
Muth(1961), we modify the existing Barro-Mishkin framework in the following ways. 

First, following Engle(1982), we assume that the innovation process to the 
monetary disturbance terms is an ARCH(p) process where the lower case p stands 
for the lag length of the ARCH variance. Second, we introduce a time-varying 
coefficients of the unanticipated money growth variab!es (or the 'Phillips curve slope' 
parameters) can drift over time as a function of the conditional forecast error variance 
of the monetary shock6). 

This generalization of the model has several advantages over the previous 
empirical REM models. First, the introduction of the ARCH process into the model 
has certain advantageous features compare to conventional regression models. As 
Engel(1982) pointed out.the ARCH model explicitly recognize that both the conditional 
mean and variance of a regression equation may vary over time. Alternatively, ARCH 
effects may arise in a more complex regression equation which has non-ARCH 
disturbances through misspecification error, either by omitted variables or through 
structural changes. Therefore, if this is the case, the ARCH representation of the 
model provides a better representation of reality than the conventional regression 
models which assume non-ARCH disturbances. Secondly, the introduction of 
time-varying parameters into the unemployment equation (5) is an explicit reflection of 
Lucas' (1976) critique in the sense that economic agents recognoze that the 
conditional variance of the aggregate demand shocks (such as the monetary shock in 
our model) is the determinant of real economic variables. 

Incorporating the linearity assumption7), the assumptions mentioned above the 
model as a time-varying ARCH model of the form: 

DM, = ao+ .ta;I)M,-; + ~aN+;FEDV,_; + ti_aN+K+iUNt-i 

+ ~ a2N+K+;I)EXP,_; + E , 

UN,= /3 0 + "f;,
0
b,{t)DMR,_;+ to 8 ;[)~_,+ ti /3 ;UN,_; 

+ td;I)EXP,_;+ ,t ,p ,M.ZNWi+ U, 

h,= E( E; I '/J! 1-1) = a o +~a ;E ;_P; a o > 0, 0 < ~ a;< l, V i=l, ... , P f-i i=i 
b,{ t) = b, + k,h,_; V i= 0, l, ···, 4 

(4) 

(7) 

(8) 

(9) 

6 This specification of the model is a generl iza.tion of the existing 
Barro-Mishkin REM model as well as the ARCH regression IIIOdel because our 
formulation allows the ARCH process to affect both the variance and the response 
parameter drift. 
7 The assumption of 1 inesri ty does not ensure the normality of error 
distributions, whereas the converse is true. Ki11(1992), however, addresses the 
importanoe of this issue more specifically tn the context of the REM IIIOdel. 
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where the a 's are the coefficients of the ARCH process. Equation (8) states that 
the variance of the error terms are conditional upon all past information available in 
the current period. Together (4) and (8) represent the standard ARCH regression 
model in the system which allows the variance to vary over the sample periodsB)_ 
The 'Phillips curve slope' parameters, bltf , are a function of time with the 

functional form given by equation (9). 
The functional form, b .{ t) , is based on the theoretical analysis of the 

REM model by Barro (1976), who derived the coefficients on the monetary shock 
term, in his output equation (15), as: 

where H = a sfl d - a d fl s • a = a s + a d • fl = fl s + fl d, 

i = variance of the aggregate real shock 

d; = variance of the relative real shock 

a; = variance of the monetary growth shock 

(10) 

The subscripts s and d stand for the supply and demand sides, respectively: a 

and f3 are the absolute values of the relative price and wealth elasticities of 
current commodity supply, respectively: and a is assumed to be greater than /3 
so that the substitution effects dominates the wealth effects. 

Assuming that H, a , and f3 are positive constants, the 'Phillips curve 
slope' parameter depends on the variances of relative and aggregate shocks 
impinging upon the economy. For a given variance of the real shocks, d; and i , 
the impact of the money shock on output diminishes with the variance of the 

monetary growth rate, a; . 
Because economic agents form expectations rationally about the behavior of 

the policy variables in the future, any changes in the true behavior of monetary 
policy will be reflected in the economic agents' expectations formation. That is, as 

the variance of the monetary shock term, a; , varies across the regimes, so too will 

the Phillips curve slope parameters. It follows that assuming a constant variance of 

the monetary disturbance, a; , amounts to assuming that economic agents' 

expectations about the behavior of monetary disturbances to the system is invariant 
to changes in the true behavior of monetary policy. This in tum contradicts the 
REM theory. However, most of the conventional econometric policy evaluation 

8 Note that there are several restrictions on the coefficients in a which are 
necessary for stationarity and that are imposed in the ARQI process ( 8). Engle 
(1982) notes that these are the necessary conditions for conditinal variances to 
be stationary and to ensure that the conditional variances do not become negative 
or infinite. In the ARCH model estimation, linearly declining weights on the past 
squared forecast errors are used to ensure that past squared forecast errors 
eventually have arbitrarily smalle effects . 
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literature ignores this problem. 
Furthermore, if the stochastic process of the monetary disturbance changes 

continuously rather than discretely, the model should be specified in that way. In 
other words, if monetary policy changes over time, then the variance of the 

monetary disturbance, a; , also changes over time. This, in tum, causes the 

corresponding Phillips curve slope parameters to vary over time. 
The assumption of time-varying parameters uses the implied Phillips curve 

slope parameters of Barro (1976): 

e = ( ~ )( (11) 

where a; in equation (10) is now replaced by the ARCH variance, ht . With this 

specification, the coefficients, 8 , is an inverse function of the conditional forecast 

error variance of the monetary disturbance term, ht, which varies over time due . to 

the ARCH effect. Note that the functional form of the coefficient, 8 , is itse~ 
nonlinear. For empirical convenience, this coefficient can be approximated by a linear 
representation using a semilog relation without altering any of its implications. This 
method is suggested by Kormendi and Meguire (1984) in a similar context9). 

To be consistant with the previous notation the time-varying coefficient, In 8 

in the footnote 10, is denoted as bi(t) in the unemployment equation (7). With this 
notation equation (9) is: 

b,{t) ~ b; + k,-h,_,- (12) 

where the subscript i denotes the time lag, and the empirical counterpart of this 
equation is (9), Hereafter, we will refer to equation (12) as either the strong 
definition of the rational expectations hypothesis or Lucas' constraints. 

Based on the choice of RHS variables in the· previous section and 
montivated by Cecchetti's (1986) empirical study, we set the maximum lag length at 
four quarters for DM, UN, and DMR, three quarters for DEXP, two quarters for 
MINW, and one quarter for FEDV. That is, we set N=4, N'=2, P=3, k=1 in the 
original system of equations (4) and (5). The empirical model with corresponding 
lags in each equation is now: 

9 To show this, let po = (H/ a) and p 1 = ( fJ 2
/ a;+ a~) so that the 

coefficients e of the current monetary shock can be expressed as: 
8 = p O / 1 + p 1h,. Taking the log of 8 yields, ln B=ln po - ln(l + p 1h..) :;a

bo+koht, where ko < 0. 
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UN,= /3 0+ ~ b,{t)(DM,-i-DV,_J + ~ 8 ;DVi-i ,'=tJ ,'=tJ 
+ ,t /3 iUN1-i+ ,td;DEXP,-,+ ,t IP ;MINWr+ Ur 

h, = E( E 7 I 1/l ,- 1) = a o + ~ a i E 7- i ; a o > 0, 0 < ~ a i < 1. Y i = 1. • •· , P ,f-1 ,f-1 

b,{ t) = bi + kih1-i V i= 0.1. ···, 4 

(14) 

(8) 

(9) 

Because the weaker definition of rational expectations implies that anticipated 
money growth is equal to the systematic part of the money growth equation (13), 
an optimal forecast for DM, is: 

D~ = El DM, I 1JT 1-1] = z; r • 

=a~+ ~a;DM,-; + ta;+.FEDV,_; + ~a;+JlN,_; + ~a;o+.DEXP,-; 

The recursive substitution of (15) into (14) yields: 

UN,= /3 0+ ,'tb,{t) (DM,-i-Z~-ir *)+ ,t 8 ,{Z~-ir *)DVi-i 

+ ~ /3 iUN,-i+ ~ d;DEXP,-,-+ ~ 1P ;MINWr+ U1 .f-1 J':1 ,'=11 

(15) 

(16) 

The weaker definition of rational expectations then amounts to the following nonlinear 
restrictions across equations (13) and (16): 

r = r * , or a; = ai* t = 0, 1, .... 14 (17) 

The proposition of short-run neutrality, which implies that unemployment 
deviations from their natural levels are not affected by anticipated movements in 
monetary policy, is equivalent to the restrictions that a is zero in equation (16)10). 
That is, the implied unemployment equation with the neutrality restrictions is now: 

UN,= /3 o+ .t b,{t) (DM,_;-z;_i r •) + ;t /3 ;UN,_; (18) 
+ ,td,DEXP,_,+ ~ ,p ;MINW,+ U21 

Note that our framework should be distinguished from the usual 
Barro-Mishkin model in the sense that the strong defiinition of rational expectations 
is explicitly incorporated in the time varying Phillips curve shlope parameters in our 
model. As indicated in (9), the strong definition of rational expections then amounts 
to an additional set of cross-equations restrictions: 

10 This specification of the model willl not alter any theoretical implications of the 
validity of the R04 aodel. For 1110re extensive discussi~. see Mishkin(l982), p.26. 
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b,{t) = bi + kih,_,., 

h1= a o+ ~ a iE 7-i; f-i 

ki < 0 , V i= 0, l, ···, 4 

a o > 0 . 0 < ,ta i < I. V i= l. ... , P 

(19.a) 

(19.b) 

where the restrictions lei < O in (19.a) are due to the theoretical inverse relationship 

between bi(t) and hr- i , and the restrictions on a are due to the stationarity and 

the non-negativity of the ARCH variance. 
It is also important to note here that the restrictions (19.a) should be 

imposed with special care. Suppose, for example, the ARCH process is not detected 
empirically in the regression equation (13). That is, if the LM (Lagrangian Multiplier) 
test for ARCH fails to reject the null hypothesis that there is no ARCH within the 
sample period, then: 

b,{t) = bi t = o. I. .... 4 (20) 

which in turn indicates that the Phillips curve slope parameters are not time varying. 
The ref ore, we have one more advantageous feature of the ARCH specification in 
this model; the ARCH test now can be used to detect time variation of both the 
Phillips curve slope parameters and the variance. 

According ly, if ARCH is not detected within the model over the 
period, then the model reduces to the standard fixed parameter model. 
provides four sets of restrictions on equation(16): 

(R.1) The weak rational expectations constraints: 

r = r * . or ai = ai* i = o. I. 14 

(R.2) Lucas' constraints: 
b.{ t) = bi + kiht-i 

(R.3) The ARCH constraints: 

i= o. I. 4 where ki L o . 

h,= a o+ ta iE ~-i; a o > 0 , 0 < ,ta i < 1, V i= l, ... P 

(R.4) The standard neuttrality constraints: 
8 i = 0 v' = 0, 1. .... 4 

sample 
This 

The restrictions (R.1) - (R.3) are the cross-equations restrictions that are 
implied by rational expectations, while (R.4) is the within equation restrictions implied 
by the neutrality hypothesis. All together, the restrictions (R.1) - (R.4) form the joint 
restrictions of the REM model. 
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3. Estimation and Testing Procedures 

The existence of off-diagonal elements in the information matrix and the fact 
that there are potentially significant efficiency gains achievable by estimating both 
equations in the system simultaneously with the ARC_H variance leads us to consider 
full information estimation11)_ 

The estimation methods that are feasiblle within the fullll information (or joint 
estimation) context are 3SLS and Full Information Maximum Likelihood (FIML). Both 
are k-matrix-class and instrumental variable estimators, asymptotically12). 

The rational expectations hypothesis is a behavioral assumption which 
postulates the way that agents form expectations. The neutrality of money hypothesis 
postulates that, given the assumption about expectations formations, anticipated 
monetary growth will have no effect on the evolution of real economic variables. 
Therefore, the rational expectations hypothesis and the neutrality hypothesis are 
separate hypotheses in the REM model. As noted by Leiderman (1980), it is 
important to distinguish between the implied restrictions of the REM hypothesis. 
Accordingly, the REM testing procedure should be designed so that it is capable of 
testing separately the implied restrictions of each hypothesis13) • 

The empirical tests of the REM hypothesis can be carried out in the 
following steps. Due to the assumption of an ARCH process for the monetary 
disturbance terms, in the first stage, we need to find out whether ARCH is present 
within the sample period. 

In the second stage, we use MLE to estimate the money growth equation 
(13) with the ARCH regression equation (8) to obtain efficient estimates of the 
model's parameters including the ARCH coefficients. We then save the estimated 
ARCH variance ht for later use. 

In the third stage, we make the correction for the conditional 

heteroscedasticity of the money growth equation (13) by using weights h-; ½ 

throughout the equation. However, no such correction is made for the unemployment 

11 Foll lowing Mishkin( 1983), this study uses nonlinear weighted least squares estimation 
for al gorithmic reasons. FIML computer packages are usuall ly not capable of executing the 
estimation of the model with l arge number of parameters , as in this study. 1he estimation 
procedures described in this section avo id the problems of FIML packages . This procedure 
converges to FIMI..L esti imates asymptotically, since interati ve 3SLS is equivalent to FIML. 
For more detailed discussion of thi s point, see Mishldn(l983), p. 18-19 . 
12 Scharf(l976) proved that FIML is in the k-matrix-class. Hausman (1975 and 1983) 
illustrated that FIML can be i nterpreted as an instrumental variable estimator. For more 
detailed, but brief, discussion see Judge et al. (1985), p.603 - 606. Also , see W. Greene 
(1990), p. 62~ - 636. 
13 For ex.ample, if the joint hypotheses of rat i onality and neutrality are rejected, we 
would like to determine whether this rejection is due to a rejection o f the rational 
expectations hypothesis or a rejection of the neutrality hypothesis or both. 
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rate • equation (14) due to the assumption of homoscedasticity of its disturbance 
tenns. The two equation system now reads: 

DHM, = z;H,r + 11, • where 11, = U11H, and H, = h;.,,, 

UN,= /3 0 + {:, ( b,+ k;h,_ )(DM,-;- DM'f_) + {:, & ;DM'f_; ,f-t .~ 
+ {:, /3 ;UNr-;+ {:, d;lJEXPr-;+ ~ q, ;M.ZM½+ U31 ,f-t ~ '~ 

if the neutrality of money hypothesis is relaxed, or 

UN,= S 0 + t(b; + k;Ji,_.)(DM,_,-DW,_.)+ ,"ts,UN,_ , 

+ ,td;DEXP,-,+ t rp ;MJNw,+ U~, 

if the neutrality of money hypothesis is imposed. 

(21) 

(22) 

(23) 

The variables with H in its last tenn are transformed and weighted by h; ½ 

through element by element manipulation. 
In the fourth stage, we estimate jointly the system of equations (21) and 

(22) with the parameters estimmated freely. From this stage we can obtain the 
value of the unrestricted likelihood function, which we denote by Lu, by substituting 
the estimates of the parameters into the likelihood functions. 

In the fifth stage, we estimate the system of equations (21) and (22) under 
the joint hypotheses of rational expectations and the neutrality of money. This is 
equivalent to estimating the system of equations (21) and (23) under the maintained 
rationality constraints (17). This yields the value of the likelihood function, which we 
denote by lJ, constrained by the restrictions implied by the rational expectations 
hypothesis and the neutrality hypothesis. 

If the REM hypothesis is not rejected empirically, then the estimation 
procedure can be stopped here. However, as Leideman (1980) and Mishkin (1982) 
have pointed out, if the REM hypothesis is rejected within the sample period, then 
we can investigate further to determine whether this rejection is due to the rejection 
of the rationality hypothesis, the rejection of the neutrality hypothesis, or both. 

In order to test the individual hypothese in the final stage, we estimate the 
system of equations (21) and (22) only under the maintained rationalrty constraints 
(17). This yields the vale of the likelihood function which can be used both for the 
unconstrained system to test the neutrality hypothesis and the constrained system to 
test the rationality hypothesis. We denote the values of the likelihood function as 
luN and ~. respectively. The value of the likelihood function for the constrained 
system for neutrality is lJ, while the value of the likelihood function for the 
unconstrained system for rationality is Le. Alternatively, it is also possible to obtain 
the likelihood value of the unconstrained system for rationality by jointly estimating 
the system of equations (21) and (23) freely. We denote that value of the likelihood 
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function by luR. 
The appropriate test statistic in the joint estimation context is the Likelihood 

Ratio (LR) statistic, LR,,,,21og(Ldlu), where Le is the value of the likelihood function 
imposing the relevant constraints and Lu is the value of the unconstrained likelihood 
function. The LR test statistic is asymptotically distributed as x 2 with q degrees of 
freedom, where q is equal to the number of restrictions imposed. The joint (or 
REM) hypothesis of rational expectations and structural neutrality can be tested by 
computing the likelihood ratio test statistic LR1=2log(LJLu), where the values of Lu 
and lJ are obtained from the fourth and fifth stages, respectively. 

The rational expectations hypothesis can be tested by calculating the 
likelihood ratio test statistic LRr2Iog(L.RILu), where the values of Lu and ~ are 
obtained from the fourth and final stages. Consequently, the neutrality hypothesis can 
then be tested by comparing the two likelihood ratio test statistics LR1 and LR2, or 
by calculating the likelihood ratio test statistic LR:r=2log(lJluN)- The resulting 
likelihood ratio test statistic will be distributed asymptotically as x 2 with q degress 
of freedom and allows us to test whether the REM model is consistent with the 
data. 

4. Empirical Results 

The system of two equations which comprise the REM model is estimated 
using quarterly data for the United States over the period 1948. I - 1988. IV. The 
data are drawn from the International Financial Statistics(IFS) data file and from 
various issues of the Economic Report of the President. The computer program is 
Gauss386 with Maxlik version 2.01. The BHHH (Berndt, Hall, Hall, and Hausman) 
algorithm is used with the criteria for tolerance level set equal to 0.00001 for the 
gradients. 

Table 1 reports Lagrange Multiplier tests for the presence of ARCH in the 
residuals of the money growth equation (13). The previous studies of Barro (1977), 
Leiderman (1980), and Mishkin (1982) did not take account of the possible 
conditional heteroskedasticity of the disturbances. However, if the innovation of the 
monetary growth rate equation follows and ARCH process, then ignoring ARCH in 
the REMM hypothesis testing can result not only in inefficient parameter estimates 
but also in incorrect statistical inference. 

The results reported in Table 1 provide strong evidence of the presence of 
ARCH in the monetary distrubance terms. The Lagrange Multiplier test statistic is 
asymptotically distributed as x 2 with p degrees of freedom, where p denotes the 
lag length of the squared residuals of the money growth equation14)_ At the 10% 
significance level, ARCH(1) is detected within the data. At the 1 % significance level, 
however, ARCH(2) - ARCH(4) are detected. Since the ARCH(3) - ARCH(4) 

14 For detailed discussion, see Engle (1982). 
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specifications do not significantly increase the value of the test statistic compared to 
the ARCH(2) specification, the ARCH(2) specification appears to be the appropriate 
representation for modeling the conditional variance of the monetary disturbances15l. 
Since ARCH exists within the sample period, the results provide empirical evidence 
that Lucas' (1973) assumption of a constant condrtional variance of the monetary 
shock is not realistic. Moreover, since the Phillips curve slope parameters are 
functions of the ARCH variance, this results also provides justification that the 
parameters of the unanticipated monetary variables vary over time. 

Table 2 reports FIML estimates of the money growth and the unemployment 
rate equations. The first column reports joint estimates of the unconstrained system 
of equation (21) and (22). The second column reports the estimates of the system 
imposing the rationality restrictions (i.e., (R.1)). The last column reports the FIML 
estimates of the system imposing the rationalrty and the neutrality restrictions (i.e., 
equations (R.1) and (R.4)). The estimated variance matrices of the corresponding 
systems are reported in the bottom of Table 2. 

Although the results in this study can not be directly compared to the 
results of Barro(1977), Leiderrnan(1980), and Mishkin(1982), the results in Table 2 
are qualrtatively similar to those of these previous studies. 

Table 3 reports the likelihood ratio tests of the REM hypothesis. The joint 
hypothesis of rationalrty and neutralrty are rejected at the 1 % significance level. In 
addition, the neutrality of money hypothsis is also rejected at the 1 % significance 
level. However, we are unable to reject the rational expectations hypothesis at the 
5% significance level. These results imply that the rejection of the REM hypothesis 
is due to the strong rejection of the neutralrty hypothesis. The empirical findings of 
this study, therefore, are not consistent wrth the results previously reported in Barro 
(1977) and Leiderrnan (1980), but are consistent wrth the previous findings of 
Mishkin (1982). 

5. Conclusions 

The inrtial empirical results of this study are not favorable to the implication 
of the REM hypothesis that only unanticipated changes in money growth affect real 
economic activity. Rather, the results support the findings previously reported in 
Mishkin (1982) that anticipated changes in money growth also affect real economic 
activity. 

However, the ARCH tests suggest that the conditional variance of the 

15 Al though the test statistics indicates that ARQ-1(2) (or more) would be 
required, this would complicates the estimation greatly because the time-varying 
coefficients have P parameters, each, if ARai(P) is used. For the present, I will 
use ARCH(l ). reserving more complex specification for future research. 
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monetary disturbances follow an ARCH(2} process. The existence of an ARCH effed 
support our view that Lucas'(1973} assumption of a constant conditional variance of 
the monetary shock is not realistic. Moreover, since the Phillips curve slope 
parameters are functions of the ARCH variance, the results also provide justification 
that the parameters of the unanticipated monetary variables vary over time. 
Therefore, this study extends previous investigations into the REM hypothesis by 
tc;iking the ARCH error strudure and the time varying parameters of the model. 

- 13 -



r 
I 

f 

l 
.:,~.- ~- · '.:::~~/{i-1:. : ~·. 

l 
L 
l 
f 

L 
L 
L 

Table 1 
ARCH tests applied in the money growth equation (13) 

AROf(P) LM Test statistics• 
Marginal significance 

level 

AROf(l) 8.96313 0.06203 

AR01(2) 26.80759 2.17412E-OS 

AR01(3) 29 .40848 6.45750E--06 

AR01(4) 31.65008 2.25540E--06 

* The LM test statistic is the Lagrange Multiplier test statistic which is asymptotically 
distributed as x 2. For detailed discussion, see Engle (1982). 

Table 2 
Fl ML E . f h V st1mates o t e time- arymg ARCH REM M d I - o e 

(1) Unconstrained 
(II) Constrained by ( II I ) Constrained by 

(R.1) (R. ! ) and (R.4) 
Parameterrs Parameterrs Parameterrs 

(Standard errors) (Standard errors) (Standard errors) 
Coefficient Estimates for Equation (16): OM 

Constant -0.00148(0.00873) -0.00252(0.00863) -0.00746(0.00880) 

DMt-1 -0.11323(0.09123) -0. 17268(0.07990) -0.12749(0.07887) 

DMt-2 -0.05671(0.09123) -0.12037(0.07953) -0.09593(0. 07076) 

DMt-3 -0 . 08742(0. 07441) -0.12221(0.07722) -0.10261(0.06887) 

DMt ... 0.72910(0 . 07269) 0. 66499(0.07321) 0.71899(0.06738) 

FEDVt-1 0.01222(0.07366) -0.04323(0.06174) 0.02315(0.05195) 

FEDVt-2 -0.05558(0.07120) -0.01504(0.05601) 0.02476(0.06281) 

UNt-1 -0.04809(0.03557) 0.01188(0.02716) 0.03777(0.02913) 

UNt-2 0.00979(0.03846) -0.05968(0.02586) -0.00325(0.03386) 

UNt.-3 0.00291(0.04260) -0.00798(0.03297) 0.03254(0.03482) 

UNt"" -0 . 00900(0 . 04031) -0.00297(0.03147) 0.03107(0.02842) 

DEXPt-1 0.00251(0.00732) -0. 00183(0. 00525) 0.00397(0.00583) 

DEXPt-2 0.00372(0.00952) 0.00976(0 . 00827) -0.00078(0.00710) 

DEXPt-3 -0.00226(0.00745) -0. 00043(0.00627) 0.00661(0.00593) 

DEXPt"" -0.00241(0.00467) -0. 00524(0.00347) -0.00765(0.00436) 
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Table 2 Cont'd 
I L FM Estimates o f h V . ARCH REM M d I t e time- arying - o e 

(1) Unconstrained 
(II) Constrained by (III) Constrained by (R. ! ) and 
(R. l) (R. 4) 

Parameterrs (Standard Parameterrs (Standard 
Parameterrs (Standard errors) 

errors) errors) 
Coefficient Estimates for Equation (14): UN 
Constant 1.09664(0.57199) 1.58542(0.56176) 1.34382(0.48625) 
LMRt 0.03006(0.37290) -0.02027(0.49675) -0 . 05788(0.40049) 
LMRt-1 -0.11356(0.31488) -0.11815(0.35084) -0.51556(0.28436) 
LMRt-2 -0.17426(0.28597) -0.06381(0.25466) -0.09302(0.27088) 
LMRt-3 -0. 02406(0. 28109) -0.13428(0.36287) -0.29944(0.36685) 
LMRt1 0.02840(0.28617) -0.94013(0.41268) -0.05437(0.30392) 
!l(t -0.51504(0.14025) -0.00031(0.39174) .... 
!l(t-1 -0.08045(0.08949) -0.16824(0.11142) ... . 
IX( t-2 -0.09884(0. 08374) -0. 14612(0.11114) .... 
IX( t-3 -0 . 10212(0.07882) -0.24608(0.09912) .... 
!l(t.,. 0. 00039(0.10662) -0.20142(0.29555) .... 
UNt-1 1.06088(0.09248) 1.09620(0.11973) 1.15552(0.10570) 
UNt-2 -0.01359(0.13670) -0.19036(0.28184) -0.30262(0.15249) 
UNt-3 -0.12503(0.18838) -0.09579(0.20730) -0.01844(0.19570) 
UNt1 0.01017(0.13564) 0.11320(0. 15206) 0. 00526(0.14202) 
DEXPt-1 -1.21040(1.14739) -2.13267(0.84162) -1.57740(0.76466) 
DEXPt-2 -0.53017(0. 99658) -0.57664(1.62148) -1.37927(0.88071) 
DEXPt-3 0.56870(0.73308) -0.33125(1.21903) -0.87392(0.91490) 
DEXPt1 1.32759(0.72656) 0.99908(0.82439) 0.61072(0.72166) 
MINWt -0 .41948(0.84480) -1.08254(0. 81575) -0 . 60840(0.94915) 
MINWt-1 -0.91890(1.47034) -0.28525(1 . 67549) -0.70791(1 . 89086) 
MINWt-2 0.81828(1.19888) 0.65058(1 .45909) 0.86609(1 . 61150) 

D I 0.99822 0. 375651 1.00228 
0.38699 

I 1.00499 

.Q is the disturbance covariance matrix 

Table 3 
Uk r r d e 1hood ratio tests app 1e h to t e system of T able 2 

Hypothesis tested Likelihood Ratio Degrees of Freedom 
Marginal Significance 

level 

(I ) Rational expectations 
23.12901 15 0.08144 restrictions 

(II) Neutrality 
20.01286 5 0.00124 restrictions 

(III) Joint restrictions 43.14186 20 0.00196 

The likelihood ratio test statistic is asymptotically distributed as x 2 with q degrees 
of freedom, where q is the number of restrictions. 
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