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ABSTRACT

The impact of a money stock increase on nominal long-term interest rates
has been a hotly debated issue in the monetary economics literature. The
most commonly held view - also a feature of most structural macro models -
has an increase in the money stock leading, at least in the short-run, to
a decline in long interest rates. Monetarists dispute this view because
they believe that it ignores the dynamic effects of a money stock increase.

This paper is an application of effecient markets theory to analyze
empirically the relationship of money supply growth and long-term interest
rates. This approach has the advantage over earlier research on this subject
in that it imposes a theoretical structure on this relationship that allows
easier interpretation of the empirical results as well as more powerful
statistical tests. In the interest of ascertaining the robustness of the
results, many different empirical tests are carried out in this paper, and
they uniformly do not support the proposition that increases in the money

-supply are correlated with declines in 1ong rates.
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I. INTRODUCTION

The impact of a money stock increase on nominal, long interest rates is an
important issue .l The most commonly held view -~ also a feature of most struc-
tural macro models -- has an increase in the money stock leading, at least in the
short and medium runs, to a decline in long interest rates. 1In these macro models,
the long rate decline not only stimulates investment directly, but also has a
further expansionary impact on investment and consumer expenditure through its
effect on the valuation of capital.2 This deéline_in long rates is thus a critical
element in the transmission mechanism of monetary policy. In addition, the view
that increases in the money stock lead to an immediate decline in long rates has
important implications for how the Federal Reserve System should conduct monetary
policy when a decline in interest rates is desired. Government officials often
warn the Fed that it should not keep the rate of money growth too low bécause
this will encourage an objectionable increase in interest rates.

Milton Friedman (1968, 1969) has criticized the view above on the grounds
that it ignores the dynamic effects of a money stock increase. Friedman concedes
that a so-called "liguidity effect" -- where an excess supply of money will create
increased demand for securities, a rise in their price, and a resulting fall in
interest rates -- does work in the direction of a decline in interest rates when
the money stock is increased. However, t&o other effects can counter this liquidity
effect. The money stock increase will, over time, have an expansionary effect on
both real income and the price level. This "income and price level effect” will,
through the usual arguments in the money demand function, then tend to reverse the
decline in interest rates. More importantly for short-run effects on interest rates,

. . , oo . , . 3
increases in the money stock could also influence anticipations of inflation.
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interpretation of the empirical results is difffcult because the theoretical frame-
work behind these results is obscure. Also, the absence of structure when changes in
interest rates are regressed on changes in tﬁe money stock leads to a large number of
parameters being estimated, and this results in statistical tests with low power.
Efficient markets theory suggests an alternative approach for analyzing the
relationship of money stock increases to long interest rate movements. This paper
develops an efficient markets model of long interest rate determination, and then
estimates this model using postwar quarterly data. This approach has the advantage
that it impoées a tﬁeoretical structure on the problem that allows easier inter-
pretation of the empirical results as well as more powerful statistical tests of the
proposition that increases in the money stock are correlated with declines in long
rates. In additiomn, a Keynesiaﬁ, liquidity preference view of interest rate
determination can be embedded in the efficient markets model and tested. Finally,
as a side issue, quite attractive tests of bond market efficiency result from the

approach used here.
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The model of market equilibrium then implies:

(3) E_GBRET_ [4,_) =T, ;+ 8

t-1
where
ro_q = the return on a one-period bond (which of course equals the expected
one~period return) -— this is just the short-term interest rate.
§ = the constant liquidity premium.
Em(...|¢t_l) = the expectation assessed‘by the market.

Market efficiency then implies that
av v
Em(pb,tl ¢t-—l> - E(pb,tl qSt—l)

and hence

(4) E(BRET, | ¢,_;) - E_(BRET | ¢, ;) = E@RET, -, - 8lé._) =0

Equation (4) above states that BR%:J’Tt -r should be uncorrelated with any

t-1
past available information or linear combinations of this information. An equi-~

valent characterization of the efficient markets model which satisfies equation

(4) 1is th.us:5

(5) BRETt —r o =8+ (X, - xi) B + ¢

t-1 t
where an e superscript denotes expected values conditional on all past available

information (i.e. an optimal forecast defined as Xi = E(th ¢t_l)], and

Xt = a variable (or vector of variables) relevant to the pricing of long
bonds
g = a coefficient (or vector of coefficients)
€, = serially uncorrelated error process (because E(st | ¢ t—l) = 0).
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correlation with changes in long rates (as might be expected from "Keynesian"
macro—-econometric models), this implies that the coefficient on unanticipated
money growth should be significantlyspositive in equation(6): i.e., Bm > 0.

An important caveat is in order. The efficient markets model does not
guarantee that equation (5) is a reduced form where Xt - X: is exogenous so that
the estimates of B are consistent.lo It only implies that BRETt - rt-l is
correlated with only unanticipated movements in variables. Another way of stating
this point is to acknowledge that the efficient markets model does not indicate
whether a significant B coefficient implies causation from its unanticipated
variable to bond prices and hence long interest rates. As far as market efficiency
is concerned, causation could just as well run in the other direction, or it could
be nonexistent as in the case where new information is simultaneously affecting
both bond returns and the right-hand-side variable. Thus, we must be careful in
interpreting empirical results on the B8 's not to ascribe causation to the results
without further identitying information.

The above caveat must be kept in mind especially when we analyze the estimated
Bm coefficient. If the money supply ﬁrocess is seen as exogenous -- a view that has
received some suppdrt in the literature,ll the interpretation of the estimated
%n is straightforward. The finding of a significant positive Bnlwould then provide
evidence supporting the "Keynesian' position that increased money growth will, at
least in the short-run,lead to declines in long-term interest rates; and a failure
to find this result would cast doubt on this view. However, if the money supply
process is not exogenous, which is the position taken by many critics of monetarist
analysis, then the estimated Bm coefficient may suffer from simultaneous equation
bias and give a misleading impression as to the effect of an increase in the money
supply on long-term interest rates. Because the analysis in this paper provides

no information on the exogeneity of the money supply process,
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This equation is really an efficient markets analog to the typical money demand re-
lationship found in the literature, as its similarity to equation (8) indicates.
In addition, equation (9) captures elements of interest rate models of the Feldstein
and Eckstein (1970) variety.13

The magnitude and sign of the B coefficients in equations (6) and (9) depend on
the time-series processes of the money supply, real income and the price level, even
when the sign and magnitude of these coefficients are assumed to reflect an under-
lying structural theory such as liquidity preference. If the time-series processes

of real income and the price level are such that an unanticipated rise in these

variables is not followed by a more than compensating decline in these variables,
then a liquidity preference view implies that the coefficients of unanticipated in-
come growth and inflation should be negative in equation (9): i.e.,”3y< 0,3"< 0.
In this case, an unanticipated increase in income growth would have a negative impact
on bond returns, because, caterils paribus, the rise in income would lead to higher
interest rates, currently and in the future. The negative effect of an unanticipated
increase in inflation on bond returns follows from the resulting reduction in real
money balances whicﬁ also leads to rising interest ratgs. The unanticipated inflation
effect should be further strengthened if, as in the Cagan (1956) adaptive expectations
model, expected inflation rises when actual inflation is above its expected value.
In this case, an unanticipated rise in inflation promotes a rise in nominal interest
rates either through a Fisherian (1930) relationship or because expected inflation :
is a separate argument in the money demand function as in Friedman (1956).

Note also that the more persistent is the time series process of inflation and
income growth -- that is, the more an unanticipated increase in these variables - :
leads to further increases, the more powerful are the unanticipated income and

inflation effects on interest rates indicated by the theoretical structure discussed



III. EMPIRICAL RESULTS
THE DATA
The empirical results below use pestwar quarterly data over the 1954-1976

sample period. The data sources and definitions of the variables used in these

estimates are as follows:

BRETt = quarterly return from holding a long term government bond from the be-
ginning to the end of the quarter.

Mth = growth rate of M1 (quarterly rate) = the first differenced series of the
log of the average level of MLl in the last month of the quarter.

M2Gt = growth rate of M2 (quarterly rate) = the first differenced series of the
log of the average level of M2 in the lasf month of the quarter.

IPGt = growth rate of industrial production (quarterly rate) = the first differenced
series of the log of Industrial Production in the last month of the quarter.

T = the CPI inflation rate (quarterly rate) - the first differenced series
of the log of CPI in the last month of the quarter.

UNt = unemployment rate in the last month of the quarter--in percent.

RTBt = the 90 day treasury bill rate, the last trading day in the quarter--
in fractions.

r.q < the beginning of quarter 90 day bill rate at a quarterlyrate, equals
RIB, _,/4.

Unless otherwise noted, all these variables have been constructed from seasonally ad-
justed data except for the BRET and RTB variables. The bond return series was obtained
from the Center for Research in Security Prices (CRSP) at the University of Chicago and
is described in Fisher and Lorie (1977) and Mishkin (1978). The IPG, 7, and UN variables

were constructed from data in the Department Commerce's Business Statistics and

Survey of Current Business. The ML and M2 data were obtained from the Board of

Governors of the Federal Reserve, Banking and Monetary Statistics and the Federal

Reserve Bulletin, while the RTB data were supplied by the Board of Governors of the
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Yy = a vector of coefficients

;ﬁ;nd the subscript 1 refers to either MG, iPG, ormw ,

A critical issue in the research strategy used here is the methodology for
choosing the specification of the timé-series models of (10). It is difficult on
theoretical grounds to exclude any particular piece of information available at
time t-1 as a useful predictorof an Xi,t variable. For example, economic theory cannot
provide much guidance as to which variables to exclude in a money growth equation.
 Even though tﬁere is no strong theoretical reason for expecting a particular
“'variaple to enter theiz—véctor,bit migﬁt bé ﬁsefﬁl prgdictor of money growth because
the personalities involved#in policy making could be égqh’that they react to this
variable for theirown‘inscrutablevreasons. Thus the theoretical model that a
researcher uses to explain this money growth specification might be relatively
unimporéant in deciding on the validity of his particuiar specification versus
another researcher's.’ |

The discussion above suggests that an atheoretical statistical procedure might
be superior to econémic theory for deciding on the specification of the time-series
models in (10). Furthermore, because theory is less of a useful guide in evaluating
the time-series models needed here than is true in other empirical work, it is more
iméortant to check for the robustness of results by using several mddel speci-
fications in estimating the efficient markets model. In keeping with this line of
thinking, two procedures for specifying the time-series models of (10) are used in
the text, with several additional specifications used in the results discussed
in the Appendix.

‘The simplest equatioﬁs which can be used to descibe meney growth, industrial

-production growth and inflation are univariate time-series models of the auto-
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TABLE 1

UNIVARIATE TIME-SERIES MODELS

Equation No. 1.1 ' 1.2 1.3 1.4
. Dependent Variable
Coefficient of M1G M2G 1PG %
Constant term .0038 .0049 .0093 .0012
(.0013) (.0017) (.0283) (.0066)
MLG(-1) 3777
(.1078)
M1G(-2) .2205
(Jlﬂ),F“’m)_
MLG(-3) .0550 9.11
(.1151)
MG(=4) -.0341
(.1076) ‘
¥26(-1) .6598
(.1080)
M26(~2) -.0542
(.1280)} F(4,87) =
M26(-3) 1736 [ 18-26
(.1286)
M2G(=~4) . -.0758 )
(.1094)
© IPG(-1) 4254
. (.1003)
1P6(~2) -.2346
(.1091)| F(4,87) =
IPG(~3) L1507 [ 5.95 '
(.1091)
IPG(-4) -.2516
(.1003))
n(~1) .4008
(.1044)
1(=2) .5520 .
(.1112)| F(4,87) =
7(=3) .1063 ( 3896
, (.1119)
1(~4) -.1837)
¢.1033)
RZ .2952 4563 .2148 .7305
Std. Ertor .0062 .0066 .0237 .0039
Durbin-Watson 1.97 1.96 2.00 2.03

Note: Asymptotic F-statistics test the joint null hypothesis that the coefficients in brackets are equal to zero.
Asymptotic standard errors of coefficients are in parentheses.
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TABLE 2

MULTIVARIATE TIME-SERIES MODELS

Equation No. 2.1 2.2 2.3 ) 2.3
Dependent Variable
Coefficient of MG M2G IPG "
Constant term -.0004 .0026 «.0148 .0053
(.0017) (.0016) (.0125) (.0019)
MIG(-1) .0906 6904 )
(.1655) (.3938)
MIG(~2) .5233 .6883
(.1680) | F(4,79) = (.4089) | F(4,75) =
MG(~3) -.2765 [ 3-10 « 1.0207 | 633
(.1785) (.4200)
MG (-4) -.1757 .2745
(.1791) (.4337)
M26(-1) .3590 .5050 )
(.1618) (.1119)
M2G(-2) -.3972 .0985
(1758 | F(4,79) = (-1266) | 7(4,83) =
M2G(-3) .as0 [ 398 sy | 183
. (.1757) (.1167)
M2G(-4) .1396 -.0806
(.1645) (.1036)]
IPG(-1) -.0947 )
(.1622)
1PG(-2) -.6171
¢.1727)| F(4, 75) =
1PG(~3) -.0902 [ *71
(.1709)
IPG(=4) -.2807
(.1224)
2(-1) © 5539 L2245 )
(.6501) (.1079)
7(-2) -.5186 .5527
(.6229) | F(4,75) = (.1053) | F(4, 83) =
rd
) -.8776 | 78 2833 [ 7932
(.6533) ¢.1090)
%(-4) -.7464 -.0636
(.6533) (.1116)
UN(-1) -.0904 ) -.0036
(.0096) (.0009)
UN(-2) -.0018 .0012
(.0120) | F(4,75) = (.0016)| F(4,83) =
( 3.00 r6.51
UN(-3) .0173 . .0018 :
(.0114) (.00L5)
UN(=4) -.0001 -.0004
(.0091)) (.0095)
RTB(~1) ~.2647 ) -.4966 )
(.1067) (.1000)
RTB(~2) .2086 L4853
(.1305){ F(4,79) = (.1373)] ¥¢4,83) =
RTB(-3) 250 | 2% 0332 [ 919
(.1396) (.1472)
RTB(-4) -.0277) .0519
(.1121) (.1132)
r2 .5427 .6232 .5159 7943
Std. Error .0053 .0056 .0200 .0035
Durbin-Watson 1.97 1.96 2.03 ) 1.96

Note: Asymptotic F-statistics test the joint null hypothesis that the coefficients in brackets are equal to
. zero in the regression model. Asymptotic standard errors of coefficients are in parantheses.
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y =m x k matrix of coefficients

U = n x k matrix of white noise error terms
The optimal linear forecast of X is then

(13) X = 2Zy

and substituting this into (8) we have:

(14) BRET - rl =8+ (X~-2Zy ) B+ ¢

The system in (12) and (14) can be stacked into one regression system with
n(k+l) observations, and it can be estimated by non-linear least squares methods
imposing the non-linear constraints that the y in (12) and (14) are equal. In order
to obtain more efficient parameter estimates as well as consistent test statistics,
corrections must be made for heteroscedasticity both within and across equatidns
~in this system.25

This procedure is superior to the alternative two-step procedure.26 More
efficient parameter estimates of 8 and Y will result because both (12) and (14)
make use of information from each other in the estimation process. In additiom,
it generates a vefy simple test of market efficiency which is similar to recent
tests of "rationality" in the literature that proceed along the lines of Modigliani
and Shiller (1973).27 If the market is efficient, it should behave as if its
linear forecasts using the information in Z are no different except by chance,
from the optimal linear forecasts using Z. If this were not the case, then a
1inear combination of the variables in Z could have been used to improve the
market forecasts. Thus a test for whether the y in (12) and (14) are equal is
analogous to the usual procedure for testing market efficiency where the one-
period return on a security is correlated with past information or linear com-

binations of past information.28 The test for market efficiency is then a simple
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TABLE 3

NON-LINEAR ESTIMATES OF THE EFFICIENT MARKETS MODEL USING
SEASONALLY ADJUSTED DATA

Coefficients of Likelihood Ratio

Model e Test of Non-linear p-value
# (M1G-M1G®)  (M2G-M2G%)  (IPG-IPG®)  (m -me) Constraints
Panel A. Using Univariate Models in (12)
1 .0482 x2(4) = 6.45 .1680
(.5961)
.2 .0501 ~.4242%%  -1.8482%  x2(12) = 14.0 .3007
(.5517) (.1260) (.8028)
B L9174 x2(4) = 3.20 5249
(.5459) ‘
» L7174 —.4077%%  -1.7691%  xP(12) = 12.43 4118
(.5063) (.1243) (.7880)
Panel B. Using Multivariate Models in (12)
.5 -.2621 x2(12) = 18.10 .1127
(.7429)
.6 .4108 -.5039%*%  -1.7529  x2(24) = 33.81 .0881
(.7164) (.1568) (.9552)
7 .9199 x2(8) = 10.67 .2211
(.6738)
8 1.0950 -.4987%%  -1.8206  x2(24) = 32.60 .1128
(.6283) (.1492) (.9353)
Note: * = significantly different from zero at the 5 percent level.

*%

significantly different from zero at the 1 percent level.

Asymptotic standard errors of coefficients in parentheses.
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not altered as a result of using multivariate versus univariate time-series
models in estimation. Again neither of the ‘unanticipated M1G coefficients are
significantly different from zero at 5%, and they continue to be small, with the
largest of the coefficients indicating that a one percent surprise increase in
M1l leads to only a 4.1 basis boint decline in the long bond rate. Furthermore,
one of the unanticipated M1G coefficients is now negative.

How different are the results found here from those that might be inferred

from "Keynesian", structural macro-econometric models? Using a simulation tech-
nique discussed in Mishkin (1979) we can examine the respones of a macro model

to a one percent surprise increase in Ml, Equation 1,1 was used to trace out

the effect on ML growth‘from a 1% innovation. The resulting M1 numbers were then
used in a simulation experiment with the MPS (MIT-Penn-SSRC) Quarterly Econométric
Model (1977) in order to derive the response of this model to the 1% M1 innovation
occuring in the 1967-1 quarter. The MPS model indicates that this 1% M1 innovation
would lead to an immediate. decline of 18.1 basis points in the long rate. Not

only is this long rate decline several times larger than the maximum 4.1 basis
point decline implied by the empirical evidence in Table 3, but also it is signi-
ficantly larger at the 57 level for three of the four estimates in Table 3 (and is
almost significantly larger for the remaining estimate,) Clearly, the coefficients
on unanticipated M1 growth are quite low relative to what might be expected from

a structural macroeconometric model.

Althqugh the coefficients on unanticipated M2 growth in Table 3 are more posi-

tive than the unanticipated M1G coefficients, * they also do not lend strong support

to the view that unanticipated money growth should be negatively correlated with

the change in long rates. They are not significantly different from zero at the

5% level (although in 3.3 the unanticipated M2G coefficient is significantly




NON-LINEAR ESTIMATES OF THE EFFICIENT MARKETS MODEL USING

-2]la-

TABLE 4

SEASONALLY UNADJUSTED DATA

Coefficients of Likelihood Ratio
Test of Non-linear  p-value
- e — e - e )
(M1G-M1G®)  (M2G-M2G®)  (IPG-IPG®) (m -m ); Constraints
Panel A. Using Univariate Models in (12)
% 2 _
4.1 -.7339 x“(4) = 5.08 .2792
(.3631)
4.2 -.5879 -.2028%  -2.5145%F  x%(12) = 20.83 0529
(,»3553) (.0857) (.6912)
4.3 .0001 x2(4) = 3.27 L5137
(.3610)
4.4 .1406 -.2420%% -2.4438%% x2(12) = 19.53 .0765
(.3330) (.0838) (.7111)
Panel B. Using Multivariate Models in (12)
4.5 ~1.2781%% ¥2(12) = 12.10 4377
(.4504)
4.6 ~-.8078 -.4105%%* ~2.4472%% x2(24) = 28.48 .2403
(,4339) (.1371) (.8089)
a7 - .1404 x2(8) = 7.23 5120
(.4821)
s 11534 —4761% —2.6226%%  y%(24) = 27.11 L2994
(.4391) (.1396) (.8237)
Note: * = significantly different from zero at the 5 percent level.

%% = gignificantly different from zero at the 1 percent level.

Asymptotic standard errors of coefficients in parentheses.




-23

Iv
Concluding Remarks»_

A wide range of empirical tests exploring the relationship of money growth
and long interest rates have been conducted in this paper and in the Appendix.
A guiding principle’ in this research has been the use of many different empirical
tests of the model in order to provide information on the robustness of the results.
The pursuit of this goal has led to model estimation where there have . been vari-
ations along the following dimensions: 1) the choice of the monetary aggregate,
2) the choice of the relevant variables to include in the X-vector, 3) the use of
seasonally adjusted versus seasonally unadjusted data, 4)the specification of the
time-series models used to describe expectations formation, 5) the sample period
and, 6) the econometric estimation technique. Even though some of these model
estimates should be more reliable than others for the reasons discussed earlier,
the large number of estimates will prpvide information on the sensitivity and
reliability of the results reported here.

The results uniformly support the following conclusion. There is little

empirical support here for the view that increases in the money stock are
: . 34
negatively correlated with changes in long interest rates, However there

are two aspects of the research methodology used here which raise questions about

the general validity of this conclusion,

As has been discussed in the text, the B coefficients in the efficient mar-
kets models are not invariant to changes in the time-series processes of the money
growth, income growth and inflation variables. Thus, if the time-series processes
of MG, IPG and m variables were different in other periods, thé conclusions derived
from the estimates in this paper only provide information on the relationship of

money growth and long rates for the postwar sample period. However, realize that
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on the commqnly held view that an increase in the money stock will lead, at least
in the short-run, to a decline in long interest rates. Not only does this suggest
that the Federal Reserve cannot lower long interest rates by incréasing the rate
of money growth, but it also requires some modification of the monetary transmission
mechanism embodied in structural macro~econometric models. However, this criti-
cism of these models in no way denies the possible, potent effects of moﬁey supply

) 35
increases on aggregate demand.

As was mentioned in Section II of the paper, if unanticipated money growth
is not'exogeneous, then the Bm coefficient estimates are inconsistent and can
lead to misleading inference. Particularly disturbing in this regard is the case
where the Federal Reserve smooths interest rates so that an unanticipated increase
in long rates causes a Federal Reserve reaction of an increase in unanticipated
money growth. The resulting negative correlation of €, and MGt - MGi would then
tend to bias the Bm coefficient downward. Thus, even though the estimated
Bm is close to zero or even negative, iﬁ is possible that an exogenous unanticipated
increase in money growth over a quarter engineered by the Fed does lead to a higher
quarterly return on long bonds because of an increase in the bond price. Therefore,
the view in structural macroeconometric models that an exogenous increase in money
growth leads to a decline in long rates cannot be ruled out despite the empiri-
cal results of this paper.

Note however the nature of moneylgrowth endogeneity that is required for the
above statement to be the case.If momney growth is endogenous in the sense that the
Federal Reserve modifies money growth within a quarter only in response to past
public information available at the start of the quarter, this does not result in

MGt - MGi being correlated with €. Hence the existence of Granger (1969)

"ecausality" running from interest rates to money growth does not imply that the
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APPENDIX

Estimates of the Efficient Markets Models
Using the Two-Step Procedure

Table A~l contains estimates of the efficient markets models using the two-
step procedure and seascnally adjusted data over the 1954-76 period. The coef-
ficient estimates using this procedure are not appreciably different from the
Table 3 estimates generated by the non-linear procedure of the text. The un-
anticipated IPG and 7 coefficients in Table A-1 have the same sign, are of a
similar magnitude and have similar t-statistics to those in Table 3. The coef-
ficients of unanticipated money growth also do nét differ substantially from
those in the text. However, they are slightly more favorable to the view that
increased money growth is associated with a short- run decline in long interest
rates; they are somewhat larger than in Table 3 and in one casé the unanticipated
M2G coefficient is positive and significantly different from zero. Market effi-
ciency tests of whether only unanticipated changes are related to bond returns
using the Barro (1977) procedure also reveal no violations of market efficiency in
the models of Table A-1l. (However, the significance levels of these market
éfficiency tests are guite different from those in Table 3, as might be ex-
expected from the discussion in the text.)

The two-step procedure has been used to gain further information on the ro-
bustness of this paper's empirical results. Also used in estimatiné the efficients
markets models were residuals from eighth order autoregressive time-series models,
as well as residuals from multivariate models which excluded the four lagged values
of a variable only if it was not significant at the ten percent level (rather than
the five percent level as in the text). The results were quite close to those in
Table A-1 and there was no strong evidence supporting a negative relationship
between money growth and changes in long rates.

Because the Federal Reserve seems to have paid more attention to monetary
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aggregates in the 1970's than it did previously, it is possible that the results
reported here do not hold up if the 1970's are excluded from the sample period.
The two-step procedure was thus also used to estimate the efficient markets models
for the 1954-69 period. The unanticipated IPG and 7 coefficients continue to be
negative although the significance levels of the t-statistics are not as high as
in Table A-l. The unanticipated money growth coefficients are never significantly
different from zero and are more often negative when this sample period is
used. Similar conclusions about the relationship of money growth and long interest

rates thus result from estimates using this shorter sample period.
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cent paper, Shiller (1979) has found evidéqce which can be interpreted as implying
that the liquidity premium is correlated with the spread between long rates and

short rates. To test this proposition for the 1954-76 sample period, BRETt- T

has been regressed on this spread, again using weighted least squares to correct
for heteroscedasticity. The evidence supporting Shiller's proposition is even
weaker in this sample period than was true in the regression results reported in
Mishkin (1978): the coefficient on the spread variable was not significantly

different from zero at even the ten percent significance level (t = 1.01).

7For example, using the model of market equilibrium described in the text,
over the 1954-76 period the variation in Em(BaETtl ¢t—1) is less than two per-

cent of the variation in the actual return stemming from other sources.

A more precise wording of this point would state that, in the case discussed
here, tests of hypotheses concerning the equilibrium return would have very low
statistical power. This is essentially the same point made by Nelson and Schwert
(1977) in their comment on Fama (1975). Note also that more discriminating tests
provide evidence that liquidity premiums are not constant over time. See for

example, Fama (1976b).

A similar caveat applies to the empirical work of Barro (1977).

10, . . \ . . .
This issue of the consistency of the 8 estimates is discussed more formally

in Abel and Mishkin(1979).

llSims (1972) contains a discussion of the differing views in the literature

on the exogeneity of the money supply process and finds evidence which he inter-
prets as supporting the view that causality runs from money growth to income
rather than the other way around. As Jacobs, Leamer and Ward's (1979) dad
Zellner's (1979) criticisms of these causality tests indicate, however, these
tests do not resolve the issue of the exogeneity of the money supply process.

12506 Goldfeld (1973) and Laidler (1977).

13Note that if inflation was added as an argument in the money demand model

of equation (7), we would still arrive at an efficient markets equation like (9).

14See Working (1960) for example.

15Note that because lagged dependent variables appear in the time-series models

of Tables 1 and 2, all the test statistics are only valid asymptotically. The
asymptotic F-statistics for the Chow tests of the equations in Table 1 are as follows:
for 1.1, F(5,82) = 3,50; for 1.2, F(5,82) = 2.49; for 1.3, F(5,82) = 2.81; and for
1.4, F (5,82) = 1.59. The critical F (5,82) at the five percent level is 2.33.
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24The technique used here is quite similar in concept to that proposed by

Sargent (1979), although it is somewhat easier to execute and notationally is simpler.

The empirical results found here are indeed consistent with Sargent's results.

25 . , , .
The following iterative procedure was used to correct for heteroscedasticity

in these estimates. In the first stage estimation of the non-linear system, if
Goldfeld-Quandt tests indicated that heteroscedasticity existed within an equation,
the variables in this equation were weighted using a time trend procedure outlined
by Glesjer (1969). (The IPG equation did have a somewhat unusual pattern of residuals
which could not be corrected for heteroscedasticity with a single time trend. Here
two separate time trend regressions were used for the 1954-76 period in order to
calculate the weighting factors.) Furthermore, the variables in each equation of
the system were appropriately weighted so that each equation individually had the
same sum of squared residuals. After the first stage estimation, the sum of
squared residuals for the two halves of each of the k+l equations were calculated
and were then used to weight the variables in each equation so that the sum of
squared residuals were the same in all cases. Then the non-linear system was
estimated all over again. This resulted in a similar sum of squared residuals

in all equations of the (12) and (14) system so that no further iterations

were performed. Some experimentation did indicate that no appreciable differences
in the results occured if some modification of this iterative procedure was used

which left the sum of squared residuals reasonably equal for all the equatioms.

26See Abel and Mishkin (1979) for a more detailed discussion of the econo-

metric issues in using the joint non-linear procedure.

27See Pesando (1975), Sargent (1976), Carlson (1977), Mullineaux (1978) and
Friedman (1978).

28For examples, see Fama (1970), Mishkin (1978) and Rozeff (1974).

29Abel and Mishkin (1979) show that this likelihood ratio test is asymptoti-
cally equivalent to the usual procedure for testing market efficiency if the k time~
series models include the same set of variables in the Z-vector. ‘

30See Goldfeld and Quandt (1972).

lFor example, see the survey in Fama (1970), and see Mishkin (1978) for more
recent tests of bond market efficiency using the same bond returns data used in this

paper.
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