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Assessing the impact of changes in the growth rate of money on the
pattern of nominal interest rate movements has been an important issue in
research on the transmission mechanism of monetary policy. Traditional
analysis of the effects of an increase in the growth rate of money on
nominal interest rates hypothesized a stylized response pattern of an
initial decline in interest rates, called the liquidity effect, followed by
a rise in interest rates from the combined impact of income and price
expectations effects. The liquidity effect from faster money growth
reftects the fall in interest rates required to equate the supply and
demand for real money balances following the acceleration in money supply
growth. The income effect from an acceleration in money growth refers to
the upward pressure on interest rates from a rise in nominal income. The
increase in nominal income results from the combined impact of any rise in
real money balances and real sector growth generated by the monetary
stimulus. The price expectations effect reflects any altered expectations
of the impact of faster money growth on price inflation. Higher price
expectations will also tend to push up interest rates. The response
pattefn of interest rates to a more accommodative monetary policy is thus
critically dependent upon the strength of the liquidity effect and the
speed of adjustment to the income and price expectations effects.

The early literature on this issue--Friedman [1964], Cagan [1966]
--confirmed a fairly long response time of as much as one to two years
between the initial decline in interest rates from accelerated money growth
and the reversal of this pattern to higher nominal interest rates. Later
work by Cagan and Gandol1fi [1969] found that interest rates declined for

six months following an increase in money growth and thereafter began to
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rise. Gibson [1970] reported a time lag of between four to nine months
between the initial decline and subsequent turnaround in interest rates.
The time lag varied with the definition of money and interest rates used in
the estimation.

More recent empirical work on the relationship between money
growth and nominal interest rate changes either finds no relationship
between these variables or a considerably shorter adjustment path between
the initial decline and eventual rise in interest rates from accelerated
money growth. Findings reported by Wilcox [1983], Hoehn [1983], Mehra
[1985], and Reichenstein [1987] for the period including much of the decade
of the 1970's do not identify a significant negative effect of money growth
onh interest rates. Other work for the period including Brown and Santoni
[1983] and Melvin [1983] report a temporary, significant decline in
interest rates but the time lag between the initial drop and subsequent
increase in interest rates was only one month or less. Melvin's [1983]
results indicate that interest rates moved above their ariginal level by
the second month after a monetary acceleration. |

These recent studies conclude that the shortened response time to
a change in monetary growth reflects the impact of changes in Federal
Reserve operating procedures when the Federal Reserve began announcing
target growth ranges for money. In addition, arguments are given that
agents adjusted their expectations of price movements more quickly during
that period of high price inflation. Prior to the high inflation years of
the 1970s, policymakers tended to believe that expansionary monetary policy

would significantly Jower interest rates for a considerable duration. In
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contrast, beginning in the mid-1970s, U.S. monetary policy was formulated
more with the view that high interest rates were the result of an
accommodative monetary policy that fueled inflationary expectations. As a
result, policymakers tended to respond to rising interest rates by lowering
money growth. This institutional change induced investors to respond
quickly to larger-than-anticipated increases in the money supply by bidding
down the price of fixed-income securities in anticipation of subsequent
Federal Reserve efforts to decelerate money growth.

Estimates of the formation of inflation expectations reported by
Blejer [1978], Cornell [1983], and Mehra [1985] indicate that the lag
between money growth and inflation also shortened considerably during the
1970s. These studies, together with work on the theory of rational
expectations and market efficiency, indicate that inflationary expectations
can adjust guite quickly, particularly when the level of inflation is
high. 2 The combined effect of rapid adjustments in inflationary
expectations and quick investor response to anticipated changes in monetary
policy can offset the short-run liquidity effect. Hence, even in the very
short-run, the net effect of a change in money growth on interest rates is
uncertain.

Most of the recent work from the 1970s through 1983 on the
relationship between money growth and interest rates indicates that
monetary acceleration has had an essentially neutral impact on short-term
interest rates. Since then, however, the relationship may again have
changed. In the recent past, financial innovations and deregulation of

financial markets occasionally have combined to make the monetary
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aggregates less valuable guides in formulating monetary po]icy.- This
induced the Federal Reserve to alter operating procedures in Tate 1982
toward greater emphasis on interest rates and away from monetary aggregate
targets. Moreover, in 1987 the Federal Reserve declined to specify a target
growth range for the narrow M1 aggregate. 3 In addition to this change in
operating procedures, the relationship between inflation and money growth
also appears to have changed. Since 1983, the rate of inflation has slowed
considerably despite accelerated money growth. From 1983 through 1986
inflation averaged 3.2 percent while the average rate of increase in the
narrow Ml aggregate, though variable, was 9.8 percent. That compares to
average growth in M1 of 6.6 percent from 1979 through 1982, the height of
the recent inflationary environment in the U.S. when the CPI recorded
average annual increases of approximately 10 percent.

The change in Federal Reserve operating procedures together with
the deceleration in inflation may have again altered the response pattern
of interest rates to changes in money growth. 1In an attempt to verify
this, we extend the existing empirical work on the relationship between
money growth and short-term interest rates through 1986. Following Mishkin
[1983], we employ the efficient markets-rational expectations approach.
This approach has the advantage of imposing a theoretical structure on the
problem that allows both easier interpretation of the empirical resuits and
more powerful statistical tests. The period examined is from 1959-1986.
Different from both Mishkin's [1983] findings for the period 1959-76, and
Reichenstein's [1987] extension of Mishkin's work for the period 1959-1983,

the results obtained in this study verify the existence of a short-run
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Tiquidity effect. Moreover, results reported on the formation of inflation
expectations estimated over the lengthened period, 1959-1986, also indicate
that the role of money growth in the formation of inflation expectations
may have changed in the 1980's. 1In contrast with previous findings,
including Mishkin [1983], Mehra [1985] and Reichenstein [1987], money
growth did not emerge as a significant determinant in the formation of

price expectaticns during the period 1959-1986.

II. THE MODEL

The theory of efficient markets, or rational expectations,
postulates that interest rates in financial markets reflect all available
information. More formally, the rational expectations hypothesis maintains
that the market's subjective probability distribution of any variable is
identical to the objective probability distribution of that variable,
conditional on all available past information. Under rational expectations
an arbitrage condition exists in that no unexploited profit opportunities
exist in financial markets. At the current price, market partiéipants
cannot expect to earn a higher-than-normal rate of return by investing in a
particular security. To give this hypothesis empirical content, a model of
market equilibrium of interest rates is needed.

Following Mishkin [1983], we assume that, for short-term interest
rates, the one-period ahead forward rate equals the one-period ahead
expected short rate plus a risk premium:

(1) e-1Fe=En(ry 10+,

and




(2) | di=ag*a;o,
where:

rt=one-period short-term interest rate at time t,

t_lFt=f0rward rate for the one-period ahead rate at time t implied

by the yield curve at t-1,

di=risk premium for t-lFt’

0,3 measure of uncertainty of short-rate movements.

ﬂt-l = information available at t-1.
Combining the arbitrage condition implied by rational expectations with
this model of market equilibrium gives the following:
(3) B(remp-1Fymagma o 19)=0,
which states that rt—t-lFt is uncarrelated with any past available
information. The corresponding efficient markets model we employ makes use
of the Tiquidity preference approach to money demand as in Laidler [1985].
In this model, interest rates are assumed to be related to money growth as
well as to movements in income and prices. Therefore, unanticipated
changes in interest rates are hypothesized to be the result of unexpected
movements in each of the following variables: money growth; growth in
income; and inflation. This leads to the following estimation equation:
(4) rt=t_1Ft-ao-alct+8m(MGt~MGi)

+By(IPGt-IPGi)+Bp(PtFPi)+st,

where
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MGt’ IPGt, Pt=growth rates of money, industrial production (as a
proxy for income) and prices, respectively,
MG:, IPG:, Pi=expected growth rates of money, industrial
production and prices, respectively,
Bm’ By, Bp=coefficients.
As Mishkin [1983] points out, this equation is the efficient-markets analog
to the typical money-demand relationship in that it is only when new
information hits the market that Ty will deviate from its expected rate.
If a liquidity effect is present, then the coefficient on money growth, Bm’
is negative. In this case, unanticipated increases in money lead, at least
in the short run, to declines in interest rates. Further, a
liquidity-preference view hypothesizes that the coefficients on the other
variables are positive. Unanticipated increases in real income and

inflation result in increases in short term interest rates.

III. EMPIRICAL RESULTS

Data

In estimating equation 4, seasonally adjusted, quarterly data for the time
period 1959-1986 are used for the following variables:
rt=90~day Treasury bill rate, last day of the guarter;
M1G=growth rate of M1, first difference in logs;
M2G=growth rate of M2, first difference in logs;
IPG=growth rate of industrial production, first difference in logs (as
a proxy for real income);

INF=inflation rate, first difference in logs of CPI.
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These data are abtained from the Board of Governors of the Federal Reserve
system. Since the central bank can more closely control M1, and alsc since
M1 should have the most immediate impact on short-term interest rates, this
particular monetary aggregate might be preferred. In an effort to
determine the extent to which the results are sensitive to the measure of
money used, however, estimates of the parameters of equation 4 are

attempted using both M1 and M2.

Forecasting Equations

The expectations variables are assumed to be rational forecasts
obtained from linear forecasting equations. To obtain estimates of the
expectations variables, multivariate forecasting equations are formulated
using the Granger [1969] concept of predictive gquality. That is, each of
the four variables, MIG, M2G, IPG and INF was regressed on its own four
lags, plus four lags of each of the other variables included in the
estimation equation, plus four lags of each of the following variables: the

unemployment rate {URATE); balance of payments on current account

Y‘t;
{CURRACCT); growth rate of real federal government expenditures (FEDEXP};
high employment budget surplus (DEF); and the growth rate of federal
government interest-bearing debt in the hands of the public (DEBTG). In
choosing these variables, we followed Mishkin [1983] and also the
literature on reaction functions [Barth, Sickles and Wiest, 1982]. That
is, these variables appear to have influenced Federal Reserve behavior and -

would possibly be used in the formation of expectations by economic agents.

The four lags of each of these variables were retained in a forecasting
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equation only if they were jointly significant at the five percent level.
Results from this procedure are reported in Table 1. Since these equations
contain lagged dependent variables, the Durbin-Watson test statistic is
invalid. Therefore, we employ the test developed by Breusch [1977] and
Godfrey [1978] (B-G) to detect serial correlation. In each case, the
forecasting equations are found to possess serially uncorrelated error

terms.

Risk Measure

The measure of uncertainty, s is constructed as the average
absolute change in the Treasury bill rate over a number of guarters.
Following Mishkin [1983, p. 85] the difference between the spot and forward
rate (rt-t_lFt) was regressed on measures of 0y - The best fit was obtained
from g, calculated from twelve previous guarters. The results are given

as;

(5) (rt—t_lFt)=-0.000977—0.56128***o
(0.0020) (0.2625)

t

R2=0.05; D-W=1.535, SSE=0.110, **=significant at 5% level.

This measure of risk is crude in that it is not based explicitly on any
utility-maximizing behavior. Also, it is assumed that the manner in which
agents evaluate their risk is constant over time. Therefore, the empirical
results which follow are reported both with and without the risk variable
included. The results are not substantively affected if this variable is

excluded.
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Results

Equation 4 is estimated using the Barro [1977] two-step procedure
which entails using the residuals from the forecasting equations as
independent variables in equation 4. A well known shortcoming with the
two-step procedure is that it fails to account for the fact that the
unobservable regressors have been estimated in the calculation of the
parameters and standard errors in the second step. As a result, the
second-step standard errors and related test statistics are incorrect.
Unlike previous research in this area {Reichenstein [1987]), we use the
procedure developed by Murphy and Topel [1985] to obtain the asymptotically
correct cavariance matrix which allows for valid statistical inference.
Variations of equation 4 are estimated in an attempt to determine how
robust the results are to the particular monetary aggregate chosen. Also,
in an effort to determine how sensitive the results are to the risk
variable, 9y (SIGMA), we report results both including and omitting this
variable. The initial estimates appear in Table 2.

Regardless of the particular monetary aggregate chosen or whether
or not the risk variable is included, a significant liquidity effect is
found. That is, the coefficient on unanticipated money growth is
significantly negative. Further, the other variables possess their

hypothesized signs and are statistically significant. 4.5

Heteroscedasticity

The dependent variable in the models estimated is, in effect, a

forecast error. There is no reason to assume, however, that the variance
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of this forecast error is constant through time. Rational expectations
requires only that, on average, market participants' forecasts are correct.
In an effort to determine if the variance of the forecast error changes
over time, Glesjer's [1969] test for heteroscedasticity is undertaken. The
results from these tests are found in Table 3 and indicate that it is the
square of the inflation rate which seems to determine the
heteroscedasticity. Other variables were tested, including money growth
and money growth squared, inflation, unanticipated money growth,
unanticipated money growth squared, unanticipated inflation and
unanticipated inflation squared. Al1 of these variables were found to be
insignificant.

Results for the models corrected for the presence of
heteroscedasticity using weighted least squares are found in Table 4. A
significant 1iquidity effect is still present when M1 is used. For the
broader monetary aggregate however, the empirical results now fail to show
a significant liquidity effect.

The presence of a significant liquidity effect in the ﬁode]s
estimated is in contrast to Mishkin [1983] and Reichenstein [1987] both of
whom find no significant liquidity effect present. Reichenstein estimated
his model using monthly data. It could be the case that the Federal
Reserve's operating horizon is longer than one month, in which case a
significant liquidity effect may not be discovered with monthly data.

It could be argued that the presence of a liguidity effect is due
to a fundamental change in the manner in which economic agents formulate

expectations. Chow tests were conducted on the regressions generating
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expectations of M1 growth and inflation. It was assumed that a'break
occurred beginning in 1980 to coincide with the change in Fed operating
procedures undertaken at that time. It was also in 1980 that transactions
deposits began paying interest nationwide. For both variab1e§, a
significant F statistic, 2.56 for MlGi and 2.68 for P:, indicated a
structural change occurred in the decade of the 1980's. Further evidence
that a change in inflationary expectations may have occurred is presented
in Table 5. Following Mehra [1985], the Livingston survey measure of
inflationary expectations is regressed against money growth and current and
past inflation. It can be seen that the coefficient of money growth on
inflationary expectations increases substantially from the 1960's to the
1970's. The decade of the 1980's, however, finds money growth to be
insignificant as an explanatory variable in the formation of inflationary
expectations. This is not surprising given the unprecedented decline in

velocity which has characterized much of the 1980's.

1v. CONCLUSION

Empirical research on the relationship between changes in money
growth and short-term interest rates indicates that the relationship varies
over time. Estimates of the magnitude and duration of the short-term
liquidity effect reveal that both factors can change when estimated over
different time periods. Evidence obtained through the 1960's supports a
negative and significant short-term i1iquidity effect with a time lag
between the initial decline in interest rates and subsequent reversal

ranging from a few months to more than a year. In contrast, estimates of
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the relationship between accelerated money growth and short-terh interest
rates from the 1970's through the early 1980's revealed either no
significant relationship between changes in money growth and nominal
interest rate movements or a considerably shortened duration qf Tower
nominal rates. Evidence reported in this paper suggests that this
relationship again changed in the 1980's. Estimates of the short-term
liquidity effect obtained with data extended to include 1983 through 1986
again reveal a negative and significant relationship between unanticipated
changes in money growth and short-term interest rates. This altered
relationship appears to reflect the impact of changes in Federal Reserve
operating procedures in late 1982 together with an apparent change in the
measured relationship between inflation and money growth.

Using a rational expectations--efficient markets approach, this
paper finds a significant liquidity effect associated with an expansionary
monetary policy. Several specifications are estimated in an effort to
resolve potential difficulties associated with both the appropriate measure
of money to be used as well as the risk variable employed. Further,
potential econometric probiemé including simultaneity and
heteroscedasticity are addressed. Finally, unlike previous work employing
the two-step procedure, the estimation technique used here accounts for the
fact that the unobservable regressors are measured with error, thus
allowing for valid statistical inference. In all cases, unanticipated
increases in money growth lead to declines in short-term interest rates.
One possible explanatiorn for the reemergence of the liquidity effect may

1ie in the changing pattern of expectations formation due to changes in
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Federal Reserve operating procedures as well as recent unprecedented
declines in velocity.

An interesting extension of the model may lie in a more formal
specification of the risk variable. It is somewhat crude to suppose that
risk permia are constant over time. Engle [1982] and Engle, Lilien and
Robins [1987] offer a technique that allows for nonconstant liquidity or
risk permia in an effort to obtain more efficient parameter estimates. Use
of the ARCH or ARCH-M models in estimating the effects of policy changes on
interest rates would possibly allow for a more formal treatment of

time-varying risk permia.




TABLE 1
ESTIMATES OF FORECASTING EQUATIONS

M1G M26G IPG INF
Constant 0.00839 0.0104 ~-0,0062 0.0026
(0.0027) (0.0027) (0.0064) (0.0022)
M1G(-1) 0.0608
(0.1146)
M1G(-2) 0.25661
(0.1145)
M1G(-3) -0.,0204
(0.1169)
M1G(-4) 0.2563
(0.1085
MZG(-I) 0.3809 0.3876
(0.1066) (0.2743)
M2G(-2) 0.1241 0.8852
(0.1079) (0.2594)
M2G(-3) 0.0713 -0.,2150
(0.1120) (0.2758)
M2G(-4) -0.0818 0.1258
(0.1088) {0.2655)
IPG{-1) -0,0281 -0.1365 0.3055 0.0248
(0.0554) (0.0391) {0.1053) (0.0372)
IPG(-2) -0.0602 0.0004 -0.1423 -0.0535
(0.0542) (0.0413) (0.1119) (0.0414)
IPG(-3) -0.0056 0.0141 0.0763 0.0006
(0.0459) (0.0343) (0.0907) (0.0380)
I1PG(-4) -0.0146 -0.0267 -0.1031 0.0408
(0.0388) (0.0325) (0.0791) (0.0327}
INF(-1) 0.2612 -0.5903 0.2519
(0.1954) (0.3416) (0.1098)
INF(-2) -0.3761 0.3928 0.4436
(0.1964) {0.3365) (0.1093}
INF(-3) -0.0163 -0.2279 0.3315
{0.1999) (0.3479) (0.1153)
INF(-4) 0.2096 -0.4216 -0.0637
(0.2061) (0.3810) (0.1203)
r(-1) -0.,0058 0.0017
(0.0012) (0,0007)




TABLE 1 (Continued)

M1G M2G IPG INF
r{-2) 0,0069 -0.0016
{0.0018) (0.0009)
r{-3) -0.0023 -0.0001
{0.0020) (0.0010)
r{-4) 0.0006 =-{0.00006
(0.0014) (0.0007)
URATE(-1) -0.0059
(0.0028)
URate{-2) 0.0090
(0.0028)
URATE(-3) -0.0046
(0.0038)
URATE(-4) 0.0012
{0.0025)
DEF(-1) 0.0001 (¢.00008
(0.0001) (0.00004)
DEF(-2) -0.00003 -0.0001
(0.00008) (@.00004)
DEF(-3) 0.000008 0.00001
{0.00009) (0.00005)
DEF{-4) -0.00015 0.00005
(0.00008) (0.00004)
DEBTG(-1) =(1.0211
(0.0283)
DEBTG(-2) 0.0471
(0.0282)
DEBTG(-3) 0.0233
(0.0287)
DEBTG{-4) 0.0364
(0.0276)
RZ 0.57 0.38 0.47 0.81
B-6 Z2.45 1.29 2.04 0.71
SSE 0.005 0.004 0.025 0.002
NOTE: Standard Errors in Parentheses




TABLE 2

ESTIMATES OF EFFICIENT MARKETS-RATIONAL EXPECTATIONS MODELS

1959-1986

Coefficients of:

Model  Constant (M1G-M1GZ) (M26-M26E) (IPG-1PGE) (INF-INFE)  SIGMA F
A -0.0017  -0,2993%* 0.3152%  0.5525%* -0,4344  2,23%
(0.0032) (0.1448) (0.0694) (0.2436) (0.2767)
R® = 0.26; D-W = 1.53
B -0.0013 -0.5657*  0.3287%  0,4347  -0.5056** 1.98%
(0.0027) (0.1537)  (0.0658)  (0.2335)  (0.2920)
R® = 0.33; D-W = 1.652
c -0.0047%  -0,2861* 0.3003*  0.5366%* 2.45%
(0.0024)  (0.1416) (0.0640)  (0.2370)
R® = 0.2185; D-W = 1.497
D -0.0047* -0.5020*  0.3042*  0.4358 2.18%
(0.0022) (0.1507)  (0.0599)  (0.2300)

R™ = 0.27; D-W = 1,591

=
o
o
m
*
[}

x*

Standard Errors in Parentheses

significantly different from zero at the 1% level

significantly different from zero at the 5% level




Model:
A ABSRES
A RES®
B ABSRES
B RES?
C  ABSRES
c RES?
D ABSRES
D RES®

NOTE: ABSRES
RESZ

CPISQ

*

*k

it

TABLE 3
GLESJER TEST FOR HETEROSCEDASTICITY

0.0046 + 6.6511 * CPISQ
(0.0008) (2.2082)

0.0004 + 0.1899" * CPISQ
(0.0003)  (0.0646)

0.0046" + 5.2602" * CPISQ
(0.0008)  (1.9913)

0.00004 + 0.1518° * CPISQ
(0.00002) (0.0572

0.0051" + 5.5343

)

* % oPISQ
(0.0008)  (2.0572)

*

0.00004 + 0.1631 * CPISQ
(0.00002) {0.0643)

0.0052" + 4.4112"" * cpPISQ
(0.0008)  (1.9839)

0.00005° + 0.1229" " * CPISQ
(0.000002)  (0.0595)

absolute value of residual

residual squared

inflation rate squared

significantly different from zero at 1% level

significantly different from zero to 5% level

Standard Errors in Parentheses




TABLE 4
MODELS CORRECTED FOR HETEROSCEDASTICITY

Model  Constant (M1G-M1G%) (M2G-M2G6E) (IPG-IPGE) (INF-INFE)  SIGMA

A 0.0012 -0.4697* 0.2857* 0.1891 -1.5041*
(0.0010)  (0.0891) (0.0565) (0.1409) (0.1324)
B 0.0016 -0.1205 0.2534% 0.2717 -1.7643*
(0.0012) (0.1305) (0.0749) (0.1691) (0.1389)
€ -0.0108*  -3.0551* 0.0159 -2.,3714*
(0.0004) (0.3156) (0.0273) (0.2885)
D -0.0098* 2.3918* 0.3108* 0.7450*
(0.0002) (0.1086) (0.0152) (0.0888)

NOTE: * = significantly different from zero at the 1% level

Standard Errors in Parentheses




FOOTNOTES

L See Roley [1983, 1987]

2 See Muth [1961] and Mishkin [1983] for a discussion about the rapid

3

4

adjustment in inflationary expectations which may occur, particularly in
high-inflation time periods.

In the fall of 1982, the Federal Reserve switched from targeting
nonborrowed reserves to a borrowed reserve target. Such a regime is
closely related to targeting the federal funds rate. See Goodfriend and
Whelpley [1986].

The F values in the last column of Table 2 are the test statistics of the
cross-equation constraints implied by rational expectations and market
efficiency [Mishkin, pp. 50-51]. Significant test statistics in each of
the models can result from either a failure of rationality or of the
model of market equilibrium employed. As Mishkin [1983, p. 87] points
out, the crude risk variable (and its exclusion) could give rise to
misspecification in the model of market equilibrium. Thus, it seems more
plausible to attribute the significant F statistics to model
misspecification rather than a failure of market efficiency. Since the
Durbin-Watson statistics are in the inconclusive range, the models were
also estimated after correcting for the presence of first-order serial
correlation. The results were not appreciably affected. That is, a
significant liguidity effect is present in all four models and the other
variabies retain their hypothesized sign and are significant.

Mishkin [1983, p. 80] points out a potential problem in the models
estimated. If the money supply process is not exogenous then these
equations suffer from simultaneous equation bias. As a result, the
estimates could give misleading impressions regarding the impact of
unanticipated money growth on interest rates. In an effort to resolve
any possible simultaneity, the models are estimated using instrumental
variabies for the unanticipated money growth terms. The instruments used
are lagged values of the variables in the original equations, such as
lagged unanticipated money growth, lagged unanticipated inflation, etc.
Once again, all four models estimated confirm the presence of a
significant liquidity effect in that unanticipated money growth is
significantly negatively correlated with interest rate movements.
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