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The Eiiect of Monetary Policy on
Short-Term Interest Rates

HE “liquidity effect” plays a central role in
Keynesian theory of the transmission of monetary
policy. It is based on the notion that the demand
for money is negatively related to the nominal
interest rate.! Other things the same, an exogenous
increase in the money stock depresses nominal
and real interest rates, stimulating aggregate
demand.

Even though theorists acquiesce to the liquidity
effect as a theoretical proposition, it is often chal-
lenged on efficacy grounds. It is argued that
changes in the money stock do not leave all other
things unchanged. Monetarists, such as Friedman
(1968) assert that the liquidity effect is, at best, only
temporary; the ultimate effect of more rapid
money growth is higher inflation (or, more impor-
tantly, expectations of higher inflation) and, conse-
quentily, higher nominal interest rates. New classi-
cal economists argue thal the real interest rate is
determined by basic tastes and technology con-
stderations, which are slow to change ? If increases

in the money supply primarity affect the market's
expectations of inflation, nominal interest rates
will rise immediately.

Estimates of money demand equations, espe-
cially short-run equations, indicate that money
demand is very interest inelastic, suggesting that
there is a strong liquidity effect.®* Most other em-
pirical work, however, has estimated the total ef-
fect of changes in monetary policy on interest
rates. A wide range of methodologies have pro-
duced diverse and sometimes conflicting results.
This article is an attempt to consolidate the evi-
dence on the responsiveness of interest rates to
monetary changes. Various methods for estimating
the relationship between interest rates and mone-
tary impulses are reviewed and then applied to a
common data set. Also, the analysis implicitly
incorporates the possibility that the money stock
is endogenous in the sense that the money multi-
plier depends on the interest rate.*

Untif fairty recently, most torms of money were non-interest-
bearing. Consequently, the opporiunity cost of holding monsy
was repressnted by the nominal interest rate. A large portion of
M1 now is heid in the form of interest-bearing NOW accounts.
The opportunity cost of this component of M1 is the spread
between market rates and the rate paid on these deposits.

*Recently, Nighans {1987) has argued convincingly that the
description of the rational expectations school as “new ciassi-
cal economics” is a misnomer. He argues that its emphasis on
continuous market-ciearing constitutes a fundamental break
from both classical and neociassical economics.

sMany economists, for example Carr and Darby (1881), believe
the liquidity effect implied by these equations to be implausibly
large.

“The interest sensitivity of the multiplier is shown in models of
the money supply process. For example in Thornton {1982),
the behavioral equations are assumed o be lingar; thus, al-
though the multipliers are not functions of the interest rate per
se, they are functions of the interest elasticities of these behav-
iorai equations.




THE LIOUIDITY EFFECT

The liquidity effect is defined as the interest
responsiveness of the demand for money in a sim-
ple model of liquidity preference where the money
stock is assumed to be controlled directly and
exogenously by the monetary authority? For ex-
ample, consider the following specification of the
demand for nominal money

1) M= L4, Py, L,<0L,L >0

where M, i, v and P denote the nominal money
stock, the nominal interest rate, real income and
the price level, respectively. If the money stock is
taken as exogenous, M* = M, the market equilib-
rium condition is

(21 M = L, Pyl
Hence, the liguidity effect is defined as
(3) di = {1/1.)dM.

While the theoretical relevance of the liguidity
effect is acknowledged, analysts generally argue
that it may be partially or totally offset quickly hy
other effects, both direct and indirect, of money
stock changes. To see this, assume that the price
level is positively related to the money stock and
real output is negatively related to the interest
rate. That is,

P = PM),P >0
and

v o= vii), vy <o

Substituting the above expressions into equation
2, the effect of an exogenous change in the money
stock on interest rates is

@) di = (1 LD YIdMAL + LY.

This measure reflects not only the interest sensi-
tivity of the demand for money, L, but the direct
effect of money stock changes on the price level,
L,P'y, and the indirect effect of interest rates on
income, LPy’.

The effect of an exogenous change in money on
interest rates given by equation 4 is strictly smaller
than the liquidity effect of equation 3 because of
the income and price level effects. According to
the Kevnesian transmission meehanism, the lower
nominal and, at this point real interest rate, stimu-
lates aggregale demand and, hence, real income.
The rise in real income increases the demand for
money, causing interest rates to rise; this mitigates
the initial liquidity effect. Equation 4 also incorpo-
rates the direct price level or the "Keynes effect”.
An increase in the nominal money stock causes
the price level to rise, which in turn causes the
real money stock to decline, resulting in an in-
crease in interest rates *

H money stock changes affect outpul or prices
sutficiently rapidly, then the income and price
level effects will offset, at least in part, the decline
in interest rates associated with the liquidity ef-
fecl. Moreover, it may be difficult to find a statisti-
cally significan! negative relationship between
changes in the money stock and changes in the
interest rate if the data are averaged over a long
period’ Indeed, if inancial market participants
anticipate the rise in income or the price level,
these effects will be reflected in market interest
rates immediately; thus the observed change in
interest rates associated with a money stock
change might be small even over short time
periods.

The “Fisher Effect”

In addition to the income and price level effects
incorporated in equation 4, therc is also the possi-
bility of the "Fisher effect.” Fisher (1930} argued
that, in the absence of differences in holding costs,
the real, risk-adjusted return on assets should be
the same regardless of the units in which the as-
sets are expressed. Consequently, the return on
physical assets should be the same as the return
on credit contracts denorminated in fixed units of
nominal money. This implies that the interest rate
on dollar-denominated contracts will reflect the

sBecause the liquidity effect usually is discussed in models
where the money stock is assumed to be controlled by the
monetary authority, it has become synonymous with the inter-
est responsiveness of money demand. In a modei where the
money stock is endogenous, it may be more appropriate o
think of the fiquidity effect in terms of the Impact of an exoge-
nous change in monetary policy on interest rates. This would
reflect not only the siope of the money demand function, but
the slope of the money suppiy function as well.

sf“or notational convenience, equation 1 is written without im-
posing the usual assumption that L{.) is linear homogenous of
degree one in P.

“This may be one reason why Peek {1882) and Wilcox (1983a),
Makin (1983} and Hoffman and Schiagenhauf (1985) obtained
different results using similar data and methodologies. All used
tha biannual Livingston survey data on inflation expectations;
however, Makin, Hoffman and Schiagenhauf interpolated the
data and estimated a guarterly mode!, while Peek and Wilcox
used biannual data.




market's expectation of inflation over the duration
of the contract. Hence, if an increase in money
growth produces expectations of more rapid in-
flation, the nominal interest rate will rise* The
existence of a coniemporangous price expectation
effect mitigates and possibly eliminates the liquid-
ity effect on the nominal interest rates.?

The Effect of an Endogenous Money
Supply

Until now, the money supply has been assumed
to be controlled exogenously by the Federal Re-
serve. In the modern financial system, however,
the total money stock is determined not only by
the policy actions of the Federal Reserve, but by
the portfolio decisions of depository institutions
and the public. That is, the money supply is com-
posed of both "inside” and "outside” money. Gen-
erally, there is no sense in which one can measure
the effect of a change in the stock of endogenous,
inside money on interest rates.” Instead, the effect
of monetary changes on the interest rate is mea-
sured in terms of changes in outside money.

For example, assume that the money supply is
endogenous in that the usual money multiplier is
a function of the interest rate. That is, let the
money supply be expressed as

(5) M= milHm >0,

where H denotes the stock of "high-powered,”
outside money and mti) denotes the usual money
muitiplier. Setting (5] equal to (1) results in the
equilibrium condition

(6) milil = L, PlmiHy(i ).

Consequently, the effect of an exogenous change

in the stock of high-powered money on the inter-
est rate is given by

(7) di =
(1— LyP I mdH/L, + LPy' + (LyP' ~ 1)m’H}.

The responsiveness of interest rates measured hy
(7) is strictly smaller than that given by (4} for an
identical exogenous change in the money supply,
that is, mdH =dM.

The Role of Monetary Policy
Objectives

There is an exception where it would be appro-
priate to measure the effect of monetary changes
on interest rates in terms of the total money stock
despite the presence of inside money. This occurs
when the monetary authority is targeting the total
money supply and when it is forecasting and
gquickly offsetting the effect of other factors on the
supply of money." For example, suppase that the
Federal Reserve is targeting the total money sup-
ply but controls only H directly. i m were to rise,
say due to a decrease in the public's desire to hold
currency relative to checkable deposits, the Fed
would attempt to offset the effect of the rise in the
money stock by reducing H. If the Fed anticipated
the rise in m and changed H by the appropriate
amount immediately, there would be no change in
the money supply or interest rates associated with
the change in H. Estimates of the responsiveness
of interest rates to changes in H would be biased
downward. i, on the other hand, the Fed does not
respond instantaneously, interest rates would be
negatively associated with changes in H. In con-
trast, assume that there is an exogenous increase
in the demand for money. It the Fed responds

8The reader should note that there is a somewhat subtie differ-
ence between eguating the liquidity effect to shifts in the stock
of money and shifts in the growth rate of money. The problem
here is that the Fisher effect, which relates the level of nominal
interest rates to the rate of inflation, is fundamentally dynamic.
The bridge that links these concepts can be found in the mone-
tary growth models where, in long-run equilibrium, both the
monetary growih rate and the nominal interest rate are con-
stant. An exogenous increase in the growth rate of money
produces a liquidity effect and potentially a Fisher effect. This
difference is also reflected in empirical work, For example,
compare the approach of Gibson (1870h) with that of Cagan
and Gandolfi {1969).

9The outcome depends on a number of factors, including the
homogeneity of the demand for real money with respect to the
price level. If there is no money illusion, the nominal interest
rate must rise point for point with the expected rate of inflation.
Conseguently, if the inflation consequences of an increase in
the growth rate of the money stock are fully anticipated, the
nominal rate must rise with the acceleration in money growth.

wSee Patinkin (1965), pp. 297-301, for a good discussion of this
point. Of course, this does not apply to exogenous shifts in the
stock of inside money, such as a gold discovery under a gold
standard.

*See Thornton (1984} for a discussion of this point in terms of
the issue of debt monetization. Also, see Mishkin (1982) fora
discussion of the effects of this form of money stock endoge-
neity or estimates of the market's response to changes in the
money stock.

Alsa, Mishkin {1981) and Robinson {1988) use M2 fo measure
the responsiveness of interest rates to changes in the money
supply. This is odd since changes in M2 are much more fikely
to be related to factors other than policy changes.
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instantly to offset the effect of this increase on the
money stock, interest rates will rise while the
money remains unchanged and the stock of high-
powered money is reduced. If the Fed does not
respond instantaneously, both interest rates and
the money stock will initially rise, then interest
rates will continue to rise as the money stock falls.
The point here is that whether the total money
stack or the stock of high-powered money should
be used depends on whether the Fed is trving to
conirol the money stock and on how rapidly it is
responding to other factors that influence money.
This chservation has implications for empirical
work. If the Fed is alternpting to control the total
money stock and if the Fed moves reasonably
quickly to offset the effect of other factors, measur-
ing the responsiveness of interest rates in terms of
the total moneyv supply would be appropriate even
if day-to-day or week-to-week shocks were not
offsef instantaneously.

To determine whether the estimated respon-
siveness of interest rates is sensitive to the mone-
tary variable used, alternative measures of the
monetary impulse are used. This is necessary
because the Fed often relies on multiple objectives
and is not explicit about them . Of course, if m’ is
small, the choice of a monetary variable will be
relatively unimportant.

Policy-Helated Endogeneily

The endogeneity of the money stock discussed
above is based upon the economic response of
depository institutions and the public to changes
in nominal interest rates. Another monetary-policy
related view holds that the money supply is en-
dogenous whenever the Fed is using shori-term
interest rates as an intermediate policy target. In

this instance, the Fed merely adjusts the money
stock to shifts in the demand for or the supply of
money over which it has no control. In the case of
exogenous shifts in the moneyv supply function,
the Fed neutralizes the effect of such shifts on
nominal interest through appropriate open mar-
ket operations.” As a result, both the nominal
money stock and the interest rate are unchanged.
In the case of shifts in the demand for money, the
Fed uses open market operations to accommodate
changes in the demand for money. The interest
rate remains unchanged, but the money stock
changes.

This tvpe of endogeneity creates severe prob-
iems for isolating the responsiveness of interest
rates to monetary changes because only the mar-
ket equilibrium values of the interest rate are ob-
served. Since the interest rate is unchanged, de-
spite changes in the money stock, the responsive-
ness of interest rates to changes in the money
stock appears to be nil." if the Fed offsets only
part of a demand shift, however, money stock and
interest rate changes will be positively correlated.
I only part of the exogenous supply shifts are
offset, money and interest rates will be negatively
correlated. Consequently, statistical analysis may
show a positive, negative or no statistically signifi-
cant relationship between interest rates and
money growth, despite the fact that it is precisely
hecause of the liquidity effect that compensatory
open markei operations are undertaken.

It the Fred reacts instantaneously to these
shocks, evidence of the effect of changes in the
money stock on interest rates can be obtained
with precise knowledge of the Fed's interest rate
target. Unfortunately, such information is gener-
ally unavailable ® Alternatively, a time intervaj
short enough to isolate the response of the market

#For example during most of the 1960s and the early 1970s, the
policy directives of the Federal Open Market Commitiee to the
Trading Desk were stated in terms such as "maintain the
existing degree of credit restraini.” Even when the Fed was
targeting the monetary aggregates in the late 1970s and early
1980s, the policy directives often were stated in terms of muiti-
ple monetary aggregates and in ioose terms, such as “run
somewhat above the upper limit of the target range.” More-
aver, the money growth objectives irequently were conditional
on movements of other variables such as the federal funds
rate.

*The Fed’s reaction to offsel a supply-side shift is referred io as
“defensive open market operations.” Stabilizing the normal
interest rate will be effective only if the change in the money
stock does not give fise to inflationary or defiationary expecia-
ticns. Proponents of this view wouid argue this will not happen
because the Fed is merely accommaodating shifts in the de-
mand for money.

4in terms of a2 more formal mode!, let H” be the stock of high-
powered money required to hit some targetinterestrate ) i.e.,
H® = L{I",Pyym(¥}. From this, dH/dPy = LPy/m{l). The change
in the equiibrium interest rate associated with a shift in the
demand for money is given by di/dPy = — [LPy/AL, — m'H) ]
+ (AL ~ m'HiidH/dPy). Substituting in for di-idPy, yields
dirdPy = G,

AL times, the Fed's announced ranges for the federal funds rate
were fairly narrow, It is difficult to use these ranges to model
this relationship, however, because the refationship between
the federal funds rate and the T-bill rate, which is usually used
10 estimate the responsiveness of interest rates to monetary
changes, is itself not very stable.
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to the Fed’s actions could be used, In the absence
of such detailed information or such a rich data
set, it is important to measure the effect of mone-
tary changes on interest rates during periods in
which the Fed was attempting to exert greater
control over the money supply.®

A REVIEW OF METHODOLOGIES

One method of estimating the responsiveness of
interest rates to changes in the money stock, used
by Cagan and Gandolfi (1969) and more recently
by Melvin (1983} and Brown and Santoni {1983}, is
to regress the change in the nominal interest rate
(Ai) on a distributed lag of unanticipated changes
in the nominal money stock, AM* That is, the
equation

=

ZBiAMY, + g,
0

1
is estimated. The random error, ¢, is assumed to
be identically and independently distributed with
a mean of zero and a constant variance, o, that is,
¢ is 1id(0, o%). This equation is estimated with ordi-
nary least squares {OL5).

A second approach used by Peek {1982}, Wilcox
{1983a), Mehra 11985), Hoffman and Schlagenhauf
(1985) and Peek and Wilcox {1987) employs an IS-
LM, aggregate demand/aggregate supply model”
In this model, commodity demand is a function of
the real interest rate and money demand is a func-
tion of the nominal interest rate. While specific
models differ, the following specification encom-
passes the essential features. The IS curve is given
by
9) v'=a — an + az +v,
and the LM curve by
(10} IM,—PJ = b, + b, v7— byi, + b, X, + v,,.

[Unless otherwise stated, all variables are in loga-
rithms.} v denotes the deviation of real GNP from
its “natural rate” {or full emplovment levell, and P

and r denote the price level and real interest rate,
respectively. Z, and X, are vectors of variables that
influence the demand for commaedities and
money, respectively, and v, and v,, are stochastic
disturbances such that v, is 1idig, o3, v,, is 1idio, ¢3)
and Eiv, v} = 0 for all {. The model is closed by
the Phillips curve

(11) P, = P{ + oy,

where the superscript "e” denotes the expectation
hased on information known before period t.
Equations 9, 10 and 11 are solved for the real inter-
est rate. The result is substituted into the Fisher
equation,

(12) §, = r, +

where m denotes the rate of change in the price
level, to yield a quasi-reduced form equation for
the nominal interest rate

{131i, = A, + AZa, + AXb, — AJMM, — P3
+ Am+ u,.

The responsiveness of the interest rate to real
money stock changes, A, = [ic+b/Ja, + b7 =0,
captures not only the “liquidity effect” (b}, but
also the net effect of all other factors that influence
the equitibrium interest rate.

While equations 13 and 8 appear guite different,
they are both reduced-form equations. The funda-
mental differences are that equation 13 is stated in
level rather than first-difference form and that it
explicitly includes factors, in addition to the
money stock, that could affect nominal interest
rates. The absence of these factors from equation 8
could be justified by arguing that it is a final-form
equation, not simply a reduced-form equation. On
the other hand, estimates of the response of inter-
est rates based on equation 8 could be biased if
variation in other factors that affect interest rates
is not controlled for.®

Another difference is that equation 8 incorpo-
rales a distributed lag of unanticipated money,
while equation 13 uses only the contemporaneous

%[t shouid be noted that Mishkin's (1981, 1982) approach of
using unanticipated money does not circumvent this problem.
In this instance, unexpected changes in the money stock due
to demand and supply shocks are different, so that the coeffi-
cient on unexpected money will be different depending on
whether the shock emanates from the demand or supply side.
Moreover, the effect of an unexpected change in the money
supply will be different from the effect of a shock to the meney
supply.

TActually, this approach was used earlier by Sargent (1969,
1972}

®Also, because eguation 13 is a quasi-reduced form, the vari-
ables Z, X, P, M, or mtmay be correlated with the error term.
Consequently, QLS estimates of these equations may be
inconsistent. Of course, the same would be true of equation 8 if
the money stock is endogenous. This observation is the basis
for Mehra's {1985) work.




level of actual money. The structure of equations
9--12 can be modified, however, to replace the
monetary variable by its unexpected component; a
distributed lag of unanticipated money also can
be included by appealing to "price-stickiness” or
Blinder and Fisher’s (1981) inveniory adjustment.”

A third methodology has roots in the rational
expectations/efficient market literature ™ Mishkin
(1981, 1982} and, more recently, Hardouvelis {1986)
and Robinson (1988) estimate the equation

(1441, — ¥ = o, + al, + o, (M, — M}

+ooly, —y3 + oalm, — @)+ 1.

I, denotes the set of information that market par-
ticipants have available to them at the beginning of
the period, while v, denotes the error term. Mish-
kin characterizes equation 14 as the “rational ex-
pectations analog of the typical money demand
relationship found in the literature.”

Mishkin derives equation 14 by using the ef-
ficient market/rational expectations model tc ar-
gue that

ix - lf = (Wl m WT}B + w,

where W, is a vector of variables that reflect the
“information relevant to the determination of
short-term interest rates” and w, denotes the error
term # He then solves a monetary equilibrium
condition for the inferest rate in terms of all the
other variables that enter the money demand
function, that is, variables which appear as argu-
ments in equation 1. He includes these variables in
W, arguing that they are part of the relevant infor-
mation sef. Of course, any right-hand-side variable
in equation 13 could be considered an element of
W, simply by broadening the theoretical frame-
work. Consequently, equation 14 differs from the
other specifications primarily in its explicit and
complete reliance on the efficient markets/rational
expectations paradigm.

Farthermore, equations 8, 13 and 14 are alterna-
tive representations for the nominal interest rate.
Thus, they can be compared directly using stand-
ard nested and/or nonnested test procedures.

EMPIRICAL ESTIMATES OF THE
LIQUIDITY EFFECT

The empirical estimates presented here cover
the period from 1958.08 to 1987 .06. Prior studies
have generally used quarterly data when estimat-
ing equations 13 and 14 and monthly data when
estimating equation 8. This study uses monthly
observations for all specifications. The month pe-
riod is short enough that the liquidity effect is less
likely to be weakened by subsequent income, price
level or inflation-expectations effects. On the other
hand, many of the variables that might reasonably
enter equations like 13 are unavailable on a
monthly basis, so that the estimates are subject to
a potential omitted-variables bias.

The variables used are

y = the real value of the industrial production
index, .

TBR = the three-month Treasury bill rate,

P = the CPI,

M = the M1 definition of the money stock,

MB = the Federal Reserve Bank of 51. Louis ad-
jusied monetary base,

and

NBR = the Federal Reserve Bank of 5t. Louis ad-
justed nonborrowed reserves.

Two measures of unanticipated changes in the
money supply are used here. The first is the
change in the growth rate of money. Cagan and
Gandolfi use changes in the growth rate of money
to proxy such changes, arguing that the market
should respond only to unanticipated changes in
the money stock.® Today, the unanticipated change

°For example, see Makin (1983) and Hoffman and Schla-
genhauf (1985).

=wyer (1981) has an alternative rational expectations frame-
work where, because the same factors affect both the ex-
pected inflation rate and the real interest rate, they give rise to
a set of cross-equation restrictions that can be tested.

=iMishkin {1982), p. 66.
2Mishkin (1982), p. 64.

=Cagan and Gandolfi (1969} p. 279, state “It is hard to deter-
mine to what extent monetary changes at any particular time
are anticipated, but presumably a steady growth rate will
sooner or tater come to be reflected in a corresponding rise in

prices (allowing for the growth rate of real incoms). Conse-
quently, changes in the monetary growth rate will tend 1o pro-
duce, every time they occur, a response in interest rates . . "
Gibson {1970a) uses a similar equation based on an analo-
gous argument; however, Gibson (1970b) regresses first
differences of the interest rate on first differences of the money
stock.




in the growth rate of money typically would be
oblained by subtracting expected money growth,
estimated using some time-series method, from
actual money growth. Nevertheless, because Ca-
gan and Gandolfi’s procedure has been utilized by
all who have estimated equation 8, their measure
of unanticipated money is used to see if the
results are sensitive to the form of the unantici-
pated monetary variable.

Additionally, unanticipated money is measured
by (AM-AM?, where AM" is a time-series represen-
tation of past AM. In this instance, the expected
values of M, v and P are obtained by regressing
each on a six-month distributed lag of itself and
the other variables, including changes in the Trea-
sury bill rate*

This study uses three monetary policy variables:
M1, the adjusted monetary base (MB), and nonbor-
rowed reserves (NBR). The monetary base is used
often as a measure of exogenous monetary policy.
NER is used because some would argue that it is a
better measure of the exogenous monetary im-
pulse than MB because depository institutions’
borrowings from the Federal Reserve are related to
the interest rate. Also, the Fed used a NBR-
operating procedure to control the money stock
from QOctober 1979 to October 1982, Since the Fed
was primarily targeting M1 growth during this
periocd, however, unanticipated M1 growth may be
a better measure of the exogenous monetary im-
pulse during this period.

Alternative measures of the monetary impulse
are used to see whether estimates of the respon-
siveness of interest rates to monetary impulses are
dependent on the variable used.

Initially, the equation
6
(15) ATBR, = a, + 2 o ATBR, , + BMV"
i=1

+ pPVE 4 ByVe 4 g,

is estimated. The unanticipated monetary variable,
MV, is alternately proxied by AM1, AMB, ANBR,
(AM1-AM1¢), (AMB - AMB*} and (ANBR — ANBR") =
The unanticipated price (PV) and income (yv*)
variables are alternatively measured by AP and Ay
or (AP — AP and (Ay — Ay*}* This specification,
and others which follow, include a finite distrib-
uted iag of the dependent variable to capture any
effect of past information.”

OLS estimates of equation 15 for the period
1959.08-1987.06 and two subperiods, 1959.08 -
1973.09 and 1973.10-1987.06, are presented in
tables 1-3. The split was made at 1973.09 because
{1) it marks the well-known break in the demand
for money, {2) it roughly coincides with the demise
of the Bretton Woods agreement and (3} it also
roughly coincides with the beginning of an era in
which the Federal Reserve claimed to pay increas-
ing attention to the growth rate of the monetary
aggregates.® The equation is estimated with and
without PV and yV* to determine how sensitive
the results are to these variables.

The results indicate considerable variability in
the statistical significance of the effect of the mon-
etary variables on interest rates, both across time
and across monetary variables. During the entire
period, there is a small but statistically significant
negative effect for three of the unanticipated mon-
etary variables. The largest statistically significart
negative effect is obtained when AM1 is used, but
there is a statistically significant negative response
of interest rates when the unanticipated growth of
nonborrowed reserves is used, whether it is mea-
sured by ANBR or (ANBR — ANBR®,

The results in tables 2 and 3 indicate that the
responsiveness of interest rates to monetary im-
pulses is sensitive to the sample period. When
pre-1974 data are used (table 2) the effect is statis-
tically significant only when the unanticipated
change in the growth rate of nonborrowed re-

#This is similar io the multivariate time-series approach of Mish-
kin (1981) except that a distributed lag of the ATBR is included
in all regressions. It is important to include all relevant variables
that affect interest rates. Wickens (1982} has argued that if
they are not included, the expectations cannot be efficient.

Also, there was some experimentation with alternative lag
lengths. The lags used here appeared to work well and pro-
duced white noise residuais.

=When (AM - AMe) is used, AM denotes the annualized first
difference of the log of the variable. AM, however, is the first
difference of the annualized growth rate of the variable. The
same is true for all other variables.

=The unaniicipated monetary, price and income variabies are
matched in the regressions. That is, if AM1 is used as the

monetary variable, then AP and Ay are used as the corre-
sponding unanticipated price and income variables,

#The coefficients on the lagged dependent variable are not
reported. In nearly every instance, they were jointly significant
at the 5 percent level,

#Hafer and Hein (1982} date the break in money demand at
1973.04, while Lin and Oh (1984) date it at 1972.02. The
United States formally broke from the Bretton Woods accord in
tate 1971,

The Federal Reserve Opan Market Committee stated a desire
o place increased emphasis on the growth of certain monetary
aggregates at Hs January 15, 1970 meeting; Congress passed
Resotution 133 requiring the Board of Governors to set iong-
run ranges for the aggregates on March 24, 1975,




serves is measured by (ANBR — ANBR®) and when
PV* and yV* are omitted. Even in this case, how-
ever, the strength of the effect is smali.

In contrast, there is a statistically significant
negative effect during the latter period (table 3)
when AM1 or NBR, in either form, is the monetary
variable. These results are interesting because they
suggest that the response of interest rates is
stronger during the latter period, when the Fed
claims to have paid more attention to monetary
aggregates and when Melvin (1983) reports that
the effect vanishes. Finally, the coefficient for un-

anticipated base growth measured by {AMB —
AMB¢}, is significantly positive during this period.

Both quantitatively and qualitatively, the results
are similar whether the unanticipated price or
incame variables are included. Accounting for the
possible effect of unanticipated inflation or in-
come growth does not appear to be important in
measuring the effect of unanticipated monetary
growth on interest rates.” The effects of unantici-
pated inflation and income growth are highly sig-
nificant for the entire period, but they are much
less so during the individual subperiods ®

=This result is not too surprising in the case where the unantici-
pated variables are measured by the difference between actual
and expected. it is usuailly assumed, either explicitly or implic-
itly, that in the case where the expectation-generating equa-
tions are jointly estimated with the “structural” equation, the
unanticipated components are mutually orthogonal. (Estimates
indicate that this condition is reasonably satisfied for the speci-
fications used here}. When these variables are measured in
this way, the regressors of equation 15 are nearly mutuzally
orthogonal. Consequently, the parameter estimates of one are
not likely to be affected by the absence of the cthers.

*This could be a manifestation of the heteroskedasticity in the
data. In general, heteroskedasticity may cause the reported
standard errors of the parameters of OLS to be biased, and
they can be either too large or too smail.




Because the results could be specific to the form
of equation 15, the equation
6 36
16) ATBR, = o, + £ o ATBR, ., + ZBMV, + ¢,
i=1 i=0

was estimated using the same data for the same
periods ® These results, reported in tables 4-6, are
strikingly different from those in tables 1-3. For
the entire period (table 4! there is no statisticatly
significant, negative response of interest rates,
even initially, when AM1 or AMB is used. More-
over, the sum of the coefficients is significantly
positive for both monetary variables. These results
are consistent with those reported by Cagan and
Gandelfi (1969), Brown and Santoni {1983 and
Melvin {1983). When ANBR is used, however, there

is a significant initial negative response of interest
rates for the entire period. and the sum of the
coefficients is negative and significant.

The results using the unanticipated monetary
variable measured by (AMV — AMV®) are consider-
ably different from those using AMV.* For both M1
and MB, few coefficients are significant and most
of these are positive. Also, while the sums of the
coefficients are positive, they are not statistically
significant. When NBR is used, the initial coef-
ficient is negative and significant, but the sum of
the coeefficients is positive and not significant.

Most of the results for the pre-1974 period (table
5} are gualitatively the same as those for the entire
period. One exceplion is for (ANBR — ANBR*, when
the initial coefficient is negative but not significant

*Cagan and Gandolfi (1969) used 38 iags, Melvin (1883) used
36 and Brown and Sanioni (1983} used 24. Because of the
long lags invoived, it was necessary to delste the first three
years from the entire estimation period and from the first sub-
period when (AMV — AMV?) is used as the monetary variable.

20LS estimates of the standard errors of the coefficients are
biased downward when unanticipaied monetary variabies are
measured by (AMV-—AMVs). Consequently, the reported
t-ratios overstate the significance of the effect of unanticipated
monetary impulses. See Pagan (1984) p. 234,
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Estimates of Equation 13

As a further test of the robustness of the results
to the model specification, equations of the gen-
eral form of equation 13 are estimated. This speci-
fication has been estimated in such diverse ways
and with such a wide array of regressors that an
exhaustive evaluation is difficult. Instead, the ap-
proach here relies on the fact that this specifica-
tion differs from the others primarily in that it has
been estirnated in level, rather than first-
difference, form * Some studies include measures
of expected and unexpected inflation and unan-
ticipated money growth; others include expected
inflation, some measure of income growth, and a
measure of the change in the growth rate of
money. In the former studies, inflation expecta-
tions are generated as they are in the rational ex-
pectations models; in the latter, they are usually
derived from survey data. Furthermore, Mehra
i1985) and Wilcox (1983 a,bl measure the change in
the money supply by the annualized growth rate
of money over a shorter period relative to its
growth rate over a longer period.

Consequently, two equations are estimated to
capture the essence, if not the exact form, of varia-

tions of this specification. These equations are

6
{(17) TBR, = o, + = oTBR,, + BLIQ,
i=1

+ RAP, + BAy, 4 AP, + &,
and
6

a,t+ Z oTBR.,+ BIAMV—AMW
i=1

(18) TBR, =

+ WAP—AP®), + BlAy— Ay, + AP? 4+ g,

LIQ is the negative of the difference between the
annualized growth rate of M1 during the last three
months and its annualized growth rate over the
prior 12 months, AP is the change in the growth
rate of the price level and Ay is the change in level
of the industrial production index. Because equa-
tion 18 includes AP the estimated standard errors
of AP: from the usual two-step estimator of equa-
tion 18 are biased. Consequently, equation 18 is
estimated using a full-information, maximum-
likelihood (FIML) method used by Mishkin (1981,
1982)%

#(One exception to this is Peek who, although he specified the
equation in level form, appears to have estimated it in first-
difference form. See Peek (1982) p. 986.

sEquation 18 is estimated simultaneously with the equations
that generale the expected rates of monetary growth, inflation
and real output growth, imposing the implied cross-equation

restrictions. Also, because equation 18 includes a distributed
lag of the ievel of TBR, the eguations used to generaie these
expectations are modified to include the level of interest rates.




Table 8 presents estimates of equation 17.* The
results indicate that interest rates show no statisti-
cally significant negative response; however, the
coefficient for NBH for the pre-1974 period is
nearly significant at the 5 percent level. The signifi-
cant positive relation between LIQ) and the level of
the Treasury bill rate during the entire period,
when either M1 or MB is the monetary variable, is
attributable solely to the post-1973 period.

The magnitude of the coefficients on AP and Ay
and, in the case of Ay its statistical significance,

depends on the period. The positive coefficient on
P is statistically significant regardless of the sam-
pie period; however, the estimated magnitude of
the coefficient is sensitive to the sample period.

Table & presents estimates of equation 18. Unan-
ticipated inflation is significant in all three periods
only when NBR is the monetary variable. Both
unanticipated income and inflation are significant
during the post-1973 period for all monetary vari-
ables. Surprisingly, anticipated inflation is signifi-

*Some sconometric issues should be addressed because
equations are estimated in both level and first-difference form.
The issues center around whether the variables on both the
left- and right-hand sides of the equations are stationary. If the
righi-hand-side variables are non-stationary, then the reported
standard errors from the ievel equation will be incorrect even if
the left-hand-side variable is stationary. On the other hand, i
both the left- and right-hand-side variables are stationary, the
reported standard errors from the first-difference specification
wili be inconsistent because the error term from this equation
wili be serially correlated. Most fests of macroeconomic time-
series variables, iike the ones used here, suggest that they are
not stationary in the levels, e.g., Nelson and Plosser (1982);
however, these tests are not powerful against the alternative

hypothesis that the data are generated by a stationary AR
process with close to a unit root, in this instance, estimates of
the level equation would be appropriate, though the sample
size necessary for appropriate inferences might be large.
Because the objective is to see whether the resulls are sensi-
tive to the specification of the equation, we are agnostic about
whether the level or first-difference specification is “best.”

Because of the lags involved in the construction of LIQ, it was
necessary to shorten the estimation period for the first two
periods. They begin at 1960.05, rather than 1958.07.




cant only during the pre-1974 period, and then
only when M1 or MB is used.

With respect to the responsiveness of interest
rates o monetary changes, the results are consist-
ent with those reported in tables 1-6. A significant
negative effect is obtained during all three periods
only when NBR is the monetary variable. More-
over, the effect is larger during the post-1973 pe-
riod, when a significant negative effect is alsc ob-
tained with M1 as the monetary variable. Hence,
the resuits are similar whether the interest rate is
specified in level or first-difference form.

The Responsiveness of Inferest Raltes
and Monelary Confrol

The responsiveness of interest rates should be
greatest during periods when the Federal Reserve

is attempting to control money. Since the Fed was
attempiing to control M1 through a nonborrowed-
reserves operating procedure from October 1979
to October 198Z, more precise estimates of the
responsiveness of interest rates should be ob-
tained during this period. The limited number of
monthly observations prevents using specifica-
tions with a large number of parameters; however,
the number of observations can be expanded by
emploving weekly data. The weekly time period
has the added advantage that the responsiveness
of interest rates to monetary changes is even less
likely to be contaminated by income and inflation
expeciations effects,

Unfortunately, using weekly data precludes the
income and price variables.™ Previous results,
however, indicate that a statistically significant

¥Cunningham (1987) and Cunningham and Hardouvelis {1987)
also use weekly data and proxy changes in prices by the BLS
22-commodity spot price index and income by unemployment
ciaims, They acknowiedge the weakness of these proxies and

report no direct evidence consistent with a strong response of
interest rates.
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effect is just as likely to show up in relatively sim-
ple and parsimonious specifications like equation
15. Also, the results indicate that the significance
of the effect is relatively unaffected by the form of
the unanticipated monetary variable. Conse-
quently, specifications like equations 15 and 16
(without the price and income variables! can be
used to estimate the responsiveness of interest
rates 1o changes in the money stock with weekly
data,

Estimates of equation 15 using monthly data for
the period from 1879.10 {0 1982.09 are presented
in table 10. They are similar to those for the post-
1973 period. When AM1 is the unanticipated mon-
etary variable, the coefficient is negative and sig-
nificant at the 5 percent level if unanticipated
output and inflation are inchided, and marginally

insignificant if they are not. For MB, the coeflicient
is positive and statistically significant only it

(AMB — AMB* is used and the other variables are
excluded. When NBR is used, however, the coef-
ficient is negative and highly significant regardless
of whether the other variables are included. Fur-

thermore, the estimated coefficients are larger
than those obtained for the entire post-1973 pe-
riod, and the adjusted R® is about twice that of the
other monetary aggregates, These results are in
keeping with the nonborrowed-reserves operating
procedure used during the period. Nevertheless,
the coefficients are small, indicating that a 1 per-
cent increase in the growth rate of nonborrowed
reserves results in an about four to six basis points
decline in the monthly Treasury bill rate ®

Table 11 presents results using weekly dara ™

#See Thornton {1988) for a discussion of the borrowed-reserves

operating procedure,

*An equation similar to 16 was also estimated using weekly
data. The resuits are not qualitatively different from those
reported in table 11.




There is no statistically significant response of
equation 15 without the price and income vari-
ables, regardless of the monetary variable used.
The results suggest that interest rates do not re-
spond over a period as short as a week, but do
respond over a period as long as a month ®

One possible reason for the disparity between
the weekly and monthly results is that the data are
averages of daily figures and the averaging process
might mask the response of interest rates when
weekly data are used.”' Consequently, the equa-
tions using weekly data were re-estimated with
the change in the Treasury bill rate measured by
the difference in the Treasury bill rale on consecu-
tive Wednesdays. Though not reported here, the
results are qualitatively the same as those shown
in table 11. Consequently, the insignificant re-
sponse of interest rates is not due to averaging.

SUMMARY AND CONCLUSBIORS

This articie estimates the responsiveness of

interest rates to monetary changes using alterna-
tive specifications that have been used in the liter-
ature and alternative monetary variables. The
equations are estimated over the same time perj-
ods using the same data. Several interesting
results emerge from this study.

First, estimates of the response of interest rales
are relatively insensitive to the specification em-
ployved; they are, however, sensitive lo the mone-
tary variable used. A significant negative response
of interest rates is most likely obtained if nonbor-
rowed reserves is used as the monetary variable.

Second, a negative and statistically significant
relationship between M1 or nonborrowed reserves
and interest rates is more likely to be obtained
during periods when the Fed was placing greater
emphasis on monetary aggregates. The most con-
sistent and statistically significant negative effect is
obtained using nonborrowed reserves, a monetary
variable that is likely to reflect the independent
actions of the Federal Reserve. Nevertheless, the
fact that there is a significant effect using nonbor-

“Hardouvelis (1987} estimates an equation similar to equation
16 using quarterly data for the period 1979.04 to 1882.03 and
reporis a very large negative and statistically significant effect
of unanticipated money on the three-month Treasury bilf rate.
He finds no significant effect for the 11 quarters prior to
1979.04 or during the 12 quarters after 1982.03. He interprets
this as evidence of a strong liquidity effect during the pericd
when the Fed was targeting the money stock. Since he does
not adjust for the credit controls during the first and secong
quarters of 1980, however, his atypically farge interest rate
response may be due io unusual movements in money and
interest rates during these quarters. For exarmple, the money

stock decreased at a 5.9 percent annual rate during the first
quarter of 1980, while the three-month Treasury hill rate in-
creased by 316 basis points (measured as Hardouvelis does
from the last month of the quarter). The money supply in-
creased at a 21 percent rate during the second quarter of 1980
and the Treasury hill rate declined by 813 basis poinis.

“The monthly data used here are alsc averages of daily figures.
Mishkin {1982) argues that misieading results about market
efficiency can be obtained using averaged data, and reports
that he obtained substantially worse fits when he estimated his
equations using quarterly averaged data.




rowed reserves regardless of whether the Fed is
concerned about the money stock or interest rates
is anomolous.

Third, estimates of the responsiveness of inter-
est rates are sensitive to the time period chosen,
Generally, there is no statistically significant re-
sponse of interest rates from 1958.08 to 1973.09
regardless of the monetary variable used. In con-
trast, a stalistically significant negative effect is
obtained using both M1 or nonborrowed reserves
after 1973.09.

Fourth, the results are sensitive to the periodic-
ity of the data. In particular, in the specifications
estimated over the period from October 1979 to
October 1982, there is a significant negative effect
when monthly nonborrowed reserves are used,
but not when weekly nonborrowed reserves are
used.

Finally, the evidence shows that even when
there is a significant negative response of interest
rates, the measured response is small.

HEFERENCES

Blinder, Alan S., and Stanley Fischer. “Inventories, Rational
Expectations and the Business Cycle,” Journal of Monetary
Economics {November 1981}, pp. 277-304.

Brown, W. W., and G. J. Santoni. "Monetary Growth and the
Timing of Interest Rate Movements,” this Review (August/
September 1983}, pp. 16-25.

Cagan, Phillip. The Channeis of Monetary Effects on interest
Rates {NBER, 1972).

Cagan, Phillip and Arthur Gandolfi.  “The Lag in Monetary
Policy as Implied by the Time Pattern of Monetary Effects on
Interest Rates,” American Economic Review (May 19689, pp.
277-84.

Carr, Jack, and Michael R. Darby. "The Role of Money Supply
Shocks in the Short-Run Demand for Money,” Journal of
Monetary Economics (September 1981), pp. 183-99.

Cunningham, Thomas J. “Observations About Observations
About Liguidity Effects.” The Difficulties of Exploring a Simple
Idea,” Federal Reserve Bank Atlanta Economic Review {Sep-
tember/October 1987}, pp. 14-22.

. and Gikas A. Hardouvelis. “Temporal Aggregation,
Menetary Policy, and Interest Rates,” Federal Reserve Bank
of Atlanta Working Paper 8704 {May 1987).

Davidson, Russell, and James G. MacKinnon. “"Several Tests
for Model Specification in the Presence of Alternative Hypoth-
eses,” Econometrica (May 1981), pp. 781-93.

Dwyer, Gerald P, “Are Expectations of Inflation Rational or is
Variation of the Expected Real Interest Rate Unpredictable?”
Journal of Moneiary Economics (July 1981), pp. 59-84.

Fisher, lrving.  The Theory of Interest (New York: Macmillan,
1830).

Friedman, Miton. “The Role of Monetary Policy,” American
Economic Review (March 1968), pp. 1-17.

Gibson, William E.  "The Lag in the Effect of Monetary Policy
on iIncome and Interest Rates,” Quarterly Journal of Eco-
nomics (May 1970a), pp. 288-300.

“Interest Rates and Monetary Policy,” Journal of
Political Economy {May/June 1870b), pp. 431-55.

Hafer, R. W., and Scott E. Hein. “The Shift in Money Demand:
What Really Happened?”, this Review (February 1982), pp.
11-16.

Hamilen, Susan 5., William A. Hamien, Jr., and George M.
Kasper. “The Distributed Lag Effects of Monetary Policy on
interest Rates Using Harmonic Transformations with a Pre-
test,” Southern Economic Journal {April 1988), pp. 100211,

Hardouvelis, Gikas A,  “Monetary Policy and Short-Term Inter-
est Rates: New Evidence on the Liquidity Effect.” First Boston
Working Paper 86—28 (1986),

e - ‘Monetary Policy and Shott-Term Interest Rates:
New Evidence on the Liquidity Effect,” Economics Letters
(1987) pp. 63—66.

Hofiman, Dennis L., and Don E. Schlagenhauf. "Real Interest
Rates, Anticipated Infiation, and Unariticipated Money: A
Muiti-Country Study,” Review of Economics and Statistics
{May 1985}, pp. 284 - 96.

Lin, Kuan-Pin and John §. Oh.  “Stability of the U.S. Short-Run
Money Demand Function, 1959—81," Joumaf of Finance
{December 1984}, pp. 1383-96.

Makin, John H. “Real Interest, Money Surprises, Anticipated
inflation and Fiscal Deficits,” Review of Economics and Statis-
fics (August 1983), pp. 37484,

Mehra, Yash. “Inflationary Expectations, Money Growth and
the Vanishing Liguidity Effect of Money on Interest: A Further
Investigation.” Federai Reserve Bank of Richmond Economic
Review (March-April 1985), pp. 23-25.

Melvirs, Michael. “The Vanishing Liquidity Effect of Money on
Interest: Analysis and Implications for Policy,” Economic
Inquiry (April 1883), pp. 188-202.

Mishkin, Frederic 5. "Monetary Policy and Long-Term Interest
Rates: An Efficient Markets Approach,” Journal of Monetary
Economics (January 1981), pp. 29--55.

— . "Monetary Policy and Short-Term interest Rates:
An Efficient Markets-Rational Expectations Approach,” Jour-
nai of Finance (March 1982), pp. 63-72.

Nelson, Charles R., and Charles |, Piosser, “Trends and
Random Walks in Macroeconomic Time Series; Some Evi-
dence and Implications,” Journal of Monetary Economics
{September 1982), pp. 139-62.

Niehans, Jurg. “Classical Monetary Theory, New and Old,”
Journal of Money, Credit and Banking, (November 1987}, pp.
409-24.

Pagan, Adrian. "Econometric Issues in the Analysis of Regres-
sions with Generated Regressors,” International Economic
Review (February 1984), pp. 221-47.

Fatinkin, Don.  Money, Interest, and Prices, 2nd ed., (Harper
and Bow, 1965).

Peek, Joe. “Interest Rates, income Taxes, and Anticipated
{nflation,” American Economic Review {December 1982}, pp.
980--9t.

Peek, Joe and James A, Wilcox. “Monetary Poficy Regimes
and The Reduced Form for interest Rates,” Journal of Money,
Credit and Banking (August 1987), pp. 273-921.

Robinson, Kenneth J.  “The Effect of Monetary Policy on Long-
Term Interest Rates: Further Evidence from an Efficient-
Markets Approach,” Federal Reserve Bank of Dallas Fco-
nomic Review (March 1988), pp. 10-16.

Sargent, Thomas J. “Commodity Price Expectations and The
Interest Rate,” The Quarterly Journal of Economics {February
1969), pp. 127-40.




72

“Anticipated Inflation and The Nominal Rate of Wickens, M.R.  “The Efficient Estimation of Econometric
interest,” The Quarterly Joumnal of Economics {May 1972), pp. Models with Rational Expectations”, Review of Economic
212-25, Studhies (1982), pp. 55-67.

Thornton, Daniei L. “Simpie Analytics of the Money Supply
Process and Monetary Control,” this Review {October 1982), Wilcox, James A. “Why Real Interest Rates Were So Low in
pp. 22-39. the 1970s,” American Economic Review (March 1983a), pp.
. “Mlonetizing the Debt,” this Review (December 44-53.
19843, pp. 30-43.

“The Borrowed-Reserves Operating Procedure: e+ 1€ Migsing Fisher Eifect on Nominai Interest

Theory ang Evidence,” this Review (January/February 1988), Rates in the 1850s,” Review of Economics and Statistics

Pp- 30-54, (E%Bb}, pp. 64447,




