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Introduction

The money demand function is one of the most
closely studied relationships in economics. One
reason isthat the question of the stability of
money demand has long been central to issues
of monetary theory. Thislargely reflectsthe
influential restatement of the quantity theory of
money by Milton Friedman (1956): "The quan-
tity theory is in the first instance a theory of
money demand.” Further, he argued, "The quan-
tity theorist accepts the empirical hypothesis that
the demand for money is highly stable— more
stable than functions such as the consumption
function that are offered as alternative key
relations.”

Friedman did not specify precisely the mean-
ing of "highly stable" or "more stable." Presum-
ably, highly stable implies that the parameters of
the money demand function do not change over
time. Thus, one would expect that any reasona
ble specification of money demand might satisfy
some sort of in-sample stability test (for exam-
ple, Chow test) a a minimum. The notion that
money demand is more stable than other "key"
relationships has been interpreted in the context
of asimple IS-IM framework by Poole (1970). In
essence, "more stable” implied that the variance
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of the money demand function was relatively
smaller than the variance of the IScurve.

For years, the question of stability wassimply
examined by estimating various specificationsof
money demand, including both long-run and
short-run models. It was commonly affirmed that
money demand wasafunction of relatively few
variables, including income and interest rates. By
the mid-1970s, a consensus seemed to emerge
that money demand was indeed one of the more
stable relationshipsin economics, reliableenocugh
toserve asabasi sfor formulating monetarypolicy.

Unfortunately, just as a consensus seemed to
develop, many of the estimated relationships
broke down, first around 1974, and again around
1982. By the mid-1980s, it appeared as though
many economists had given up on finding a
specificationaf money demand that might be
stable, in either the short or the long run.

Recently, however, severa researchers have
found evidence that some specifications of
money demand have remained stable through
events o the 1970s and 1980s. One common
conclusion of thesestudiesisthat money demand
is highly interest sensitive— more so than many
economists previously thought, particularlyin
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the long run. The magnitude of the interest elas
ticity of money demand hasimportant implica
tionsfor the role of money in the economy and
hence for the conduct of monetary policy.

Much of the early debate about the role of
money centered on how interest rates affected
the velacity of money. Some analystsargued that
interest-rate changes had little effect on velocity
in the short or long run. Moreover, some pre
sumed that M1 velocity had an inherent trend
growth rate of about 3 percent. These assump-
tions now appear to be clearly refuted by the
experience of the 1980s.

This paper reviewssome recent findings of
the research on money demand and considers
the implications of these findingsfor monetary
policy and rules. Section | reviewsbriefly a
common specification of M1 demand that misled
many economistsabout the importance of inter-
est rates. Section II examines recent evidence
that long-run equilibrium demand for the nar-
row money measure continuesto be a stable
function of relatively few variables.

The implications of these findings for the
apparent shift in M1 velocity are discussed in
section ITL. Section IV reviewsthe evidence that
M2 demand isstable in the short run. In section
Vv, the findingson M2 demand are reconciled
with evidence that M2 velocity is trend stationary.
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The policy implications of the common finding
that money demand is substantially interest sen-
Sitive are analyzed in sections VI and VII. Section
VIII offers some concluding thoughts.

I. The Demand for M1
Before 1980

Until the 1980s, most attention in the money
demand literature was given to Mi—the money
measure that then included currency and non-
interest-bearing demand deposits. Focus on this
measure reflected both theoretical and pragmatic
considerations. First, M1 was the closest measure
of pure transactions balances and hence con-
formed well to the concepts embodied in the
inventory-theoretic model of Baumol (1952) and
the portfolio-choice theory of Tobin (1958).
These approaches essentially explained why
individuals would hold the non-interest-bearing
components of M1 instead of interest-bearing
alternatives.

Perhaps more important, the focus on M1
seemed justified on empirical grounds. Of the
various money measures, M1 appeared to be
most closely related to economic activity, partic-
ularly in the short run. Movementsin M1 served
asareatively useful indicator of current and
future changes in economic activity. Moreover,
the velocity of M1 exhibited a high degree of
stability. From 1959 to 1980, M1 velocity
increased at atrend rate of around 3 percent,
deviating only afew tenths of a percent from
year to year (seefigure 1).

By the 1970s, a conventional empirical model
for M1 demand had evolved." Desired real M1
balances, m* were afunction of some scale var-
iable, y, either real income or wealth; and a
measure Of the opportunity cost of holding
money, », thelevel dof interest rates:

(D m"=ay+ay - a,r

Earlier studies used annual data (see Meltzer
[1963], Laidler [1966], and Chow [1966]). In
these studies, the scale variable was typically
some measure of wealth, and the opportunity
cost was most often a measure of the long-term
interest rate. The interest elasticitiesfor M1
ranged between -0.7 and -0.9.2

B 1 See, for example, Goldfeld (1973)

# 2 For a more complete discussion of earlier studies, see Havrilesky and
Boorman (1978), chaplers 7 and 8.



Later studies in money demand used quarterly
data, perhaps motivated by the increasing availa
bility of such data and the development of quar-

terly econometric models (see Goldfeld [19731).

It became more common to userea income as
the scale variable and to use a measure of the
short-term interest rate as the measure of oppor-
tunity cost. It was often assumed that in any
given quarter, money balances adjusted only par-
tially to their desired (equilibrium) level. The
adjustment processwas specified as

2) m,-m,_,=MNm*-m,_ ),

where A isthe speed of adjustment to equili-
brium. Substituting equation (1) into (2) yields

(3)  m,=hag+ Ay, - ha,r, + (1= Mm, .

Equation (3) was sometimes estimated in first-
difference form.?

The speed of adjustment of M1 balances to
equilibrium levelswas typicaly estimated to be
between 0.25and 0.5 per quarter. The estimates
of income elasticitiesof this specificationwere
typicaly around 0.2in the short run and less
than unity in the long run. Estimatesfor interest-
rate elasticitieswere around -0.02 in the short
run and ranged between -0.05and -0.15in the
long run

The estimates of long-run interest elasticities
seemed lower than the theories predicted and
were substantially lower than earlier estimates.
Given the absence of any evident interest-rate
effects on M1 velocity and the apparent stability
of the short-run specificationsthrough the early
1970s, the smaller estimates of interest elasticity
appeared to have gained greater acceptance.

By the 1980s, however, the quarterly specifica
tionsfor M1 demand failed miserably. Thiswas
evident in the sharp change in the behavior of
M1 velocity, which has varied substantially since
1980 and exhibits no clear trend. The break-
down in the conventional relationship is
believed to be largely a consequence of disinfla
tion and financia deregulation.’

@ 8 The inclusion of lagged money was also rationalized on an expecta-
tional basis (see Havrilesky and Boorman).

@ 4 Some specifications included interest paid on passhook savings depos-
its as an additional measure of opportunity cost.

O 5 Some economists believe that the breakdownin the conventional rela-
tionship was also a consequence of the change in the Federal Reserve's oper-
ational procedure in October 1979 and the implications of that regime change

on structural coeffigients.
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Disinflation and financia deregulation greetly
affected the opportunity cost of M1. Disinflation
resulted in sharply faling interest rates, reversing
the secular trend that dated back to the 1950s.
Deregulation allowed banks to compete more
effectively for funds by offering interest-bearing
checking accounts and market rates of interest
on savingsand time deposits. The opportunity
cost of most bank depositsfell markedly after
1982 when market ratesfell and when banks
priced deposits more competitively.

ii. M1 Demand Revisiied

While attempts have been made to rectify M1
demand in the short run, no consensus appears
to beforming on any particular specification (see
Moore, Porter,and Smdl [1988]). Many anaysts
now question whether a short-run demand func:
tion can ever be identified for M1.6 On the other
hand, recent studies by Poole (1988) and by
Hoffman and Rasche (1989) suggest that the
long-run (equilibrium) relationship may have
endured through the past decade. Their specifi-
cations find that the long-run equilibrium inter-
est elagticity of M1 demand is substantial.

Poole offersan explanation for why some
economists may have been misled from models
estimated in first-differenceform. Such models
often included a constant term, which made it
equivaent to a linear-timetrend specification in
aregression using the levels of the data. Me con-
cludesthat in the postwar period, the constant
term incorrectly picked up the trend in velocity,
which should have been attributed to the post-
war trend in interest rates.

Thisargument failsto explain, however, why
the regressionsfor M1 in levelsform (without
timetrend variables) also underestimated inter-
est elasticities. Closer inspection of the conven-
tional relationshipsrevedsthat part of the trend
effect of interest rateson M1 may have mistakenly
been attributed to the trend in income. As noted
above, thelong-run incomeelasticitywas typicaly
estimated to be less than one— often around
onehalf. This, in turn, implied that over long
periods, velocity would increase at approxi-
mately hdf the rate of increase in income, other
things being equal. Since the conventional esti-
mate of income elasticity concurred with the .

@ 6 Poole (1988) discusses the difficulties of identification from a buffer-
stock perspective of money demand and concludes that the econometric prob-
lems may well be insurmountable. For a review of the buffer-stock approach
to money demand, see Laidler (1984).




inventory-theoretic models of transactionsbal-
ances, many analystsaccepted the low estimate
asa confirmation of the theory?

To estimate long-run money demand, Poole
advocatesa simple regression of the level of
velocity on the level of alongterm interest rate
using annual data. By excluding income asan
explanatory variable, Poole implicitly constrains
the income elagticity to be unitary; hence, any
potential trend in velocity must be independent
of any trend in income.

Poole's case for using a long-term interest rate
is predicated on the assumption that equilibrium
money demand would not likely be affected by
temporay changesin interest ratesin the long
run. Investment in cash management techniques
is costly and hence only profitablewhen interest-
rate increases are sustained. Since long-term
rates are believed to embody expectations about
future short-term rates,a rise in long-term ratesis
likely to indicate a more permanent rise in the
general level of interest rates. Thus, Poole con-
cludes, long-term rates better measure the
opportunity cost of cash.

Finally, Poole argues that adequate estimates of
amoney-demand function cannot be obtained by
using postwar dataal one. Duringthisperiod, both
short- and long-term rates rose secularly. Thus,
he usesan extensive sample period, 1915-1986,
and three different subsamples. He estimates that
the interest elasticity isaround -0.6for the
whole period and for varioussubsamples, which
issubstantially larger than conventional estimates.

Hoffman and Rascheobtain estimates of asimi-
lar order of magnitude using a different estima
tion and testing method. Unlike Poole, they do
not constrain the income eagticity to be unitary.
Their approach— based on the notion of
cointegration— addressesa potential problem
related to the statistical properties of the varia
bles included in money demand.

Aswith most economic variables, M1, interest
rates, and income are nonstationary in levels. In
such variables, there is no tendency to systemati-
cally return to a unique level or trend over time.
It isnow well known that standard regression
analysiscan yield spurious relationships between
variableswhen the variablesdrift over time.

Methodsinitially devel oped by Engle and
Granger (1987) adlow one to examine whether
equilibrium relationships exist between nonsta
tionary variables. Such variablesare said to be

B 7 Other economic explanations for why an income elasticity might be
less than one include improvements in cash management technology.
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cointegrated, if some linear combination of them
isstationary. Thus, cointegration implies a long-
run equilibrium relationship between variables,
and one can obtain long-run elasticitiesfrom the
cointegrating vector.8

Hoffman and Rasche test for cointegration and
find that 1) real M1 balancesand real income are
not cointegrated by themselves; 2) real M1, red
income, and the interest rate are cointegrated
with one cointegrating vector; and 3) one cannot
reject the hypothesis that the coefficientsof real
money and read income in the cointegrating vec:
tor are equal in value but opposite in sign?

The first result is consistent with the common
finding that M1 velocity is nonstationary. Since
both income and money are nonstationary, but
not cointegrated, their difference will be nonsta
tionary. The second result, however, implies a
stable long-run relationship between money,
income, and interest rates. The third result
implies that it is appropriate to interpret the
cointegrating vector asa linear combination of
M1 velacity and interest rates or, equivalently,
that the equilibrium real income eagticity of
demand for real balancesis unity.

To estimate the equilibrium interest-rate elas
ticity, Hoffman and Rasche consider both a short-
term rate (three-month Treasury bill) and a long-
term rate (10-year Treasury bond). Like Poole,
they find that the interest elasticity on the long-
term rate isabout -0.6, while somewhat |ess,
-0.4,for the short-term rate. Moreover, they find
that cointegration holds for either of the long- or
short-term measures. These results are robust
across subsampl e periods investigated.

L W7 Velocity
in the 1980s

The Hoffman and Raschefindings imply that any
observed drift in the velocity of M1 should be
proportional toany drift in nominal interest rates.
Thus, any shift in the drift of velocity should be
the mirror image of any shift in the drift of nom-
ina interest rates. Rasche (1989) investigatesthis
last property by examining regressions of the
changes in the log of M1 velocity and changesin
the nominal interest rate, each against a constant
and adummy variable, which is zero through
December 1981 and 1.0 thereafter.

E 8 Fora more precise description of the concepts of cointegration, see
Engle and Granger (1987).

& 8 All variables are in log form.



The results indicate significant shiftsin the
interest-rate equation and in the velocity equa
tion, both in the same direction. Again, the
results hold for both long- and short-term rates;
but, because of the high variance in the short-
term rates, the shift is not measured with any
precision. Rasche concludes that the abrupt
change in the pattern of M1 velocity in the early
1980s was incleed asscxriated with a coincidental
change in the drift in interest rates.

Rasche further investigatesthe hypothesis that
the observed change in velocity behavior isa
result of a break in inflationary expectations. He
arguesthat if the postwar period through 1980 is
characterized by a steady upward drift in infla
tion, then it is reasonable to conjecture that it
has been asscxriated with the observed positive
drift in nominal interest rates. Moreover, he
argues that if inflation expectations stabilized at a
lower rate in the early 1980s, it is reasonable to
conclude that there has been no drift in interest
rates over this period.

As evidence for a break in the drift of infla
tionary expectations, Rasche notes the general
consistency of the Livingston Survey data. These
data, which begin in the late 1940s, provide
annual inflation forecasts formed at the end of
the previousyear. The survey revealsagenerd
upward trend through 1980 and then a break
sharply downward. Rasche notes that since 1982,
the Livingston series has fluctuated without a
trend in the 3 percent to 5 percent range.

To summarize, the recent evidence of large
long-run interest elasticitiesof M1 demand pro-
vides a basisfor understanding the recent shift in
the trend in velocity. While the evidence points
to a reasonably stable long-run M1 demand func-
tion, no one yet seems to have identified a satis
factory short-run model. Without a reliable short-
run model of M1, little can be said about M1
velocity in the short run.

V. The Demand for 1 2

Recent research on M2 demand provides evi-
dence of stable specificationsfor M2 in the short
run, & least in the postwar period. Moore, Porter,
and Smal (1988) estimate a short-run M2
demand function over the period 1964:1Q to
1986:11Q."° The model is specified in two parts.
One isan equilibrium money demand function,
similar to equation (1):

g 10 For further evidence concerning the stability of M2, see Hetzel and
Mehra (1987).
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(4) my= oty + s, t e,

where 2, = log (M2),y, = log (nominal GNP),
and s = log (opportunity cost). Note that the
unitary coefficient on nominal GNP assures that
this also specifiesa velocity relationship.” The
second component is a dynamic specification
based on an error-correction adjustment:

(5) Am,=a+be, |+ Z cAm,

f=1
14 w
+ E d;As, Zof,» Ay, ;* €,
i=0 i=

where e, _, isthe deviation of money from its
long-run equilibrium value (derived from [4])
and ¢, iswhite noise.

Equation (5) essentially specifies the short-run
convergence process of M2 to its equilibrium
value. When the coefficient & is negative, con-
vergence isassured. Substituting equation (4)
into (5) yields

Am,=a- ha- bBs, +b(m,_, -y,

" I3
+ 2 c;Am, o+ 2 d;ds,

i=1 i=0

w
+'Eo Sidy, it e,
P

(6)

Moore et al. estimateaversion of equation (6).
Simulations, both in-sample and out-of-sample,
support the hypothesisthat M2 demand has
been and continues to be reasonably stable over
the whole sample period.

One key feature of Mooreet al. isthe way
opportunity cost is measured. By definition, the
opportunity cost of money is the forgone interest
income of holding a monetary asset. Over the
years, it has been common to use a market yield
on arelatively risk-freeasset, such asa Treasury
bill, to measure opportunity cost. For much o
the postwar period, thisseemed appropriate for
the narrow money measures, since holders of
currency and demand deposits did not receive
explicit interest payments on these instruments.

Mary instruments in the broader monetary
aggregateslike M2, however, have yielded
explicitinterest. Their yields, when not exceed:
ing interest-rate ceilings, responded at |east par-
tidly to market conditions. Moore et al. measure
the opportunity cost of these instruments as the

§1 Moore et al. include a time index as a regressor to directly estimate
any drift in M2 velocity. While they find the coefficient to be significant, the
drift is negligible at around .003 percent per year.



difference between their yield and the yield of a
Treasury bill. The opportunity cost of M2 then is
the weighted average of the opportunity costs of
each M2 component, where the weightsare
equal to the component’s share of M2

The response of money demand to changesin
market interest ratesin this model requires a
specification of the relationship of deposit sates
to the market rates.’? Thus, the interest elasticity
of money demand now depends on how rapidly
banks adjust their deposit ratesin response to
changing market rates. To illustrate, consider the
extreme case where deposit ratesrespond instan-
taneously to changes in market ratesso asto
maintain aconstant spread between them. Insuch
a case, money demand and velacity would be
unaffected by changes in market interest rates
because the opportunity cost of money would
not change.

If, on the other hand, deposit rates adjust
instantaneously but only partially to a changein
interest rates (that is, not point-for-point), then
the interest elasticity would be proportional but
lessthan the opportunity cost elasticity. Any
trend in interest rateswould also be associated
with atrend in the opportunity cost of those
deposits. Equilibrium money demand would
hence be affected, and the trend in velocity
would be proportional to the trend in the oppor-
tunity cost of M2

Finally, consider a case where deposit rates
respond sluggishly to changes in open market
rates. A permanent increase in market interest
sates would initially be associated with an
increase in opportunity cost, as market rates
moved above deposit rates, followed by a
decrease as deposit sates caught up. If the de-
posit sates ultimately adjusted point-for-point,
the long-run equilibrium level of opportu~iity
cost would be unaffected.

Mooreet al. specify deposit-rate equations to
be simple linear functions of the federal funds
sate. They assume that competitive forces ulti-
mately drive the slope coefficientsto equal one
minus the marginal reserve ratio, and the inter-
cept toequal some negative valueto reflect trans
actions costs that are not recovered as fees
assessed to the depositor. As with M2 demand,
the short run is formulated within an error-
correction framework. Changes in deposit rates
are assumed to be related to deviationsof the

g 12 The advantages of measuring opporlunity cost as a differential in
yields are in principle greater since deregulation than before. Currently, there
are no inlerest-rate ceilings on any of M2's noncurrency and non-demand-
deposit components, which are 83 percent of the total.
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ratesfrom their long-run equilibrium values, and
to changes in the current and past values of
interest sates.

Moore et al. find that for many components of
M2, own rates have been relatively slow to
adjust. Thisis particularly evident for instruments
with transactions features such as NOW accounts
and, to alesser extent, money market deposit
accounts. On the other hand, some deposit rates,
such asthose on time deposits, have adjusted
relatively quickly and fully to changes in market
rates.’> However, because a significant share of
M2 deposit rates adjust sluggishly,changesin
market interest rates have substantial short-run
effects on the opportunity cost of M2, and con-
sequently on its demand.

Indeed, the model estimated by Moore et al.
suggests that the short-run interest elagticity of
M2 demand is substantial. What is curious is that
some bank deposits appear more interest sensi-
tive than before deregulation. One might expect
jugt the opposite, as deregulation allows banksto
compete more effectivelyfor funds, even if they
adjust only slowly.

Some analysts have speculated that the in-
creased sensitivity of some deposits may reflect
the increased sophistication of most deposit-
holders and the improved communications
technologiesthat have made funds transfers
more convenient. Even if opportunity costsare
less affected by changes in interest rates now
than before, deposit-holders are much more
aware of aternative assetsand therefore are
more likely to respond to changes in the oppor-
tunity cost of some deposits.!

V. M2 Velocity

The treatment of opportunity cost as distinct
from the market interest rate helpsto reconcile
why M2 velocity is trendless despite the
observed trends in interest rates. Thisis easiest
to understand in the case where deposit rates
ultimately adjust point-for-point with changes in
market rates. In such a case, opportunity cost is
by definition stationary around some trendless
differential,and hence would be independent of
any trend in interest rates. Thus, the velocity of
these deposits would be insulated from chang-
ing inflationary expectations.

13 Moore et al. also conclude that deposit-rate adjustmentsare asym-
metric, adjusting more rapidly to upward movements in market rates than to
downward movements.

O 14 However, there appears to be no shift in the opporlunity cost elastic-
ity of the M2 aggregate after deregulation.
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However, not all deposits in M2 adjust point-
for-point to changesin interest rates. Reserve
reguirements assure some wedge preventing
compl ete adjustment. Also, since currency pays
no explicit yield, its opportunity cost is essen-
tially equal to the interest rate. Thus, if the level
of interest rates exhibits drift, the opportunity
costs of these components of M2 will also exhibit
drift in the same direction. M2 velocity would
not be independent of the level of interest rates.

In practice, however, the drift in the opportu-
nity cost of M2 has been highly muted relative to
the drift in interest rates (see figure 2). The
wedge created by reserve requirementsisin fact
small —12 percent or less. Moreover, the share of
currency and reservable deposits amountsto less
than 20 percent of M2, thus, the nonstationary
component of the opportunity cost would be
small and perhaps negligible. Interest-rate
trends, then, would not affect M2 velocity sub-
stantiallyin the long run.

Some evidence indicatesthat M2 velocity is, in
the long run, independent of interest rates. Engle
and Granger (1987) conclude that nominal in-
comeand M2 are cointegrated, implying that M2
velocity is astationary processand hence is unaf-
fected by interest-ratetrends. Thus, it would
appear that M2 velocity is immune to changing
inflationary expectationsin the long run. This
explainswhy the M2 velocity trend, unlike that &
M1, was unaffected by the riseand fdl of inflation
in the postwar period. In the short run, however,
changes in the opportunity cost of M2 are driven
largely by changesin market interest rates; and,
asfigure illustrates, M2 velocity is quite closely
related to the opportunity cost of M2

Vi Money as a Policy
Guide During Disinflation

Recent evidence indicating that money demand
issubstantially interest sensitive has important
implicationsfor monetary policy. Interest sensi-
tivity of money demand poses serious problems
for policies that seek to achieve disinflation.
Poole (1988) concludes, " Thereis a serious and
probably insurmountable problem to designing
a predetermined money growth path to reduce
inflation..” (p. 97).

Poole offersaclear description of the problem:
If policymakersembark on acredible policy of
disinflation, they should expect that nominal
interest rateswill ultimately fal as inflationary
expectations subside. Consequently, they should
expect velocity growth to decline, and perhaps
even become negative, if the policy becomessuc-
cessful. Under these circumstances, inflation
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1980s. T he recent specification by Mooreet al.
suggests that the short-run demand for M2 may
be reasonably stable.

A hypothetical exampleillustrateshow the
problem applies to a disinflation policy specified
asatarget path for M2 First, assume that on the
basis of a promise alone, marketscould be con-
vinced of a central bank's commitment to grad-

Hypothetical M2 Demand:
Gradible Disinflation

Annua percent change

e

10 Federal funds
rate

llllllllllllllll

L1
1989 1990 1991 1992 1993

SOURCE: Author's calculations

could be reduced without a declinein money
growth, at least initidly. Indeed, a declinein
money growth might have a significant depress
ing effect on the economy. He concludes that
the gradualist prescription of predetermined
reductions in money growth would not be politi-
cally sustainable, as it would likely be associated
with unnecessary weaknessin economic activity.
Poole further argues that thissituation poses a
serious dilemmafor policymakers. How do they
convince markets of their commitment to disin-
flationwithout a reduction in money growth
rates?Isit not irrational to bet on lower inflation
on the basisof a central bank's promises, with no
evidence that the central bank is reducing money
growth?Poole concludes that a recession may be
necessary to convince marketsthat the central
bank iscommitted to a disinflationary policy.
The problem of targeting money is easy to
appreciate in the context of M1. After all, few
analysts anticipated the magnitude of the shift in
the drift of M1 velocity. Another reduction in
inflationwould likely result in another shift in
the trend in M1 velocity. Moreover, no specifica
tion for short-run M1 demand seems acceptably
stable a present. On the other hand, thereisno
evidence that the trend of M2 velocity has been
affected by the transition to lower inflation in the

ud disinflation from current levelsto zero infla
tion in 1993. To the extent that disinflation was
perfectly anticipated, we might expect that nom-
inal magnitudes such as interest rates, personal
consumption expenditure growth, and nominal
GNP growth would decline smoothly to nonin-
flationary trend paths.'s

If the parameters of the M2 demand function
estimated by Moore et al. are approximately
structural, then we would expect M2 demand to
accelerate initially to growth ratesabove the
equilibrium rate of nominal GNP growth and
then begin to slow (seefigure4). The additional
money growth would not be for the purpose of
financing future spending, but would reflect a
pure portfoliodecision to hold agreater propor-
tion of wealth as bank depositsin response to a
sharply falling opportunity cost; hence, the
monetary acceleration could still be associated
with aslowing in nominal spending.

The pattern of M2 growth reflects two key fea
tures of the M2 demand model. First, own rates
on deposits adjust dowly enough to changesin
market rates that the opportunity cost in the
short run isdirectly related to changesin the
level of interest rates.! Second, M2 demand is
substantially sensitive to changes in opportunity
cost. Thus, as interest rates fal with disinflation,
so does the opportunity cost of M2. It isthis
decline in M2’s opportunity cost that induces
investorsto hold additional bank deposits rela
tive to their spending needs.

Thisexample is hypothetical, of course. If
marketswere to maintain an expectation of
gradua disinflation, they would need to under-
stand the consequences of a faling opportunity
cost and have confidence that the estimated
short-run M2 demand function was reliable.
Only then might marketsreconcile an accelerat-
ing money-growth path with a disinflation policy.

B 15 We assume here that in noninflationary equilibrium, growth in nominal
GNP and personal consumption expenditures equals 3 percent, as does the
Treasury bill rate, but that the federal funds rate equals 2% percent.

B 16 This, of course, presumes that banks have a rational basis for adjust-
ing some deposits more sluggishly than others. Thus, although market interest
rates fully anticipate disinflation, bank deposits would respond with some
delay.



The 22-year estimation period for M2 demand is
relatively short, however, and it is not evident
that deposit-rate pricing has stabilized since
deregulation. It would seem doubtful that
marketscould be convinced of such a strategy.

Nevertheless, the evidence of substantial
interest sensitivity of velocity in the short run
suggests that policymakers might sometimes
prefer to accommodate the effectsof interest-rate
changes on money demand. During periods of
disinflation, one might then expect wide swings
in money growth. Once a disinflation strategy
becomes credible, velacity could fal substan-
tidly, if only temporarily,and it would be
appropriate for policymakersto accommodate
the consequent surge in money demand.

Vil Interest Sensitivity
and Menelary Rules

Apat from the problems that arise during disin-
flation, the evidence that M2 is more interest-sate
sensitive than previously thought raises some
interesting issues concerning monetary rules. On
the one hand, shocks to money demand would
have smaller real consequences under a
constant-money-growth rule than previously
thought. Consider a positive shock to money
demand. Given an inelastic money supply, inter-
est rateswould need to rise and output would
need to fdl. In conventional macroeconomic
models, interest rateswould respond initialy.
Higher interest rateswould, in turn, tend to slow
economic activity. When the interest elasticity of
money demand is high, smaller interest-rate
changesare required to offset demand shocks,
implying smaller adjustments in output.

On the other hand, the consequences of non-
monetary shocks under a constant-money-growth
rule are less clear when the demand for money
(and hence velocity) is highly interest-elastic.
Thislongstanding issue is illustrated simply in a
debate between Johnson (1965) and Friedman
(1966). Johnson argued that interest-sensitive
money demand militated against a constant-
monetary-growth rule"...becausevariationsin
interest rates generated by the real sector would
make such a rule automatically destabilizing...”
(p. 397). Implicitly,Johnson assumed that varia
tionsin interest rateswould be a natural by-
product of stable output growth; in turn, these
variationswould cause procyclical variationsin
velocity, which, under the assumption of con-
stant money growth, would produce fluctuations
in the rate of nominal income growth.
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Friedman acknowledged this potential out-
come, but argued that the conditions assumed
by Johnson were highly special. Essentialy,
Friedman contended that while velocity would
tend to move with nominal output, a constant
money-growth rule would nevertheless dampen
output fluctuationsrelative to “discretionary”
policies. Thus, Friedman was not comparing his
rule to an ided rule, but to the existing practice
of the central bank.

It is useful to separate this debate into two
issues. The fird isthe general issue of rules ver-
sus discretion. The second is the question of
whether monetary rules (or targets) should
alow for some kind of systematic (that is, auto-
matic) feedback to account for interest-rate
changes and, hence, shiftsin velocity. More spe
cifically,should a rule or targeting procedure
anticipate changes in interest rates?Thisfirst
issue is only indirectly relevant to the question
of interest-rate sengitivity and therefore is not
dealt with here.”” The question of feedback, on
the other hand, is relevant whether a policy
admits some discretion or not.

The feedback issue depends on the kinds of
shocks that occur and on the poorly understood
dynamics of adjustment in the economy. Specifi-
caly, it depends on where shocks arise in the
economy, what their relative magnitudes are,
and how they are propagated through the econ-
omy. The answersto these questions depend on
the particular model one believesis appropriate
for characterizing the economy. Unfortunately,
NO consensus existsor even seems imminent.

One largeand influential class of empirical
models, sharing acommon propagation mecha
nism, casts some doubt on the efficacy of con-
start monetary-growth rules. In these models,
the inflation processis characterized by an
output-gap accelerationist mechanism:

. . %*
J 2l =a0+al(%_Q1)+azu

where p isthe inflation rate, 4 isthe level of
output, ¢* isfull-employment output, and =
represents other factors. If z isconstant, a
change in the inflation rate depends on the out-
put gap. When output exceeds full-employment
output (that is, when unemployment is below its
natural rate), inflation accelerates. When output
isbelow full-employment output, inflation
decelerates. Anderson and Enzler (1987) explain
the consequences of such a mechanism for a
monetary rule:

B 17 For a discussion of the general issue of rules versus discrelion, see
Carlson (1988).



It is easy to see why holding the money growth
rate constant might not result in a stable simula
tion path for a macromode! containing this mech-
anism. The fixed money growth path predeter-
mines both the rate of inflation and the price
level consistent with the economy's steady-state
path & each point of time. Consider what
happens if the price level isdisturbed upward
from the steady-state growth path. The demand
for money is increased and interest rates rise. This
depresses output and increases unemployment.
The increased unemployment, in turn, depresses
the rate of change of prices. As long as the price
level remainstoo high, aforce is created that
tends to keep unemployment above its natural
rate and the rate of inflation continues tofall.
The declining rate of inflation eventually returns
the price leve to its steady-state value, and thisin
turn allows the unemployment rate to return to
the natural rate, but a this point inflation istoo
low to be consistent with the fixed money growth
path and the price leve falsthrough the steady-
state level. This reduces the demand for money,
causing interest rates to fall until unemployment
isbelow the naturd rate. Inflation then acceler-
ates until a some point it reaches its steady-state
value. But now the Jevel of pricesistoo low. The
mirror image of the previous events takes place
and overshooting occurs again. (p. 297)

While the estimated parameters of these models
suggest that the cycle described above eventualy
converges, the process is generally only dightly
dampened.1®

Becausethe estimated interest elasticity of
output in these modelsistypicdly reatively
small, it islikely that a higher interest elagticity of
money demand would only attenuate the cycles
of such models. To illustrate this point, consider
again the propagation of the upward price dis-
turbance. The higher the interest eladticity of
money demand, the lower the rise in the level of
the interest rate that would result as an effect of
the price shock on money demanded, given an
inelastic supply. However, because the interest-
rate elasticity of output islow, the consequent
effect on output would be even smaller, and
would hence slow the process that dampens the
shock to inflation.”®

Evidence of a potentia for long macroeco-
nomic cyclesis not a unigue consequence for
models with an output-gap mechanism. Indeed,

2 18 It should be noted that these models typically do not result in a
trade-off between inflation and unemployment in the long run.

B 19 ltis perhaps ironic that these models suggest that a constant-money-
growth rule would result in an interest-rate path that is too smooth to substan-
tially dampen shocks lo inflation over reasonably short horizons. Indeed, these
models suggest Ihat rather large and sustained increases in interest rates
would be required to substantially affect the output gap and hence the inflation
rate. However, it is uncommon to find antagonists of the money-growth rule
who cite this evidence and also publicly advocate the kind of interest-rate
variation that large models suggest is required to stabilize the inflation rate.
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some simple models linking money and prices
also exhibit long cycles. One example is a recent
single-equation model estimated by Hallman,
Porter,and Small (1989). Theirsisareduced-
form model of the relationship between inflation
and M2 that does not explicitly include either
the current level of output or employment asa
variable 20 While they find rather lengthy adjust-
ments to simulated shocks (for example, more
than 100 years), the cyclesaof their model are
more damped than those of many large macro-
economic models.

Fromadeterministic point of view, the Hallman
et al. resultssuggest that there isa nonconstant
money-growth path consistent with arelatively
smooth transition to equilibrium. Asthey note,
inflation, in equilibrium, could be controlled at
any constant rate with constant growth of M2.

Notwithstandingthe well-known critique of
Lucas(1976), the use of deterministic simulations
as evidence in the debate about an appropriate
policy ruleis of only limited value. A critica
issue in thisdebate is how a rule performsin a
stochastic framework, one that approximates the
digtribution of disturbances that have historicaly
affected the various sectors of the economy. In
this context, the issue is not the selection of an
appropriate policy response to a particular shock,
but the robustness of a contractual commitment
toapolicy rule in responding to a series of likely
outcomesarising from atypica distribution.

One sense of robustness has been stressed by
McCallum (1788): that arule perform well for a
variety of models, preferably ones incorporating
alternativeviews of macroeconomic relation-
ships. It is important to establish robustness (in
thissense) because no structural model of the
economy enjoyssufficiently wide acceptance;
nor does any consensus seem to be evolving.
Thus, to gain acceptance for a proposed rule, the
rule advocate must demonstrate that the rule
would lead to reasonably good outcomesfor var-
iables of interest and for a variety of models.2!

2 20 Nevertheless, the model incorporates estimates of full employment
output and equilibriurn velocity as determinants of the equilibrium price level.
in Ihis model, inflation is a function of the gap between the cunent price level
and its equilibrium level.

@ 21 One method of simulation designed to address this issue is suggested
by Tinsley and von zur Muehlen (1983). They essentially offer a technique to
generate unplanned disturbances consistent with the error structure observed
in historical experience. The robustness of a policy rule is tested by multiple
simulations of the performance of the rule over multiyear periods, where each
simulation draws a different series or “history" of unplanned disturbances. The
horizons are chosen to be long enough to allow significant differences to
emerge among the alternative policies and to assure that policies ultimately
stabilize outcomes.

The sum of simulation results provides distributions of autcomes for each of
the model's variables. For instance, one policy may be associated with a wide



Stochastic simulations, however, are costly to
obtain. Moreover,a test for robustness isan
open-ended search, encompassing an endless
variety of both rules and models. As a conse:
guence, evidence from thisanalysisisin only an
embryonic state. Preliminary results by Tinsley
and von zur Muehlen (1983) and Anderson and
Enzler (1987) suggest, however, that monetary
rulesdo not perform aswell asalternative rules
or intermediate targeting procedures. Neverthe
less, the monetary rules and targeting procedures
examined were based on older, less interest-
sensitive estimates of money demand.

The ongoing debate over the efficacy of a
constant-money-growth rule, when the interest
elagticity of money demand islarge, is not likely
to be resolved without some convincing empiri-
cd basis. Thus, it would seem appropriate for
policymakersto take account of the conse:
gquences of expected interest-rate changeson
velocity when choosing target rangesfor M2 over
aperiod of ayear or less. That is, it may be
appropriate for M2 growth to slow substantially
when interest ratesare rising and expected to
rise further, or to accel erate substantially when
interest ratesfall.

Vill. Concluding
Comments

One common finding of recent empirical
research in monetary economics is that the
interest elagticity of money demand is estimated
to be substantial, and higher than many econo-
mists previously thought. The evidence seems
strongest for M1 demand in the long run. While
interest rates have little long-term effect on M2,
the short-run elasticity seems to be greater than
previously thought.

When the interest elagticity of money demand
is high, velocity can vary widely. Thiscreates a
problem for using money asa policy guide.
Monetary targetsshould take into account the
conseguences of expected changesin interest
rateson money demand. This problem is per-
haps most difficult during periods of disinflation,
when changing expectations about inflation
result in large swingsin interest rates and hence
in velocity.

range of outcomes for output and Interest rates, but with a small range for
prices and money for any given simulation horizon. Another policy may be
associated with small ranges for interest rates and money, but with large
ranges for prices and output, or vice versa. Tinsiey and von zur Muehlen note,
"...the essential contribution of stochastic simulation analysis is the empirical
premise |hat while individual unplanned disturbances cannot be predicted (by
definition), their ranges of probable outcomes are unlikely to differ significantly

n

from the dispersions observed in historical experience ..." (p.16).
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Finding that a money-demand function isstable
is not a sufficient basisfor adopting a constant-
money-growth rule. The rule advocate hasthe
burden of convincing others that the stabilizing
effectsof the monetary rulewould outweigh the
potentially destabilizing effects of maintaining
constant money growth when velocity variessys
tematically with interest rates. Because no con-
sensus exists about the best model for the econ-
omy, the rule advocate must argue hiscase in
the context of avariety of models.

The challenge of examining rule robustness
hasbeen recognized and addressed by McCallum
(1988). It is hoped that otherswill follow his
lead. Recent developments in simulation
methods offer promising approaches for examin-
ing the robustness of alternative policy rules.
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