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TE’HE past few years have been marked by financial
innovation and deregulation: the rapid growth of
money market mutual funds (MMMFs), the nation-
wide introduction of NOW accounts (January 1, 1981),
the introduction of tax-exempt, all-savers certificates
(October 1, 1981) and, most recently, the introduction
of the Garn-St Germain money market deposit ac-
counts (December 14, 1982) and super-NOW accounts
(January 5, 1983).’ Thesechanges have led the Federal
Open Market Committee (FOMC) to alter the relative
weight given to Ml and M2 in its policy deliberations
during the past two years.

In 1981, the rapid growth of all-savers certificates
prompted the FOMC to lessen the weight assigned to
the Ml target relative to the broader monetary
aggregate.2 More recently, the largevolume of matur-
ing all-savers certificates and the anticipated introduc-
tion of the new money market deposit accounts
(MMDAs) prompted the FOMC to give much less
weight to Ml at its October 1982 meeting.3 Many
believe that these regulatory changes and financial
innovations have increased the substitutability be-
tween Ml and non-Ml financial assets, thereby
weakening the link between the narrow monetary
aggregate and economic activity.

‘For a discussion of these developments, see Daniel L. Thornton,
“The FOMC in 1981: Monetary Control in a Changing Financial
Environment,” this Review (April 1982), pp. 3—22; John A.
Tatom, “Recent Financial Innovations: Have They Distorted the
Meaning of Ml?” this Review (April 1982), pp. 23—35; and John A.
Tatom, “Money Market Deposit Accounts, Snper’NOWs and
Monetary Policy,” this Review (March 1983), pp. 5—16.

2
See Thornton, “The FOMC in 1981,” p. 15.

3
See “Record of Policy Actions of the Federal Open Market Coin’
mittee,” Federal Reserve Bulletin (December 1982), pp. 761—66;
and Daniel L. Thornton, “The FOMC in 1982: Dc-emphasizing
Ml,” this Review (June/July 1983), pp. 26—35.

The purpose of this article is to investigate whether
the relationship between Ml and nominal GNP has
deteriorated and to examine the relative performance
of Ml and M2 over recent years.4 While considerable
research effort has been devoted to these questions
already, we extend these efforts by (1) using a modified
St. Louis-type equation that has performed well based
on both in-sample and out-of-sample criteria, (2) con-
sidering both in-sample and out-of-sample perfor-
mances of Ml and M2, (3) examining the role of the
non-Ml components of M2 separately, and (4) extend-
ing the sample period to include the two most recent
financial innovations .~

MONETARY AG•GREGATES AS
INTERMEDIATE POLICY TARGETS

In order for a monetary aggregate tobe an appropri-
ate intermediate policy target, there must be a predict-
able relationship between it and income.6To see this,
note that the chain ofcausality for monetary policy runs
from the instruments of monetary control to the in-

4
We should note at the outset that we do not see this as a theoretical
debate. The innovations of the past three years could have affected
the income and interest elasticities of various financial assets so as
to alter the usual relationships between these assets (or simple sum
aggregates of these assets, such as Ml and M2~and nominal in’
come. Thus, we believe that the issue is essentially empirical.

tm
For the specification ofthis modified St. Louis equation, see Dallas

S. Batten and Daniel L. Thornton, “Polynomial Distributed Lags
and the Estimation of the St. Louis Equation,” this Review (April
1983), pp. 13-25.

6
1t is argued at times that this link must he stable as well as predict-
able. As a general rule, however, the

1
ess stable the relationship,

the less predictable it is as well. Moreover, a stable relationship
need not be a numerical constant as is often argued in the context of
the money-CNP relationship.
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The Relationship Between Money and GNP

Figure 1
Chain of Causality for Monetary
Control

Tools of Monetary Nominal
Monetary Aggregate GNP
Control’ Growth Growth2

1Open Market Operations, changes in reserve requirements and
the discount mechanism — the discount rate and the administra-
tion of the discount window.2The two main goals of policy, full employment and price level
stability, are directly linked to nominal GNP growth,

termediate monetary target to the final goal, nominal
GNP growth, as illustrated in figure 1. It is usually
conceded that M2 is more difficult to control and,
hence, the first link in the chain is stronger for an Ml
target.7 Furthermore, there is evidence that the rela-
tionship between the growth of the narrow aggregate
and nominal CNP growth has been more stable
historically.8

Recently, however, some have argued that the rela-
tionship between Ml and nominal income has become
weaker than that between M2 and income.9 In the
context of figure 1, those \vho now claim that M2 is

preferable to Ml must he arguing implicitly that tlse
relationship between M2 and nominal GNP has
strengthened sufficiently to ofiset any policy problems
that may result from the difficulty of controlling M2.

The relationship between a monetary aggregate and
economic activity can be summarized by the following
equation:

MV =

where NI is a monetary aggregate, V is the income
velocity of money (that is, the rate at which money
changes hands in the purchase of final goods and ser-
vices) and Y is nominal GNP.

This relationship is viewed frequently in terms of
growth rates. That is,

+ = y

where the dots over each variable indicate compound-
ed annual growth rates. From this representation, it is
clear that the predictability of the relationship be-
tween a change in money growth and a subsequent
change in GNP growth depends crucially on the pre-
dictability of the rate of growth of velocity.

For the past two decades, Ml velocity has been
growing at an average rate of approximately 3 percent
while, oil average, M2 velocity has not grown at all.
This is illustrated by chart 1, which contains the four-
quarter growth rates of Ml and M2 velocities. The
tune path of Ml velocity growth oscillates around 3
percent, and the path of M2 velocity growth fluctuates
around zero. During the past year and a half, however,
the growth of each of these velocities has declined
dramatically. As a result, the link between these aggre-
gates and GNP appears to have become weaker. Be-
cause the behavior of both velocities have been so
similar, however, casual observation is insufficient to
determine which of these relationships has deterio-
rated more.

A.N ECONOMETRIC INVESTIGATION

An econometric analysis of the relationship between
money growth and economic activity involves the use
of a version of the St. Louis equation. The St. Louis
equation was developed to investigate the impact of
monetary and fiscal actions on nominal economic activ-
ity (measured by the growth of nominal GNP). The
equation usually is written as:

J - K
(1) Y~= a0 + I ~ M,_

1
+

i = 0

where t, M and O are the compounded annual growth
rates of CNP, a monetary aggregate and high-
employment government expenditures, respectively.

7
Forexanmple, seeR. ‘N. Hafer, “Much AdoAbout \12,”this Review
(October 1981). pp. 13-18; and Patrick J. Lawkr, ‘‘The Large
Monetary Aggregates as Intermediate Policy Targets,” Voice ofthe
Federal Reserve Bank of Dallas (November 19811. PP 1—13.

8
See Halbr, ‘‘Much Ado About M2:’’ Keith Ni. Carison and Scott E.
Hem, Monetary Aggregates as Monetary Irdicators,” this Review
(November 1980), pp. 12—21; and Mack Ott, “Money, Credit and
Velocity,” this Review (May 1982), pp. 21—34.

9
See. for example, Edward P. Foldessy, “New Bank Accounts May
Force Fed To End Experftnent in Monetarism,” The SVa// Street
Journal, December 28, 1982; ‘i’he Money Niuddle that Clouds the
Recovery,” Business Week (May16, 1983), pp. 120—21: Vincent C.
Salvo, “The Increasing Irrelevance of NI 1,” laternotiortal Finance,
The Chase Nianhattan tank (June 6, 1983), pp 4—5; and Aubrey C.
Lanston & Co. Inc., Newsletter (October 4, 12 and 18. 1982).
Similar argusneots had been made ~ to the fourth quarter of
1982. See, for example. Edward Yardeni, “Unlocking The Secrets
ofThe Federal Reserve,” E. F. Hutton Econo,nies’Alert (June 26,
1981); Irwin L. Kellner, ‘Breakingthe Gridloek,”Thc Manufactur-
ers Hanover Economic Repon (September 1981); William N.
Griggs and Leonard J. Santow, The Sehroder Report (August 17,
1981); and Irving Kristol, “The Trouble with Money,” The Wall
Street Journal, August 26, 1981.

I yG~~+ r5,
i=0
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Chart t

Growth Rates of M~Velocity and M2 Velocity ~‘

Percent

In this article, the appropriate lag lengths (J, K) are
selected using an orthogonal regression procedure.1°

Table 1 contains the results ofestimating equation 1
over three sample periods — 11/1962 to 111/1982, 111
1962 to IV/1982 and 11/1962 to 1/1983 — using either
Ml or M2 as the monetary aggregate. Because the
observed velocity behavior of both Ml and M2 have
been unusual during the past two quarters (IV/1982
and 1/1983), this stepwise augmentation of the sample
period was employed to isolate the impact of these
occurrences on the explanatory power of equation 1.”

Several points of comparison are of interest. First,
the Ml equation explains 48 percent of the variation in

tOSee Batten and Thornton, “Polynomial Distributed Lags. “The lag

lengths chosen are 10 for Ml and 9 for C in the Ml equation, and
11 for M2 and 2 for C in the M2 equation.

iiFu~he~ore an iterative analysis of several subsample periods

was conducted beginning with the subsample period 11/1962—IV/
1979 and iterating (adding one quarter at each iteration) until the
full sample period, 11/1962—1/1983, was reached. The only indica-
tion of any deterioration in the explanaton’ power of either equa-
tion occurred when lV/1982 was added to the sample.

nominal GNP growth in the 11/1962—111/1982 period,
while the M2 equation explains only 26 percent. The
explanatory powerofeach equation, however, deterio-
rates substantially when the last two quarters of data
are added. In relative terms, the decline inexplanatory
power is about the same for each aggregate; conse-
quently, the absolute explanatory power of the Ml
equation remains greater than that ofthe M2 equation
when the last two quarters are included. Second, a 1
percentage-point change in the growth of either Ml or
M2 ultimately leads to a 1 percentage-point change in
GNP growth, regardless ofthe sample period. Finally,
the cumulative impact ofa change in high-employment
government spending is not statistically significant in
either equation for any sample period.

In-Sample and Out-of-Sample Forecast-s

To investigate the possible impact of financial in-
novations and regulatory changes in-sample root mean
square errors (RMSEs) are calculated for two sub-
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U Each tine represents a Ecu,- quarter granuth rate.
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Table 1
Ordinary Least Squares Estimates of the St. Louis-Type
Equation

Sample Period

111962—Ill 1982 111962 -IV 1992 111962—11983

Ml EQUATION

Summed Coefficients Lags

M 10 1.150’ 1.096 0,952’
14 52 ~392) l3.43~

O 9 0042 0090 0047
~061i ~031l

Summary Statistics
048 038 034

SE aic 348 356

OW 2.12 1 97 1.89

M2 EQUATION

Summed ~oetttcients
M 11 1.310 ‘291’ 1281

~4.64~ @ ~sl ~4.38~
13 2 0066 0.042 0.041

(0 76) (0.46) (0 46)
Summary Slatisttcs

026 019 019

SE 377 397 394

OW 1.91 179 1.85

NDIC Absolute vaiLles & t-slatisrics -n pwentheses
Slat;st:calty c’gni~icnntat the 5 percent level

periods, before and after 1/1980. 12 (These RMSEs are
computed for each of the three estimations of the Ml
and M2 equations presented in table 1.) The latter
period was chosen as the period within which the most
important financial innovations and regulatory changes
have occurred. These results are reported in table 2.
They reveal two important facts: First, the in-sample
explanatory performance of Ml during the I/198()—III/
1982 period actually improved somewhat compared
with the period II/1962—IV/1979, while that of M2
deteriorated. Second, when the last two quarters are

tt
Thc in-sample RMSE is defined as:

f ~~f i=1

where c
1

is the ~ residual and at is the number of observations in
the ~th subsample.

added to the second period, the performance of each
aggregate deteriorates. The performance of Ml,
although still better than that of M2, does degenerate
relative to that of M2. For example, the RMSE of the
Ml equation for the 1/1980—1/1983 period is 66 percent
larger than that for the 1/1980—111/1982 period, while
the same comparison for the M2 equation yields only a
9 percent increase in the RMSE.

A comparison ofout-of-sample forecasts ofthe equa-
tions yielded results similar to those cited above. 13 The

‘
3
Since the imposition of polynomial restrictions tends to smooth
the distributed lag weights and, thus, tends to improve the accura-
cy of out-of-sample forecasts, these restrictions are imposed in
both of the out-of-sample experiments. The appropriate polyno-
mial degrees are chosen using the methodology presented in
Batten and Thornton, “Polynomial Distributed Lags.” The de-
grees selected arc 6 for Ml and 3 for C in the Ml equation, and 5
for N2 in the M2 equation; no polynomial restrictions are iEnposed
on C in the M2 equation.
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Table 2
In-Sample Root Mean Square Errors

Equation

Period Ml M2

II’1962-IV.1979 273 3.09

‘1980-1111982 2.50 4.86

Il’1962- IV 1979 282 3.12

M98&—IV.1982 3.77 5.53

l11962-1V1979 281 3.12
I1980--11983 416 5.32

nperiuienl tiindiicled was to estinlaIP nECIt tqtiittiiiti

over the period I1/l962—IV/1979 and to forecast GNP
growth to the end of the sample period. The out-of-
sample RMSEs were calculated for three forecast
periods — 1~l980to 111/1982, 1/1980 to IV/1982 and
1/1980 to 1/1983 — to demonstrate the impact that the
last two quarters have on the forecasting accuracy of
each equation. These results are reported in table 3,
and the individual errors are presented in chart 2. The
evidence indicates that, until the last two quarters, the
Ml equation was more accurate in out-of-sample fore-
casting. When the last two quarters are included, how-
ever, the performance of Mi deteriorates significantly
while that of M2 remains essentially unchanged. In
fact, the initial relative success of the Mi equation
vanishes completely when the last two quarters are
considered.

These results reveal that the link between Ml
growth and GNP growth remained strong up to the
fourth quarter of 1982. Thus, the contention that this
relationship had deteriorated prior to the unusual oc-
currence ofIV/1982 appears to be without substance. 14

Both the in-sample and out-of-sample performances of
the Ml equation are considerably better than those of
the M2 equation. Thus, there is no evidence tosupport
the contention that the relationship between M2 and
income became stronger relative to that of Ml and
income before IV/1982. The performance of Ml, how-
ever, appears to he more adversely affected by the
developments of the last two quarters. Even though
there is evidence to indicate a recent deterioration in
the Mi-CNP relationship relative to the M2-CNP re-

“Toida and Cavin also find that Ml is preferable to M2 as an
intermediate target. See Mitsnru Toida and William T. Cavin,
“Non-nested Specification Tests and the Intermediate Target For
Monetary Policy,” Federal Reserve Bank of Cleveland Working
Paper No. 8301 Qnne 1983).

table 3
Out~ot-SampleRoot Mean Square
Errors

Førecøst ParS - Mt - M2

1/198041/ 982 457 A
l/t980’-tV 882 706 8S2
t/tSSO-t/tgsS 893 5,99

lationship, this period is too short to ascertain whether
this change is temporary or permanent.

Analysis of the Non-Mi
Gompo-nents of M2

By definition, M2 contains Ml plus certain other
financial assets.’5 Thus, implicit in the argument that
M2 is preferable to Mi is the assumption that the
non-Mi components of M2 (NM1) provide additional
explanatory power over that of Mi alone. Further-
more, the non-Mi components ofM2 have characteris-
ticswhich differ, in some cases markedly, from those of
Ml. Consequently, the marginal impacts of the Mi
and the non-Mi components of M2 upon economic
activity may vary significantly.’6 In order to capture
the possibility ofthis differential impact, the growth of
the non-Mi components of M2 is included separately
with the growth of Mi in equation 1. Estimates from
this augmented equation are given in table 4 for the
three sample periods used previously. 17

The inclusion of the non-Mi components has little
effect on the performance ofthe equation: the standard
errors and adjusted R2s are about the same for compa-
rable sample periods. More importantly, neither the
hypothesis that the cumulative impact ofthe growth of
the non-Mi components is zero nor the joint hypoth-
esis that all of these coefficients are zero can be re-

“These other assets are savings (including MMDA5) and small
denomination time deposits at all depository institutions, over-
night repurchase agreements at commercial banks, overnight
Eurodollars held by U.S. residents other than banks at Caribbean
branches of member hanks and balances ofmoney market mutual
funds (general purpose and broker/dealer).

“The marginal influences of both sets of components are assumed
implicitly to he the same in the estimation of the M2 equation
because the coefficients of both sets are constrained to he iden-
tical.

“The lag len,gths selected fqr the au~nentedequation are 10 for
Ml, 9 for C and 11 for NMI.
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Chad 2

Out-of-Sample Forecast Errors of Alternative
St. Louis-Type Equation Specifications
Actual minus Predicted Values

Cha,i 3

In-Sample Residuals of Alternative
St. Louis-Type Equation Specifications
Actual minus Predicted Values
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Table 4

Ordinary Least Squares Estimates of the Augmented
St. Louis-Type Equation

Sample Period
111962—1111982 II 1962—IV 1982 ll’1962 ‘1983

SUMMED COEFFICIENTS

Ml 1 050, 1.004’ 0.955’
(3 79) (3 29) 3 22)

NM1 0316 0339 0356
(1 31) (1 28) (1 36)

O -0.047 0082 0074
(032) 1051) (046)

SUMMARY STATISTICS
A’ 046 035 0.35

SE 3.23 3 56 3.55

OW 2.20 203 205

Note. Absolute values of I-statistics ‘n parentheses
Statistically significant at the 5 percent ‘evel

Percent Percent
6 6

1980 1981 1982 1983 1980 1981 1982 1983
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jected at conventional significance levels during any of
the three periods.’8 Thus, the non-Mi components of
M2 provide no additional power over Mi alone in
explaining the variation of nominal GNP.

A closely related issue concerns whether the ex-
planatory power of the non-Mi components of M2 has
improved as financial innovation has progressed. Chart
3 contains the in-sample residuals of the Mi equation
and the augmented Mi equation for the period I1i980—
1/1983. Ifthe additional explanatory power of the non-
Mi components has improved during this period, one
would expect to see the residuals ofthe augmented Mi
equation becoming smaller relative to those of the
initial Mi equation. The residuals of the augmented
Mi equation do appear to be smaller than those of the
Mi equation for the last three quarters. In other
words, while these results provide only preliminary
evidence, they do indicate that the performance of the
non-Mi components may have improved during the
past two or three quarters.

SUM.MARY AND CONCLUSIONS

Financial innovation in the 1980s has led many to
believe that the relationship between Mi growth and
GNP growth has deteriorated relative to that between
M2 growth and GNP growth, Although this is a con-

“The F-statistics calculated to test the hypothesis that all of the
coefficients of NM1 are zero in each ofthe three periods are 0.77,
0.76 and 1.06, respectively, well below the critical value of 1.95 at
the 5 percent significance level.

ceptual possibility, an empirical investigation provides
mixed support for this contention. It is clear that,
within the framework of the version of the St. Louis
equation presented here, Mi growth explains more of
the variation of nominal CNP growth than M2 growth
and that there was no marked deterioration in the
Mi-GNP relationship prior to the fourth quarter of
1982.

Drawing conclusions from summary statistics of ex-
planatory power, however, confuses past with present
performance. An analysis of in-sample and out-of.
sample forecasting errors reveals that the relative suc-
cess of Mi has been due primarily to its past perfor-
mance, not its present one. In particular, the occur-
rences ofthe past two quarters have had a substantially
larger impact on the relationship between Ml and
nominal GNP than that between M2 and GNP.’°

While this evidence should promote continued re-
view of the relative merits of Ml and M2, it does not
seem sufficient, at present, toconclude that Mi should
be dc-emphasized as an intermediate target of mone-
tary policy. If subsequent empirical studies provide
more conclusive evidence to support this tentative
finding, then policymakers should consider changes
that will enhance their ability to control M2.

191t shonld be noted that even though recent financial innovations
and deregulation have motivated this study, the findings do not
necessarily indicate that these innovations and regulatorychanges
have been the cause of the results obtained. In fact, much of the
innovation and deregulation that has occurred predated the time
period during which the changes in explanatory power have been
identified.
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