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usually placed its main emphasis on M1l and M2,
attention is focused on those aggregates, along with
the monetary base.

Conirol FErrors

Achievement of the specified ranges of growth rates
of the monetary aggregates is implemented mainly
through open.market purchases and sales of Govern-
ment securities by the Federal Reserve System. These
day-to-day activities are the means by which the
Federal Reserve attempts to achieve its longer term
monetary growth targets. These activities can be sum-
marized by changes in the monetary base.

The monetary base is derived from the consoli-
dated monetary accounts of the Treasury and the
Federal Reserve System.t Tt is an asset held by the
public in the form of currency and by commercial
banks in the form of reserves. The major and domi-
nant source of change in the monetary base is the
open-market transactions of the Federal Reserve.
Since these transactions ean generzlly be used to
offset changes in other sources, changes in the mone-
tary base are, for all practical purposes, under the
direct control of the Federal Reserve®

Thus, while the Federal Reserve has not decided
explicitly to control the monetary base, all of their
actions can be subsumed into changes in the base.
Even though the Federal funds rate currently is used
as the day-to-day operating target in the implementa-
tion of monetary policy, open-market operations to
achieve desired changes in that rate result in changes
in the monetary base. The monetary base, therefore,
serves well as a summary measure of the monetary

ctions of the Federal Reserve.

Money {M), however defined, is related at a peint
in time to the monetary base (B) bv a monev muli-
plier (m} in the following identity:

{1} M = mB.

There are, of course, different multipliers for M1 and
M2, This framework offers a concise method of ac-

comduct {and evaluation} of monetary actions. See, for
example, “The Fifth Report on the Conduct of Monetary
Policy,” U.8., Senate, 95th Congress, Commitiee on Banking,
Housing, and Urban Affairs, August 5, 1977,

#For a detailed discussion of the monetary base, see Anatol B.
Balba?‘h and Albert E. Burger, “Derivation of the Monetary
Base,” this Review {November 1976}, pp. 2-8.

58ee jack L. Ruiner, “The Federal Reserve’s Impact on
Several Reserve Aggregates,” Federal Reserve Bank of Kansas
City Monthly Review {(May 1977), pp. 14-22.
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counting for public and commercial bank preference,
which in tum can affect the amount of money which
exists in the economy. The multipliers reflect the
public’s desired holdings of currency and time de-
posits relative to private demand deposits, commer-
cial banks” desired holdings of excess reserves relative
to private demand deposits, Federal govemments
holdings of demand deposits relative to private de-
mand deposits, and the distribution of deposits among
classes of banks.t

Since the money identity {equation (1} above) is
multiplicative, the percent change in money (M) can
be separated into two components — the percent
change in the multiplier (m} and the percent change
in the monetary base (B). Using changes in natural
logarithms to approximate percentage changes gives:

(2yAlhM=Abhm+AInS

Identity (2} separates a change in money (A In M)
into the effects caused by the change in the compo-
nent (4 In BY which is under the divect control of the
Federal Reserve from those effects caused by the
change in the component (A In m) which is not under
the Federal Reserve's direct control” In order to
achieve a desired change In money, it would be nec-
essary for the Federal Reserve to forecast (at least
implicitly ) changes in the multiplier. These multipliers
are not constant, nor do they change at a constant
rate. Instead, they move in response to changes in the
public’s monetary preferences and management of
Government's demand deposits.

These events, if not properly anticipated by the
Federal Reserve, would be the source of control error
in the implementation of monetary policy. Actions of
the public and the Government can either dampen or
exaggerate the eflect of any Federal Reserve action
on a particular monetary aggregate. The predictabil-
ity of these changes in the multiplier, even if consid-
ered only implicitly, is an important consideration in
determining appropriate policy actions.

Changes in the multiplier can be divided into two
components — the predicted element (A In ),
which is not necessarily constant and may perhaps be

iFar a detailed analysis, see Jerry L. Jordan, “Elements of
Money Stock Determination,” this Beview { October 1969),
po. 10-19.

TIdentity {2} does not imply that the mukiplier is independent
of changes in the base. Factors affecting the multiplier are
considered later. Forecasts of the multinliers can consist of:
projections of the multipliers per se, the components of the
multipliers, or variables which make up the various com-
ponents or ratios. These forecasts are, in effect, projections of
the demand for a particular monetary aggregate.
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related to changes in the base, and the unpredicted
element ().

(3 Alnm=—=Alnm-+z

Over any period of time, the percent change of a
particular monetary aggregate is equal to the percent
change in the monetary base (A In B), the predicted
portion of the percent change of the multiplier
(A In /) and the nonpredicted portion of the percent
change of the multiplier (). The term (&) represents
the control error over a particular period.

() AInM=-xARB+AlMm4t

FProjection Errors

Addressing the problem of projection errors is much
more complicated than the control error problem. The
framework of the latter problem is relatively straight-
forward, involving simple accounting relationships
between the halance sheets of the public, commercial
banks, and the monetary authorities. The underlying
accounting relationships are identities and all the com-
plexities of changes in public, commercial banks, and
Government behavior can be lumped together in one
term — the money multiplier.

The mechanism which links the varicus monetary
aggregates to economic activity is more ohscure, more
complex, and a point of dispute among economic
analysts. In general, however, the percent change in
nominal GNP (4 In Y) is related to the percent
change in money, changes in cther exogenous varia-
bles, and random disturbances, The question is, of
course, what specific form does this relationship take?
The presumption adopted here is that an equation
which relates the percent change of nominal GNP to
the percent change of money only is sufficient for the
empirical comparisons made in this article®

(5)AlnY —mas+a:blnM 4+

In this equation, the constant term (a,) embodies
the average influence of changes in the omitted
exogenous variables. The term (u) embodies the sys-
tematic influence of changes in the omitted variables
and the random disturbances.? The projection error
for a particular period is ().

8There is considerable evidence that the response of nominal

GNP to a change in money is distributed over time. For the
sake of simplicity, lagged money ferms are not included in
equation (3), but they sre considered in the empirical
analysis later in this article.

8In general, the exclusion of important variables from a
relationship will bias estimates of the remaining coefficients
and the distribution of the error term. Estimates of the mean
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Tofal Errors

Substituting equation {4) into (3) yields the follow-
ing equations for the percent change in nominal GNP,
where money is defined as M1 in the first equation
and M2 in the second.

(Sa) AlnY=ao+arAlnfty +a; Aln B+ {a1g1 + 1)
(5b)&]ﬂ¥:b()+b1 Afnﬁle"{"blﬂin:ﬁ—*‘{bl&g'{"}lz)

The terms (ag, + ) and (be, -+ W) are the
measured fotal errors in achieving the desired percent
change in nominal GNP by using each concept of
money — errors in achieving a desired change in
money plus errors in projecting nominal GNP from
the actual change in money.

CRITERION FOR SELECTING AN
APPROPRIATE MONETARY ACCRBECATE

The criterion for selecting among monetary aggre-
gates is based on the mean and variance of the total
error in achieving a desired percent change in nominal
GNP, using equations (5a) and {5b), for a given set of
Federal Reserve actions.’® The total errors in achiev-
ing desired changes in nominal GNP for the two con-
cepts of money are given by the following equations:

Y1 = a3 €1 -+ W, for M1, and
vz == by g2 <k Uz, for M2,

and variance of the errors will be biased according to the de-
gree of correlation between the included and exclizded
variables, H the true relationship between nominal income
and monsy is

AlnY=ab+a’  AhMt‘azAlnZ -+

the estimated variance of ' will be overstated by the esti-
mated variance of u. The greater the correlation hetween
A ln M and A In Z, the larger this effect will be. Although
some of the effect of az A In Z will be captured in the com-
stant of eguation {5), the estimated variance of u will
probably understate the variance of non-monetary influences
on nominal GNP (az A In Z + u’'). This underesiimate aiso
will depend on the degree of correlation between & In M and
& In Z. However, one study which inclnded other exogenous
variables such as government spending, export demand and
strike dummies, gave results which suggest strongly that while
equation (5) might give biased estimates of the projection
error, the relafive errors between various monetary aggregates
are not adversely affected, See Andersen, “Selection of a
Monetary Aggregate,” p. 14,

0There is no firm mle for choosing between mean and
variance as a criterion. Instead, it is a decision appropriate
for the policymakers, based on their preferences. While mon-
etary policy is made over one vear time horizons, short-run
developments often have been impertant. Thus, an goerage
error of near zero, but with relatively large variance might
not be preferable to a somewhat larger average error, but
with significantly smaller variance. In essence, the guestion
is whether the policymakers prefer infrequent but large
errors to more regular but relatively small errors.
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This basis for a criterion can be cumbersome to
apply, however, requiring estimates of the errors in
predicting the M1 and M2 multipliers.!' A criterion
can be developed, however, on a less straightforward,
but still rigorous, basis. To facilitate development of
this criterion, it is convenient to consider a hypothet-
ical and unspecified monetary aggregate (M*®). This
aggregate may be M1 or M2, or it may be one of the
numerous other monetary aggregates that have been
mentioned in the controversy. For the moment, its
exact composition is not important. This variable is
defined as that monetary aggregate which gives the
smallest total error — control plus prediction.®® Using
this variable, equation (5) is written as

(el AlnY=co+ i OAInm* + o Aln B4 {es® + p*)
Also,
.y:a = 8% + Hn.

Since y* is defined as having the smallest total
error, the errors for M1 and M2 must be at least as
large as the error using M®. That is

v12 ¥ < ve

The specification of equation (5) in terms of M*
allows comparison of the total errors of using M1 and
M2 to the errors that would he made using the mone-
tary base directly as the monetary target in the imple-
mentation of monetary policy. Thus, a joint problem
can be addressed. First, if the Federal Reserve is
interested in pursuing a monetary aggregate (as op-
posed to interest rate) policy, is an infermediate
target, like M1 or M2, required? Second, if an inter-
mediate target seems to work better than using the
monetary base directly, which aggregate serves
better?

Two further assumptions are made in developing
the criterion. The first assumpton is that, without
considering the available evidence, the errors in fore-
casting the multipliers for M1 and M2 are zero
(g, == &, == 0). The second assumption is that no fore-
casts are made regarding changes in the unspecified
aggregate’s multiplier, and thus, 2* = A In m*®.

In other words, the Federa! Reserve is presumned to
be able to predict perfectly the M1 and M2 multi-
pliers, and thus all of the total error in using either of

1See Albert E. Burger, “The Relationship Between Monetary
Base and Money: How Close?,” this Review {QOctober
19753, pp. 3.7

12Again, this “small” error must be defined in terms of policy-
makers preferences as to possible trade-offs between mean
and variance.
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these variables is due only to projection errors
(y: = py and 'y, = W, }. Also the Federal Reserve is
presumed to have no knowledge about the future
pattern of m® (thatis, y* == ¢, A In m* -+ p®). This
latter assumption is equivalent to a situation where
the Federal Reserve acts to control the monetary base
only, with no regard for probable effects on the mone-
tary aggregates. With these assumptions, equations
(5 a-b-c) can be rewritten as:

(Ba) AlnY = ap + ay Ala M1 + u;
(8} AlnY =bo+ by Ao M2+ e
(Be) AlnY=co+ et AlnB + (e Alnm® + 1*)

With these assumptions, the test consists of com-
paring the means and variances of errors made in
simulating the percent change of nominal GNP using
each of these equations. If the mean of y* is found to
be smaller than the mean of both @, and wu., the
monetary base is unambiguously superior to either
M1 or M2 as a menetary policy tool, in terms of
achieving, on average, the desired percent change of
nominal GNP over a period of a year. Relative vari-
ances of the errors give an indication of how much
confidence the Federal Reserve can have in hitting
each target. Knowing that the mean error is zero, for
example, is not very comforting if the error is 450
percentage points in one year and —30 percentage
points in the next.

The results would be amhiguous if the tests re-
vealed that the average total error from using the
base {y*) exceeded either of the errors found for the
other monetary aggregates (W, or ). There would
also be a problem if the results using the monetary
base showed a significantly larger variance relative to
the M1 or M2 results. Such findings would then re-
quire investigation of the assumptions about the er-
rors in predicting the M1 or M2 multipliers. For
example, if the average value of ¥* were found to be
1.0 percent and the mean of u, were estimated to be
0.5 percent, with equal variances, the case for the
monetary base would require that the average error
in predicting the M1 multiplier be at least greater
than 0.5 percent or exhibit extreme variance.'s

Another issue is the covariance of the control errors and
prediction errors generated by the use of M1 and M2. The
variance of the total errors are

var (y1} = var{aze;) + var (pz) + Zeov {a181U1)
var (v} = var (bigzs) -+ var ({z) + Zcov (bizapz)
var {¥*) = var {ctAlom® ) + var () + 2cov { c1 Almm® ™)

Thus, even though the variance of v*® is approximately
equal to the variance of both i and we, the variance of the
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¥ the means and variances of the errors are not
significantly different from each other, then another
criterion is relevant. That criterion is to select the
monetary aggregate which would be the simplest to
use in the implementation of monetary policy. The
monetary base best meets this criterion, since its use
requires less information. The multipliers do not have
to be projected.

In light of the preceding discussion, the crite-
rion adopted here is p, > y* < w., in terms of hoth
their means and variances.’* Given the difference in
the sources of the measurable errors, the criterion
“stacks the deck” against the monetary base. There is
only one measurable type of error present for both
M1 and M2 (u, and u.}, while the measurable error
for the base includes two types (¢, Aln m® -+ u®). If
f: > ¥Y® < i, using the monetary base directly in
the implementation of monetary policy would pro-
duce more certain achievement of a desired change in
nominal GNP than would using either M1 and M2 as
intermediate targets. If y* = W, = ., then using the
monetary base has the same errors as using M1 and
M2. Consequently, since using the monetary base re-
quires less information than M1 and M2, it would be
the preferred aggregate for the implementation of
monetary policy.

o
ERT

Empirical tests are conducted to determine whether
or not W, > y* < W, in terms of their means and vari-
ances. Since the FOMC presently considers setting
monetary policy over four quarters from a recent base
period, the relevant error is that associated with such
a time interval. First, appropriate empirical forms of
equations (6 a-b-c) are estimated. Then, errors in
post-sample simulations over four quarters of the aver-
age percent changes in nominal GNP are estimated
for each empirical relationship.

The parameters of equations (6 a-b-c) are first
estimated by ordinary least squares, using quarterly

total errors in the M1 and M2 cases might be less than the
variance of y¥. Thus, even though the average errors might
be equal, the precision of projections using M1 or M2 might
be hetter than that from using the base. This is true if

(1) either cov {aigq1) or cov (bgszue) is negative
and, if so,

(2) that covariance is greater than {in absclute terms)
one-half of the variance of the control error appro-
priate for that variable.

143 the criterion is met, the problem of making a trade-off
decision between means and variances does not arise.
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data for the period 1/1952 to IV/1975 in order to
determine the “best” specification for each eguation.
A stepwise procedure is used to determine the lag
specification of each equation to be used in conduct-
ing the test. Regressions are first run using only the
contemporaneous observation of each independent
variable and two dummy variables, one for the quar-
ter of a major strike and one for the following quarter.
Then, the number of lags is increased by one until
the final regressions include 10 lagged quarters. The
number of lags is selected on the basis of F tests for
the significance of each added lag. These tests lead
to the acceptance of 5 lagged quarters for changes in
M1 and B and 3 lagged quarters for changes in M2.%
Also, the constant is not statistically significant from
zero in the M2 equation, so its parameters are esti-
mated suppressing the constant.

BFE ALEFFOTE

The beyond-sample-period percentage point errors
of the simulated percent change in nominal GNP are
measured by making simulations over four subsequent
quarters. For each aggregate, the equation is first esti-
mated for the sample period 1/1952 to IV/1961 and
then reestimated for successive 4 quarter extensions
of the sample period (using the specification found to
be appropriate for the period 1/1952-1V/1975). Using
known vahies of the independent variables, simula-
tions are made of the average quarter-to-quarter per-
cent change in nominal GNP (annua] rate) over the
four quarters beyond each sample period. The ac-
companying table presents percentage point errors
of the simulations for each post-sample period. The
means of the errors and their variances (in both
arithmetic and absolute values) are presented at the
bottom of the table.

The mean errors are not significantly different from
zero (at the 5 percent level) in all three cases, and
the variance of the errors using changes in the mone-
tary base is not significantly different from those using
changes in either M1 or M2.¢ These results show
that the error in using the monetary base directly as
the monetary target in the implementation of mone-

15F tests were run to determine whether there was any struc-
tural change in the eguations after the II/1971 period. No
evidence of structural change was found, thus, it is pre-
sumed that the lag specification, selected on the basis of the
1/1952-1V/1975 regressions, can be used in estimating the
equations for shorter periods in that interval

155ee Bemard Ostle, Statistics in Research ( Ames: The State
University of Iowa Press), pp. 118 and 123 for the tests used.
The tests indicate that the three distributions of errors are
identical.
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tary policy is af least as small as those resulting from
use of M1 or M2, over a one year period, even if the
Federal Reserve has perfect knowledge of the future
patterns of the public’s monetary preferences, To
the extent that errors are likely in predicting move-
ments in the mdtipliers, the case for the monetary
base becomes stronger.’”

1"Burger, for example, has found variances for errors in
predicting the rate of change of the M1 multiplier of .0576
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The purpose of this exercise is to cast some light on
the relevant considerations in the problem of choosing
the appropriate aggregate for monetary policy pur-
poses. The main considerations are projection and
control errors in achieving a desired pattern of eco-
nomic activity. Both types of error must be taken into
consideration in determining the appropriate mone-
tary aggregate for the implementaton of monetary
policy.

The empirical results presented here suggest that,
even if the M1 and M2 multipliers could be forecast
with virtually no error, the total errors in achieving a
desired pattern of economic activity as measured by
change in nominal GNP, in terms of their means and
variances, probably would not be less than those
found for the monetary base. Also, using the mone-
tary base directly in the implementation of monetary
policy would be simpler, requiring no estimates of the
M1 or M2 multipliers. Consequently, serious consid-
eration should be given to using the monetary base
directly as the monetary target in the implementation
of monetary policy in place of such intermediate tar-
gets as M1 and M2.

for annual periods over the interval IV/1953-IV/1973. See
Burger, “The Relationship Between Monetary Base and
Money,” p. 6.

Given that the simulation period is four quarters ahead,
the variance in the total error for each aggregate would be
influenced by the four quarterly variances in the projection
errors and the control errors and the numerous covariance
terms. As noted in footnote 2, an earlier study found evi-
dence that projection errors did not significantly influence
the relative rankings of the measured variances in the errors
which are used in the test. Also, the relative sizes of the
measured variances in projection errors are influenced by the
correlation between the included monetary aggregate and
excluded variables which have an important influence on
rominal GNP. One important excluded variable is Govern-
ment expenditures. A test of the correlation between cur-
rent and lagged percent changes in each aggregate and
high-employment Government expenditures could not reject
the null hypothesis that the correlations are equal.
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