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T

 

he adjusted monetary base has long
been an index measure that aggregates
the effects of Federal Reserve open-

market operations, discount window
lending and reserve-requirement changes.
Traditionally the adjustment procedure has
assumed that a change in required reserves
leads to a one-to-one change in the
demand for reserves.  Recently, however,
Anderson and Rasche (1996) have revised
the St. Louis measure of the adjusted mon-
etary base to reflect that many depository
institutions are not bound by reserve
requirements, so their demand for reserves
does not change with further reductions in
reserve requirements.  Using bank-level
data, Anderson and Rasche determine for
each financial institution whether it is
bound at the time of the change in
required reserves, and they adjust the
reserves only of bound banks.  

A second innovation of Anderson and
Rasche is to include banks’ required
clearing balances in the measure of bank
reserves.  In terms of helping to reduce the
likelihood of payments-related overdrafts
in banks’ accounts with the Fed, clearing
balances are functionally equivalent to the
reserve account deposits that are formally
pledged towards satisfying reserve require-

ments.  Furthermore, many nonbound
banks freely choose to hold deposits at the
Fed under clearing balance agreements. 

Hence Anderson and Rasche’s
revisions affect both components of tradi-
tional measures of adjusted reserves: the
source base (through the addition of
required clearing balances) and the reserve
adjustment magnitude (through more
sophisticated analysis of how changes in
reserve requirements affect the demand for
reserves).  Anderson and Rasche’s article
contains a full description of the revisions
they make to adjusted reserves in the post-
1980 period.

Because the adjusted monetary base
and adjusted reserves have seen wide
empirical use as indicators of monetary
policy, it is important to know whether the
Anderson and Rasche revisions alter
existing empirical evidence regarding the
stance and potency of monetary policy.
The present paper applies both the old and
revised measures in empirical models to
examine whether the revisions cause the
conclusions to change.  Any altered empir-
ical results would be a 

 

consequence of the
data revision, but not a rationale or justifi-
cation for the revision.  One would expect
that the growth rates of the revised and the
old measures of the adjusted monetary
base would differ most greatly in periods
surrounding reserve requirement changes
and periods when required clearing
balances change rapidly.  Just as it is neces-
sary to examine whether the switch from
fixed-weight to chain-type measures of
GDP alters our understanding of business
cycles and recent economic events, similar
tests of monetary policy indicators should
accompany revisions to the adjusted mon-
etary base.

The first section of this article presents
McCallum and Hargraves’ (1995) mone-
tary impulse measure for the revised and
old base measures.  In a similar vein, we
use McCallum’s (1987, 1988) monetary
base rule as a model of U.S. monetary
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1 Note that the revised St. Louis
adjusted base and reserves
measures used in this article
were those available in January
1996.  Both series have under-
gone further minor revisions
since then.
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policy and estimate the coefficients and
nominal GDP targets that best describe 
the growth in both the revised and old
adjusted base measures.  The second
section compares Vector Autoregressions
(VARs) that use either the revised or old
measures of the base and reserves, starting
with the model from Sims (1992) and
Bernanke and Blinder (1992) that views
innovations in the federal funds rate as
monetary policy shocks.  We also examine
VARs proposed by Eichenbaum (1992);
Christiano, Eichenbaum and Evans (1995);
and Strongin (1995), all of which view
innovations in non-borrowed reserves as a
monetary policy shock.  The section con-
cludes with a VAR from Bernanke and
Mihov (1995) that is tailored to take into
account changes in the Federal Reserve’s
operating procedures when identifying
monetary policy shocks. 

The third section looks at the new and
old measures of the monetary base and
reserves in the context of a structural VAR,
following the “monetarist” specification of
Haslag and Hein (1995).  The question
posed here is whether open-market opera-
tions and reserve requirement changes
have differential effects on the economy.
As another example, we repeat the Loun-
gani and Rush (1995) “credit-view”
regressions that test for significant effects
from reserve-requirement shocks on
output and investment.

Empirical models that focus on variables
corresponding to reserve-requirement
shocks, such as Loungani and Rush, best
highlight the differences between the two
base series.  Reserve-requirement shocks
do not have a significant impact on output
when the old base and reserves measures
are used, but they do exert a significant
influence when the revised measures are
applied.  In the estimated McCallum rule,
we find differences in the velocity forecast
errors between the old and revised bases,
especially after 1985.  In the post-1985
period, the revised base measure leads to a
lower estimated target nominal GDP
growth than the old base.  In the VARs, the
results are qualitatively the same for both
the revised and old bases, although there
are minor differences in the variance
decompositions.  The variance decomposi-
tions from a structural VAR of Haslag and
Hein (1995) also yield the interesting
result that the old definitions imply a rela-
tively large role for source-base shocks in
explaining inflation.  The revised data, on
the other hand, attribute inflation variabil-
ity less to source-base shocks and more to
shocks to the inflation rate itself.

The revised St. Louis adjusted mone-
tary base and reserves series have been
chained back to 1959.1 The VARs in
section II use this full 1960-1995 sample.
Several other empirical investigations used
shorter sample periods as noted in the
text.  As Anderson and Rasche (1996)
explain, the old and revised measures
differ most significantly in the post-1980
period, because required clearing balances
came into existence in 1980 and grew in
popularity, and the percentage of non-
bound banks grew appreciably.  To see the
differences, it helps to focus on reserves,
because the currency component of the
base is identical for both measures, and 90
percent of the base consists of currency.
Figure 1 illustrates year-over-year growth
rates of the old and revised measures of
adjusted St. Louis reserves.  The revised
series shows faster growth from 1985 to
1988, perhaps presaging the build-up of
inflation that peaked in 1990.  The revised
measure also experienced slower growth
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2 In the chart, the point plotted
as the monetary impulse in
1990Q1, for example, is the
two-year moving average cover-
ing 1988Q1 to 1990Q1.  At
that same date, the “lead” of
nominal GDP growth is a two-
year moving average covering
1989Q1 to 1991Q1.
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than the old measure in 1991 prior to a
sluggish recovery.

THE MONETARY BASE IN
MONETARY POLICY
INDICATORS

 

McCallum and Hargrave’s
Monetary Impulse Measure

In a recent study for the International
Monetary Fund, McCallum and Hargraves
(1995) present a comparison of the “mone-
tary impulses” generated across time by
central banks in the G-7 countries.  They
sum monetary base growth, adjusted for
changes in reserve requirements, and a
medium-term forecast of velocity growth.
With this measure of monetary stimulus,
McCallum and Hargraves examine whether
current monetary policy actions (summa-
rized by growth in the adjusted monetary
base) suggest higher or lower inflationary
potential, relative to current inflation.
Hence their monetary impulse measure
serves as a natural vehicle for the joint
study of differences in growth rates
between the two adjusted base measures
and the differences in their predicted veloc-
ities.  A given sustained level of monetary
impulse ought to translate eventually into
nominal spending growth of equal magni-
tude, due to the velocity adjustment:  

∆yt\t-1 = ∆mt + ∆[y - m]t\t-1,  

where y is nominal spending and m is the
monetary base (both in logs).  Subscript t\t-1
indicates a forecast based on information
available through the previous period.  The
velocity forecasts in our calculated monetary
impulse measures are from a conditionally
heteroscedastic time-varying coefficient
model estimated via the Kalman filter, using
quarterly data from 1960.  The first three
years of data were reserved for an initial esti-
mate of the coefficients.  The explanatory
variables in the model are lagged velocity,
lagged M1 growth, and the lagged first
difference of the three-month Treasury bill
rate.  Further details on the velocity fore-
casting method are in Dueker (1993).

For a visual test of the predictive power
of the monetary impulse measures, Figure 2
plots two-year moving averages of the mon-
etary impulse measures with nominal GDP
growth in the following year.2 Both mone-
tary impulse measures overpredicted the
surge in nominal GDP growth between 1983
and 1985, because they underpredicted the
fall in velocity that followed the disinflation
of the early 1980s.  The revised adjusted
base yielded a monetary impulse measure
that predicted the magnitude of the increase
in nominal GDP growth from 1983 to 1985
but overstated the level.  The monetary
impulse measure from the old base, on the
other hand, underpredicted nominal GDP’s
acceleration but overstated the level by less.
Since 1985, both monetary impulse
measures have generally overpredicted
future nominal GDP growth, primarily
because of two slowdowns in nominal GDP
growth: one in 1986 and another correspon-
ding with the 1990-91 recession.  For the
past six years, however, the monetary
impulse measure from the revised base has
remained consistently below that from the
old base by about 0.5 percent, on average.

McCallum’s Rule as an 
Estimated Equation

Another empirical exercise similar in
spirit to the monetary impulse measure
described above consists of estimating an
econometric model in which the central
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bank’s willingness to let the monetary base
grow at its historical rate elucidates its
implicit nominal GDP growth targets.  In
this section we present another method of
deriving base-implied nominal GDP
growth rates, and we compare results for
both base measures.  The starting point is
McCallum’s rule, which sets quarterly base
growth according to a target growth rate
for nominal GDP, a forecast of base velo-
city growth, and a feedback parameter on
the gap between the actual and target
levels of nominal GDP:

(1)     ∆mt = λ0t - ∆[y - m]t\t-1 +λ 1t( ŷ-y)t-1.

The parameter λ0t is the (possibly
time-varying) target rate of nominal GDP

growth.  The log of the monetary base is
m, y is log nominal GDP, and (y-m) is the
log of base velocity.  Finally, ŷ is the target
value of y.  The forecast of base velocity
indicates how fast money ought to grow in
order to hit the nominal GDP growth
target.  Simulations of McCallum’s rule
require a fully-specified stochastic model
of how nominal GDP growth will respond
to the rule-implied base growth.  

As an alternative to simulations,
Dueker and Fischer (1996) use McCallum-
type rules as models of policy and estimate
the parameters that best describe observed
base growth as an outcome of nominal
GDP targeting.  We conduct the estimation
exercise twice, once for the revised (new)
measure of the adjusted monetary base and
once for the old measure, and look for dif-
ferences in the path of the inferred target
rates for nominal GDP growth.  If the two
measures are nearly perfect substitutes,
then the inferred target rates of nominal
GDP growth ought not differ appreciably.
As described earlier, the model used to
generate one-step-ahead forecasts is a
time-varying parameter model with
heteroscedastic errors.  Estimates of the
forecast error variances for the growth rates
of the velocities of the old and revised
adjusted base measures differ across time,
especially after 1985.  Figure 3, which
focuses on the post-1985 period, shows
that the forecast error variance for the
velocity of the old measure of the adjusted
base is about 15 percent greater than the
corresponding variance for the revised
measure of the adjusted base. 

Inserting the velocity forecasts into
Equation 1 and adding a mean-zero error
term that has time-varying variance 

 

s2
t, we

arrive at an econometric model of nominal
GDP targeting.  We also drop from
Equation 1 the feedback from the level of
nominal GDP, because all estimations
found the feedback parameter λ1 to be
near zero:

(2)           ∆mt = λ0t - ∆[y - m]t\t-1 +et.

Because the implicit nominal GDP
growth target of the Federal Reserve has
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likely changed over the past 20 years, we
allow λ0 to vary over time according to an
unobservable, two-state Markov process.
Thus, the estimation problem includes
uncovering estimates of the probabilities
that the GDP will be in high and low nom-
inal growth target states in different time
periods.  The inferred value of the implicit
growth target will be the probability-
weighted sum of the high-growth and
low-growth parameters.  For notation we
use λ0(S1) to convey that λ0 is a parameter
tied to state variable S1, where S1 is a
binary variable representing the nominal
growth targets; similarly, notation for the
variance s2(S2) indicates that s2 changes
with another state variable S2.  To allow
for the possibility that interest-rate
changes have fatter-tailed distributions
than the normal distribution, we allow e to
have a student-t distribution.  Subject to
these Markov-switching state variables,
Equation 2 becomes Equation 3. 

(3)    ∆mt = λ0(S1) - ∆[y - m]t\t-1+et, where
et

 

, student-t(mean = 0, n, s2(S2)),
Variance (e) = s2 (S2)n/(n - 2), and
S1 e h0,1j  S2 e h0,1j.

The two Markov processes are
assumed to undergo transitions between
their states independently from one
another for reasons of tractability. In this
case, the transition probabilities can be
summarized as 

(4)   Prob.(S1t = 0 | S1t-1 = 0) = p1,
Prob.(S1t = 1 | S1t-1 = 1) = q1,
Prob.(S2t = 0 | S2t-1 = 0) = p2, and
Prob.(S2t = 1 | S2t-1 = 1) = q2.

Note that without the independence
assumption for S1 and S2, we would have
to estimate sixteen transition probabilities
instead of four.   

Estimation Results for 
U.S. Data 1973-1995

Using data from the past 23 years
(1973-95), we obtain two sets of
parameter estimates, one from each

measure of the adjusted base.  Table 1 con-
tains the parameter estimates.  The most
important difference between the two sets
of parameters is in the estimated low nom-
inal GDP growth target: λ0(S1 = 1) = 7.07
when the old adjusted monetary base is the
presumed policy instrument and λ0(S1 = 1)
= 6.09 when the new adjusted monetary
base is used.  Figure 4 (opposite page)plots
the model-implied target or baseline rate of
nominal GDP growth, where the inferred
target is equal to the probability-weighted
sum of λ0(S1 = 0) and λ0(S1 = 1).  The esti-
mated target or baseline growth rates are
plotted with a two-year centered moving
average of actual nominal GDP growth.
Figure 4 shows that the 6.0 percent
nominal GDP growth target inferred from
the new adjusted monetary base better
matches the actual trend in nominal GDP
growth since 1988, relative to the 7.0 per-
cent trend inferred from the old adjusted
monetary base.  This finding concurs with
the differences from Figure 2 between the

NOVEMBER/DECEMBER 1996

Indicator Model of Base Growth

Parameter Revised  Measure Old Measure

λ0(

 

S1 = 0) 9.71 (.325) 10.9 (.365)

λ0(S1 = 1) 6.09 (.336) 7.06 (.346)

s2(S2 = 0) 1.60 (.043) .116 (.035)

s2(S2 = 1) .606 (.211) .623 (.235)

p1 .960 (.034) .914 (.068)

q1 .950 (.042) .943 (.046)

p2 .947 (.048) .958 (.033)

q2 .888 (.083) .903 (.073)

1/n 6E-04 9E-05 (1.5E-04)

Log-Likelihood –84.98 –76.29
No. of parameters 9 9

Note: Standard errors are in parentheses.

Table 1
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3    Because the VARs are run in
levels and the coefficients have
non-standard unit-root distribu-
tions, the marginal significance
levels reported in the tables are
not exact.  Nevertheless, they
are still useful for relative com-
parisons between specifications
employing the new and old
base measures. 

4 Since the St. Louis adjusted
reserves series has always been
spliced across a break in 1980,
it is not technically correct to
subtract nominal borrowings
from adjusted reserves to arrive
at a measure of nonborrowed
reserves.  All previous studies
that use St. Louis adjusted
reserves to calculate nonbor-
rowed reserves have used the
simple difference, however, and
ours is no exception, given that
no Reserve Adjustment
Magnitude (RAM) exists that is
tailored specifically to nonbor-
rowed reserves. 
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two corresponding monetary impulse mea-
sures, in which the implied nominal GDP
growth rate is lower from approximately
1989 on, when the revised measure of the
monetary base is used.  

IS THE ESTIMATED ROLE 
OF MONETARY POLICY 
IN VARs ROBUST TO 
DIFFERENT MEASURES 
OF THE ADJUSTED BASE
AND RESERVES?

In this section, we consider both non-
structural and structural VAR specifications
applied to data from 1960 to the present.
In nonstructural VARs, the ordering of the
variables matters for the inferences.  Hence,
when analyzing the effects of monetary
policy shocks, the econometrician must
decide for the entire sample whether inte-
rest rates are set before the money supply
is determined (an interest-rate targeting
operating procedure) or the money supply
is exogenously set before interest rates are
determined (a monetary targeting operating
procedure).  We begin with a comparison of
nonstructural VARs in which the interest
rate is assumed to be determined before the
money supply.  The comparison of interest
is to run the revised and old monetary mea-
sures through otherwise indentical models.
We conclude the section with a structural
VAR that is designed to identify monetary
policy shocks in a framework that allows
for changes in operating procedures
between interest-rate and monetary
targeting within the sample period.

Four Variable VAR Models with
Fed Funds Rate Policy Shocks

We look at Sims’ classic four-variable
(interest rates, money, the price level and
output) VAR.  We use monthly data in
levels.3 The federal funds rate, FF, is the
interest rate and is assumed to be deter-
mined before the money supply, as
suggested by Sims (1980, 1992) and Ber-
nanke and Blinder (1992).  The price level
is measured by the log of the consumer

price index, P, money by various variables,
and output by the log of the industrial pro-
duction index, Y.  Among the monetary
variables, MB stands for the monetary
base, TR for total reserves, and NBRD for
nonborrowed reserves.  The order of the
variables in the VAR is {FF, MB, P, Y}.  For
the lag length, we follow Sims (1987) and
set it equal to one year plus one period;
the extra month is added because it can
sometimes capture seasonal effects not

VAR RESULTS: FOUR-VARIABLE
SYSTEMS WITH THE WOLD 
ORDERING {FF, M, P, Y}

Marginal Significance Levels for Exclusion of Lags

Equation FF M P Y

OLDMB
FF .000 .698 .078 .000
OLDMB .000 .000 .491 .011
P .000 .007 .000 .255
Y .091 .007 .094 .000
NEWMB
FF .000 .839 .130 .003
NEWMB .000 .000 .326 .000
P .000 .008 .000 .166
Y .000 .004 .053 .000
OLDTR 
FF .000 .855 .112 .000
OLDTR .000 .000 .024 .005
P .000 .026 .000 .675
Y .125 .035 .238 .000
NEWTR
FF .000 .790 .140 .003
NEWTR .000 .000 .014 .001
P .000 .023 .000 .488
Y .020 .044 .180 .000
OLDNBRD
FF   .000 .550 .161 .002
OLDNBRD .003 .000 .026 .037
P .000 .010 .000 .326
Y .510 .176 .427 .000
NEWNBRD
FF   .000 .720 .151 .003
NEWNBRD .001 .000 .034 .062
P .000 .000 .000 .245
Y .147 .408 .449 .000

NOTES: Sample period, monthly data: 1959:1 - 1996:6.  The
models have been estimated with 13 monthly lags using the
Sims (1992) and Bernanke and Blinder (1992) {FF, M, P, Y}
ordering.  Low values imply strong marginal predictive power.
Variance decompositions are for a five-year horizon.

Table 2
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removed by seasonal adjustment of
the data.  

Table 2 reports the marginal signifi-
cance levels of Granger causality F-tests
for six different measures of money: old and
revised monetary base; old and revised total
reserves; old and revised non-borrowed
reserves. In particular, p-values are for the
null hypothesis that lags of a particular
right-hand-side variable (indicated in the
column heading) can be excluded from
one of the system’s equations (indicated 
in the row heading).  The variance decom-
positions show percentages of the five-
year forecast-error variance of a variable
explained by its own shocks versus shocks
to the other variables.

The marginal significance levels in
Table 2 indicate that lags of the fed funds
rate do not significantly influence indus-
trial production in the systems where
money is measured by the old monetary
base or total reserves, but they do have a
significant impact in the system with the
new monetary base and new total reserves.
In the system with nonborrowed reserves,
lags of the funds rate do not significantly
affect output when either measure is used.4

Thus, the evidence regarding whether
monetary policy shocks significantly affect
output varies according to the measure of
money that is used.  One possible expla-
nation for the contradictory conclusions
reached about the predictive power of fed
funds rate shocks across the different mea-
sures of money is that Granger causality
tests are sensitive to the nonorthogonality
between the right-hand-side variables (see,
for example, Bernanke and Blinder, 1992,
for a discussion of this issue).  In this
regard, it should be noted that the fed
funds rate correlates more with the base
and total reserves than with nonborrowed
reserves:

ρ(FFt, OLDNBRDt) = .282 and
ρ(FFt, NEWNBRDt) = .248.

The forecast error variance decomposi-
tions in Table 3 show that innovations in
money (independently of how it is mea-
sured) explain a very small percentage of

the variance of output.  In contrast, inno-
vations in the fed funds rate explain a very
high percentage of the variance of indus-
trial production, especially when money is
measured by the base, about 56 percent in
the case of NEWMB.  Replacing NEWMB
with NEWTR, however, reduces this
statistic to 37 percent and to 29 percent
when NEWNBRD is used.  Moreover, in the
variance decompositions of Table 3, the
new measures of money perform generally
the same as the corresponding old ones.

Solid lines in Figures 5-7 (following
pages) show the impulse response func-

VAR RESULTS: FOUR-VARIABLE SYSTEMS 
WITH THE WOLD ORDERING {FF, M, P, Y}

Forecast Error Variance Decompositions (60-Month Horizon)

Equation FF M P Y
OLDMB
FF 49.947 1.366 16.367 32.318
OLDMB 62.058 35.216 0.069 2.655
P 8.327 1.930 72.761 16.981
Y 59.762 0.395 7.167 32.674
NEWMB
FF 49.518 3.046 19.843 27.592
NEWMB 54.139 37.076 2.080 6.703   
P 10.629 1.720 72.393 15.255
Y 56.539 0.556 6.549 36.355
OLDTR 
FF 45.634 2.134 10.839 41.391
OLDTR 60.444 28.465 3.196 7.896
P 4.608 3.088 66.331 25.971
Y 39.888 6.984 6.075 47.051
NEWTR
FF 38.009 8.895 17.483 35.611
NEWTR 34.235 36.913 26.888 1.962
P 4.506 1.729 70.959 22.804
Y 36.519 9.137 7.920 46.421
OLDNBRD
FF 45.186 2.284 8.159 44.369
OLDNBRD 59.438 30.656 0.821 9.082
P 4.209 0.730 62.210 32.849
Y 31.155 2.754 12.827 53.262
NEWNBRD
FF 36.202 8.672 12.462 42.662
NEWNBRD 32.935 43.716 14.916 8.431
P 3.456 1.438 65.846 29.258
Y 28.662 4.382 13.312 53.643

Table 3



tions of each of the four variables (interest
rate, money, prices, and output) to each of
the six measures of money.  Responses
(based on orthogonalized innovations with
the ordering as shown in the charts) are
plotted over a horizon of five years.  Dashed
lines denote one standard deviation band,
computed according to the Monte Carlo
method described in Doan (1992, Example
10.1) with 500 draws from the posterior
distribution of the VAR coefficients and
the covariance matrix of the innovations.5

In general, the qualitative responses
pictured in Figures 5-7 do not differ sub-
stantially between the old and revised
money series.  Minor differences are that,
in Figure 5, the response of output to a
shock in the old base measure is persis-
tently positive, whereas the revised base
measure predicts negative effects of a mon-
etary shock on output at long horizons.
However, the responses are not signifi-
cantly different from zero in either case.
In Figure 7, we see a more statistically sig-
nificant liquidity effect at longer horizons
using the revised nonborrowed reserves
series.  Moreover, the decrease in the fed-
eral funds rate from a positive non-
borrowed reserves shock is persistent,
without the sign changes seen from the 
old nonborrowed reserves series. 

Permutations of the Nonstructural
VAR Approach to Identifying
Monetary Policy Shocks

We also considered four alternative
nonstructural VAR specifications from the
literature, such as Eichenbaum’s (1992) re-
ordering of the four-variable model: (P, Y,
NBRD, FF).  Sims (1992) also suggested that
sensitive commodities prices could capture
information on future inflationary pressure
beyond that embodied in the consumer
price index.  Christiano, Eichenbaum and
Evans (1995) estimated orderings of VARs
with commodities prices that corre-
sponded with monetary targeting and
interest-rate targeting.  Strongin (1995)
proposed that innovations to the ratio
between the supply of nonborrowed
reserves to the total demand for reserves

(NBRX) could represent monetary policy
shocks.  In each case, however, we found
that it did not make a substantive differ-
ence whether we used the old series or the
revised one in these VARs.  One exception
might be the Strongin (1995) model,
where for the old measures, TR accounts
for about 9 percent of the variance of out-
put and NBRX for about 45 percent.  With
the revised series, these statistics become
16 percent and 37 percent, respectively, so
there is some sensitivity to changes in the
money measure.  On the other hand,
NBRX explains about 10 percent of the
variance of FF at the 5-year horizon, irre-
spective of whether the old or the new
series is used.

Bernanke and Mihov’s Structural
VAR and Changes in Operating
Procedures

In the nonstructural models discussed
above, the VAR framework forces the ana-
lyst to decide for the entire sample period
whether monetary policy was conducted
through interest-rate targeting or monetary
control.  In contrast, the Bernanke and
Mihov (1995) model of monetary policy
shocks allows the monetary policy oper-
ating procedure to switch over time
between interest-rate targeting and mone-
tary control.  In their structural VAR,
Bernanke and Mihov identify a monetary
policy shock that is a linear combination
of the forecast errors of total reserves, non-
borrowed reserves and the fed funds rate.
Depending on the operating procedure,
the monetary policy shock inferred from
the model can be a function of one or
more of these forecast errors.  Given that
the Fed changed its operating procedure
temporarily and controlled growth in non-
borrowed reserves from 1979 to 1982 (a
period that falls in the middle of our sam-
ple), the Bernanke-Mihov allowance for
changes in operating procedure seems
appropriate.  For space considerations, we
do not discuss the quantitative derivation
of the monetary policy shock in the
Bernanke-Mihov model.  Full details are
available in Bernanke-Mihov (1995).  
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5 Ninety percent confidence inter-
vals have become the norm for
analyzing VAR output.
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Figure 5

Impulse Responses, {FF, MB, P, Y} Model
Monthly data: 1959:1–1995:6
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Figure 6

Impulse Responses, {FF, TR, P, Y} Model
Monthly data:  1959:1–1995:6
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Figure 7

Impulse Responses, {FF, NBRD, P, Y} Model
Monthly data:  1959:1–1995:6



The model contains five variables
(including commodities prices denoted
PCOM) and is structural, so that the order
of the variables is no longer key to identifi-
cation.  Following Bernanke and Mihov
(1995), we present impulse response func-
tions to a “typical” monetary policy shock.
Figure 8 contains plots of the impulse

response functions using the old definitions
of total reserves and nonborrowed reserves.
Unlike some of the simpler VAR models
(see Figure 5, for example), in this model
the price level rises in response to a positive
monetary policy shock, although the 90
percent confidence interval still contains
zero.  Output increases for about three years

NOVEMBER/DECEMBER 1996

FEDERAL RESERVE BANK OF ST.  LOU IS

62

4 8 12 16 20 24 28 32 36 40 44

4 8 12 16 20 24 28 32 36 40 44

4 8 12 16 20 24 28 32 36 40 44

4 8 12 16 20 24 28 32 36 40 44

4 8 12 16 20 24 28 32 36 40 44

Response of GDP

0

0.008
0.006
0.004
0.002
0.000

-0.002
-0.004
-0.006

Response of PGDP

0

0.008

0.006

0.004

0.002

0.000

-0.002

Response of PCOM

0

0.020

0.015

0.010

0.005

0.000

-0.005

-0.010

Response of TR

0

0.004

0.002

0.000

-0.002

-0.004

-0.006

-0.008

Response of NBR

0

0.008
0.006
0.004
0.002
0.000

-0.002
-0.004
-0.006
-0.008

4 8 12 16 20 24 28 32 36 40 44

Response of FFR

0

0.6
0.4
0.2
0.0
0.2

-0.4
-0.6
-0.8

Figure 8

Bernanke-Mihov Impulse Responses to a Monetary
Policy Shock (Old Reserves Measure)



in response to a positive monetary policy
shock and commodity prices respond
weakly.  Figure 9 has the corresponding
charts for the revised measures of adjusted
reserves.  The most noteworthy difference
between results for the old and revised
series is that with the revised series, the 90
percent confidence interval for the response

of the price level (denoted PGDP for GDP
deflator) to an expansionary monetary
policy shock is unambiguously positive at
long horizons (after about 30 months).
Otherwise, the response patterns for out-
put and commodity prices are similar to
those derived from the old measures of
adjusted reserves.
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Bernanke-Mihov Impulse Responses to a Monetary
Policy Shock (New Reserves Measure)



6  We estimate only their bench-
mark “monetarist” model and
not their other “Keynesian” or
“supply-shock” models.
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OPEN MARKET 
OPERATIONS AND 
RESERVE REQUIREMENT
CHANGES AS MONETARY
POLICY INDICATORS

Haslag and Hein’s Search for
Differential Impacts

An index of monetary policy actions
such as the adjusted monetary base
assumes that open-market purchases,
which increase the supply of bank
reserves, are economically equivalent to
reserve-requirement reductions that “liber-
ate” an equal amount of reserves by reduc-
ing the demand for reserves.  Haslag and
Hein (1995) have recently examined this
assumption in their article, “Does it matter
how monetary policy is implemented?”
They look for differential impacts of
reserve-requirement shocks and source-
base shocks in the dynamic responses of

output and inflation.  For this reason, they
use structural vector autoregressions to
identify the shocks and study the impulse
responses.  We re-examine their structural
VAR to see if the revised adjusted mone-
tary base provides new and different evi-
dence regarding this question.6 One piece
of analysis that we add to Haslag and Hein
is some judgment regarding the model-
implied variance decompositions.

Given that the adjusted monetary base
equals the source base plus the reserve
adjustment magnitude (AMB = H + RAM),
Haslag and Hein separate changes in the
source base and changes in the reserve
adjustment magnitude (RAM) that com-
prise the adjusted base into two station-
ary components: 

Ĥt = ∆Ht /[(AMBt + AMBt-1)/2] and

RAM^
t = ∆RAMt /[(AMBt + AMBt-1})/2].

They include these two variables in a
third-order VAR with the M2 money multi-
plier (mm2), inflation and real GDP.  The
money multiplier is included because
high-powered money might respond to
changes in the multiplier.  The VAR resid-
uals (u) are decomposed into orthogonal
“structural” residuals (z) through a set of
contemporaneous restrictions:

(5) uRAM = z1,

uH = b1 uRAM + b2 umm2 + b3 uINF + z2,

umm2 = b4 uINF + b5 uGDP + z3,

uINF = b6 uRAM + b7 uH + z4, and

uGDP = b8 uRAM + b9 uH + b10 umm2 + z5.

Using quarterly data from 1980-95, we
obtained parameter estimates (shown in
Table 4) for the just identified model, by
applying both the revised and the old
adjusted monetary bases to measure the
source base and RAM.  More important than
the contemporaneous relations captured by
the coefficients, however, are the impulse
responses and variance decompositions,
especially the way in which output and
inflation respond to innovations in Ĥ and
RÂM.  Figure 10 provides the impulse
responses of output and inflation to reserve-

Structural Decomposition
of VAR Residuals 
(Revised and Old Definitions of
Adjusted Monetary Base for 1980-95)

Coefficient Revised data Old data

b1 .743 .705

b2 .501 .406

b3 .675 1.31

b4 –5.55 –4.10

b5 5.49 4.61

b6 –.061 –.295

b7 –.163 –.434

b8 .048 –.206

b9 .933 .145

b10 –1.42 –1.89

sz1 .569 .602

sz2 .413 .463

sz3 3.78 3.00

sz4 .219 .248

sz5 1.12 1.28

Table 4



7 Confidence intervals for the
impulse responses were not
derived since they required
Monte Carlo simulations of 
re-estimations of the struc-
tural decompositions, which
proved to be fragile in their 
convergence.
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requirement and source-base shocks.
Haslag and Hein (1995) look for evidence
that the two monetary-policy innovations
generate similar impulse responses.  Figures
10a and 10b report results for GDP
responses, using the revised and old data
definitions.  In each case, output growth is
higher for about four quarters before return-
ing to zero or turning slightly negative.7

This finding is qualitatively very similar to
that of Haslag and Hein.  The estimated
impulse response to a required reserves
shock, however, is quite volatile and appar-
ently imprecisely estimated, as one would
expect, since reserve requirement changes
are infrequent.  Nevertheless, the results
concur with those found by Haslag and
Hein, using either the revised or old defini-
tions of the monetary base, in that the
output response paths are qualitatively 
similar for both source-base and required-

reserve shocks.  With respect to inflation,
the revised monetary base data suggest dif-
ferent impacts from source-base shocks and
required-reserve shocks in Figure 10c.  A
positive shock to source-base growth has a
persistently positive effect on inflation,
whereas a required-reserve shock has a
somewhat negative (and almost certainly
insignificant) impact on inflation.  The old
monetary base data give a similar picture but
find a much greater magnitude than the
revised data for the response of inflation to 
a source-base shock in Figure 10d.

Haslag and Hein do not report variance
decompositions, but they are important
diagnostics for a structural model, because it
helps to know how often these impulses are
striking and how large they are. The first
two rows of Table 5 contain the forecast
variance decomposition for output for 16-
quarter forecasts.  This decomposition is
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representative for all horizons.  We find no
real distinction between the revised defini-
tion and the old definition of the adjusted
monetary base regarding the roles played by
source-base and required-reserve shocks in
determining the variance of output.  The
decomposition of the inflation forecast error,
given in the last two rows of Table 5, shows
that the old definition gives a much larger
role to source-base shocks.  The revised defi-
nition, in contrast, attributes more of the
variation in inflation to persistent, idiosyn-
cratic shocks to inflation itself.  Hence our
main finding in using the revised definition
versus the old one is that, according to the
revised measure, inflation appears less
driven by innovations in high-powered
money growth than the old adjusted mone-
tary base would suggest.

The Impact of Reserve Requirement
Changes on Output and Investment

For empirical evidence that the
amount of financial intermediation is an
important determinant of output and
investment, Loungani and Rush (1995)
look to reserve requirement  changes as
exogenous shifts in the effective tax rate
on intermediation.  They note that other
measures of intermediation are simulta-
neously determined with real output,
whereas reserve requirement changes are
generally made for technical reasons not
associated with the business cycle.  Their

hypothesis is that decreases in reserve
requirements lower the tax on intermedia-
tion and act as a positive shock to bank
lending and real economic activity. 

Loungani and Rush (1995) obtain a sta-
tionary measure of the magnitude of the
reserve requirement changes by taking log
differences of the ratio between the adjusted
and unadjusted monetary base.  They
denote the log of this ratio as F and its first
difference as DF.  The unadjusted base is
the source base from the Fed’s balance
sheet, and the adjusted base adds a reserve
adjustment magnitude (RAM) to couch the
impact of reserve requirement changes in
terms of an equivalent change in high-pow-
ered money.  Loungani and Rush also use
an alternative measure of DF based on the
ratio of adjusted to unadjusted reserves to
abstract from the large role that currency
plays in the monetary base.

The basic empirical proposition of
Loungani and Rush is that reserve
requirement changes, summarized by DF,
have significant explanatory power in
reduced-form OLS regressions of output
growth and investment growth. Our pur-
pose is to run the Loungani and Rush
regressions using both the revised (new)
and old definitions of the adjusted mone-
tary base and adjusted reserves to see if
the conclusions regarding the potency of
monetary policy change. 

In their regressions, Loungani and
Rush include other conditioning variables
in addition to DF.  They find little sensi-
tivity to four alternative measures of
monetary policy.  We follow their use of
the change in M1 growth as a conditioning
variable.  Twice differencing the log of M1
ensures that a change in the money growth
rate does not permanently affect the out-
put growth rate.  They also condition on
the real stock return, the change in the
Standard and Poor’s 500 index, as a mea-
sure of changes in real wealth.  Lags of
these conditioning variables are included
in the regression, because it may take time
for real economic activity to respond to
shocks.  We follow Loungani and Rush by
using eight lags of each explanatory vari-
able, but we do not use the contempora-

Output and Inflation Variance
Decompositions for 16-Quarter
Forecast Errors (1980-95)

Percent of Variance by Innovation Source (Rows Sum to 100)

RAM Source base M2 mult. Inflation GDP
Output:

Revised Base 12.6 3.3 62.6 10.7 10.9

Old Base 15.3 6.0 54.5 10.1 14.1

Inflation:

Revised Base 8.3 23.6 1.9 62.3 3.9

Old Base 6.4 47.7 2.2 36.5 7.2

Table 5
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neous (zero lag) values.  One might argue
that the explanatory variables are exoge-
nous vis-a-vis today’s output, but we chose
to include only lagged values.

Denoting (in logs) output as Y, invest-
ment as I, and stock prices as S, and the
differencing operator as D, the regression
specification is

(6)       DYt = b + pDYt-1 + S
8

k=1 
dk DFt-k +

S
8

k=1
Uk DDM1t-k +  S

8

k=1
λk DSt-k,

where DF is either ∆ln(AMB/MB) or
∆ln(ARES/RES).  AMB is the adjusted mon-
etary base, MB is the unadjusted monetary
base, ARES are adjusted reserves, and RES
are unadjusted bank reserves.  Another
regression is run with investment spending
as the dependent variable.  As discussed
above, each of the regressions is run twice,
once using the revised (new) definition of
the adjusted base and reserves, and once
using the old definitions.

Loungani and Rush (1995) measure
the potency of monetary shocks by look-
ing at the statistical significance of the
cumulative effect of a reserve-requirement
change on output and investment.  Thus a
key hypothesis test is whether the sum of
dk coefficients from Equation 6 is signi-
ficant.  Following Loungani and Rush, we
report the sum of the coefficients on DF
through both four and eight lags and the
probability values for the hypothesis that
the sums are zero in quarterly data from
1962 to 1995.

The first two columns of Table 6 con-
tain results for the base measures of DF,
with results for the old and revised (new)
measures of the base side by side.  The pri-
mary difference in results between the old
and revised measures of the adjusted base
is that reserve-requirement shocks do not
have a significant effect on output at the 5
percent level when the old measure is
used, but are significant at 2 percent to 3
percent when the revised measure is
applied.  The results for investment acti-
vity, on the other hand, do not appear

sensitive to which measure of the adjusted
monetary base is used.

The last two columns of Table 6
provide the same tests using changes in
the ratio of adjusted to adjusted reserves 
as the measure of reserve-requirement
changes.  The significance of the effect of
reserve-requirement shocks on output dif-
fers between the old definition and the
revised one even more dramatically for
reserves than for the base.  For the old
adjusted monetary base, the sum of coeffi-
cients on DF was significant at 10 percent,
but is not even close for the old adjusted-
reserves measure.  Meanwhile, the revised
adjusted reserves measure is significant in
the output equation.  As with the corre-
sponding monetary base measures, the old
definition shows little difference in signifi-
cance levels from the revised definition
with respect to the investment regression.
Nevertheless, the fact that the impact is
statistically significant with either measure
reinforces and adds robustness to the
Loungani-Rush finding that exogenous
reserve-requirement shocks matter.

Effects of Adjusted Base and Adjusted Reserves
Shocks on Output and Investment Growth 

Sum of coefficients and 

 

p-values

old AMB revised AMB old ARES revised ARES
Output: DDM1 –.498 –.443 .082 –.029

(.35) (.39) (.26) (.80)
DS 0.20 .019 0.20 .018

(.025) (.036) (.027) (.045)
DF(4) .405 .559 .055 .127

(.082) (.021) (.34) (.041)
DF(8) .527 .695 .082 .166

(.088) (.032) (.26) (.035)

Investment: DDM1 –1.22 –.715 .550 .548
(.52) (.78) (.34) (.34)

DS .118 .107 .114 .103
(.007) (.013) (.008) (.018)

DF(4) 2.84 3.15 .600 .749
(.017) (.010) (.039) (.018)

DF(8) 4.53 4.63 .954 1.16
(.004) (.005) (.010) (.004)

Table 6



Based on their finding that reserve-
requirement shocks affect investment more
strongly than output, Loungani and Rush
conclude their paper with a regression of
investment on the ratio of bank credit to
total credit.  Their focus on the investment
channel stems from their finding differential
significance levels for reserve-requirement
shocks between the investment and output
regressions.  Our findings suggest that the
impact of reserve-requirement shocks
might be significant to both measures of
economic activity if one uses the revised
measures of adjusted reserves and adjusted
monetary base.

CONCLUSIONS
Our investigation has identified

several empirical results and conclusions
that are sensitive to the choice between the
old and revised measures of the adjusted
monetary base and reserves.  Our esti-
mates suggest that the forecast error
variances for base velocity are smaller for
the revised monetary base from approx-
imately 1985 to the present, a finding that
leads to different inferences regarding the
target rate of nominal GDP growth.  In the
VARs, which are designed to measure the
effects of monetary policy shocks, the
qualitative results are not sensitive to the
choice of base and reserves measures,
although the variance decompositions
differ somewhat.  The structural VAR from
Bernanke and Mihov (1995) has its chief
discrepancy in the inflation variance
decomposition, where the old measure
gives relatively more weight to source-base
shocks.  Finally, because of their focus on
reserve-requirement shocks, the “credit
view” regressions of Loungani and Rush
(1995) offer a good place to distinguish
between the two base measures.  The alter-
native base measures give different
answers regarding the significance of
reserve-requirement shocks on output.
While reserve-requirement shocks are an
important determinant of investment for
both measures, only the revised base mea-
sure suggests that reserve-requirement
shocks significantly influence output.
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