Simple Analytics of the Money Supply
Process and Monetary Control
DANIEL L. THORNTON
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OCTOBER 6, 1979, the Federal Reserve
adopted a new procedure for implementing monetary

policy that would place more emphasis on controlling

the money supply and less on controlling the level of
the federal funds rate. This procedure has been im-

plemented by establishing an intermediate target for
nonborrowed reserves.’ While the Federal Reserve
has sncceeded in slowing the rate of growth in the basic
monetary aggregate (Ml) since adopting the new procedure, it has thiled to smooth the erratic short-run
movements in Ml.

Analysts have suggested a number ofchanges to the
Federal Reserve’s operating procedure to achieve
more stable short-run monetary growth. Among the
most frequently cited proposals are: adopting a monetary base target, tying the discount rate to a market
interest rate and adopting a systeni of contemporaneous reserve accounting (CRA).2 The Board of Coy‘For a discussion of the new operating proc lures, see Fred J.
Levin and Paul Meek, ‘Implementing the New Operating Procedures: ‘The View from the ‘l’rading Desk,” New Monetary Control
Procedures Volume I, Federal Reserve Staff Study’ (Board of
Governors of the Federal Reserve System, Fehruarv 1981):
Stephen Axilrod and David F. Lindsey. “Federal Reserve System
Implementation of Monetar Policy: Analytical Fouudations ofthe
New Approach,” American Economic Review (May 1981), pp.

246—52; and II, Altou Gilbert aud Michael E. Trebing, “The
FOMC in 1980: A Yearof ReserveTargeting.” tlsis Renew )August’
September 1981), pp. 2—22,
2
There have been a nuinher of suggestions for these reforms. For
example, Economic Report of the President (1982): Anatol II. Ba!—
bach, “i-low Controllable is Money Growth’?” this Renew (April

198U. pj,, ~

James M. Johannes and Robert H. Rasehe, “Pre—

dieting the Money Multiplier.” Journal of Monetary Economics
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ernors is now committed to implementing the last of
these recommendations.°
The purpose of this paper is to analyze the eRects of
adopting each of these proposals. Since each of these
recommendations, in some way, are linked to the

others, the analysis will proceed serially, beginning
with the effects of base targeting and ending with the
effects of CRA. These proposed reforms are analyzed
within the context ofa simple linear stochastic model of

the nioney stock.4

A MODEL OF’ THE F!()NLY STOCK
The model used here is complete enough to provide

useful insights into the effects of each of these proposals, yet simple enough to be readily understood. The
reader need not follow each step in the development of
the model in order to understand its implications. All
(July 1979), pp. 301—26, and ‘‘Can the Reserves Approach to
Monetary Control Really’ VVork?” Journal of Money, Credit and
Banking (August 1981), pp. 298-413; William Poole, “Federal
Reserve Operating Procedures: A Surve and Evaluation of the
Historical Record Since Octoher 1979,” presented at the Conference on Current Issues in the Conduct of Monetary’ Policy. American Enterprise Institute (February 1982),
5

The Federal Reserve will implement C~

on February 2, 1984.

“The model is a more complicated version of linear stoclsastic models recently considered by Poole and LeRoy, See Poole, “Federal
Reserve Operating Procedures: A Son’ey and Evaloation of the
historical Record Since October 1979:” and Stephen F. LeRoy,
Monetary Control Under Lagged Reserve Accounting.’’ Soot/tern
Economic Journal (October 1979). pp. 460—70.
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Table 1
A Simple Linear Model of the Money Stock
Equations
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Money Supply Equations
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NBA nonborrowed reserves, total reserves of depository
institulions less depository instituttons’ borrowing from
the Federal Reserve

0

Money Demand Equations
M;’

i~Y. .

u-.-. h

0

A

BR

depasilory institutions borrowing from the Federa
Reserve

0
0

the nominal market irilerest rate
the discount rate

V
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the demand for nomina. money
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tne equilibrium nominal money stock

i

Market Equilibrium condition
M~ M~ M.

U,. U,..

u,,. a,
U-..

random variables with zero means ano constanl
vanances

Descriptions of Equations.
The first two equatiors are the detinitioris of money stock and
the monetary base. respect:vely rIle next tnree equat:ons ae
parametric equations relat:ng cu’rency held by the nonbanic public. time deposits and excess ~eserves
to ciockable oeposits and
the market interest rate these equations also contain random
components that represent both purely stochastic elem’ierits anc~
the effects of omitted variab’es me sixth is an dentity remating
required reserves to total deposits and the seventh is an equilibnum condition requiring the demand tor reserves to eoual the

suppiy of reserves The eighth equatior makes depos’tory institu’
tions demand to’ borrowed reserves a function of the spread
between the Federa: Reserve discount rate amid Inc market in
terest rate arid the random error The model is completed oy
including a simpie demand for money equation arid a money
equilibrium conoition The demand for nominal money is assumec
to depend on nominal income and the rnarke’ interest rate.’ hf’alion and nence expectations of ‘nllation are gnored

‘This borrowing equation difters from the usjal one ihe usua: borow’ng equation would relate borrowing to bank depos:ts paa~
metricalmy say
BA. bD
id,
This oracticc is riot adopted here For the following reasons F ,rst. tiere is litte theoretcal jusofication for parametr~ca~y
relatinq horrow~ngto
the leve’ of deposits Second. this practice results in including the b-term in tne mu’tplier This
ayes the erroneous impression thai the link
t
between money and the base will change with changes ri b even unoer base targeting. ou this’s riot the case. Th,s point wi~ibe made clear
later in the paper. It .s rue that there would oe some frict,urial leve! of borrowing even if id.
Tiua t might Dc appropr,ate to include a
constant term in equatton a.
1 hird it is possible to obtain a nonhorrowed reserve multiplier by cornp~ero.yignoring coLlation 2 when the borrowing equation is written ir
the above form This encourages one to ignore tne factthat nonhorroweo reserves are linked to money only via their i,nk to the base ortotat
reserves
‘That is we follow common practice 0 assuming the absence of a ‘ntoiiey iliusion on toe pan of money holders
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of the results presented are derived in the appendix.
Nevertheless, the complete model along with a de-

+

scription ofthe equations and variables is presented in

J
(K

—

p(r(1+r) + e + k) 1

i+k

p)(r(1+i) + e + k)

table 1 for the reader’s convenience, Wherever possible, the analysis is presented graphically.

The model initially assumes CRA. This assumption

1+k
(2)

will be changed later to analyze the implications of
lagged reserve accounting (LRA) for short-run monetary control and to analyze the effects of the Board’s
proposal for CRA. Initially, the deterministic form of

Control of the money stock through each of these
targets can be analyzed by evaluating the expressions
for the expected value of the equilibrium money stock
obtained by treating each of these variables as exogenous. (The Federal Reserve must forecast the level of
income Y~in order to control the money stock. Thus,
the forecasted value Y~replaces Y~in the model.)0 The
expected value of the equations for the equilibrium
money stock under monetary base, nonborrowed reserve and interest rate targeting, respectively, are:
(1) K-i, =

5

K

(X—p)(r(1+4+e+k)
1+k
+(r~+5+p)

hpecifieally. we assume that y,t,+ g,, where E(e,) 0. Thus,
E(Y,) = Y,, i.e., the Federal Resen’e correctly forecasts nominal
incosne on average. This forecast introduces another sonrce oferror
into the model which is ignored in this paper for convenience;
however, this does not affect the qualitative condusions. The
Federal Reserve has to forecast the parameters of the model as
well. This problem is usually ignored.

24

(K

—

p)(r(1+t) + e) + (r~+ 5 + a)
1±k

~[(r~+s+a)_

(K

expected value of the endogenous variables (the expected value is denoted with a hat, e.g., E(X) = X).
The full model is taken up in the final section, which
deals with the variance of money and interest rates
under CRA and LRA.
The model requires that three variables be exogenous. Two of the exogenous variables are the discount
rate (id~)and nominal income (Ye). The remaining exogenous variable is determined by the operating procedure. If the Federal Reserve chooses to target on the
market interest rate (it), it would be treated as exogenoils; in this case, the monetary base (Br) and nonborrowed reserves (NBR ) would change to whatever
5
levels are necessary to achieve the interest rate target.
If the Federal Reserve targets on nonborrowed reserves, the monetary base and the interest rate would
move endogenously to achieve levels consistent with
the nonborrowed reserve target. The same would be
true of the interest rate and nonborrowed reserves if
the Federal Reserve chose a monetary base target.

K

Ki,

+

the model is considered. This is achieved by taking the

+ (r~x+ S + p)

—

p(r(1+r) + e)

]

1+k

i

p)(r(1+r) + e) + (r~+ S + a)

Yr

NBR,

Yt

1+k
+

aX
(K

—

p)(r(1+t) + e)
1+k

(3)

K!, =

id,
+ (r~a+ S + a)

+ Xi,

The expected value of the equilibrium money stock
under interest rate targeting (equation 3) is simply the
demand for money. This reflects the well-known fact
that the quantity of money is completely demanddetermined if the Federal Reserve chooses an interest
rate target.6
While these equations appear somewhat complicated, they merely represent expressions for the expected value of the equilibrium money stock, represented graphically by M* in figure 1. For example,
both the base and income appear in the equilibrium
equation 1, because the money supply is conditional on
the level of the base under base targeting and the
demand for money is conditional on the income level.
This is illustrated in figure la. Therefore, the equilibrium money stock depends both on the level ofincome
and the base under a monetary base target.
The discount rate appears in the money stock equation when nonborrowed reserves are exogenous, bitt
not when the monetary base is exogenous. The reason
for this is simple. Changes in the discount rate alter the
spread between it and the market interest rate and,

°Inthis case, the money supplycurve would be perfectly horizontal,
as the Federal Reserve simply accommodated the public’s demand
for money at some nominal rate, Of course, it is well-known and
widely accepted that the Federal Reserve cannot “peg” the nosninal rate in an inflationary environment without continuously
accelerating the growth rate ofmoney. See Milton Friedman, “The
Role of Monetary Policy,” American Economic Review (March
1968), pp. 1—17. More recently, however, McCallum has shown
that the price level is determinant ifthe Federal Reserve smoothes
rather than pegs interest rates. See Bennett T. McCallum, “Price
Level Determinaxscy with an Interest Rate Policy Rule and Rational Expectations,” Journal of’ Monetary Economics (November
1981), pp. 319—29.
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Figure 1

Equilibrium Money Stock Under Base and Nonborrowed Reserve Targeting
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(a)
thus, the level of bank borrowing.7 If the monetary

base were the control variable, changes in borrowings

(b)

supply schedule is conditional on both nonborrowed
reserves and the discount rate under nonhorrowed
reserve targeting, as illustrated in figure lb.

wotild be offset through open market operations in
order to maintain the base at its target level. Changes
in the discount rate would have no effect on the

•klOi\]T’f4J4y BASE %:r~

equilibrium money stock under monetary base target-

=~r~Bs?’t~on;
i~I Pt

ing. Thus, the discount rate does riot appear as an

TARGETING

~I

-;

exogenous variable in equation I
TIns is not the case for nonborrowed reserve targeting. Changes in the discount rate would produce

changes in depository institutions’ borrowing, the
monetary base and the money supply unless the
Federal Reserve simultaneously changes its target
level of nonborrowed reserves.8 Thus, the money
T

If there were a significant “announcement effect” ofa discount rate
change on market interest rates, there would he an endogenous
movement in the money stock even under base targeting. For
more details on the relationship between the discount rate and
market interest rates, see Daniel L. Thornton, “The Discount Rate
and Market Interest Bates’. What’s the Connection’?” this Review
(June/July 1982), pp. 3—14.

81f the Federal Reserve

changed its nonhorrowed resen’e target in
light of these changes, itwould, ipso facto, be targetingon the base

The controversy over base versus nonborrowed reserve targeting depends critically on the stability of the
link between each of these reserve aggregates and
nominal money. The stability of this link, in turn,
or total reserves, not nonborrowed reserves. It is sometimes
argued that the Federal Reserve is essentially base or total reserve
targeting because it first determines a total reserve path and, from
that, its nonborrowed reserve path given an initial borrowing
assumption. It would he total reserve targeting, however, only ifit
changed its nonborrowed reserves every time it recognized it was
off its total reserve path. Recently, Gilbert andTrehing have shown
that the Fed often knowingly stuck with its nonhorrowed reserve
path despite the fact that it correctly projected it would be off the
total reserve path necessary to hit its short-run money target. R.
Alton Gilbert and Michael E. Trebing, “The FOMC in 1980: A
Year ofReserve Targeting,” this Review (August/September 1981),
pp. 2—16.
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depends on (a) the exogeneity of the respective reserve
aggregate multiplier and (b) the exogeneity of the reserve aggregate. The first of these issues can he dealt
with by considering the extent to which the money
stock is exogenous under each target.°

I! P 1 ~ fdJ (,t ~ S
)
I’ ~
Nonborri.stveel Reserve •l’a-geti.nt’
Consider the extent to which the money stock is
exogenous under nonborrowed reserves and monetary
base targeting—that is, determined only by the Federal Reserve’s control over the target variable and the
parameters ofthe model. This can be accomplished by
observing the conditions required to make the money
supply schedule vertical under the two regimes. Equation 1 indicates that the money stock is exogenously
determined
the base if the public’s demand for
currency and time deposits and depository institutions’
demand for excess reserves are unresponsive to interest rate changes (ja = S = p = 0). If these conditions hold, equation 1 reduces to
by

(1’) K!, =

1+k
e + k B,.

r(l+T) +

The less interest-sensitive these factors are, the less
interest-sensitive will be the money supply. If these
factors are completely insensitive to the interest rate,

OCTOBER 1982
the money supply schedule becomes perfectly vertical, and the equilibrium money stock is exogenously
controlled.
In contrast, the money stock is exogenous under
nonborrowed reserve targeting only if the above conditions hold and if, simultaneously, a, the interest responsiveness of borrowing from the Federal Reserve to
the rate spread between the discount rate and the
market interest rate, is zero. Under these conditions,
equation 2 reduces to
(2’) K!,

=

r(1~

t

e

NBR,.

Thus, the conditions necessary for the Federal Reserve to control the money stock are more restrictive
under nonborrowed reserve than under base targeting. Indeed, it is commonly accepted that excess reserves are interest-insensitive, and Johannes and
Rasche recently have argued that the currency and
time deposit ratios are fairly interest-insensitive as
well. 10 This is not the case, however, for depository
institutions’ borrowing. Casual observation shows a
strong relationship between borrowing and the discount rate/market interest rate spread. Thus, the supply of money might exhibit greater interest sensitivity
under nonborrowed reserve targeting than under base
targeting. ~
The importance of this for monetary control can be
seen by noting that the less interest-sensitive the

9

In a recent Board study dealing with the observed historical stability of the monetary base multiplier, David Lindsey and others
discuss two types of multiplier endogeneitv. First, they argue that
the variability ofthe observed multipliers may he biased downward
because they do not account for the possibility that the targeted
level of the reserve aggregate may have changed in response to an
unanticipated change in some other factor. IL for example, the
money supply took an unanticipated jump (hecau.ce ofan unantici~
pated jump in the demand lhr money) at the beginning of the
intermeeting targeting period, the Federal Reserve might reduce
its target for nonborrowed reserves (or the monetary base under
base targeting). The result might he a larger observed multiplier if
the reduction in the reserve aggregate ‘vere larger than the reduction in the money supply fromn its unanticipated level (ofcourse, it
could be smaller if the money supply response was greater). This
type of reserve aggregate endogcneitv error applies to all potential
reserve aggregates, hist only if the Federal Reserve is actually
targeting on it. Moreover, this type of reserve endogencity is
concerned only with the question of the observed stahilitv of the
multiplier; it has nothing to do with the issue ofmonetary control.
The second type of reserve eomlogcncity is the traditional type, in
which flictors that make up the various msiltipliers change with
changes in other endogenous variables (e.g.. interest rates) in the
system, as consirlered here. See, David Lindsey, et, al. , “Monetary Control Experience Under the New Operating Procedures,”
New Monetary Control Procedures, Federal Reserve Stall’ Study,
Volume II (Board of Governors of the Federal Reserve System,
July 1981); Balhach, “How Controllable is Money Growth?” Johannes and Rasche, “Can the Reserves Approach to Monetary Control
Really Work’?” and “Predicting the Money Multiplier.”
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See Johannes and Rasche, “Predicting the Money Multiplier” for
details.

‘‘This question is more complicated in a nonlinear model. In the
nonlinear case, the relative interest sensitivity’ of the money supply under base and NBR targeting depends on the relative magrii—
tude of these resen’e aggregates and their multipliers. To illustrate this, let the money supply under base and NBR targeting he
given by the expressions below.
=

n~(i;B)’ B

=

mCi; NBBJ’

Flere, m(i; B) and m(i: NBR) denote multipliers that are functions
of the interest rate, giver! either a base or NBR target. The
difference in the interest responsiveness of the money supply
under base or NBR targeting is given by
0; B)

.

B

—

3m(i; NBR)

.

NBR

ai
This expression is less than Or equal to zero if
B
NBR

‘

a,si~i;NBR) / 6isu(i; B)
ai
‘

Since the base is about fi)ur times as large as N’BR, the base
multiplier must he about one—fourth as interest—responsive as the
NBR multiplier if the money supply’ under base targeting is to he
less interest—sensitive than under N BR targeting. Whether this
condition hnlds dcpcu ds on tIit’ rclathc’ magu it,ide of tIn’ s tn mc—
S Iral para net crs as disc’ ssm’d above,
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Figure 2

The Effect of Unanticipated Shifts in Money Demand and Supply
n te re S
rote
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(a)

stock

money supply, the less responsive the equilibrium
money stock will be to unanticipated shifts in money
demand. This is illustrated in figure 2a, which shows
the effect of an unanticipated increase in the demand
for money.
While it is more difficult to ilhistrate, the less interest-sensitive the supply of money, the more sensitive equilibrium money stock may he to unanticipated
changes in factors that affect the supply of money. (The

exact relationship depends on the relative magnitude
of certain parameters of the model.) This is illustrated
in figure 2h. An unanticipated decrease, say, in excess
reserves, shifts hoth Mb and M’kBfl to the right.
Although the latter curve shifts further, the resulting
change in the money stock may he smaller. This is the
result of the effect of a redtiction in depository institutions’ borrowing associated with the declining interest
rate on the quantity of money supplied. The above
result depends on the source of the supply-side shock.
If the supply-side shock comes from an unanticipated
change in currency, the effect on the money stock will
he larger than if it comes from excess reserves or time

deposits.

(b)
The absolute magnitude of’ the differential effect of
supply-side shocks under’hase and NBR targeting de-

pends on the relative magnitude of the interest sensitivity of borrowing (a) and the demand for money (K).
The less interest-sensitive is borrowing and the more
interest sensitive the demand for money, the smaller
will he this differential effect. If a is sufficiently small
relative to A, the money supply would he less responsive to supply-side shocks under base targeting. 12
Given the above analysis, we would expect base

targeting to result in more stable snoney growth if most
of the exogenous shocks come from the demand side. If
most shocks come from the supply side, however, base
targeting may result in less stable growth. This last
tTl’ie

reqssired cotiditiom s lhr smaller effi:cts of sitpply—sidle shocks

under base targeting is (Ak + pV(l + hi < a. Since it is comusonly
assumed that p is small, this condition will hold unIv iSA is large
relative to a Most empirical c’videncc’ on the dc mand lbr noise
ssiggests Xi is very small, Some recent estimates, however, suggest a much I;srgcr value ol’ IA I. Sec Daniel L. Thorn tots, ‘‘The
Lot ig—Run and Sbn nt—Ri Sn Deman dl for M onev: .Additioual Evi-

dence.’’ Journal of Moeroeeo noinies (Sri lumen 1982), pp. 325—38
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statement must be tempered by the fact that supplyside shocks resulting from exogenous changes in depository instittitions’ borrowing will not affect money
under base targeting, hut will aftèct it tinder NBR
targeting. Thus, if borrowing is unstable, money may
he less responsive to supply-side shocks from all
sources under base targeting. ~

En/Jogeneity of the Monetary Base
The above analysis explicitly assumes that both nonborrowed reserves and the monetary base can he controlled exogenously at any desired level. This is generally accepted to be true for nonhorrowed reserves,
though not for the monetary base. In fact, a principal
objection to monetary base targeting is that the monetary base is endogenous.

changes. This would substantially reduce the endogeneity ofthe base and, to this extent, make it much
easier to hit and maintain a monetary base target.
Some have argued that the discount rate should he a
penalty rate, that is, a > 0. This concern is probably
overstated. The problem with depository institutions’
borrowing is their interest sensitivity, not their level.
Given the administration of the discount window, the
level of aggregate borrowing will move inversely with
& The value of the spread between the market rates
and the discount rate will have little impact on its
interest sensitivity. in
Tying the discount rate to market rates also has

implications for nonhorrowed reserve targeting.
Under a tied discount rate, equation 2 could be rewritten as

In its most basic form, this objection argues that

depository institutions’ borrowing is functionally re-

(2”)?l~=~
—

lated to the level of open market operations. Thus, any
attempt at hitting a monetary base target, by offsetting

p)(r(1+r) A+ e)
1+k

uncontrolled borrowing through open market operations, necessarily changes the level of borrowing that
the system must offset. The problem of base endogeneity, while important, could be handled in part
by tying the discount rate to the market interest rate.
TYING THE IMSGOUNT RATE TO
MA.RKET .R.ATE•S
The interest responsiveness of horrosving could he
substantially redtmced by tying the discount rate to a
market interest rate (i.e., id5 = ~t ±
where ~ is a
positive or negative constant). 14 If this were done,
borrowing would he unresponsive to interest rate
~,

tSThe error term in the borrowings equatiou is not present in t)sc
error term fur the reduced—lksrm money’ stock equation under base
targeting. This, of course, assunses that iufbrmatiou on depository
institution borrowing is available very’ quickly’ (it is currently
available the next day). If the borrowing equatiou is unstable, as
reported by a recent Board stssdy, therm base targeting may still be
less sensitive to supply—side shocks. See ‘‘Impact of Discount
Policy Procedures on the Effectiveucss of Reserve l’argetiug.”
New
T Monetary Control Procedures, Federal Reserve Stall’ Study,
\ olume I (Board of Governors of the Federal Reserve System,
February 198 C.
tm4
Wc do not say “eliminated” hecause it is unlikely that tying the
discount i’ate to any’ one market rate wouldl eliminate all interest—
responsive burrowing. This is due to the fact that different depository institutions may have purifolios of different assets that reflect
their upportunits’ cost of bunruwiug. Hence, t~’ingthe discount
rate to One asset may not suffice for every’ institution, lying the
discount rate to the federal binds rate, however, would probably
reduce the interest responsiveness ofborrowing fur most depository institutions.
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NBR,

~(r~a+ 3)—
+

(A

-

p)(r(l+i) +

I+k

p(r(I +‘r)+e

i+k

e)

+ (r~a+ 3)

The multiplier in this equation is similar to the monetary base multiplier of equation 1. Thus, one might be
tempted to conclude that controlling the money supply
by targeting on the base or nonhorrowed reserves
essentially would he the same if the discount rate were
tied to market interest rates. This is not the case.
Changes in depository institutions’ borrowing
lated to interest rate changes svill continue to affect the
money supply under nonhorrowed reserve targeting.
This would not he true under base targeting since all
changes in borrowing would he ofiset through open
market operations. ~
t

”l’hc word “little” is used here hecause Pulakoft’ Isas shown that
horrowing increases at a decreasing rate as the rate spread widens.
Making the discount rate a penalty rate might be a consideration if
one helieves Pulakoft’s “reluctance elasticity” is strong or if one
helieves that the administration of the discount window is highly
variable. See M. F. Folakoff, Relsmctancc Elasticity’, Least—Cost
atsd Mesnher—Bank Borrowing: A Ssiggested Integration, “Journal
of Finance (March 1960), pp. 1—18. For a recent dliscsission of the
role of the discount rate as a penalty rate, sec Econonnc Report of
the President (1982), pp. 67—68: and Brvon Fliggins and Gordon
II. Sellun, Jr., “Should the Discount Rate he a Penalty Rate?”
Economic Reeie,c, Federal Reserve Bank of Kansas City January
1981), pp. 3—10.
t
‘ h’t this regard. if horruwing is unstable, tying the discount rate
may nut produce greater control under NBR targeting.
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A Tied Diseount Rate ann’ La yard ll(’e(’ri’e
o
“~

While tying the discount rate to the market interest
rate will reduce the endogeneity of the base under a
system of CR4 this need not be the case under LEA
Under the present system of LEA, required reserves
in the current week are determined by the level of
deposits held two weeks previously. Thus, any discrepancy between the amount of reserves supplied by
the Federal Reserve and the amount of reserves that
depository institutions are required to hold must be
made up either at the discount window or through
changes in desired levels of excess reserves. Since
historically excess reserves are relatively interestinsensitive, the discrepancy between the amount of
reserves supplied and the amount ofreserves required
will likely be made up at the discount window. If the
Federal Reserve attempted to hit a level of the mone-

rather than being an objection to base targeting, this

argument is simply an indictment of monetary control
under LEA.
,

,,,

i) \ ts ( ON i i Ei’CF
~i ~A ‘a
ELSE ilL ALGOL N HAG ANt)
MONETARY (:ONTROJ~

I ~~Gt

If the time subscript, is understood to be the end
of a reserve maintenance week, the explicit effects of
CR4 and LEA for monetary control can be seen by
comparing the model with the following required reserve equations:
t,

(4) RE, = r(D, + TD~)
(5) ER, = r(Dt,, + TD~ 4
2

(6)

RE,

=

‘

tary base that was inconsistent with the level of required reserves (given by deposit levels from the previous two weeks), the result would he an immediate

change in the level of depository institutions’ borrowing and a movement of the monetary base from its
target level. Thus,
is argued, LEA precludes the
it

Federal Reserve from

base target.

hitting a short-run monetary
,

This argument is important; however, it has implications for short-run monetary control under both base
and nonborrowed reserve targeting. Ifthe target level
for nonborrowed reserves is inconsistent with depository institutions’ required reserves,
produces a
short-run change in borrowing, total reserves and,
hence, money.
it

Furthermore, this argument fails to take account of
the likely response by depository institutions to a
monetary base operating procedure. A policy ofoffsetting all changes in borrowing to maintain a monetary
base target may, at times, result in high levels of the
federal hinds rate; however, there is an upper limit to
the federal hinds rate that is established by depository
institutions’ credit demand. These institutions would
be unwilling to pay an interest rate on short-term
reserve adjustment funds in excess of the rate on marginal short-term loans for any extended period. Thus,
depository institutions might increase their holdings of
excess retierves if the Federal Reserve adopted a base
targeting procedure. This response might permit the
Federal Reserve to hit a base target, hut would not
guarantee better short-run monetary control. Any improvement in short-run monetary control in this instance depends critically on the volatility of excess
,

reserves under a base targeting procedure. Thus,

CRA
LEA

r(D, + TD,2)

Federal Reserve’s

proposal for

CRA

These equations represent simplified versions of pure
CRA, pure LEA (the present system) and the Federal
Reserve’s proposalfor CRA, respectively. ~ The analy-

sis begins with a comparison of the model using equation 4 with the model using equation 5, and ends with
an analysis of the likely implications of the Federal
Reserve’s proposal.

To this point, the analysis has assumed equation 4,
so the effects of LEA can be seen by substituting equation 5 into the model. Tins modification affects the
model in two ways: weakens the contemporaneous
link between the reserve aggregate and the equilibrium money stock, and makes the model dynamic.18
it

it

.

These changes are illustrated by the following equations for the equilibrium money stock under base and
NBR targeting when equation 5 replaces equation 4:
-

—

A

(7) ~

—

(A—p)(k+e) + (&+p)

B

l+k

r(l+’r)A

(A—p)(k+e) + (&+p)

D,
2

(l+k)

7
‘ For a discussion of CRA and LRA as implemented, see R. Altun
Gilhert, “Lagged Reserve Requirements: Implications f?r Monetary Cuntrol and Bank Reserve Management, this Review çMay
1980),
pp. 7—20. The Board’s proposal fhr CRA has a lag of twu
days. The reserve maintenance period ends on Monday, two days
prior to the cud of the reserve settlement week.
tmt
Actm’ally, the excess reserve equation may change with CRA or
LIlA as well. Current levels ofexcess reserves would he related to
deposits of the previous two weeks and the current tnarket interest rate, This change is ignored for convenience.
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r~aA

[(8~)

—

(8)

I,

=

-

—2

e) + (8 + p)

(A -p~k+

-

(A—p~k+e)+ ~

A

NBR,

r(1+r)A

D,

(X-p)e + (8+a)

2

(A-p)e
1+k + (8+a)

rpJ’.

—

(A—p)e

+ (S+a)

l+k

+ (A

~t-2

etA

id,

p)e

i+k

+

(8+a)

(8+a)

—

l+ki~
Yr

(X-p)e + (8-F a)

The first of these changes can be seen by noting that
neither the reserve ratio (r) nor the time deposit ratio
(7) appears in the contemporaneous multipliers for the
base amid NBR. Indeed, NBR are contemporaneously
linked to money, through non-interest-rate effects,
only via excess reserves and borrowings. The reserve
aggregates provide a link to current money creation
primarily through their link to current deposits. LEA
severs part of tIns link. (It should be noted, however,
that LEA does not eliminate completely the contemporaneous link between the money stock and either
reserve aggregate.)t°
“at is sometimes argued that there is no contemporaneous link
hetween deposit creation and reserves independent of its effect on
market interest rates, l,ecause depusitur~institutions are free to
create all the riepusits they wish in this period without any consideration ahoul the current level of reserves (e.g., LeRoy, “Monetan’ Control Under Lagged Reserve .kccouuting”). Tius argunseot
clearly ignores the rule of currency and excess reserves in estah—
lishing a contemporaneous link hetwecn the reserve aggregate
and the money stock, it is easy to show that current deposits are
related to current hase under LRA, even if the interest—
responsiveness ofcurrency and excess reserves are zero, From the
appendix: if p = 8
0, then M, = (t + k)/(k+ e)B,. Pesek and
Saving have made this point in a simple money multiplier model
when there were no reserve requirements. See Boris P. Pesekand
Thomas R. Saving, The Foundations ofMoney and Banking (Macnullan Co.. 1968), pp. 76—78.
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The explicit dynamics of the money stock under
LEA are seen by noting that lagged deposits and interest rates are included in the equilibrium money
stock equations. NBR and the monetary base not only
influence the level of money immediately, but have
lagged effects via their influence on deposits and interest rates. These variables, in turn, affect future
money. It can he shown that if the dynamic system is
stable, the long-run base multiplier is identical to the
static base multiplier of equation 1. Thus, if the Federal Reserve were to achieve and maintain some target
level of the base, the expected value of the long-run
equilibrium money stock would, ceteris parihus, be
the same as that obtained under CRA.2°

aa..aI’t-Ri.rp~a/~•h)b,ernenLs
.i•
Inter’1 ‘): •y<,~..

.yJ<~1<~,
a•n•a

Despite the fact that the return to CEA has no
consequences for long-run monetary control,
does
have some implications for short-run movements in
money and interest rates. The following analysis can be
carried omit in terms of either base or NBR targeting;
however, the results are presented only for base
targeting.
it

The analysis begins with a simple graphic presentation of the model under base targeting in figure 3. M~
and M~denote the nioney supply schedules under
CRA and LEA, respectively. Under fairly reasonable
conditions, the money supply schedule is flatter under
LEA.2’ Again, the money demand equation is drawn
for a fixed income level. The curves are drawn to
intersect for ease of illustration.
2~

thispoint has hecn made ha’ Lauft~siherg,although in a slightly
rliflhrent context. See Daniel F. Laufenherg. “Contemporaneous
Versus Lagged Reserve Accounting,” Journal of Money, Credit
and Banking (May 1976), pp. 23~’15.This result is more logical
than it first appears. For exiuuple. one would oot expect the
introduction of LEA to have any’ impact on money creation if
depository institutions had not previoosly adjusted their required
reserves during the current week (milder CRA. Thus, we might
expect LEA to affect interest rates imnd money only to the extent
that it Ibrces the system to Ibllow a different aggregate reserve
adjustment path than it would have followed under CR \.
1
1m
The condition is that
(I

~-

C (8 .4’
Ic + ki

p)

<0.

Since (1 + rh/bc + k is greater than ol me, this cmidition is likely
to hold. Ifthe interest seosit ivitv of tinme (leposits. p.. is s ufficiers t—
ly negative, however, the LEA could he steeper than the CEA
curve, if this were the ease, the resnlts of this section would he
reversed. Because of the simplicity of his morlel, Laufenherg
ohtains the ahove result by’ ignoring tIns condition. See Laufen—
berg, “Contemporaneous Versus Lagged Reserve Accounting.”
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Figure 3

Figure 4

Effect of an increase in the Reserve Aggregate
Under IRA and CRA

Effect of an increase in Money Demand

interes
rate

Interest
rote

Under IRA and CRA

~‘

The effect of changes in Federal Reserve actions on
the money stock can be illustrated via figure 3. For
example, suppose that the monetary disturbance
comes through an increase in the base. The increase in
the base shifts both M~and M~to the right. Because the
multiplier is larger under LEA than under CRA, the
curse shifts further and the new equilibrium level
of money is larger.22 As a result, both the initial increase in the money stock and the initial decrease in
the interest rate are larger under LEA.
A difi~rentresult is obtained if the monetary disturbance occurs through a change in the demand for
money, as illustrated in figure 4. The increase in the
demand for money results in a larger initial increase in
the money stock and a smaller initial increase in the
interest rate under LEA. Ifall money shocks are associated with changes in money demand due to unanticipated changes in the level ofincome, the move back to
CEA would result in less short-run money stock and
more interest-rate variability. If all money shocks are
associated with changes in the policy control variable,
22

’I’he condition required for the equilihrium money stock to he
larger is that
—

(K

p)(1 + tb
1÷k
~

—

The same condition is required for both base and N BR targeting.

44’,

Money
stock

the return to CRA would reduce the short-run variability of both money and interest rates.
In either case, however, the short-run money stock
initially overshoots its long-run equilibrium. In the
former case, the overshoot is due to the fact that interest rates fall too far in response to an increase in the
policy aggregate, while in time latter, it is due to the fact
that they do not rise enough in response to an increase
in money demand. This initial overshooting of money
may have repercussions in subsequent periods as depository’ institutions attempt to obtain reserves to support the current overexpansion of deposits. The effect
of this dynamic response on the variability of money
and interest rates is an empirical question.23
23

See Laufenherg, ‘‘Contemporaneous Versus Lagged Reserve
Accounting.” .ks noted, the introduction of LRA makes the model
dynamic and, thus, the model with LEA follows all adjustment
path toward the long—run equslibnumn. This path driers with the
dynamic structure of the model ..k comparison of one dynamic
adjustment path with another is relevant only’ if the dvmiamie
structures are well—specified. in this regard, the conclusions concerning the variability of money’ and interest rates reached by
Lanfenherg, based on a comparisois of the dynamic adjustment of
the CRA and LEA models, are misleading. See Daniel i~.Thornton. “Lagged and Contemporaneous Reserve Accounting and the
Variance of Money amid Interest Rates,’ unpuhhished paper,
F’ederal Reserve Bank ofSt. Louis (1982). The oscillatory nature of
the adjustment of money’ and interest rates to their long—run
equilibrium under LRA noted by Laufenherg is discussed in the
appendix.
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money and may increase the variance of interest rates,
depending on the relative magnitudes ofthe variances
associated with the factors that affect supply and demand. While the basic intuition that leads to this conclusion is correct, it fails to account for possible Federal
Reserve reaction to random changes in time deposits.

Figure 5

The Money Supply Under the Board’s
Proposal for CRA
Interest
rates

Mi

Mi

Md

Money

stack

Time effect ofthe Federal Reserve’s proposal for CEA
can be seen by noting that the money supply schedule
under the Board’s proposal, denoted Mj~,lies between
the CEA and LEA curves, as illustrated in figure 5.
Furthermore, the curve will shift further than time CRA
curve, hut not as far as the LEA for a given change in
the monetary base. if most money shocks are associated with changes in the policy control variable, the
Federal Reserve’s proposal should improve the shortrun stability of both money and interest rates. If most
shocks are associated with unanticipated changes in
the demand for money, the result will be more stable
money and less stable interest rates.

‘I’h.e

%‘~r’4’r’rb”< I;i

iivIa’,’reu

(+441.

tntevent Rntee

nnaer GIRl
Given the above analysis, one might be tempted to
conclude that random variations in the factors that
affect the money supply will cause both money and
interest rates to he more variable under LEA, while
random yariations in the demand for money will cause
money to be more variable and interest rates to he less
variable, Thus, one might suspect that the movement
from CEA to LEA would increase the variance of
32

Under both CEA and LEA, randoni changes in time
deposits, TD, affect the demand for required reserves
and, hence, the equilibrium money stock and the interest rate. Under LEA, however, the effect of a random change in time deposits does not manifest itselffor
two periods. If such changes were identified with 100
percent accuracy and if the Federal Reserve made
temporary, compensatory changes in the exogenous
reserve aggregate, random fluctuations in time deposits two weeks previous would have no effect on
either time current money stock or the current interest
rate. If the variance of the time deposits is sufficiently
large, the variance of money and interest rates may be
less under LEA than under CEA. The critical issue is
the extent to which the Federal Reserve correctly
identifies and offsets random shifts in time deposits.24
This result is illustrated as follows: Let V(M’O and
V(M~)denote the variance of the money stock under
CEA and LEA, respectively. If the Federal Reserve
correctly identifies random changes in time deposits, it
is easy to show that
V(M~) = t4 + ff~y

and
=

at,

where ff~ yis the variance in money associated witim the
1
demand for time deposits, o~is the variance associated
with the other random components of time money stock
under CRA, and o~is the variance of money under
LEA.
It can he shown that u~>a’~.
Thus, time variance
of the money stock would he larger under LEA, all
other things constant. The loss of the variance of time
deposits [O~iT does not appear in the expressiomm for
V(M~)},however, makes the variance of money under
LEA smaller. The reduction in variance associated
with the removal of this source of’variation could more
than offset the immcrease in variance due to other
25
’ Furthermore, if individual depository institutions anticipated the

effects of their collective actions on interest mates, the systematic
deposit overexpansions that we have noted need not occur; consequently. the greater money and interest rate volatility associated
with differences in the slopes of the short-run money schedule
under LEA need not materialize, This point has been made by
Edgar L. Feige and Robert T. McGee, “Federal Reserve Policy
and Interest Rate Instahility,”’rhe Financial Reeiew (May 1982),
pp. 50-82.
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factors.2”5 Thus, contrary to the common belief, no
general conclusion can be reached about the relative
variance of money under LEA and CRA. It is an empirical mssue.
This analysis can be extended to the Federal Reserve’s proposal for CEA. If the variance of the money
stock under the Board’s proposal is denoted as
V(M~),it is easy to show that V(M~’) C
The question ofthe relative variance ofinterest rates
under LEA or CEA has an ambiguous answer. If the
reduction in variance associated with correctly identifying random changes in time deposits is ignored, the
variance of interest rates will be smaller under CEA if
the variance associated with money demand is small
relative to the variance associated with the factors that

~‘l’his result is even stronger when it is recognized that variances of

borrowings and excess resen’es may be affected by the reserve
accounting structure. l’here is evidence that both of these error
structures changed with the move to LEA in 1968. See Albert E.
Burger, “Lagged Reserve Requirements: Their Effects on Feder-

al Reserve Operations. Money Market Stability, Member Banks
and the Money Supply Process,” unpublished paper for the
Federal Reserve Bank of St. Louis (1971); and Board of Governors, “Impact of Discount Policy Procedures on the Effective-

ness of Reserve Targeting.”
26

See Poole, “Federal Reserve Operating Procedures: A Survey and
Evaluation ofthe Historical Record Since October 1979;” LeRoy,

‘Monetary Control Under Lagged Reserve Accounting;” and
David S. Jones,”An Empirical Analysis of Monetary Control
Under Contemporaneous and Lagged Reserve Accounting,”
Federal Reserve Bank of Kansas City Working Paper 82-002

(March 1982).
Furthermore, the empirical work to date does not provide an
unambiguous answer to this question. Early empirical work by

Burger, Coats, Poole and Lieberman sug~gestedthat the movement to LEA in 1968 resulted in greater instability of the federal
hinds rate. Recent work by Feige and McGee, however, suggests
that the movement to LEA actually reduced the funds rate
variability. Poole and Lieherman report somewhat less stable
money growth under LEA; however, in another study, Feige and

McGee report slight increases in nmoney and reserve predictability under LEA during the reserve-targetingperiod, and a snshstantial increase in the predictability of the federal funds rate. See
Burger, “Lagged Reserve Requirements: Their Effects on Federal Reserve Operations, Money Market Stability, Member Banks
and the Money Supply Process;” Warren L. Coats, “Lagged Reserve Accounting and the Money Supply Mechanism,” Journal of
Money, Credit and Banking (May 1976), pp. 167—80; Feige and
McGee, “Federal Reserve Policy and Interest Rate Instability,”
pp. 50—61; Edgar L. Feige and Robert T. McGee, “Has the

Federal Reserve Shifted From a Policy of Interest Bate Targets to
a Policy of Monetary Agggegate Targets? An Application of Exogeneity Test Procedures,” Journal of Money, Credit and Banking (November 1979), pp. 381—404; Edgar L. Feige and Robert T.
McGee, “Money Supply Control and Lagged Resen’e Accounting,” Journal of Money, Credit and Banking (November 1977),
pp. 536—51.
27
‘ The reader is cautioned that this analysis of the variance ofmoney
and interest rates ignores variability through time associated with
the dynamic structure of the model.
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affect the money supply. 98 The same conclusion holds
for a comparison of the Federal Reserve’s proposal for
CEA with LRA.
We have shown that if we accomit for a possible
reduction in the variance of interest rates under LEA
associated with correctly identifying random changes
in time deposits, the variance of interest rates under
LEA could he smaller than tinder CEA even if money
demand were less variable than the money supply.
This conclusion would not hold for the Federal Reserve’s proposal, however, since time deposits enter
LEA and it in the same way.
Thus, while an analysis of this model suggests that
the Federal Reserve’s proposal for CEA mnay reduce the
variance of money compared with the present system
of LEA, its impact on the variance of interest rates is
ambiguous.2°
C:ONCIJIS1ONS
This article reviews tlmree frequently suggested
changes in Federal Reserve operating procedures to
achieve more stable short-run monetary control:
monetary base targeting, tying the discount rate to the
market interest rate and adopting a system of contemporaneous reserve accounting.
Since the conditions necessary for money to he exogenous are less restrictive for base than for nonborrowed reserve targeting, adopting a base targeting
procedure would likely result in greater short-run
monetary control if most of the shocks to the money
supply come from the demand side. If most of the
shocks come from the supply side, then base targeting

~~Ist this regard, there has been a great deal of concern about the

stability of money demand in recent years. See, for example,
Michael J. Hamburger, “Behavior ofthe Money Stock: Is There a
Puzzle?”Journal of Monetary Economics (July 1977), pp. 265—88;
G. S. Laumas and David E. Spencer, “The Stability of the Demand for Money: Evidence from the Post-1973 Period,” Review of
Economics and Statistics (August 1980), pp. 455—59; and R. W.

Hafer and Scott E. Hem, “Evidence on the Temporal Stability of
the Demand for Money Relationship in the United States,” this
Review (December 1979), pp. 3—14; and ‘The Shift in Money
Demand: What Really Happened?” this Review (February 1982),

pp. 11—16.
20

The Board has also considered a provision for staggered-reserve

accounting. The effect ofthis controversial provision on short-run
variability of money and interest rates remains a question. For a
discussion of the effects of staggered-reserve accounting, see
Michael L. Bagshaw and William T. Gavin, “Stability in a Model

of Staggered-Reserve Accounting,” Federal Reserve Batik of
Cleveland, Working Paper 8202 (August 1982); and William T.
Gavin, “The Case for Staggered-Reserve Accounting,” Federal
Reserve Bank of Cleveland Economic Review, (Spring 1982), pp.

30—36.
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may result in less stable monetary growth. This conclusion depends critically on the relative interest sensitivity ofthe demand for money and depository institution
borrowing. The more interest sensitive is the former
and less interest sensitive is the latter, the more stable
money growth will be under base targeting relative to
NBR targeting. Furthermore, if depository institution
borrowing is highly variable, base targeting may be
snore stable, even if the shocks come from the supply
side, since money will be unresponsive to fluctuations
in borrowing under base targeting.
Monetary control under base targeting could be enhanced further by tying the discount rate to a market
interest rate. This would reduce substantially the interest sensitivity ofborrowing and make it easier to hit
a monetary base target. Adopting a system of contem-

poraneous reserve accounting also should make it
easier to hit a base target, since it would no longer be
necessary for borrowing to respond to differences between a predetermined level of required reserves and
an amount of reserves consistent with the base target,
as under the present system of LEA.
It is not certain whether the return to a system of
contemporaneous reserve accounting on all deposits
would increase or reduce the variance of money and
interest rates. The Federal Reserve’s proposal for contemporaneous reserve accounting, however, will likely reduce the variability ofmonev. Furthermore, it will
likely reduce the variability of interest rates, if the
variance of the money demand schedule is sufficiently
small relative to the variance of the money supply
schedule.

AFPE]N DIX
The purpose of this appendix is fourfbld. First, it
presents the system of reduced-fhrm equations for
base and NBR targeting under CRA. Second, it presents the reduced-form equations under LRA. Third,
the long-run base multiplier under LEA is derived and
discussed. Finally, analytical results for the variance of
the endogenous variables fbr base and NBR targeting
and for CEA and LEA are presented and discussed. In
what fbllows, we will denote the expected value of the
variable with a hat, e.g., E(M1) = M.
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The symbol t is used here in explicit recognition that the Federal
Reserve must1 ft,recast aggregate income in order to control the
nominal money stock.
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Several interesting observations should he made
about the above. First, the discount rate enters the
reduced-form under base targeting only in the NBR
equation. This merely reflects the fact that if the

(A—p)/(t+k) NBR, ± ftlIi ± 6 + a)I(1+k)
A,
A,

=

±

a(A—pW(l i-U
A
‘ ~

whereA,

s~’ ii

B’

A

~

—

a’

‘

‘~

,

—

1~,

-

—

“a’

0

ía

1 ‘a

Second, it is easy to show the conditions tinder
which the initnl change in the equihbrium money
stock is larger under LRA than under CEA Note that
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Federal Reserve is to hit abase target, it must change
NBR proportionally to the change in the discount rate.
Thus, changes in the discount rate cannot alter policy
with respect to either the money supply or interest
rates independent of the base target. This would not he
true of NBR targeting. Under NBR targeting, changes
in the discount rate produce effects on money and
interest rates independent of the target level of NBR.
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be positive on the reasonable assumption that X F> p F.
The condition for the change in the money stock under
the Federal Reserve’s proposal to be less than under
LEA is
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The above system based on LRA is dynamic in that
lagged endogenous variables, ~ -- ,and ~1--2’ appear on
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the right—hand side of the reduced—form. 2 If we
assume, fbr simplicity, that ‘V
0 for all t, then it is
easy to shoss’ that M1 can he expressed as the following
distributed lag by successive substitution.
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A, (1 ± k) ± r(li-rbA—p) ± (r~)(li-k)

Substituting in fbr

~2’

we get

(A—p){r(1i-’r)i-k+e]
I+k+

(6i-pi-r~)

±

A
(ru,i- u,,)
A
0

—

A(r(I ±‘r) ±ci
() +k)A,

~‘

±
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(u,,,—r,a,—,i )
0

If we denote the variance of money under base and
NBR targeting by \7(~~) and V(M~), respectively,
and if we assume the individual error terms are independent of each other and through time, we get
V(M[’)

=

[A(r(1+’ei-e—i)]’~
(l±k)A
C
0

I

±I

L

—

Al’

I Fr—if + cr0
A J
0
—

± [1+k:r~i-6i-P_Pli-Tli-ei-~]’,,,

(li-k)A

0

and
IA(,’F.Ii-’r)i-e)

~
inciusio,i of i, —, in these equations is based on the assu~nption
that changcs in ti,ne deposits in period t —2 induced by changes in
the market interest rate affect current required reserves, This is a
highly questionable assumption (see below), Thercibre, it ,x,ight he
more reasonable to use the reduced—form equations obtained by
letting ~a = 0.

A

(Ii-k)(risi-6i-a) — p(r(li-r)i-e)
)li-k)A,
u,,
0

Comparing this multiplier with the base multiplier
under CRA, we see that they are identical. Thus, LEA
makes the system explicitly dynamic hut does not
affect the long—run equilihrium.
The above solution, however, does require the stability condition Fp F < 1. The system may converge

.,—

(I+k)(r~ ±6 ±p) — p(r(li-t) + e i-k)
urn,
(l±k)A
0

and

__________________________
±

=

A(r(l+r)i-e—l)
‘ u
il+k)A,,
+

Substituting in for p, we get
-

The question naturally arises about the variability of
the endogenous variables under alternative operating
procedures and under different institutional arrangements. Unfortunately, the model does not lead to conclusive answers to these questions. We begin by dealing with the question of the variability of the money
stock under base and NBR targeting.
The error terms for the money stock under base and
NBR targeting are, respectively:

lim
BA
n--~ —
A, LI—c

The sum on the right-hand side of the above equation is
finite if p0 ~0 as ~
Under this condition,
NI,—

slowly or rapidly depending on whether F p is close to
one or zero. Furthermore, under the general condition
that it < 0, the system will oscillate toward its long—run
equilibrium, as indicated by’ Laufenberg.3

(ti-kiA,

1’

1

J

LA,.i

A

1’

I (o’~i-r”oOi- oh

tm
‘ See Daniel E. Laufenherg, ‘‘Contemporaneous Versus Lagged
Reserve Accounting, “Journal of Monc,j. Credit and Banking (May
1976), pp. 239—15.
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± [(li-k)(qs±6±a)—p(r(li--r)i-e)

L

(li-k)A,

A number of interesting ohservations can be made
from the above. First, random shocks to currency, ut,,
move money in opposite directions under base arid
NBR targeting if 0 < r(1 -l-T) + e C 1. Under tins

condition, a random increase in currency will reduce
the money stock under base targeting and increase it
under NBR targeting. Furthermore, the magnitude of
this shock on the money stock will he larger under base
targeting. This can be seen by noting that the absolute
value of the coefficient on u~1under base targeting will
be larger than under NBE targeting if r(1 + ‘r) + e C 1/2
and if F A0 FC A1 L Thus, the variance of money associated with random changes in currency will be larger
under base targeting.
The variance ofmoney associated with other supplyside shocks will he smaller under NBR targeting if
F,A FC FA F. This condition requires (Xk + p)/(l + k) >
0
1
a. Standard estimates of these parameters suggest that
this condition will hold. Thus, supply-side shocks will
have a greater impact on the money supply under base
targeting. Note, however, that if the discount rate
were tied so that, effectively, a
0, the above condition would not hold, and more stable monetary control
could be achieved through base targeting.
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Third, random shocks in depository institutions’
borrowing have no impact on money under base
targeting, hut they do under NBR targeting. If the
variance of these shocks are larger—relative to the
variances of currency, excess reserves and thne deposits—the net eflbct of supply-side shocks from all
sources could he larger under NBR targeting. Thus, no
general conclusion about the variability of money
under base and NBE targeting can he reached. (The
outcome depends on the magnitudes of u~,o~,and o~
relative to o~,and on the magnitude of

uf,.)

J”h.c I a•na ace at Planes- (Intl lntc’rc.st Rates
ua.clcr ERA cin.tl BRA.
Now consider the variance of money and interest
rates under CEA, LEA and the Board’s proposal for
CEA. Only the case ofbase targeting will he dealt with;
however, the results hold for NBR targeting as well.
For simplicity, assume that the individual structural
errors are independent (relaxing this assumption
makes determining the relative variability under CRA
and LEA more difficult). It is easy to show that the
error terms for the equilibrium money stock tinder
CEA and LEA, respectively, are

=

Second, the variance of money associated with random shifts in money demand can he seen to he larger
under NBR targeting if the money supply schedule is
flatter. This can he seen by denoting the slopes of the
1
money’ supply under base and NBR targeting by l/’ ’~

A(i-(l±r)±e—1)
(1 i-k) A
u,,
0

—

~-

(ru,,

±u )
0

± (l±k)(r~mi-6i-p)—p(r(1i-r)±e±k)
‘1,,,,

(li-k) A,,

and
A(e—l)
(li-k) A,”

and 1/tN, respectively, where
—

A
—

p(r(li-’r)i-ei-k)—(I+k)(rp.i-6i-p)
r(l+r)i-ei-k

A
—

~

Fm,, ..,i- u,,)

(1i-k)(6±p)—p(ei-k)
(li-k) A,
9-

±

If we let V(Nl~) and V(M~) denote the variance of
money under CRA and LEA, respectively, we obtain

and
p(r(1i-r)i-e)

—

(li-ktr~ + 6

± ci)

IA(r(li-r) ±e—i)l’
L
(li-k) A
i
~‘
0

r(1i--r)i-e

Now note that the money supply schedule is flatter

under NBE targeting if 4’u < ‘k~which, in turn,
p(r(1+’r)+e)—k(qw+6)
requires
> a. \Ve now note
r(1+t)+e+k
that the coefficients on the o-~,term of the above expressions are simply

~

iB and N. It is

easy to see that the general conclusion about the sensitivity of the money stock to random changes in the
demand for money hold if 4su C

±cf

± [~]“Fr’aL

± [(li-k)(r~i-6i-p)—p(r(li-w)+ei-k)]’

L

(l±k)A

,

0

and
A(e—l)
(li-k)A,

‘,

CCi-

IA]’.

L~i(r’if±

ci)
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F(1+k)(6±p)—p(ei-k)1’
~
j co.
-

+

L

It is easy to see that V(Mfl C V(Mj). This can he
done by noting that (r(l + if + e — 1)2 C (e — 1)2 for
2
2
(r(l + t) + e) C 1, and that (A0) > (A ) . Furthermore,
9
it is clear from our previous analysis that the coefficient
on the variance of money svill he smaller under CEA if
the money supply schedule is flatter under LEA than
under CRA.

.9

-

Clearly (A3) > (A2). F urthermore,
[(1±k)(B+p)—p(r±e±k)1C2 [(1+k)(6±p)—p(e±kfl2.
Thus, V(M~’) C \~(M~).
The move from the current
system of LEA to the Board’s proposed system of CEA
should reduce the variance of the money stock. This
conclusion is true whether oç is included or excluded
from these expressions.

The Varta.’a.cc of tIle lnt:crcst Rate

‘~

?ote that this conclusion depends on including
u,, —-2 in the error term for the equilibrium money’ stock
under LEA. If the Federal Reserve could identify random changes in time deposits and make corresponding
compensatory changes in the reserve aggregate,
changes in ti,,
would not afibct the current money’
stock. Thus, the variance of money under LEA would
he smaller than indicated above by”

Denote the variances of the interest rate with respect to CEA, LRA and the Board’s proposal as
V(i~)and V(ii’), respectively. Then,
IFm’(I+’r)i-e-Fk—lF]’
I
I (TV
L
(1±k)A
J
0

\Fi~F

_.2

±

)li-k)A,,
±

F

Ar
I — I a~.
LA J
0

In this instance, it is impossihle to say whether V(M1)
is larger or smaller than V(M~). Furthermore, the
structure of other equations might change with a
change in reserve accounting.1’
lfwe denote the variance ofmoney- under the Federal Reserve’s proposal as V(M~),it is easily shown that

l~ _ii’

IL

+

—

IA(ri-e—t)l’
I
I
c++ I
.

,

LFIi-k)(A,FJ

±

‘

A ]‘
—
Fr-cr:— cr/F
LA, J

I(l±k)F6±p)—p(ri-ei-kFl’
L
F1i-k)A,
cr3,.

where
A,

(A—p)(ri-ki-e.)
li-k

±(bi-p).

“This condition is simu ply that
-

IA>

(Ii-r)(bi-pF

(e.i-k)

‘%\“lsile the general euueh,sion that \‘F Xl ~) ,seed not hc- less tl,an
V(Mh will remain valid under altem-native specifications of this
model, this specific res,,lt may change. Fc,r exansple, tl,is expression would change if’there were diffem’en t resc-mve ratios ~ I Fm ne a,sd
transaetio,,s deposits and ii’ excess reserve holdings depended on
Isoth time and transactions deposits.

“fl,is need not he the c’ase, l,owever. If’the me were suddem changes
it, reserves due to deposit shifts Al), the amount of market opel’a—
timss necessary to restore a hank’s reserve position wuulcl Ise (1 — m’)
Al) under CR,A and AD under LIlA, This m,eedl flu greater n,arket
activity m,r,der LRA could offset any effect on excess reserves assc,ei—
,,ted ‘vi Eli greater certainty ol required reserves,
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Fr’ut

±

[r(l(1-m-k)A
i-++ei-kl]’j

0

Iei-k—1]’
Ll~kAJ

‘~

1

03

—1
,~

~

Fro

+ gF

I_—(e±k)]’
I
,
I cr3,
L(1±k)A,i

Fri-c—I]’

ILFli-/n.,J cr(

I

-

j

±I

L

1

—l

1’

± IL(ii-kFA,J
,
I

.,

,,

Foci; ±sr;F

—(ri-e±k)]’
I 033.
Fli-k~A~J

As with the comparison of the variances of money, a
comparison of V(i~’)and V(4) depends on whether the
term
-r
L (ii-k)A J
0

is included or excluded under LRA. \‘Vith respect to
the variance of interest rates, however, there is an
additional complication; it is not immediately’ clear
whether

IHr(Ii-0i-ei-k)1’B ~ —(ei-k)
L
(l+k)A
i <
0
A little algebra shows that the condition requires
(l±’r)(6i-p)
(ei-k)

<
>IA’

This is the condition required fhr the slope of the
money supply schedule to he steeper or flatter under
CEA than under LEA. This acIds another element of

ambiguity to the determination of the relative variance
of interest rates under CEA and LEA.

shown that this condition will hold only if
r(S±p)>0,

A similar problem makes the determination of the
, ~,
relative magnitudes of (ii) and V(m~)amnbsguous. I his
1,
is seen by noting that (ij C I’ (,,) if
.

.~

,

.

.

\

,

\-

-

I
L

—(ri-e+k)]’
(1±k)A,

J

-,

°‘ <

1

—(ei-k)]’
+kFA,i

Lu

IT,,r

Following the same procedure as above,

it

can he

-,.

.

Given the restrictions on the signs of these parameters,
tins cannot hold. Fherefire, the last term in the cxpression for I (m, ) is strictly larger than the last term in
the expression for V(i~). Thus, it is indeterminate
whether the Board’s proposal for CEA will increase or
reduce the variability ofinterest rates from the present
system.
.
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