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The Borrowed-Reserves Operating
Procedure: Theory and Evidence

Daniel L. Thornton

£ .N LATE 1982, the Federal Reserve switched from a
nonborrowed-reserves to a borrowed-reserves operat-
ing procedure.” Analysts generally believe that the
adoption of this procedure, which involves the use of a
“borrowings assumption” specified by the Federal
Open Market Comimittee {(FOMC), represents a policy
reversal toward the setting of the federal funds rate
and away from direct money stock control.

This paper discusses the merits of the borrowed-
reserves operating procedure as a method for money
stock or interest rate control, analyzes the relation-
ships between the borrowings assumption, the tederal
funds rate and the discount rate, and provides some
evidence on how the new procedure has been used
since late 1982,

THE NEW OPERATING PROCEDURE

The cornerstone of the borrowed-reserves operat-
ing procedure is the borrowings function, which
reflects the basic economic factors that induce depos-
itory institutions to borrow from the Federal Reserve.
!t is usually argued that the level of borrowings {Borr}
from the Federal Beserve is influenced primarily by
the spread between the federal funds rate (FFRi and
the Federal Reserve's discount rate (DR Accordingly,
the borrowings function is

(t} Borr, = b, + b{FFR, — DRJ + v,

where b, and b, are constants (b, > 0. The random
error term, v, captures the effect of all other factors
that determine depository institutions' borrowings. It
can be thought to represent “transitory” shocks to the
borrowings function, while changes in b, represent
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‘For a discussion of this change, see Roley (1986), Wallich {1984)
Federal Reserve Bank of New York (1986) and Gilbert (1985},

“permanent” shifts in the function. This distinetion
will be useful later.

The equilibrium FFR, given DR, is determined by the
demand for and the supply of total reserves. The
supply of total reserves is composed of nonborrowed
reserves (NBR) and reserves supplied through the dis-
count window. The demand for totat reserves is com-
posed of the demand for required plus excess re-
serves. Theory suggests that the demand for reserves
is inversely related to the federal funds rate. Equating
the demand for and the supply of total reserves results
in an equilibrium equation for the {ederal funds rate of
the general form

(2 FFP‘: = o }L‘NBB,, Fogr Moy = 0.

This equation shows all possible combinations of non-
borrowed reserves and federal fimds rates for which
the supply of and the demand for total reserves are
equal. Equation 1, presented in figure 1b, and equation
2, presented in figure ta, can be used to illustirate how
the borrowings procedure operales and to show simi-
larities and differences between a borrowings operat-
ing procedure and a federal funds rate targeting pro-
cedure. Suppose the borrowings assumption is selt at
Borr®, shown in figure 1b. The borrowings assumption
represents the amount of reserves that the Fed wishes
to induce depository institutions to borrow fron: the
discount window. This implies FFR must equal FFR*.
Given the demand and supply functions, the Fed can
hit its borrowings target by supplyving nonborrowed
reserves equal to NBR”. This establishes an equilib-
rium FTR at FFR* consistent with the borrowings
objective.

while figure 1 clarifies the relationship between the
borrowings objective, the funds rate and nonbor-
rowed reserves, it may be unfamiliar to many readers.
Consequently, from this point on, the analysis will be
illustrated in terms of the more familiar figure 2. (See
appendix A for a discussion in terms of figure 1 and
the details concerning the variances of the federal
funds rate and borrowings stated in the text.) In figure
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Figure 1
Equilibrium in the Reserve Market under a Borrowings Procedure
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2, the supply of total reserves is obtained by adding
borrowed reserves {from equation 1) to the desired Figure 2

level of nonborrowed reserves, NBR*, on the assump- Equilibrium in ihe Reserve Market under a
tion that b, > 0 {see the shaded insertl. The equilib- )

rium federal funds rate, FFR*, is determined by the Borrowings Procedure
intersection of the supply and demand curves in
figure 2. As before, the target level of borrowings is
achieved by providing the appropriate amount of non-
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How the Fed Should Respond to g IR,
Shocks under a Borrowings Operating :
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To understand properly the efficacy of the borrow-
ings procedure as a method of money stock or interest
rate control, it is important to see how the Fed reacts FER*
to shocks when using it. First, consider its response to
an increase in the demand for total reserves, illus-
trated in figure 3a. Other things constant, an increase
in the derpand for total reserves causes the equilib-
rium funds rate to rise from FFR* to FFR* and borrow-
ings to rise from the desired level {TR* —NBR*} to
(TR*" ~ NBR"). To bring burrowings back to its desired
level, the supply of nonborrowed reserves must be
increased via an open market purchase of government NBR* TR*® TR
securities. This reduces the federal funds rate and
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Figure 3

The Effect of an Increase in the Demand for Total Reserves under a Borrowings Procedure
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brings borrowings back to Borr*; that is, (TR* — NBR"}
equals (TR*' ~ NBR*'}, as shown in figure 3b. Conse-
quently, neither borrowings nor the federal funds rate
is changed; instead, the demand for total reserves is
satisfied by an increase in NBR.

Alternatively, the borrowings function could shift to
the right, illustrated by the rightward shift in the TR,
function in figure 4a. Other things the same, borrow-
ings will increase and the equilibrium federal funds
rate will decline from FFR* to FFR*'. If the borrowings
assumption is maintained at Borr*, the supply of non-
borrowed reserves must be increased. This will put
further downward pressure on the federal funds rate
until it reaches FFR*” {see figure 4b), inducing borrow-
ings back to Borr®. In this instance, borrowings are
unchanged and the funds rate falls.

The Borrowings Procesdure:
An Inefjective Tool for Money
Stock Control

The above analysis suggests that strict adherence to
the horrowings procedure will not provide effective
money stock control. If borrowings are kept at the
assumed level, changes in the demand for money and,
hence, reserves will be accommodated by compensa-
tory changes in the supply of reserves. This is illus-

trated by the usual money supply/money demand
paradigm shown in figure 5a. Here, the money supply
is positively related to the FFR and is drawn holding
the discount rate and the level of nonborrowed re-
serves unchanged * As usual, the demand for money is
negatively related to the interest rate. If the borrowings
procedure is used to control the money stock, a
money target, M*, must be established. Given the de-
mand for money and the discount rate, this requires
achieving a specific interest rate, FFR*. Given the bor-
rowings function, this implies a target level of borrow-
ings (Borr*) and target setiing for nonborrowed re-
serves (INBRY).

“The supply of meney is positively sloped on the assumption that
borrowings are positively related to the funds rate and that the
demand for other reservable components of the monetary base is
negatively related to the funds rate. See Thornton {1982b) for a
madet that incorporates these assumptions,

The federal funds rate is not used commonly as the representa-
tive interest rate for money demand. But # is used commaonly in
money supply models as well as those that ingorporaie both monsey
supply and money demand functions, This may not be desirable,
especially if the relationship between the funds rate and the true
representative rate in the money demand equation is either highly
variabie or affected by changes in poticy or policy-refated variables.
it is adequate, however, if there is a fixed proportionate relationship
between these rates,
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Figure 4

The Effect of an Increase in the Borrowings Function under a Borrowings Procedure
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Suppose the demand for monegy increases from M,
to M',? Other things the same, the resulting rise in the
funds rate would increase borrowings. In order to
reduce borrowings back to Borr®, the supply of non-
bhorrowed reserves must increase from NBR* to NBRY,
shifting the money supply schedule to the right as
shown in figure 5a. Because borrowings depend only
on the level of the federal funds rate {given the dis-
couni rate and assuming the function is otherwise
stablel, the desired level of borrowings can be
achieved by supplying the requisite quantity of non-
borrowed reserves. Hence, all shifts in the demand for
money are accommaodated by corresponding shifts in
the money supply if Borr® remains unchanged. In this
case, no difference between money stock control un-
der a borrowings procedure and a federal funds rate
targeting procedure exists.

*Totai reserves demand is composed of the demand for required and
excess reserves. The demand for required reserves can be thought
of as a derived demand, derived from the demand for money via the
relationship between checkable deposits and required reserves.
Because the demand for money generally is estimated to be
interest-inelastic, the demand for required reserves should also be
interesi-inelastic. Of course, during the lagged reserve accounting
(LRR) period prior to February 1984, the demand for required
reserves should be pertectly interest-inelastic. (See Thornton
(1983) for a discussion of the differences between lagged and
contemporaneous reserve accounting.) The demand for excess
reserves usually is found io be relatively interest-insensitive as well.

Now, suppose the borrowings function temporarily
increases, that is, v, > 0. This produces a temporary
rightward shift in the money supply from M, to M’,, as
iflustrated in figure 5b* Other things the same, the
federal funds rate falls and borrowings increase. To
bring borrowings back to Borr®, nonborrowed reserves
must be increased, shifting the money supply sched-
ule still further to the right from M, to M"_. As a result,
the money stock is further away from its targeted level,
M*. Strictly enforced, the borrowings operating proce-
dure yields less short-term control over the money
stock than a straight forward federal funds rate 1arget-
ing procedure as long as the borrowings function is
subject to some variability and the Fed makes no
allowance for the shift ?

The Borrowings Procedure as a Federal
Funds Hate Target

The borrowings procedure produces results that
are identical to those using a federal funds rate target-
ing procedure if all shocks emanate from the demands
for money or reserves. The two procedures yield dif-

“The assumption here is that the discount window is assumed
“open,” given a set of unchanged administrative constraints.

"This point has also been made by VanHcose (1988).
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Figure 5
The Effect of an Increase in the Demand for Money and the Borrowings Function on fhe Money
Supply under a Borrowings Procedure
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ferent results, however, when there are shifts in the
borrowings function. The borrowings procedure exac-
erbates the effect of short-run fluctuations in the bor-
rowings function on the funds rate? If any part of such
shifts is offset bv changes in NBR, the borrowings
procedure will produce greater variability in the fed-
eral funds rate and less variability in borrowings than
a direct funds rate targeting procedure. indeed, under
a borrowings procedure, the variability of borrowings
will be less than the variability of the funds rate under
tairly general conditions.” Nevertheless, if the borrow-
ings function is stable lin the sense that all fluctua-
tions are transitory), fluctuations in the federal funds

*Roley (1986) argues that, while the Fed moves quickly to ofiset
changes in the demand for total reserves, it does not do so for
changes in the borrowings function. Thus, he argues that the federal
funds rate will vary more in the short run under a borrowed-reserves
procadure than under a federal-funds-rate targeting procedure.
Roley’s assertion implies the Fed can distinguish between shifis in
these two functions.

"The relative variability of borrowings will be less if the siope of the
total reserves supply function in figure 2 is flafier than that of the
demand for total reserves — a condition that is likely 1o hold — or if
the Fed is reasonably successful in offsetting the effect of shifts in
the borrowings function. See appendix A for details.

rate will net out over time [Elv,) =0} therefore, the
borrowings operating procedure can be used to
achieve a federal funds rate target over a somewhat
longer-term horizon ®

Of course, the borrowings function also could ex-
hibit permanent shifts associated with changes in b, in
equation 1. In this instance, the assumed level of
borrewings would be achieved only with a substantial
change in the federal funds rate? For example, if
borrowings are maintained at a predetermined level
despite a permanent decrease in the borrowings func-
tion, nonborrowed reserves must be reduced until the
federal funds rate rises enough to return borrowings
to their former level. On the other hand, if the federal
funds rate is kept at its forrer level, the borrowings
assumption must be lowered.

$The two procedures are equivalent if the shocks to both the demand
for totat reserves and borrowings exhibit no persistence and if no
attempt is made to cffset such temperary shocks. See appendix A
for details.

“Watlich (1984), p. 26, notes that the borrowings function is unstable.

Therefore, he contends the borrowings procedure cannot be re-
garded as a form of "rate-pegging,” because the ”. ., chosen level
of borrowing is consistent with any range of values of the funds
rate.”
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In summary, the borrowings operating procedure is
a useful surrogate for a short-run federal funds rate
targeting procedure only if all changes in aggregate
borrowings are produced by shifts in the demand for
total reserves. It is a useful surrogate for a longer-run
federal funds rate targeting procedure only if the bor-
rowings function is stable, that is, subject only to
temporary, random shifts. It is unsuited for a federal
funds rate target whenever there are permanent shifts
in the borrowings function, unless the borrowings
assumption is changed sufficiently,

The Policy implicafions of a Change in
the Borrowings Assumption

Usually, monetary aggregates or interest! rates are
chosen as intermediate policy targets. Why is the
borrowings procedure used when the money stock or
the funds rate could be more directly controlled by
other procedures? What are the policy implications of
a change in the borrowings assumption? Without pre-
cise information about the intermediate policy target,
it is difficult to answer these questions definitively;
nevertheless, some generalizations can be made.

If the borrowings function is stable, an increase in
the borrowings assumption can be interpreted as a
move toward restraint in that it reduces the supply of
reserves relative to demand. Conversely, a decrease is
a movement toward ease. lf the borrowings function is
unstable, in the sense that permanent shifts occur,
however, changes in the borrowings assumption may
reflect the Fed's awareness of these shifts and its
desire to mitigate their effect on the funds rate. A
failure to change the borrowings assumption, on the
other hand, could be interpreted as a movement to-
ward ease or restraint, depending on the direction of
the shift of the borrowings function.

The RBelationship Befween Changes in
the Borrowings Assumption and
Changes in the Discount Rafe

Changes in the borrowings assumption and the
discount rate can be viewed as substitutes. Because it
depends on the discount rate, the TR, curve shifts with
a change in the discount rate. For example, a discount
rate increase shifts the sloped portion of the TR, curve
1o the left at all levels of the funds rate. If the borrow-
ings assumption is unchanged, the quantity of non-
borrowed reserves must be reduced until the funds
rate rises enough to restore borrowings to their de-
sired level. On average, the federal funds rate will

JAMUARY/FEBRUARY 1988

change point-for-point with a change in the discount
rate under a strictly enforced borrowings procedure.

The same change in the equilibrium federal funds
rate could be obtained by changing the borrowings
assumption instead. Consequently, changes in the
borrowings assumption and changes in the discount
rate are substitutes in their etfect on the federal funds
rate under a strictly enforced borrowings procedure.™

Table 1 reports changes in the discount rate and the
borrowings assumption from October 1982 through
December 1986. Technical discount rate changes, re-
portedly made solely to keep the discount rate in line
with market interest rates, are denoted by a T; those
made for other, policy-related, reasons are denoted by
a P."' As the table shows, changes in the borrowings
assumption and the discount rate generally occurred
around the same time: five of the 11 changes in the
discount rate came within about one week of a change
in the borrowings assurption, while two were within
two weeks. Moreover, all changes that occurred close
together were in the same direction, indicating con-
sistent movements in both the borrowings assump-
tion and the discount rate.

The table also shows alternating periods of ease and
restraint. Irom October 1982 through the end of the
vear, the borrowings assumption and the discount
rate were reduced. While changes in the borrowings
assumpltion were modest (even cumulatively} and one
discount rate change was technical, policy eased
moderately during this period.

from spring 1983 to spring 1984, policy moved lo-
ward restraint. The borrowings assumption was
raised by $600 million from March through August
1983, lowered in October 1983 by $150, then increased
by $350 million in March 1984 The last increase was
followed closely by a 50 basis-point technical increase
in the discount rate.

Policy was easier during the fall of 1984, The borrow-
ings assumption was reduced by $700 million from
early October to late December and two policy-related
cuts in the discount rate reduced it by a full percent-
age point. There were no large, consistent movements
in the borrowings assumption during 1985 and none
after early February 1986, despite four cuts in the
discount rate {three of which were policy-related).

“Because a one perceriage-point change in the discount rate is
associated with about a $420 million change in borrowings over this
period, a $420 miliion change in the assumed leve! of borrowings
should have an efiect on the funds rate egual to a one percentage-
point change in the discount rate. See Thornton (1986).

"See Thornton (1986, 1982a) for a discussion of the classification of
discount rate changes into technical and non-technical changes.
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EMPIBICAL EVIDENCE ON THE USE
OF THE BORBROWINGS PROCEDURE

An important factor in determining the impact of
the borrowings procedure on the funds rate and the
money siock is the stability of the borrowings funec-
tion. Historically, the borrowings function has been
subject to considerable random variation: by itseli, the
spread between the federal funds rate and the dis-
count rate explains less than 50 percent of the varia-

JANUARY FEBRUARY 1988

tion in borrowings about its mean level” For the
horrowings procedure to be used effectively as a fed-
eral funds rate target over the longer run, the borrow-
ings function must be stable. It is important, therefore,
to determine whether there have been permanent
shifts in the borrowings function. If so, the key issue is
how the borrowings assumption was changed in re-
sponse to these shifts,

To examine this issue, equation 1 was estimated
using random coefficient regression, where both the
constant term, b, and the slope coefficient, b,, are
allowed to vary through time” Chart 1 presents
random-coefficient-regression estimates of the con-
stant term and a band representing plus or minus one
standard error. The vertical lines show the dates on
which the borrowings assumption was raised or low-
ered, as indicated.

The intercept shows considerable variability, with
but three significant exceptions, the borrowings as-
sumption was changed in the direction consistent
with mitigating the effect of shifts in the borrowings
function on the federal funds rate.” The three excep-
tions ocecurred in October 1984, August 1985 and Octo-
ber 1985, In October 1984, when the borrowings func-
tion shifted upward, the borrowings assumption was
reduced from $1 billion to $750 million. In both August
and Qctober 1985, the borrowings assumption was
raised, despite the downward shift in the borrowings
function. Both Increases were relatively small (875
million each), however, and both were completely
offset by the mid-December decrease.

These results are consistent with movements in
horrowings, the borrowings assumption and the fed-
eral funds rate presented in chart 2. The October 1984
change in the borrowings assumption preceded
moverments in borrowings; however, this action fol-
lowed a 100 basis-point drop in the funds rate from its

?This is for the period from October 1982 through June 11, 1986. See
Thornton (1986). This same function estimated for the 222 weeks
prios to October 8, 1979, has an R? of about .70.

“The procedurs used here is suggested by Garbade (1877} The
aquation was first estimated allowing only the constant term to vary.
It was then reestimated allowing both the constant and slope coeffi-
cients to vary; this was done to determine whether variation in the
slope coefficient was being inappropriately attributed tc the constant
term. The results presented in chart 1 are from the latter estimation.
The qualitative interpretation of the relationship between changes in
the borrowings assumption and shifts in the borrowings function
was not affected by the different estimation procedures.

“There were two other excepiions: they ocourred on October 6, 1982,
and May 22, 1985. In both instances, however, these changes
predate the shift by only cne week. Including these in subsequent
statistical tests does not affect the results.
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Chart 1
Varying Parameter Intercept
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cvclical peak for the week ending August 22.% Nearly
all other changes in the borrowings assumption were
preceded by movements in borrowings and the fed-
eral funds rate in the same direction.

A Comparison of the Variabilitv of
Borrowings and the Federal Funds Rate

Further evidence on the effects of using the borrow-
ings procedure can be obtained by analyzing scatter
plots of borrowings and the federal funds rate during
periocds in which both the borrowings assumption

“The FOMC meeting was held on October 2, 1984. The federal funds
rate had fallen to 9.84 percent on September 26, though it averaged
10,73 percent for the week ending Wednesday, September 26. The
weekly peak was 11.77 percent for the week ending Wednesday,
August 22; the daily peak occurred on August 1, when the federal
funds rate was 12.04 percent.

and the discount rate were unchanged.” The previous
results suggest that there are considerable temporary
shifts in the demand for borrowed reserves. If most of
the effect of short-run variation in the borrowings
function on the federal funds rate were offset quickly,
there would be little variation in the federal funds rate
but considerable variation in borrowed reserves. In
the extreme, if the effect of all such shifts on the funds
rate were quickly and completely offset, all ohserva-
tions would Lie along a vertical line representing the
average of the federal funds rate in a scatter plot of
borrowings and the federal funds rate. On the other
hand, if borrowings were kept close to the assumed

5This procedure was suggested to me by R. Allon Gilberi, i is
interesting to note that the variability of borrowings couid be reduced
by simply “tying” the discount rate to the federal funds rate, This
point was made by Thornton (1982b) and more recently by
VanHoose (1987}.
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Chart 2
Borrowings, Borrowings Assumption, and Federal Funds Rate
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level, the funds rate should vary relatively more than
borrowings. In this case, the observations should be
clustered about a horizontal line at the assumed level
for borrowings.”

During the post-October 1982 period, there were six
periods with 10 or more weeks in which both the
borrowings assumption and the discount rate were
unchanged.” Scatter plots of borrowings and the fed-
eral funds rate for these periods are presented in

The variability of borrowings and the funds rate depend on the
slopes of the TR, and TR, curves and the extert to which random
shocks are offset. If more than 50 percent of such shocks are offset
during the period, however, there will be more variability in the funds
rate than in borrowings regardless of the siopes of these curves.

sPlots for the omitted periods show nc paitern. They consist, how-
ever, of very few observations.

charts 3a through 30* The data used in these charts
have been normalized. The actual level of borrowings
was normalized by dividing it by the level of the
borrowings assumption for the respective period. The
tederal funds rate was normalized by dividing it by its
average rate for the period.® All charts have identical
scales for both variables to make it easy to compare the
relative variabilitv. The solid horizontal and vertical
lines denote where the normalized variables are equal

¥These data exclude outliers such as the “window-dressing” borrow-
ings during the final reserve period of the year and the unusually
targe borrowings associated with Continental Bank of lllinois. See
Thernton (1986) for a discussion of the latter episode.

“Because the mean of the normalized rate spread equals ong, the
rate spreads will be scattered symmetrically about the vertical line.
In contrast, the data poinis will be scattered asymmetrically above
{beiow} the vertical line depending on whether the borrowings
assumption is below (above) the average level of borrowings for the
period.
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Chart 3
Selected Scatter Plots of Normalized Borrowings
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The vertical reference lines refer to the normalized mean of the federal funds rate; the
horizontal reference lines refer to the normalized mean of borrowings.
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and the Normalized Federal Funds Rate
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to one. Some descriptive statistics for the raw data are
presented in table 2.

Finally, chart 3g is a scatter plot from late December
1978 to late July 1979, when it is generally acknowi-
edged that the Fed was targeting the federal funds
rate. During this period, a 75 basis-point target range
for the federal funds rate was specified.”

With the exception perhaps of chart 3¢, no period
suggests a rapid adjustment to maintain borrowings
at the assumed level. In contrast, two periods (charts
3a and 3e! show relatively litile variability in the fed-
eral funds rate. Indeed, a comparison of these charts
with chart 3g shows that the funds rate fluctuated less
around its mean during these periods than it did
around the midpoint of the Fed's narrow range for the
federal funds rate in early 1979.

There should be less variability in borrowings and
more variability in the federal funds rate under a

“This was the only extended period in which the federal funds rate
kand was both narrow and unchanged.
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borrowings target than under an interest rate target.
Table 3 presents the mean, standard deviation (SD}
and a measure of relative variability, the coefficient of
variation (CV}, for weekly data during the period of the
borrowings operating procedure and during an equal
munber of weeks under an interest-rate-targeting re-
gime. The resulls are generally consistent with those
discussed above, The variability of borrowings differs
little in either absolute or relative terms between the
two perieds. The variability of the federal funds rate,
however, fell considerably; its 5D declined nearly 30
percent, while its CV declined nearly 50 percent.*

The Impact of Changes in the
Borrowings Asswmnpftion on the Federal
Funds Rale

I changes in the borrowings assumption were
made primarily to offset shifts in the borrowings func-
tion, there should be no significant relationship be-

#This result is only marginally affected by the switch from a one-week
to a two-week reserve accounting period. If only reserve period data
are used for the CRR period, the standard deviation of the funds rate
is 1.60 percent and the coefficient of variation is .19.
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tween changes in the borrowings assumption and
movements in the federal funds rate. If changes in the
horrowings assumption are made for other reasons,
they should produce a significant effect on the federal
funds rate ™

#This is true only if & discount rate change shows significant direct
effect on the federal funds rate; Thornion (1986) argues such an
eftect should be smail and insignificant. Indeed, this may provide an
expectations-effect-free method of assessing the direct effect of a
discount rate change on market interest rates. See Thornton {1986}
for discussion of three potential effects of a change in the discount
rate on the federal funds rate.

Because the Federal Reserve makes a public statement when it
changes the discount rate, it is difficult to separate the direct and
announcement effects. In contrast, the levels of the borrowings
assumption for the previous calendar year are made public in the
Spring issue of the Federal Reserve Bank of New York Quarterly
Review. Because appropriately scaled changes in the discount raie
and the borrowings assumption have eguivalent announcement-
free effects on the supply of credit in the market, the direct effect of
discount rate changes can be gauged by investigating the effect of
changes in the borrowings assumption if the Federal Reserve
moves quickly to stabilize the levet of borrowings at the new as-
sumed level, If changes in the borrowings assumption are made to
oftset the effect of shifts in the borrowings function on the federal
funds rate, they will not produce a significant effect on the federat
funds rate and will not provide an announcement-effect-free test of
the direct effect of a discount rate change.
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To investigate this, the following equation was
estimnated:

L
{31 AFFR, = o, + = oAFFR_, + B,ADRT,
i=1
K
+ BADRNT, + 2 wABA_, + ¢,
i=0

Here, AFFR denotes the change in the federal funds
rate, ADRT and ADRNT denote “technical” and "non-
technical” changes in the discount rate, ABA denotes
the changes in the burrowings assumption and e
denotes a random error term. A change in the borrow-
ings assumption was assumed to be effective the day
after the decision was made.® This equation was esti-
mated using ordinary least squares {OLS) for the pe-
riod from October 1, 1982, through Decemnber 31, 1986;
however, the equation was estimated separately for
the period of lagged reserve requirements, LRR (up to
February 1, 1984) and conlemporaneous reserve re-
gquirements, CRR* The equation was estimated using
daily, weekly and reserve-period data {one week be-
fore February 1, 1984, and two weeks thereafter).

Because it is not known how quickly changes in the
borrowings assumption are implemented or how rap-
idly the federal funds rate might respond, lags of ABA
were included; however, the F-statistic for including
lagged values of the ABA, F, ... shows that the rela-
tionship between the AFFR and ABA is contlemporane-
ous regardless of whether daily, weekly or reserve-
period data are used.®

The results are reported in table 4. They indicate a
statistically significant positive relationship between
changes in the funds rate and changes in the borrow-
ings assumption only for weekly data during the CRR
period. A further investigation of this relationship,
however, shows it to be quite fragile (see appendix B

Al changes in the borrowings assurnption but one were made at
regutarly scheduled meetings of the FOMC.

=The equation was estimated for separate periods for several rea-
sons. First, it would be inappropriate to estimate the equation using
reserve-period data for the entire sample period with OLS because
the error terms of one-week and two-week average data will be
different and OLS would not reflect the heteroskedasticity induced
by the change in the reserve accounting period. Second, the coeffi-
cients do not appear to be stable over the entire period as the results
of table 4 suggest. Third, there is & pronounced quarterly seasonal
spike during the LRR period {as is readily evident in chart 2) that is
not statistically identifiable during the CRR period. Finally, there is
low-order autocorrelation in the error term during the CRR period
which is not evident during the LRR period.

*The exception was for daily data during the CRR period; however,
the sum of the coefficients was not significantly diferent from zero.
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{or details!. Hence, there is no strong, statistically sig-
nificant relationship between changes in the borrow-
ings assumption and changes in the funds rate. These
results are consistent with the previous ones that
changes in the borrowings assumption were made
primarily to accommodate shifts in the borrowings
function”

SUMMARY ARD CORNCLUSIONS

This paper assesses the usefulness of the borrow-
ings operating procedure in conirolling the money
stock or the interes! rates. The borrowings procedure
is a poor method for achieving money stock control. In
fact, a federal funds rate targeting procedure is supe-
rior for both money stock and interest rafe control.

The borrowings procedure is an effective means of
targeting the federal funds rate in the short run only
when the variation in borrowings is due solely to shifts
in the demand for total reserves. It is an effective
means of targeting the federal funds rate over longer
periads only when the borrowings function is stable. If
there are permanent shifts in the borrowings function,

@ Alternatively, these results could be interpreted as evidence that the
announcement-free, “direct effect” of a discount rate change on the
federal funds rate is nil.
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the federal funds rate will vary with shifts in the
borrowings function, and the borrowings procedure
can be used to target the federal funds rate only if
compensatory changes in the borrowings assumption
are made.

Evidence indicates that the borrowings function is
unstable. Also, it suggests that generally the borrow-
ings assumption has been changed in the direction
that offsets the effect of permanent shifts in the bor-
rowings function on the federal funds rate.
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Complete Results for a Simple Model of the

Reserves Market

This appendix develops the results stated in the text
in terms of a simple model of the money stock. The
model consists of the following equations:

A1) TR, = a, — a,FFR + u

tAZ] Borr = b, + bJ¥FR—-DR) + v
{A31 TH, = NBR + Borr,

and

IA4) TR, = TR,

where TR denoles total reserves and the subscripts
“d” and "s" denote “demand” and “supplv.” Borr
denotes the amount of borrowings and NBR the sup-
ply of nonborrowed reserves, which is assumed to be
controlled by the Fed. FFR and DR denote the federal
funds and discount rates, respectively, and u and v are
random errors such that E(ul = Elv) = Eluvl = 0.
Eguations A1 — Ad can be combined to yield the
expression for the equilibrium federal funds rate

{AB} FFR = —A7[NBR + h,—a) — bR + v — ul},

where A = {a, + b,l. Figure Al-a shows the expected
value of this equilibrium equation? Given the discount
rate and the structural parameters, it shows all possi-
ble combinations of FFR and NBR such that the re-
serve market is in equilibriam. Figure Al-b reflects the
expected value of the borrowings function, equation
A2

"The “time” subscript, t, is dropped for convenience.

£The curve stopes downward on the assumption that the interest rate
intercept is positive. A sufficient condition for thisis that a, > b,

If the Fed establishes a borrowings objective, Borr?,
the federal funds rate must equal FFR*, given the
discount rate. The equilibrium trade-off curve indi-
cates that the target level of borrowings can be hit hy
providing nonborrowed reserves equal to NBR*. This
illustrates the relationship between a borrowings op-
erating procedure and a federal funds rate targeting
procedure. If the Fed does not respond to stochastic
shocks, the variance of borrowings will be identical
under either procedure, as will the variance of the
federal funds rate.

Differences between the two preocedures emerge
when the Fed acts to ofiset disturbances in borrow-
ings, v. The results depend on the time period over
which the disturbances are operative and the assump-
tion made about the distributions of u and v. For
example, if shocks occur each day and #f v and u are
white noise, such shifts essentially will be impossible

n n

to offset. Furthermore, because X u/mand 2 v/n
i=1 i=1
approach zero as n gets large, there is no need 1o offset
these shifts if the planning horizon is fairly long. Over
shorter periods such as a reserve period (one week
hefore February 1984 and two weeks thereatter), these
errors will seldom “average out;” therefore, it may be
desirable 1o offset part of these shocks. Also, these
shocks may exhibit persistence, eg., u, = ¢u,_, + ¢,
and v, = ¢,v_, + 1, when g, and 1, are white noise. In
this case, the Fed may also find it advantageous to
offset some shifts during the reserve period lor, for
that matter, over a somewhat shorter or longer period|
depending on the magnitude of ¢, and o,.
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Figure Al

Equilibrium in the Reserve Market under a Borrowings Procedure
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The Model with Compleie Adjustment to
Shocks

The borrowings operating procedure can bhe differ-
entiated from an interest rate targeting procedure by
comparing the appropriate response to shocks in
either borrowings or the federal funds rate under each
procedure. initially, this is done under the assump-
tion that the Fed completely offsets all shocks.

Under the borrowings procedure, the appropriate
response to shocks is to change nonborrowed re-
serves in accordance with the rule;

(A6) ANBR = u + (a/bjv?

Thus, nonborrowed reserves should change dollar for
dollar with a shock to the demand for total reserves
and by a larger or smaller amount (depending on the
relative magnitudes of a, and b)) for a shock to borrow-

*This rule is cbtained by substituting AS into A2, totally differentiating
the result and setting it equal to zero, Technically, the resultis dNBR
= du -+ (a./b,)dv; however, since the results are presented about the
expected value, du and dv have been replaced with i and v.

ings. These cases are illustrated in figures A2 and A3,
Infigure A2, a fully anticipated increase in the demand
for total reserves shifts the market equilibrium curve
by u; the borrowings function remains unaffected by
this shock. Consequently, the target level of the federal
funds rate is unchanged, but NBR is increased by u.

In figure A3, a positive value of v shifts the borrow-
ings function to the right by v and the market equilib-
rivm curve to the left by v. As a result, the level of the
funds rate that is consistent with the borrowings ob-
jective is lower and nonborrowed reserves must be
expanded by {a/b) to bring the funds rate down
enough to maintain borrowings at the target level. If
the Fed fully offsets shifts in the demand for total
reserves, neither borrowings nor the funds rate will
change. If the borrowings function shifts, however,
borrowings would remain at their target level but the
federal funds rate will change.

Under a federal funds rate targeting procedure, the
appropriate rule for adjusting nonborrowed reserves
would be

A7) dANBR = u — v.

Note that the response to a shock in total reserves
demand is the same as under the borrowings operat-
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Figure A2
The Effect of a Rise in v under a Borrowings Operating Procedure
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Figure A3
The Eftect of a Rise in v under a Borrowings Procedure
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Figure A4
The Effect of a Rise in v under a Federal Rate Targefing Procedure

FFR

FFR

s 4 T s R M Pl B 5

e

* NBR* NBR
{a}

FFR

Borr

Borr’

1 1" S T SR A

v v e e 35 5 o 0t o s e o e e g e e

Berr Borr’ Borr

{b)

ing procedure, equation A6. The difference in the two
procedures comes in the response to shifts in the
borrowings function. In the case of an interest rate
target, the Fed oifsets the effect of an increase in the
borrowings function by reducing nonborrowed re-
serves by v lillustrated in figure A4), while under a
borrowings operating procedure, the Fed increases
nonborrowed reserves by {a/b) of the shock.

tInder an interest rate target, if the Fed offsets all
shifts in the demand for total reserves, neither borrow-
ings nor the funds rate will deviate from their target
levels tas under the borrowings procedure;. If the Fed
offsets shifts in the borrowings function, the funds rate
will not vary; however, there will be variability in
horrowings.

The Model with Incompleie Adjusiment
to Shocks

The above analysis is based on the assumption that
the Fed has perfect foresight and completely offsets
shocks to total reserves or borrowings. Now assume
that the Fed only offsets part of the shocks. That is,
equation A6 can be rewritten as

1A&) dNBR, = 3u + 8taysb v,

where & represents the proportion of shocks which
the Fed offsets over a given planning horizon, 0 = & =
1. & = 1 is the complete adjustment model, § = 0
represents a model in which the Fed makes no at-
tempt to offset shocks. § would likely increase with the
length of the planning horizon.

The variance of borrowings and the funds rate un-
der a borrowings operaling procedure can be ex-
pressed as
(A9} VariBore|Borr's = b1 -8 A o

+ {1-h, A" M1 +dash gl el
and
{A10] VartFFR|Borr*l = (18P A% o? + A71 + & ayhlol,
respectively.’ Note thal Var{Borr|Borr™) equals zero
if & = 1, and A#¥bir + alo? if & = 0. Also,
Var(FFR ] Borr*} equals (ovb if § = 1, and A~*o?® + o3 if
=0

The variance of borrowings and the funds rate un-
der a funds rate target can be expressed as

‘These expressions are oblained by applying the definition of the
variance, e.g., E[Borr — £ (Borr}]?, and repiacing NBR — E(NBR)
with equation A8.
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iA11) VariBorr | FFR* = b1 —8¥ A0

[1—h, A" -8 Fg?

..i..

and
(A12) VarlFER|FFR®) = A-31 - 8Fioi+ o,

respectively. The VariBorr | FFR™ equals o?if 8 = 1 and
A ibiod + a0 00D = 0, while the Var(FFR | FFR*) equals
zeroif & = 1and A 4a + o3 if & = 0.

A comparison of equations A9 and A1t shows that
the variance of borrowings will be smaller under a
borrowings procedure than under an interest rate
targeting procedure for 8 > 0 and equal for 8 = 0. The
variance of the funds rate will be larger under a bor-
rowings procedure than under an interest rate target-
ing procedure for 8 > 0 and equal for & = 0.

Also, it is possible to establish conditions under
which the variance of borrowings wiil be small relative
to the variance of the federal funds rate under a
borrowings target. Solving equation A10 for (1 —&F
Ao and substituting the resuldt into A9, vields

{A131 VariBorr|Bomr*! = b? VarlFFR | Borr™
+1—b A1+ 8a/biFol A1+ Bash ol

Since the term b Var(FFR | Bory*) is merely the variance
of the interest rate expressed in units comparable to
VariBorr| Borr™), after some simplification, the vari-
ance of borrowings relative to the federal funds rate
under a borrowings operating procedure can be writ-
ten as

iA14) VariBorriBorr™l — bt VarlFFR | Borr™)
= {1 -8 ¢! — o,

where § = b, A7'(1+8a/b)). 8 is a monotonic increas-
ing function of 8. The right-hand side of A13 is negative
if @ > 1/2. This condition will hold ifb, > a, oritd = 1/2.
Hence, under some fairly general conditions, the vari-
ance of borrowings will be less than the variance of the
federal funds rate under a borrowings operating
procedure.

Likewise, equation A12 can be solved for A7*1 - BP0},
and the result substituted into equation All. This
vields

{A15] VariBorr | FFR* — b? Var(FFR | FFRY)
= (1 o~ o,

where & = b, A7{1 - 8L ¢ is a monotonic decreasing
function of &. The right-hand side of equation A15 will
be negative if & > 1/2. This will be satisfied if b, > a, or if
3 > 1/2. Consequently, if the Fed is able to offset more
than half of the shocks over its planning horizon, the
variance of horrowings will be larger than the variance
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of the funds rate under an interest rate targeting
procedure.

While it mav seem odd that the expressions for the
relative variance do not depend on of, this result is
quite intuitive. Variation in the demand for total re-
serves affects the variance of borrowings only through
its effect on the variation of the federal funds rate, not
directly through the borrowings function. Conse-
quently, variability in the demand for total reserves
only produces variability in the market interest rate;
given the borrowings function, this translates into an
equal amount of appropriately scaled variability in
borrowings. This result is illustrated in figure A5 under
the assumption that 8 = .

This also explains why control errors, ie, NBR =
NBR" + w, where w represents a random control error,
increase the variability of both borrowings and the
federal funds rate, but do not affect the variability of
borrowings relative to the funds rate. This is illus-
trated in figure A5 alternatively as NBR above (NBR ) or
below (NBR") the target level (NBR*).

What If v and v Are Correlated?

One possibility that deserves consideration is the
case where u and v are correlated, that is, shocks to the
demand for total reserves, u, produce a change in the
demand for borrowed reserves, v. To see how this
affects the results, consider first the special case in
which the shocks are perfectly correlated, eg., v = {u.
Assume that § is positive, although this assumption is
not critical to the results. Given these assumptions,
equation A3 can be rewritien as

(A18! FFR = —A~'INBR + ih,—a) — bDR — {1 —§&ul

Note that i1 — £} is positive if 0 = £ <1, zero il = 1 and
negative if § > 1. Given this assumption, no shifts in the
borrowings function are independent of shifts in the
demand for total reserves. Hence, the difference that
the correlation between the error terms makes can be
seen by comparing the effect of a change in u under
both assumptions. In the model that assumed inde-
pendence, the equilibrium interest rate curve shifted
to the right by u while the borrowings function did not
shift, as in figure A2, Under perfect positive correlation,
the market equilibrium curve shifts by (1 ~ &u, while
the borrowings function shifts by £u. These shifts
determine the extent to which open market opera-
tions must be undertaken to stabilize borrowings at
the target level * It also can be shown that the assump-

#{f &£ < 0 and equal to —b,/a,, nonborrowed reserves will not have to
change to stapilize borrowings at the target level. In this case, the
leftward shift in the borrowings function just cancels the effect of the
rightward shift in the equilibrium curve on nonborrowed reserves.
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Figure A5

An Hlustration of Why the Variance of Borrowings Relafive fo the Federal Funds Rate is Unaffected by &
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tion of perfect correlation has no effect on conclusions
about the variability of borrowings and/or the federal
funds rate under the alternative operating procedure.

What if the stochastic disturbances are not perfectly
correlated? For example, assume that v = fu + 7,
where 7 is identically and independently distributed
with a mean zero and a variance o, Given this as-
sumption, the error term of equation A3 is simply
~h'[n + (- §rul the same as that of A5 except that u
is replaced by {1 — §u and m replaces v. Consequently,

all of the previously stated results hold.®

“The intuition for this is straightforward. The variability of borrowings

under a borrowings operating procedure relstive to that under a
federal funds rate operating procedure depends only on the variabil-
ity of the borrowings function. Since variabiiity of the borrowings
function is the same under any of these assumptions, i.e., v = guor
even v = fu + =, for both the borrowings and federal funds rate
targeis, the assumption made does not affect the general conciusion
about the variability under these procedures. This is also the reason
the general conclusions abcut the variance of borrowings relative to
the federal funds rate under the borrowings operating procedure are
unaffected by this assumption.
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A More Detailed Analysis of the Efifect of a Change in the
Borrowings Assumption on the Federal Funds Rate

The purpose of this appendix is to present detailed
results on the effect of a change in the borrowings
assumption on the federal funds rate, One way to
calibrate such effects is to estirnate a reduced form
equation for the level of the federal funds rate (FFR):

(Bl FFR, = o + BDR, + uBA, + s,

where DR and BA denote the level of the discount rate
and borrowings assumption. Under a strict borrowed-
reserves operating procedure, B should be positive
and equal one. OLS estimates of equation B1 are re-
ported in the top half of table B1 for the LRR and CRR
periods. Three significant aspects of these results de-
serve particular attention. First, the hypothesis that §
= 1 is rejected at the 5 percent level during both
periods. Second, the  statistic does not indicate low-
order serial correlation during the LRR period, but
does indicate it during the CRR period. Nevertheless,
the residuals show a pronounced quarterly seasonal
spike during the LER period (clearly evident from
chart 2 of the text). Third, the standard error of the
equation increases dramatically during the CRR pe-
riod, indicating increased variability of the FFR under
CRRE. (This is true whether weekly or reserve period
data are used.)

Because of the seasonal spike during the LRR period
and serial correlation of the residuals during the CRR
period, the equations were reestimated including
lagged dependent variabies. The results are reported
on the bottom half of table B1. (Four lags of FFR are
included during the CRR period; in addition, FFR,_, is
included during the LBR period.) During the LRR
period, the coefficient on BA increased somewhat,
although its t-ratio declined. Also, the estimate of B
declined substantially and the hypothesis that § = 1
is rejected at very low significance levels. For the
CRR period, the estimated coefficient on BA de-
clined by nearly two-thirds and the t-ratio declined
dramatically.

There are several reasons for questioning the esti-
mates from the level equations. The first reason relates
to the time-series properties of the individual series
themselves. BA is highly autocorrelated, as table B2
indicates. The fact that the levels of BA and FFR are
highly autocorrelated atfects the relationship between
them. This is evident in the simple correlation coef-
ficients given in table B3. The simple correlation of FFR
and BA is higher than that of FFR and actual adjust-
ment plus seascenal borrowing, Borr, during the LERR
period; however, the correlation coefficient of first
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differences of FFR and BA is dramatically different
from that of their levels. This is not true, however, of
the correlation between Borr and FFR and ABorr and
AFFR. For the CRR period, when their autocorrela-
tions match closely, the correlation between FFR and
BA is high. Yet in first-difference form, the correlation
is essentially the same as during the LRR period and is
ned statistically significant.

A second reason to be cautious of the level equation
results has to deo with the long-run stability of the
borrowings function itself. The borrowings assump-
tion does not represent an exogenous supply of bor-
rowings; more precisely, it is an exogenous target level
that the Fed atlempts to induce depository institu-
tions to hold by altering the supply of nonborrowed

reserves. Consequently, actual borrowings can, and
do. deviate from the desired level. Nevertheless, over a
longer time period, the average level of borrowings can
be close to the desired level. This is especially likely if
adjustments are made to nonborrowed reserves or if
the borrowings assumption itself is changed to keep it
in line with actual borrowings levels.

Therefore, when the level of the funds rate is re-
gressed on the level of the borrowings assumption,
there is a tendency to retrieve this long-run relation-
ship to a greater or smaller degree, depending on
how closely the borrowings assumption mimics ac-
tual borrowings.'

In order to more closely capture the effect of an
exogenous change in the borrowings assumption on
the funds rate, first differences of the funds rate are
regressed on first differences of the borrowings as-
sumption. This should vield consistent estimates of
the iminediate response of the federal funds rate to an
exogenous change in the borrowings assumption,
even if the level specification is correct® Moreover, it

‘Augmented Dickey-Fulier tests for stationarity applied ic borrowings

and the funds rate indicate that both series are integrated of order
one, i.e., 1{1) for the LRR period. When the test is applied to the
residuals from OLS estimates of equation 1, however, the results
indicate that borrowings and the funds rate are cointegrated in the
Engle-Granger (1887) sense. The augmented Dickey-Fulier test
indicates that BA and FFR are 1(2) over the CRR period. Yet the test
indicates that the residuals from equation 1 estimated over this
period are stationary.

The OLS estimate of by, of equation 1 from the text for the LRR
period is 471. This yields an implied coefficient estimate of B of
equation B1 equalto .0621 (1/471). The implied estimate of {8 for the
CRR period using reserve-period data is .0038 {1:/260).

2See Plosser, Schwert and White (1982),
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should avoid spurious correlation often experienced
when the levels of nonstationary series are used.

Finally, because the bhorrowings assumption is
changed infrequently, changes in the borrowings as-
sumption can be partitioned into those that do have a
significant effect on the federal funds rate and those
that do not. This is done by estimating the equalion:

K

(B2) AFFR, = a, + & oAFFR
i=1

+ B, ADRT, + B, ADRNT,

=i

1L
+ £ wABA, + e,
i=1
where ABA,; takes on the value of the jth change in the
borrowings assumption during the period and is zero
otherwise. . denotes the number of changes in the
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borrowings assumption over the sample period? The
estimated standard error from this equation, o?, mea-
sures the conditional variance of AFFR for periods
when ABA = 0. Hence, the t-ratio for the jth ABA
indicates how much the federal funds rate moved
during this period relative to periods when the bor-
rowings assumplion was unchanged.

The t-ratios for each ABA are reported in table B4.
The results indicate that, of the 17 changes in the
borrowings assumption during the LRR period, 10
were inversely related 1o changes in the federal funds
ate. During the CRR period, either seven or eight of
the 21 ABAs were inversely related to the funds rate,
depending on whether weekly or reserve-period data
are used. The results in table B4 can be used to
partition ABA into those that have a positive signifi-

3If daily data were used, L is equat io the number of changes on the

borrowings assumption over the sample pericd. When weekly or
reserve-period data are used, the data are averaged on a pro-rata
basis. Consequently, i denotes the number of weeks or reserve
periods that are affected. This is usually larger than the number of
changes in the borrowings assumgtion itself.
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cant effect on the funds rate, ABA-A, those that have a
significant negative effect, ABA-AN, and all others,
ABA-B. This was done by including in the A or AN
groups all ABAs that are significant at the 0.25 percent
level using standard analvsis. Those changes in BA
that are in the A or AN groups are designated corre-
spondingly in table B4,

Estimates of the same basic equation with the parti-
tioned data are presented in table B5. In all cases,

JANUARY/FEBRUARY 1588

except the single observation in the A group during
the LAR period, the coefficients on the A and AN
partitions are significant at the 5 percent level. More
importantly, the coefficients on the changes in the
borrowings assumption in the B partition, which ac-
count for the vast majority of changes in the borrow-
ings assumption, were uniformly insignificant at the 5
percent level. This evidence indicates that the link
between changes in the borrowings assumption and
the federal funds rate is, at best, weak.



