The Discount Rate and Market
Interest Rates: Theory and

Evidence

Daniel L. Thornton

£ HE relationship between the Federal Reserve's
discount rate and money market interest rates con-
tinues to be a topic of much interest and even more
confusion. A significant number of money market ana-
lysts and some in public service believe that the dis-
count rate is an important tool through which the
Federal Reserve exerts its influence over the economy
— particularly market interest rates. This view ap-
pears to have gathered strength from recent evidence
that discount rate changes have a statistically signifi-
cant effect on market interest rates and from the
presumed effects of a 1982 change in the Federal
Reserve’s operating procedure. Consequently, the
long-standing discrepancy between what economic
theory savs about the relationship between the dis-
count rate and market interest rates and the view
among many money market analysts appears to have
become larger. The purpose of this article is to narrow
the gap by pointing out that, both in theory and in
practice, changes in the Federal Reserve's discount
rate, per se, have essentially no effect on market inter-
esl rales. At best they "signal” changes in the Federal
Reserve's use of other more powerful tools of policy.
Any impact of a discount rate change on market inter-
est rates is due to changing expectations or to a
change in Federal Reserve operations following the
discount rate change.

Daniel L. Thornton is a senior economist at the Federal Reserve Bank of
St Louis. Rosemarie Mueller provided research assistance.

‘See Thornton (1982) for a summary of some of the usual sources of

confusion; Thornton {1982), Setlon and Seibert {1982} and Smirlock
and Yawitz (1985} for empirical estimates of a change in the dis-
count rate on market interest rates, and Batten and Thornton (1984,
1985) and Hakkio and Pearce (1986) for empirical estimates of an
impact of a discount rate change on the foreign exchange market.
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Figure 1 illustrates a commonly held view of the
relationship between a cut in the discount rate and
the response of market interest rates; it shows the
hyvpothetical tfime path of market interest rates before
and after a hypothetical cut in the Federal Reserve
discount rate at time t,, and it reflects the perception
that a cut in the discount rate causes market interest
rates 10 be permanently lower than they otherwise
would have been. This cause-and-effect relationship is
purely gualitative. It is not clear whether a 1t
percentage-point cut in the discount rate will lower
market rates by 1 percentage point or only a few basis
points. It merely is asserted that market rates will be
lower,

The view that the discourt rate is preeminent in the
money market contrasts sharply with economic the-
ory and the perception of many economists that the
discount rate is the least powerful of the Federal
Reserve's tools for influencing the money stock and
interest rates. Before turning to this analysis in detail,
it is instructive to consider some casual evidence
against the idea that the discount rate is preeminent
in the money market. Chart 1 shows the three-month
Treasury bill, federal funds and discount rales weekly
for the period from October 1982 to June 1986. What
do these data show about the effect of a discount rate
change on market interest gates? First, in a namber of
instances, discount rate changes are followed closely
by a leveling off of market interest rates or by a move-
ment in the opposile direction. While this does not
rule out the possibility that market rates would have
been higher lower] if the discount rate had not been
cul {raised], it does suggesl that the market analyst



view is not supported by a simple analysis of interest
rate behavior.

Second, nearly all discount rate changes follow,
ather than lead, movements in market interest rates
in the same direction? it would seem that changes in
market interest rates motivate discount rate changes
rathier than the reverse. Furthermore, even when mar-
ket rates declined (increased) following a discount
rate cut {increase), it is particularly difficult to deter-
mine whether market rates would have moved in the
same or similar fashion in the absence of a change in
the discount rate. While all of this is inconclusive, it
provides weak and often contrary evidence of a dis-
count rate/market interest rate line ol causation, and
provides little comfort to those who believe the view
illustrated by figure 1.

Because the interest rate is the price ol credit, any
impact of discount rate changes on market interest
ates must come via thelr effect on the supply of or the
demand for credit. In this regard, three distinct —
though not necessarily mutually exclusive — effects of
a discount rate change can be identified. These are
ilhustrated in figure 2. Prior {o the discount rate cud,
the credit market is in eguilibriom at an interest rate of
R, corresponding to the intersection of the initial
supply and demand curves, S, and D, respectively,

The first effect, called the direct {or substitution)
effect, causes a shift in the supply of credit. Discount
window borrowing is one method depository institu-
tions use to adjust their reserve position. Alternatively,
they can buy federal funds or sell government securi-
ties directly in the money markel® Since these alterna-
tives are close substitutes, the demand {or borrowed
reserves depends on the spread between market inter-
est rates, especially the federal funds rate, and the
discount rate. As the federal funds-discount rate
spread increases, borrowings from the Federal Re-
serve lend Lo increase and vice versa. Thus, the level of
discount window borrowings usually is expressed as;

{1} Borr = alR,— R, e o,

2This is true of other periods as well; see Thornion (1882}, p. 14

*Depository institutions also can call in loans or carry the deficiency
over into the next reserve period. They rarely, if ever, use these
alternalives, however.
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where Borr denotes the aggregate level of indebted-
ness of depository institutions to the Federal Rescrve
and B, and B, denote the federal funds and discount
ate, respectively.

To ilustrate the direct effect of a change in the
discount rate on market interest rates, assume that the
discount rate is cul. In response, depository institu-
tions increase their borrowings and reduce their use
of alternative sources of reserves. The increase in
borrowings produces an increase in the monetary
base and, in turn, the supply of credit — illustrated in
figure 2 by a shift from 5, to 8,. Thus, a discount rate cut
has a direct effect, causing market interest rates 1o
decline from R, to B,. The effect of an increase in the
discount rate would be symmetric.

Additionally, discount rate changes can have an
“announcemnent effecl.” [f a change in the discount
rate is inlerpreted as a “signal” that the Federal Re-
sarve will alter its policy with respect to the growth of
reserves and the money stock, the market may react in
anticipation of a policy change. A cut in the discount
rate usually is thought to be a signal that the Federal
Reserve is going to pursue an easier monetary policy
50 the market reacts in anticipation of Federal Reserve
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open market operations that will increase the supply
of credit * Consequently, there is an immediate shifi in
the supply of credit, relative to demand, in anticipa-
tion of further monetary ease. If the announcement
effect ocours, it is over and above the direct effect of a
discount rate change, and is illustrated by the shift
from 5, to 8, in figure 2.

Finally, there could be a "policy eftfect” if the Federal
Reserve actually changes its policy and increases the

4This is not the only possibie interpretation for the markel. See Batien
and Thornton (1984) and Smith (1963} for a discussion of this point.

sThis also could have been illustrated by a reduction in the demand

for credit, but was illustrated as a shift in supply to keep the figure
simple.
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growth rate of reserves. This also can be illustrated by
the shift from §, to 8, If the market correctly antici-
pates the direction and magnitude of the policy effect,
market interest rales will remain permanently lower at
R,. Of course, this requires that the market’s expecta-
tions be correct, both in terms of the actual change in
Federal Reserve policy and in terms of the impact of
that policy change on the market® As the Federal
Reserve purchases more securities, speculators sell off
those acquired in anticipation of the policy change. If
the market overanticipates Federal Reserve actions,
however, markel rates first will fall below and then

5This brief discussion gives rise to several issues not analyzed in this
paper, such as ihe effectiveness of policy and the credibiiity of the

central bank. For a general discussion of the credibility issue, see
Cukierman {1986}.




subsequently rise to their long-run equilibrium. Fur-
thermore, if the market's expectations are incorrect
and Federal Reserve policy remains unchanged, inter-
est rates will rise back to B, — the only impact of a
discount rate change would be the direct effect.

Some have argued that the policy effect has become
more important since the October 1982 change in the
Federal Reserve's operating procedure. At that time,
the Board switched from a nonborrowed reserve to a
borrowed reserve operating procedure. It is now
widely believed that the Federal Reserve operates to
achieve a certain average level of borrowed reserves
(called the initial borrowing assumption) over a given
time period.” The mechanics of this operaling proce-
dure can be illustrated by tracing the reaction of the
Federal Beserve to an unexpected increase in the
demand for reserves. Other things unchanged, an in-
crease in the demand for reserves tends to cause both
borrowings and the funds rate to rise, as depository
institutions attempt to satisfv their demand for re-
serves in the money market and at the Federal Reserve
discount window. As borrowings increase relative to
the borrowing assumption, the Fed increases the sup-
plv of nonborrowed reserves via open markel pur-
chases of government securities; in response, both
borrowing and the federal funds rate fall.

A cut in the discount rate, not accompanied by a
change in the initial borrowing assumption, works
analogously. If the Federal Reserve cuts the discount
rate, the demand for horrowed reserves will increase
at all levels of the federal funds rate, causing borrow-
ings to increase relative o the initial borrowing as-
sumption. if the initial borrowing assumption is un-

changed, the Fed must increase the supply of

nonborrowed reserves through open market opera-
tions until the federal funds rate has declined by
enough to return borrowings to the level of the bor-
rowing assumption.

The above implies that equation 1 can be written as:
{2) Borr® = alR, — 1}

where Borr® denotes Lthe Federal Reserve's initial bor-
rowing assumption. Lgquation 2 implies a constant
spread between the federal funds and discount rates.

For & discussion of this, see Roley (1986), Wallich {1984) and
Federal Reserve Bank of New York (1986}.

Figure 2
Three Possible Edfects of a Discount Rate Cuf on Market Inferest Rafes
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Any change in the discount rate will be matched by an
equal change in the federal funds rate, providing there
is no compensatory change in the borrowing as-
sumption.

It should be emphasized that it is not the discount
rate change per se that affects markel interes! rales,
bt the subsequent policy effect if the Federal BReserve
strictly adheres to an operating procedure that at-
tempts to maintain the level of borrowings assumed
by its current policy directive. If the market perceives
this behavior, it could also strengthen any announce-
ment effect.

All of the potential effects of a change in the dis-
count rate on market interest rates thut, in particular,
the policy effect) depend on the so-called “liguidity
effect” — the change in interest rates associated with
an unanticipated increase in the growth rate of the
money supply, While such an effect is widely touted in
theoretical discussions, there is little empirical evi-
dence to support it. Yet, without a liquidity effect or at
least the expectation of a liquidity effect, changes in
the discount rate could not have an impact on a broad
spectrum of markel interest rates®

*This, of course, ignores the possible effect of changes in expecta-
tions of inflation on interest rates. See Brown and Santoni {1983),
Cagan and Gandolfi (1969) and Melvin (1983} for a review of the
direct evidence on the liquidity effect.




Much of the discussion thus far has been carried
out in terms of the federal funds rate. in reality, there
are a large number of different rates: the rates on
federal funds, Treasury bills, notes and bonds, com-
mercial bank loans, morlgages, etc. Hence, the array of
credit market assets should be divided into those that
are closely related to the discount rate and those that
are less closely related to il

The market for federal funds is one segment of the
credit market that is particularly sensitive to discount
rate changes and to changes in Federal Reserve opera-
tions. Federal funds are simply the reserve assets of
one depository institution that are sold tlent) to an-
other for the purpose of achieving both institutions’
desired reserve positions. Because such funds are
close substitutes for reserves supplied by the Federal
Reserve, including those supplied through the dis-
count window, changes in the discount rate or Fed-
eral Reserve policy should initially affect the federal
funds rate and subsequently other market rates. {See
page 10 for a discussion of the relationship between
the discount rate and the prime rate )

The relationship between the discount rate and
market interest rates rests, in one way or another, on
the strength of the relationship between borrowings
and the rate spread. Equations 1 and 2, however, imply
that borrowings depend on more than the spread
between the market and discount rates. To see this,
assume that there are no impediments to borrowing
so that depository institutions can borrow any
amount they desire at the discount window. If this
were the case, borrowings would rise whenever mar-
ket rates were above the discount rate and fall when-
ever the discount rate is above the market rate. If we
abstract from problems of inflation and inflationary
expectations, the market ratg would always equal the
discount rate® But if R, = R, however, equation 1
implies that borrowings would be zero.

The data in chart 2, which show weekly adjustment
borrowings and the federal funds ratesdiscount rate

“Under this arrangement, one can envision the Federal Reserve
pushing down interest rates by lowering the discount rate. As this is
done, however, money growth wili accelerate and so will infiation.
As a resuli, nominal interest rates will rise and money wili grow even
faster. Hence, even if the discount window were completely “open,”
the Federal Reserve would be unabie to control interest rates with
the discount rate in anything but the short run.

spread from Oclober 1982 to June 1986, indicate that
the discount and federal funds rates are seldom
equal.” Moreover, when the rates are equal, borrow-
ings are not zero. This is prima facie evidence that
borrowing is not explained solely by the interest rate
spread. Indeed, Federal Reserve regulations, which set
forth the conditions under which depository institu-
tions may use the discount window, make it clear that
borrowing is a privilege and explicitly state that it is
inappropriate to borrow "to take advantage of a ditfer-
ential between the discount rate and the rate on
alternative sources of funds.""

A visual inspection of chart 2 shows that there is
usually a positive relationship between borrowings
and the rate spread, that is, that increases in borrow-
ings tend to be associated with increases in the spread
and vice versa. There are, however, some marked de-
partures from this relationship. The most obvious of
these occurred with the sharp increase in borrowings
in May—June 1884 and November 1985. Both of these
events were accompanied by special circumstances.
The former is associated with heavy discount window
borrowings by Centinental Bank of Hlinois and the
latter with the largest single-day borrowing from the
Federal Reserve when the Bank of New York {BONY)
experienced a computer failure on November 21,
1985.“ Even when these outliers are ignored, however,
there are instances when borrowings and the spread
move in opposite directions. Moreover, there is con-
siderable variation in the relationship between the
average ievel of borrowings and the average level of the
spread. The most cbvious of these is the period from
June 13, 1984, through October 3, 1984, when the
spread averaged over 200 basis points and borrowings
averaged less than a billion dollars, as compared to an
average spread of 70 basis points and average borrow-
ings of £.7 billion over the entire period.”

‘The sirength of the relationship between borrow-

“Borrowing from the Federal Reserve is divided into three categories:
adjustment borrowing, seasonal borrowing and extended credit
borrowing. The borrowing assumpiion, however, pertains only to
adjustment and seascnal borrowings; see Partian, Hamdani and
Camiili (1986).

“This is called the “reiuctance of banks to horrow from the Federal
Reserve,” and at one time there was considerable discussion over
whether this refuctance was “inherent” or “induced.”

"See Federal Reserve Bank of New York (1986) for a discussion of
the BONY borrowings.

Bit could be that depository institutions became more reluctant to
borrow from the Federal Reserve in light of the farge borrowings by
Continenta Bank,




The Discount Rate and the Prime Rate

One possible reason for the hypothesized strong
effects of discount rate changes on interes! rales is
the fact that discount rate changes and changes in
the commercial bank prime rate often occur lo-
gether and are usually accompanied by a great deal
of publicity. Both of these rates are administered
rates that do not change daily with market forces,
but change less frequently and by fairly large
amounts.

Because changes in the prime rate often follow
on the heels of changes in the discount rate, it may
lead some t0 conclude incorrectly the latter caused
the former. Because both are administered rates,
however, they are likely to respond similarly but not
preubely (,th’x*mmousiv, to market rates. For exam-
ple, as market interest rates. fall reldlwc 10 these
administered rates, these rates, become: increas-

- ingly out of line with the market. Hence, there is an. -
incentive for the- Federal Reserve to cut the dis- .

count rate and _fo_l‘ commercial banks t_o cut their

prime rate. [f the Federal Reserve cuts the discount
rate first, banks may feel additional pressure to cut
their prime rate, but this does not imply that the
former caused the latter. Rather both rates are
merely responding to market forces.

The table above shows that on four ocecasions
since October 1982 discount rate and prime rate
changes were effective on the same day. In each
instance, the announcement of a cut in the prime
rate followed the announcement of the discount
rate cha'nge. For the remaining five changes in the
discount rate, changes in the prime rate followed
discount rate changes by a week or more Also,
there were a number of C‘hdﬂgeb in the prime rate

.that were not even remotely associated with

changes in the discount rate: It would appear that
(‘hange@ in market interest rates are pmrnarzly re-
sponsible: for changes i iﬂ both of these adm;msleted

- rafes.

Sk Prinierate_-

Date effective Change

October 7, 1982 13.5% 1o 13%

October 13, 1982
November 22, 1882

13% 10 12%
12% 1o 11.5%

January 11, 1983
February 25, 1983
August 8, 1983
March 19, 1984
April 5, 1984

11.5% 0 11%
11% 16 10.5%
10.5% 0 11%
1% t0 11.5%
11.5% to 12%

12%t0 125%
12.5% 10 13%
13% 10 12.75%
12.75% to 12.5%
12.5% to 12%
12% to 11.75%

May 8, 1984

June 25, 1984
Septernber 27, 1984
October 16, 1984
October 29, 1984
November 8, 1984

MNovember 28, 1984
December 19, 1984

11.75% 0 11.25%
11.25% 0 10.75%

10.75% 0 10.5%
10.5% to 10%
10% 10 9.5%
8.5% o 9%

9% o 8.5%

January 15, 1985
May 20, 1985
June 18, 1985
March 7, 1886
April 21, 1986

Discount rate |
~Date effective

Change

Qctober 12, 1982 10% 10 9.5%

November 22, 1982
December 14, 1982

9.5% to 9%
9% 0 8.5%

April 9, 1984 © B5%109%

November 21, 1984 8% to 8.5%

December 24, 1984 8.5% to 8%

May 20, 1985 8% to 7.5%
March 7, 1986 7.5%to0 7%
April 21, 1586 7% 10 6.5%




Chort 2
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ings and the spread can be estimated statistically by
censidering the equation:

(3) Borr, = o, + o (R~ RJ + u,.

The term u, s a random disturbance that can he
thought of as capturing the effect of all factors other
than the rate spread that determine deviations in
borrowing from its average level. From a slatistical
point of view, the variation in borrowings can be de-
composed into two sources: the proportion explained
by the rate spread and that explained by all other
factors. (Since the factors that go into o, are not explic-
itly identified, this is called “unexplained variation.”)
Equation 3 Is estimated with ordinary least squares,
using the weekly data shown in chart 2. The outliers
for the weeks ending May 16 to June 6, 1984, and
November 27, 1985, were deleted ™ The results are

¢ these outliers are not removed, the Re fails to about .15,

presented in the first row of table 1. The coefficient of
determination, denoted R?, measures the proportion
of the variation in borrowings explained by the rate
spread, and 1-R* is the proportion of variation ex-
plained by all other factors. The R indicates that only
35 percent of the variation in borrowings is accounted
for by the spread, leaving 65 percent to be accounted
for by other factors.

The fit can be improved by putting in a dummy
variable that takes on the value one for the period from
the week ending June 13, 1984, to October 3, 1984,
when the spread was unusually high, and zero else-
where. The results of including a dummy variable are
shown in the second row of table 1, While including
the durmmy variable boosts the B2 somewhat, it does
not explain this anomaly. Nevertheless, even after ac-
counting tor this apparent shift i the borrowing func-
tion, the spread and the dummy variabie explain only




Table 1
Estimates of Equation 3
Intercept Dummy variable Spread R SE
4207 291 .35 .28
(14.74) {(10.04)
368 - 410* 419" 40 27
(12.21) {4.03) (2.94)

*Indicates the variable is statistically significant at the 5 percent
level,

40 percent of the total varialion in borrowings, leaving
the bulk of the variation to be explained by other
factors.®

Separating the three possible effects of discount rate
changes on markel interest rates — the direct, policy
and announcement effects — is difficult. The resuits
in table 1, however, provide a basis for estimating the
likely direct effect of a discount rate change on interest
rates. From the second row of table 1, we seg that a 1
percentage-point (100 basis-point) decline in the dis-
count rate will cause borrowings to increase by $419
bitlion. All other things the same, this will increase the
monetary base lin the form of borrowed reserves} by
the same amount. Given an M1-monetary base multi-
plier of 2.7, this will produce a $1.13 billion increase in
M1."% Such changes in the money stock shift the supply
of credit to the right, causing market interest rates to
fall. The effect of this on market rates depends on the

“Because borrowings fluctuate with market interest rates, they can
he a source of cyclical variation in the money stock. Because of this,
some have suggested that the discount rate be tied to some market
interest rate. Opponertds of this view have argued that no single
interest rate adequately represenis the appropriate opportunity cost
for alt institutions. if this were true, rates other than the federal funds
rate might expiain borrowings. To test this, the second equation on
table 1 was reestimated with the difference between the three-
manth Treasury bilf and federal funds rates added as a separate
regressor. The coefficient on the difference between these rates
was not statistically significantly different from zero at the 5 percent
ievel (-ratio = 1.26). Hence, it appears that the federal funds rate is
the primary interest rate on which borrowing depends.

*®The M1 multiptier averaged much less than this during al of the
period under consideration, i.e., 2.7 is approximately its current
level.

extent of the shift in the supply of credit and the
interest sensilivity of the demand lor credit, so it is
possible, in principle, to determine the effect of an
exogenous change in the money stock on interest
rates,

The largest estimates of this liquidity effect come
from estimated short-run money demand equations.
For example, usual esfimaies suggest that a $1.13
billion change in M1 would produce a 67 basis-point
initial change in the three-month Treasury bill rate,
but only a six basis-point effect in the long-run equilib-
rium rate.” It is well known, however, that such equa-
tions have unreasonably large estimates of the liguid-
ity effect.™ Other studies, which attempt to estimate
the liquidity effect directly, show only small and tran-
sient effects of unanticipated changes in money on
interest rates. tising these estimates, a $1.13 billion
change in the money stock would produce aboutl a
one basis-point change in the T-hill rate initially, with
no long-run effect whatsoever.”

Put inte another perspective, since Oclober 1982 the
average, absolute weekly change in M1 has been $1.77
billion, more than one and one-half times the esti-
mated $1.13 billion change in M1 associated with a full
1 percentage-point change in the discount rate. Thus,
the direct effect of a change in the discount rate on
market interest rates, all other things constant, is likely
to be small.

Alternatively, estimates of the magnitude of the di-
rect effect can be obtained by classifving discount rate
changes according to the reason they were made.
Some discount rate changes are made solely as techni-
cal adjustments, designed to align the discount rate
with market interest rates. Others are macde for policy-
related reasons. These are called nontechnical
changes.

“These estimates are based on current levels of M1 and interest
rates. Using a short-run interest elasticity estimate from the
“nominal-adjustment” specification of the short-run demand for
money of —.015 and a money stock of $670 billion, the percentage
change in the interest rate would be about 11 percent. A T-bili rate of
6 percent translates into a 67 basis-point change in market interest
rates. The long-run effect was calcutated under the assumption of a
long-run efasticity of about —.14 { - .015/.11). These estimates are
in ling with the results from Thornion (1985).

B3ee Carr and Darby {1981).

“See Brown and Santoni (1983). Similar estimates would be ob-
tained from Cagan and Gandolfi {1969} and Melvin {1983).




Since the response of borrowings to a discount rate
change should be the same regardless of the reason
for the change, ceteris paribus, the direct effect of a
discount rate change on market interest rates should
be the same for all changes in the discount rate®
Furthermore, there should be no change in the mar-
ket's perception of policy when discount rate changes
are purely technical adjustments. For nontechnical
changes, however, not only is there a direct efifect due
to the impact on borrowings and the supply of credit,
but a potential announcement effect, which mav or
may not be validated by subsequent Federal Reserve
actions. I the discouni rate changes that are made
purely as technical adjustments do not affect market
interest rates, this is further evidence that there is
essentially no direct effect of discount rate changes.
Any interest rate effects come through an announce-
ment effect or subsequent policy changes.

It should be noted that the fact that the Federal
Reserve changes the discount rate from time fo time
solely to bring it in line with market Interest rates is
itself prima facie evidence that the link between bor-
rowings and the federal funds/discount rate spread is
not the sole determinant of depository institution
borrowing. If it were, the Federal Reserve should never
have to make such technical adjustments, but this is
not the case. Of the nine discount rate changes from
October 1982 to June 1986 listed in table 2, three were
stated to have been made solely for technical reasons
and three of the remaining six mentioned technical
concerns as one of the reasons for the change *

Recent empirical work provides strong evidence
that only discount rate changes made for policy rea-
sons altect market interest rates® This work is up-
dated here by estimating the equation:

10
(4] AR, = o, + 2Z «AR_ + BADR, + u,
i=1

2This discussion assumes that the Federal Reserve is not trying 1o
control the money stoeck, and in particutar, it is not using & monetary
base or total reserves target. If it were, any change in the discount
rate would have nc direct effect on interest rates because the effect
of such a change would be neuiralized by compensatoty open
market operations.

2The classification used is based upon the Federal Beserve's an-
nounced statement of intentions as used by Thornion (1882} and
Batten and Thornton {1984, 1985). Smirlock and Yawitz {1885)
investigate alternative schemes, but find that the ocne employed
here works best. Their results are supported by Hakkio and Pearce
{1986).

25pe Thornion (1982), Baitens and Fhornien (1984, 1985}, Smirlock
and Yawitz {1985} and Hakkio and Pearce (1986).

where AR denotes the one-day change in a market
interest rate, and ADR denotes the change in the
discount rate® This equalion was estimated using
daily data from October 1, 1982, to June 11, 1986, using
both the federal funds and three-month Treasury bill
rates. The T-bill rate was selected to represent market
interest rates in general. Estimates of the coefficient on
ADR and some summary statistics are presented in
table 3* The results indicate that a change in the
discount rate has a positive, significan! effect on hoth
the federal funds and T-bill rates on the next market
day. The effect on the federal funds rate is roughly 2.5
tirnes that on the T-bill rate.

When the discount rate changes are partitioned
into those made for technical reasons (ADRT) and
those made for nontechnical reasons (ADRNT], the
results indicate that discount rate changes made
solely for technical reasons had no significant effect
on the federal funds rate. The results for the T-bill rate
are less clear. The coefficient on discount rate changes
made solely for technical reasons is smaller than that
for policy-related reasons, but is statistically signifi-
cant at the 5 percent level. A closer look, however,
reveals that only one of the three discount rate
changes made solely for technical reasons is associ-
ated with movement in the T-bill rate in the expected
direction. The half-percent decline in the discount
rate on October 12, 1982, is associated with a 37 basis-
point decline in the T-bill rate. In contrast, the half-
percent increase on April 9, 1984, is associated with a 9
basis-point decline in the T-bill rate and the half-
percent decrease on April 21, 1986, is associated with
no change in the T-bill rate.

When discount rate changes made for purely tech-
nical reasons are partitioned into the one made on
October 12, 1982 (ADRTO), and the other two (ADRT),
the results indicate that significance of technical
changes on the three-month Treasury bill rate is due
to the change on October 12. Furthermore, the effect
ont the federal funds rate is signilicant at the 10 per-

#ADR takes on the vaiue of the discount rate change on the day that
the change became effective. The one exception is the change that
was announced on November 21, 1984, effective immediately.
Since the announcement was made at 4:15 p.m. EST after the
market closed, the ADR takes on a value on November 23. {The
federal funds rate declined by 35 basis points between November
21 and 23 and increased by 4 basis points between November 20
and 213,

“The coefficienis on the distributed lag of the dependent variable are
not reported because they are intended only to capture the effect of
all previcusly known information on these interest rates and are not
of importance themselves.




Table2 =
Discount Rate Changes, October 1982 to June 1986
Dateeffective  ~ Change Classification Reason

Cciober 12, 1982 10% t0 9.5% T Action taken to bring the discount rate into closer alignment with short-
term market interest rates

November 22, 1982 9.5% to 8% P Action taken against the background of continued progress toward greater
price stability and indications of continued siuggishness in business
activity and retatively strong demand for liquidity

December 14, 1982 9% to 8.5% P Action: taken in light of current business conditions, strong competitive
pressures on prices and further moderation of cost increases, a siowing of
private credit demands and present indications of some tapering off in
grﬂw’sh ‘of the braader monetary aggregates i

Apritg, 1984 3‘.5“/9 9% T ) U Action taken to brsng dlscount rate into closear ahgnmem with s?wort term
D EORE SO e : --_mterestraies T TR
‘November 21,1984 9%1085% - P " Adliontakenin vzewofsiawgrowth of Mt and M2 and the modérate pace
PR T A P : Cof busmess sxpansion,: relatwe!y stable prices arzd a contsnued strong
i _ : : :_doilar mtematmna Iy _ [t e
‘December 24,1984 © . B.5%108% - . P Essentially the same as before pEus fo brzng the discount rate into more
S L T e e L 'approprsateaxgrsmem w:th short term market mteresi iates _
May20,1985 . 8%075% . B Action taken inithie l;gh% of refatively unchaﬁged output in the 1ndustry
o L s e EEORETRE sectorstamm;ngfromrsszr’;gxmportsaﬂdastrongdoﬂar Rate reductlon is
consnsteni with dec!mmg trend in market mterest rates . :

March 7. 1986 = © :7'.5% 7% P Action taken in context: of. similar “action by, other |mpcrtant irdustriad
BRI ; : e ) - counties and for cioser alignment wum market interest rates. A further
_ censaderataon wasa, sharp dechr;e fri oit pnces :

April 21, 1986 7% to 6.5%: ' T Actten taken to brzng dsscoum rate into closer alsgnmen% with prevaﬁmg
levels of market rates

P = policy related
T = technical
Source: Federal Reserve Bulletin, paraphrased from statements in various issues, and the Wall Street Journal.

cent Jevel when these data are partitioned in this way.  vious finding that there is little, if any, direct effect of a
This is the only instance when a technical change in  discount rate change on market inferest rates.

the discount rate had a significant effect on market
rates” The preponderance of evidence suggests that
discount rate changes made solely for technical rea-
sons have no statistically significant effect on market

It could be, however, that discount rate changes
made solely for technical reasons are more readily
anticipated than those made for policy reasons™ If
this were the case, and if the market perceived the
effect of the corresponding change in the money sup-
ply on interest rates, market rates would change prior

This o dtwod tor the Fedoral R 4 to the change in the discount rate so there would be
*This change was announced two days after the Federal Reserve de- i T arifieamy offord f - N
emphasized M1 as a monetary target. (See Thomton (1983) fora 10 bldtlhli(,.d“}" mg,i}ihumt effect 11)130\«;1;15 El.u, an
discussicon of this ;}eriod_) While there was no immediate anncunce- nouncement of a discount rate (Ih{lllg@. Hakkio and
ment of the decision to de-emphasize M1, there were leaks to this  Pearce (1986) report that discount rate changes made
effect, so the market may have interpreted the October 12 decrease R T S R, i v pearli e b
in the discount rate as an indication that the Federal Reserve would for technical reasons are no more readily forecasted
move toward an easier policy. There were leaks to the press on  than those made for nontechnical reasons, Hence, this
October 7 that the Federal Reserve would pay more attention 1o
interest rates and less {o M1 growth, See BNA's Daily Report for
Executives, October 8, 1982, market, and by Batten and Thomton (1984, 1985) and Hakkio and
Pearce {1986} for the foreign exchange market.

mterest rates.™ This result is consistent with our pre-

*This finding has been reiterated by Thornton (1982), Smiriock and
Yawitz {1985) and the results presented in table 5 for the money  “This conjecture is offered by Batter and Thornton (1984).



Table 3

Estimates of Equation 4 for Technical and Nontechnical

Discount Rate Changes

Constant ADR ADRNT ADRT ADRTO = SE
Federal funds rate
-011 .690° 20 .35
(0.94) {2.95)
-010 827" 412 .20 35
(0.910) (2.90) (1.02}
-010 .B2g* -.009 1.289 .20 35
(0.87) {2.91) {0.02) {1.81)
Treasury bill rate
—-.000 287" .03 08
(0.12} (4.74)
-000 299% 204" 03 .08
{0.10} {4.32) (2.08)
000 297" - 066 .789° 04 08
{6.02) 4.33) {3.56) {4.55)

*Indicates statistical significance at the 5 percent level.

alternative interpretation appears o have little merit.®

Another way of estimating the direct effect of a
discount rate change on market interest rates comes
from noting that depository institutions have little
incentive to borrow from the Federal Reserve when
the discount rate is a “penalty rate,” that 15, when it is
ahove the federal funds rate. Depository institutions
that borrow from the Federal Reserve when the dis-
counlt rate is a penalty rate are assumed to do so for
reasons other than to minimize the explicit cost of
obtaining reserve-adjustment funds. Changes in the
discount rate that come when the discount rate is a
penalty rate — especially changes thal leave the dis-
count rate at penalty levels — should have no effect on
borrowing and, hence, no direct effect on market in-
terest rates™ If estimates indicate that discount rale

=Their “forecasts,” however, are based on in-sample resuits and are
not rue ex ante forecasts.

=While this idea is common in the literature, e.g., Broaddus and Cook
{1983} and Sellon and Seibert (1982), it is sometimes presented in
such a way that it appears that the only effect is the direct effect. In
this case, any finding of a significant effect of a discount rate change
on market interest rates implies that it is produced via the direct
effect. We have shown, however, this is not the case.

changes made when the discount rate is not a penalty
rate do not have an effect on market rates, while those
made when the discount rate is a penalty rate do have
a significant effect, this would be further evidence that
there is no direct effect of a discount rate change on
market interest rates.

To test this hypothesis, discount rate changes were
partitioned into those when the discount rate was a
penalty rale (ADRP} prior to the announcement and
those when the discount rate was not a penalty rate
(ADRNPL* The results, reported in table 4, indicate
that changes made when the discount rale was a
penalty rate are statistically significant* Furthermore,

*The partition used was based upon whether the discount rate was a
penalty rate with respect to the federal funds rate. There was only
one instance when the discount rate was a penalty with respect o
the T-bili rate. Such a partition is of fitile interest, however. since the
evidence in footnote 15 indicates that the federal funds rate is the
relevant opporiunity cost variable.

#3ellon and Seibert (1982} performed a similar analysis on data for
the period from February 1980 1o August 1982 and found that
discount rate changes made when the discount rate was a penally
rate had no statistically significant effect on market interest rates or
horrowings. During this pericd, however, such discount rate
changes were primarily those made for technical reasons; thus it
appears that the Selion and Seibert resuit is due to this fact and not
to the fact that the discount rate was at a penalty level at the time of
the change. See Thornton (1982) for the technical vs. noniechnical
resulis over a similar period.




changes made when the discount rate was not a
penally rate were not statistically significant. These
results are precisely the opposite of those that should
have been obtained if the effect of a discount rate
change. reported in table 3, were due to a direct effect.

The evidence indicates that discount rate changes
do not directly affect market interest rates. Conse-
quently, the effect on marke! rates indicated in table 3
must be due to an anneuncement effect, a policy effect
or both. Because the effect measured in table 3 occurs
on the day following the announcement of a change in
the discount rate and changes made for technical
reasons have no effect on market rates, this strongly
suggests that it is, at least in part, an announcement
effect. it is impossible to determine, however, whether
the expectations were subsequently validated by
changes in the rate at which the Federal Reserve
supplied reserves®

Attempts made to test directly for a policy response
following a discount rate change were inconclusive ™
Nevertheless, some evidence bears on the policy ef-
fect, at least in terms of its implications for the period
following the October 1982 change in the Federal
Reserve's operating procedure. First, if the Fed's new
operating procedure attempts to maintain a constant
spread between Lhe federal funds and discount rate,
borrowings always should be close 1o their assumed
level. Chart 3 plots the actual fevel of adjustment plus
seasonal borrowings and their assumed level for
weekly data from October 6, 1982, through December
1985. As the chart shows, the actual level of borrowing
often deviates from the initial borrowing assumpftion,

#Alternatively, Smirlock and Yawitz (1985) allow for the change in the
discount rate fo impact market interest rates with a lag of up to five
days. Because they cannot reject the hypothesis that effects past
the initial day are significant, they conclude that the rapid adjustment
is consistent with market efficiency. Because the marke! rates
nearly always return to levels prior to discount rate changes, how-
ever, it is possible fo find no statistically significant long-run effect
simgly by making the lag “long enough” or a permanent effect (as
they found) by making i “short enough.”

B3everal attempts to directly test various hypotheses were con-
ducted, but the results were unsatisfactory. For example, discount
rate changes that indicate a change in policy — regardless of the
reason given for the change — shouid be followed by a sharp
change in the growth of nonborrowed reserves. Hence, statistical
tests of nonborrowed reserve growth before and after discourt rate
changes wera underiaken. Because the nonborrowed reserve daia
only are available biweekly, the tests were also done using weekly
M1 data. The results indicated no statistically significant change in
the growth raie of either nonborrowed reserves or M1; however, the
data were highly variable and the observations few. Hence, these
tests should be considered nconclusive.

::Tabfe 4

'Estsmates of Equatzon 4 for Pena!ty and
| Non—Penaity D:scoam Rate. Changes '

Constant- . ADRP CADRNPL U R SE
- Federal funds rate ]
~010 74%* .0 588 ¢ .20 35
(0.93). - (288) (f'zse) ' :
. : Treasufy b;ii raie
000 a7 . 086°. 03 . 08
(©.04) (541). . (062 :

"‘!né’;_c_iafé_s statistical éigniﬁcénée' at the 5 percent fevel.

wo of the
most notable deviations, of course, oceurred in mid-
1984 and November 1985. Fven when these unusual
periods are ignored, the average absolute deviation of
borrowings from the initial borrowing assumption is
5226 million, over 40 percent of the average level of the
initial borrowing assumption during the period.

sometimes by a considerable magnitude. T

Furthermore, there is a tendency for the initial bor-
rowing assumption to follow, rather than lead,
changes in actual borrowings. It appears that the
federal funds/discount rate spread is maintained
when the borrowing assumption changes; the de-
mand for borrowed reserves is not forced to conform
to the barrowing assumption.

Second, if the policy effect is strong, the response of
market interesl rates, especially the tederal funds rate,
to a change in the discount rate should be larger since
the October 1982 change in the operating procedure.
To test this, equation 4 was reestimated for the period
from Octcber 1, 1979, to June 11, 14986, and the re-
sponse of market interest rales to nontechnical
changes in the discount rate was allowed Lo be differ-
ent for the periods October 1, 1979, to October 5, 1982,
and October 6, 1982, to June 11, 1986. The resulis are
reported in table 5 with the coefficients for the pre-
and post-October 1982 periods denoted hy
ADBNTPRES2 and ADBRNTPOSTS2, respectively ™

=Because of the differences in the variation of the dependent vari-
ables belween the periods, the equation was esfimated adjusting for
heteroskedasticity. Also, the pre-Ociober 1982 period includes a
surcharge variable because Thornton (1982} has shown the results

are sensitive to this modification. While not reported here, the .

surcharge coefficient is nearly identical to that reported by Thomton.
The coefficient on ADRNTPRES2 differs from that reported by
Thomton primarily because of a difference in the sample pericd;
however, all of the quaiitative conclusions are the same.




S

et

TGRS TRmanarinET TR A BRSO £I0 SUT G £ bEE:
DERAL REZERVE BaNK OF 2T, LES

g‘t

Chart 3
Adjustment plus Seasonal Borrowings from Federal Reserve

and Initial Borrowing Assumption

gillions of dollers

Billions of doilars

5 4
Actual borrowings

3 3

1 )

1

A _/\sa‘w_

| uuuuufo

ONDIFMAMIIASONDIJFMARIIJIASCND] FMAMI) JASONTD
1985

1982 1983
b

The results show that the responsiveness of the
federal funds rate to changes in the discount rate was
essentially the same during the two periods. Indeed,
an F-test of the equality of the two coefficients does
not reject the hypothesis that the response was the
same. There is a statistically significant difference in
the responsiveness of the T-bill rate; however, il has
become less, not more, responsive to changes in the
discount rate. The evidence suggests that the shift in
the Fed's operating procedure has not increased the
initial response of market interesl rates to discount
rate changes; if anything it appears to have lowered it.

Finally, there is one additional piece of evidence on
the announcement vs. policy effect of a discount rate
change. The elfect of the discount rale on market
iriterest rates, especially the policy effect, imphies cau-
sality running from the federal funds rate to other
market interest rates. In order to investigate this, tests

1984

of “Granger causality” were conducted using both
daily and weekly data for the federal funds and three-
month Freasury bill rates. These tests are designed to
determine whether changes in one rate precede or
follow changes in the other. (Details and resulls are
presented in the appendix.) The results using the daily
data indicate that changes in the 'T-hill rate precede
changes in the federal funds, the reverse of what the
policy-effect hypothesis would most strongly imply.
The results using weekly data are less definitive, indi-
cating that at times either rate precedes the other.
While this result is not particularly surprising, the fact
that the stronger {most statistically significant) effect is
from the T-biil rate to the federal funds rate is incon-
sistent with a strong policy effect.

While these results are disquieting to those who
support the policy effect, they are not conclusive. The
imporlance one assigns to the announcement or pol-




icy effects depends on the interpretation of a discount
rate change. If it is believed that discount rate changes
are primarily signals that the Federal Reserve is going
fo continue its present policy of ease or restraint, the
policy effect should be nil. If, on the other hand,
discount rate changes typically signal a change in the
rale at which the Federal Reserve is going to supply
reserves to the system, the exienl to which one be-
lieves this change will affect market interest rates
depends on one’s view of the liquidity effect. if the
liquidity effect is believed to be weak and transient —
as most empirical work suggests — the response of the
market 10 such changes is essentially noise, with no
real signiticance for the future course {or level) of
market interest rates. In such instances, discount rate
cuts that are followed by more expansionary mone-
tary policy ultimately might be followed by higher, not
lower, interest rates if such a policy change gives rise
to expectations of higher inflation. On the other hand,
if one believes that the liquidity effect is strong and
lasting, changes in the discount rate will be thought to
have permanent effects on market interest rates, but
only if followed by a change in Federal Reserve policy.

This article was inlended to ¢larify the relationship
between the Federal Beserve's discount rate and mar-
ket interes! rates. Three distinct, though not mutually
exclusive, potential effects of a discount rate change
on market interest rates were outlined: {1} the "direct,
celeris paribus, effect,” which abstracts from market
reactions to the discount rate change and any subse-
quent change in Federal Reserve operations; {2) the
“announcernent effect,” which reflects the changing
expectations of the Federal Reserve's activity based on

the announced change in the discount rate; and (3)
the “policy effect,” the impact of a subsequent change
in Federal Reserve activity on the market. Special at-
tention was given to the hypothesis that the impact of
discount rate changes on market interest rales be-
came stronger following the Federal Reserve’s switch
from a nonborrowed reserve to a borrowed reserve
operating procedure in October 1982,

The evidence showed a statistically significant effect
of a change in the discount rate on both the federal
funds and Treasury bill rates immediately following
the discount rate change. A series of tests provided
evidence, consistenl with the theory, that the direct
effect of a discount rate change is nil. Consequently,
the impact of a discount rate change on market rates is
due to an announcement effect, a policy effect or both.
The rapidity with which market rates respond to the
discount rate change suggests that the announcement
effect is operative. Furthermore, some indirect tests of
the policy effect produced results that are inconsis-
tent with it, suggesting that discount rate changes
have had no permanent effect on market interest rates.
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where A denotes the first difference operator, i.e., AR,
= R,— R,_,, and R, and R, denote the federal funds and
three-month Treasury bill rates, respectively. The pro-
cedure consists of testing the hypothesis that b, = u,
= ... = W, = LI this hvpothesis is rejected, it is said
the “causality” runs from the federal funds rate (R) to
the three-month Treasury hill rate (B} To test for
causality running from the Treasury bill rate to the
federal funds rate, the equation

Tests of "Granger causality” are really tests of tem-
poral ordering of time series. The test of causality
running from the federal funds rate to the Treasury
bill rate is performed by estunating, using ordinary
least squares (OLS), the equation

K K

K K N
AR, = , + £5AR,, +2 pAR,., AR, = B, + 2 MR 2 AR,
i=1 i=1

5
DB : _
g 339 .325 R S 317 284 246 T :
S0 2B AR BRI 2R TR 108 B0 2Ie e T U485 184 - 186
LR RO <. SRR~ 7 SUSSURES -y  GRTOURI-.~ s SEUNLPS 1:: SAURSRNS £\: SASNUTRIPc T ARUREP-+ 1 SISRNEIS : TRV v:c: SUUDIRIN b o~ SRRINN ¥ ;-
120070 210 20800 205 218 o199 U B000 T Ry 198 L 176 168 159 . 163
?ests of_ais =3 :
-. _ Lagsol aR
AR; t.0 L2 3 4 B LT s g e 11 12
1 88t T 379 304 A95 . 473 do7 . 102 .098 058 081 057 080
2 837 581 419 249 167 097 054 0500 0 03t 032 0260 026"
3 597 372 469 386 306 - 198 A7 08 068 070 058 055
4 540 409 482 540 453 310 166 147 084 087 071 .064
5 524 288 302 293 437 397 256 235 145 149 125 114
& £25 ag2 385 360 474 524 338 303 174 178 .146 132
7 673 476 480 AB6 590 639 377 315 166 188 435 116
8 686 526 552 B40 676 733 482 408 220 222 77 152
g8 770 820 548 641 765 809 563 477 .299 301 246 213
10 792 634 654 658 799 835 638 560 381 382 317 276
1 850 714 734 740 859 878 707 627 435 434 381 343
12 87 £33 649 628 745 777 658 579 424 425 384 319

*Indicates significance at the 5 percent level.




Tabie A 2

Granger Causatlty Resuits for AR, and ART. Weekly i)ata’_-' s
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5 208 248 . 352 501 . 535 .. 831 . . .549 5590 648 . 5093 - . 596 544
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LagSOf R e R P R
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SEER SERTRTEIE [ SO 0417 0 038% ‘;§941f-:;;046* g45" 04zt 054
R~ SRS |2} FiStS 123 415 S48 g7 se 28 ST
Y8043 029" 0247 - 020" 0294 080078 077
g 027 018" S5 L0220 08T 08R
5 . l045T 024t 2 o5 g1 02 068 T 065 086
6 VZTI RN - SR 024 021 24T U 4308 T 07T U078 087 e
7 0450 027 pore 031502800 0327 044 103 07 103
8 02750174 007" otgr. oiet - otgr . 029t 101 Jg04° 107
9 0447 0275 003" 030° 027" 030 . 045° 149 153 158
10 062 036 014" 033 .030* 084 1 0490 144 RES 157
1 044* 028" 013" 0277 025° 028 041 115 109 110
12 063 o041t 020 041 037 042 059 A50 143 145

*Indicates significance at the 5 percent fevel.

is estimated and the hypothesis that e, = g, = ... = &
= 0is tested. If the hypothesis is rejected, the causal-
ity runs from the Treasury bill rate to the federal funds
rate. If the hypotheses concerning the u's and the ¢'s
are both rejected, there is said to be bidirectional
causality between the rates. If neither is rejected, the
series are said to be independent.

The tests were performed using both daily and
weekly data. Because the test results are quite sensi-
tive to the order of the lag, K, the tests were performed
on all orders up to K=12." The significance levels

"For a discussion of this procedure, see Thornton and Batten (1985).

corresponding lo the F-stalistics for all orders are
presented in tables A1 and A2 for the dailv and
weekly data, respectively.

The tests using daily data show unidirectional cau-
sality from R, to R, the opposite of what is required for
policy actions to be transmitted from the federal funds
rate to other market interest rates. It should be noted
that the daily federal funds rate series exhibits consid-
erably more variability than the T-bill rale series. When
these data are smoothed by averaging over a week, the
tests indicate bidirectional causality: however, the
stronger relationship appears to be running from the
T-bill rate to the federal funds rate,



