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anticipated changes is essentially zero, while their response to unanticipated movements is
large and highly significant. Surprise policy actions have little effect on near-term expec-
tations of future actions, which helps explain the failure of the expectations hypothesis on
the short end of the yield curve.

JEL classification: E4, G1.

Keywords: monetary policy, term structure, Fed funds futures.

Kenneth Kuttner

Federal Reserve Bank of New York
33 Liberty Street

New York, NY 10045
kenneth.kuttner@ny.frb.org



1 Introduction

How market interest rates respond to Federal Reserve actions is a topic of great interest to
financial market participants and policymakers alike. Bondholders, naturally, are concerned
with the effects of Fed policy on bond prices. And because the first link in the transmission
of Federal Reserve policy is from the Fed funds target to other interest rates, the issue is an
important one for assessing the likely effectiveness of monetary policy.

Conventional wisdom is that an increase in the target Fed funds rate leads to an imme-
diate increase in market interest rates, and a fall in bond prices; yet evidence for this view is
elusive. Cook and Hahn (1989) documented a strong response in the 1970s, but regressions
using data from the 1980s and 1990s show little, if any, impact of Fed policy on interest
rates. Roley and Sellon (1995), for example, conclude that “although casual observation
suggests a close connection the relationship between Fed actions and long-term interest
rates appears much looser and more variable.” These studies did not distinguish between
anticipated and unanticipated actions, however, and it turns out that the failure to do so
accounts for the apparent lack of a close link.

Using Fed funds futures rates to disentangle expected from unexpected policy actions,
this paper shows that interest rates’ response to the “surprise” component of Fed policy
is significantly stronger than the response to the change in the target itself; in fact, rates’
response to the anticipated component of policy actions is minimal, consistent with the
efficient markets hypothesis. The response of Fed funds futures rates themselves to unex-
pected policy actions is fairly uniform across the one- to five-month horizon, supporting
the view that the short end of the term structure contains little information about future
movements in short-term rates.

2 A brief review of earlier studies

The first paper to assess markets’ reaction to monetary policy actions is Cook and Hahn
(1989), who examined the one-day response of bond rates to changes in the target Fed
funds rate from 1974 through 1979. Their procedure was to regress the change in the bill,
note and bond rates (denot&R') on the change in the target Fed funds rate (denbigd

AR =o' +BAF + ¢!, (1)

for a sample consisting of the 75 days on which the Fed changed the funds rate target.



The response to target rate increases was positive and significant at all maturities, but
smaller at the long end of the yield curve: a one percentage point increase in the Fed funds
target led to an increase of 55 basis points in the three-month T-bill rate, but only a 10
basis point increase in the 30-year bond yield. Recognizing that some Fed actions may
have been anticipated, Cook and Hahn also examined the relationship between changes in
interest rates anfiturechanges in the target. They found little evidence that the target rate
changes were anticipated at a one- to two-day horizon, however.

Results for more recent periods show a much weaker relationship between target rate
changes and other interest rates. For example, in applying the Cook and Hahn event-study
approach to the 1987-1995 period, Roley and Sellon (1995) found that the bond rate rose
a statistically insignificant four basis points for each percentage point change in the target
funds rate. (They did, however, find some evidence that policy moves were anticipated
in the latter period.) Similarly weak results for the 1989-1992 period were obtained by
Radecki and Reinhart (1994).

More sophisticated econometric procedures have been used to estimate the market's
reaction to Federal Reserve policy, focusing on the unanticipated element of the actions.
Using a Vector Autoregression (VAR) to model monetary policy, for example, Edelberg and
Marshall (1996) found a large, highly significant response of bill rates to policy shocks, but
only a small, marginally significant response of bond rates. Other examples of the VAR
approach include Evans and Marshall (1998) and Mehra (1996). In an effort to model the
discrete nature of target rate changes, Demiralp and Jorda (1999) examined the response
of interest rates using an autoregressive conditional hazard (ACH) model to forecast the
timing of changes in the Fed funds target, and an ordered probit to predict the size of the
change. These methods can be cumbersome, however, and there is some debate as to the
reliability of VAR-based measures of policy shocks [e.g., Rudebusch (1998)].

3 Interest rates’ one-day response to monetary policy

This section first revisits the basic relationship between target rate changes and market
interest rates, and confirms its apparent deterioration in the 1990s. It then describes how
Fed funds futures rates can be used to distinguish between anticipated and unanticipated
changes in the Fed funds target, and documents the much stronger relationship between
market rates and unanticipated changes in the funds rate target.



Table 1. The one-day response of interest rates to changes in the Fed funds target

Maturity Intercept Response R? SE DwW

3 month -3.0 238 0.49 7.6 213
(2.4) (6.2)

6 month -5.0 184 0.29 90 2.35
(3.5) (4.0)

12 month -55 216 0.32 98 1.80
(3.4) (4.3)

2 year —-5.2 182 0.26 96 2.28
(3.4) (3.7)

5 year —45 104 0.10 98 240
(2.9) (2.2)

10 year —4.0 43 0.02 85 250
(2.9) (1.0)

30 year —-3.6 01 0.00 69 247
(3.2) (0.0)

Notes:The change in the target Fed funds rate is expressed in percent, and the interest rate changes
are expressed in basis points. The sample contains 42 changes in the target Fed funds rate from June
6 1989 through February 2 2000. Parentheses cotstatistics.

3.1 Cook and Hahn revisited

Table 1 summarizes the relationship between target rate changes and market interest rates
over the past ten years, using a regression identical to that used in the Cook and Hahn
(1989) analysis. The sample includes 42 changes in the target rate, with the first on June 6
1989, and the last on February 2 2000. The bill rate data are end-of-day secondary market
yields from the Federal Reserve H.15 release. The note and bond data are the end-of-day
yields of on-the-run Treasuries, obtained from Bloomberg.

The coefficients describing interest rates’ reaction to target rate changes are uniformly
smaller and less significant than those reported by Cook and Hahn. For the three-month
T-bill, the response is 24 basis points, compared with 55 basis points in Cook and Hahn.
That study also found a statistically significant 10 basis point response of the 30-year bond,
while here it is essentially zero, and statistically insignificant.

One possible explanation for the lack of statistical significance is simply the smaller
number of observations — 42 target rate changes, compared with 75 in the Cook-Hahn
sample. This cannot explain the smaller magnitude of the response, however. Another pos-



sibility is that traders were not aware of the policy actiériEhis is implausible, however,

as since the late 1980s the target (or “intended”) rate was generally apparent to market par-
ticipants, even prior to the FOMC'’s practice of announcing its decisions, which began in
1994 [Meulendyke (1998)].

A more likely explanation is that target rate changes have been more widely anticipated
in recent years, and this squares with the Roley and Sellon (1995) observation that interest
rates rose somewhat in advance of target rate increases. Bond prices set in forward-looking
markets should respond only to the surprise element of monetary policy actions, and not
to anticipated movements in the funds rate. In assessing the market response to monetary
policy, therefore, it makes sense to focus on the surprise component; to the extent that the
target rate change itself is a “noisy” measure of the policy surprise, using it as a regressor
would lead to attenuated estimates of interest rates’ response.

3.2 Using futures rates to gauge policy expectations

Expectations of Fed policy actions are not directly observable, of course, but Fed funds
futures prices are a natural, market-based proxy for those expectations. The market was
established in 1989 at the Chicago Board of Trade, and contracts based on one- through
five-month Fed funds are currently traded, along with a “spot month” contract based on
the current month’s funds rate. Krueger and Kuttner (1996) found that funds rate forecasts
based on the futures price are “efficient,” in that the forecast errors are not significantly
correlated with other variables known when the contract was priced.

Using futures data as a measure of expected Fed policy has a number of advantages
over statistical proxies. First, there is no issue of model selection; second, the vintage of
the data used to produce the forecast is not an issue; and third, there are no generated-
regressor problems. The main disadvantage, of course, is that it limits the analysis to the
post-1989 period.

As it embodies near-term expectations of the Fed funds rate, the rate from the spot
month contract offers a promising way to measure the surprise element of specific Fed
actions. Two factors complicate the use of futures data for this purpose, however.

One complication is that the Fed funds futures contract’s settlement price is based on
the averageof the relevant month’s effective overnight Fed funds rate, rather than the rate

This would be consistent with Thornton (1999), who found that the Cook and Hahn results are at-
tributable to theannouncemerndf a policy change, rather than the action itself.



on any specific dag.Consequently, the time-averaging must somehow be undone to get a
correct measure of the expected funds rate.

A second complication is that the futures contracts are based not on the target Fed
funds rate, but on the effective market rate. In monthly averages, the two are very close —
usually within a few basis points. At a daily frequency, however, the discrepancy between
the market rate and the Fed’s target is often too large to be ignored.

The question, then, is how best to extract a measure of the unexpected change in the
target rate on datg relative to the forecast made on date 1,

i:‘T - ET—].FT ’

in light of these complications. To understand how the calculations are affected, it is useful
to write out exactly what the futures rate represents. The spot futures rate anaday
months, fS?T can be interpreted as the conditional expectation of the average funds,rate,
for months,

1
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wherems is the number of days in mon#h In an efficient, frictionless market with risk-
neutral investorspy would be zero; otherwise, a non-zero and potentially time-varying
premium may be present. The realized funds rate;an be thought of as the target rate
plus noisef{+ nt, the error coming from unanticipated movements in reserve supply or
demand.

Suppose that on date- 1, futures market participants expected the Fed to change the
Fed funds target rate on dateand that no further changes were expected within the month.
The futures rate on date— 1 would embody the average of realized funds rates through
that date, and expectations about the rates prevailing after that date:

T . _ ms—T R
fs(?pl = W_ls [Fr—14 Nt<t] + T [Ero1 (Fr+Ne>o)] + 1 s

wheren is the average targeting error over the relevant portion of the month.

An obvious way to reconstruct the surprise change in the target is to look at the differ-
ence between the average funds rate and the spot month rate on the day prior to the change,
scaled up to reflect the number of days affected by the change:

Ms — <o

2The futures rate is defined as 100 minus the contract’s price. An additional twist is that the average is
computed over every day in the month, with rates for weekends and holidays carried over from the previous
business day.




wherer is simply the effective funds rate averaged over the entire month. Substituting from
above yields:

) o _ Mg
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The surprise computed in this way, therefore, is equal to the “true” surprise, plus the average
targeting errors made later in the month, minus the scaled-up premium. The first of these
may introduce some noise (especially if an unusually volatile settlement period occurs late
in the month), but its magnitude is likely to be no more than a few basis points.

The term involvingpg is a more serious problem, however, as the scaling magnifies
it and introduces time variation. The problem is especially severe towards the end of the
month. With two days remaining in the month, for example, a one basis point premium
would become a 15 basis point error; with one day left, the error would be 30 basis points.
The problem could be solved by subtracting the premium from the forward rate, but this
only works if g is a known constant. Replacing the average realized funds rate with a
weighted average of past realized funds rates and future target rates eliminates the average
future targeting error, but the scaled-up forward premium remains.

How serious is this problem? As shown in the top panel of Figure 1, the spot-month
futures rate does tend to converge to the average funds rate as the month progresses. But
the expected next-day change in the Fed funds target from the procedure described above,
shown in the bottom panel, becomes much more volatile towards the end of the month.
(Much, but not all, of the volatility comes in December, apparently associated with year-
end effects in the funds market.)|if were a constant or a deterministic function of the day
of the month, one would see a systematic bias in the predicted change; that the predictions’
volatility increases suggests a random, time-varying

A policy surprise measure less susceptible to this problem can be computed from the
one-day change in the spot-month futures Paféwe key insight is that the day- 1 futures
rate embodies the expected change on (or after)jatehe change occurs as expected,
then the spot rate will remain unchanged. Any deviation from the expected rate will result
in a change in the futures rate, by an amount proportional to the number of days affected
by the change. The one-day surprise computed in this way would be:

o (18- 10 )
for all but the first and last days of the month. When the change comes on the first day of
the month, its expectation would have been reflected in the prior month’s spot rate, so the

ATV =

3Evans and Kuttner (1998) used a similar procedure to gauge the size of monetary shocks.

6



Figure 1: End-of-month behavior of the futures rate and implied target rate changes
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panel plots the a measure of the expected target rate change, if that change were to take
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one-month futures rate on the last day of the previous mdghq,,ms_l is used instead of
fgr_l. Similarly, since the market Fed funds rate doesn’t change until the day following
the target change, when the change comes on the last day of the month it would have no
effect on that month’s spot rate. In this case, the difference in one-month futures rates must
be used instead.

Under the assumption that no further changes are expected within the month (i.e., that
E.f1.1 = f for T € s), this method delivers a nearly pure measure of the one-day surprise
target chang@. As it involves only differences in the futures rate, the forward premium
disappears, providing it doesn’'t change too much from one day to the next. The only
contamination is the day targeting error, and the revision in the expectation of future
targeting errorS. The expected component of the change is simply calculated as the actual
minus the unexpected,

AFE = AF; — Arf' .

A final issue concerns the timing of the data. The target rate changes are dated accord-
ing to the day on which they became known. Up until 1994, this corresponded to the day
after the FOMC'’s vote, when the new target rate became effective. In February 1994, the
Federal Reserve began announcing its decision following each FOMC meeting. After the
adoption of this procedure, target changes are assigned to the dates of the announcements,
which usually come at 2:15 p.m. Eastern time. Since trading in Fed funds futures ends
at 3:00 Eastern time (2:00 Central), the closing futures price used in the analysis typically
will have incorporated the news of the FOMC'’s decision.

The sample contains two important deviations from this chronology, however. The
first occurred on December 18 1990, when the Federal Reserve took the unusual step of
announcing a 50 basis point cut in the discount rate immediately following the FOMC
meeting. The action, which was made public at 3:30 p.m., after the close of the futures
market, was correctly interpreted as signaling that the Fed had also cut the funds rate 25
basis point$. Stock and bond markets, which were still open when the announcement was
made, reacted euphorically to the news, even though the change would not affect the Fed
funds spot and futures markets until the following day. To deal with this timing mismatch,

4This assumption is not entirely justified, as since 1989, three months have had two target rate changes.

SThese errors are occasionally non-trivial, so the change in the one-month futures rate is used when the
target rate change occurs within three days of the end of the month, which was the case for five of the 42
changes in the sample.

8In its reporting on the move, the Wall Street Journal stated: “The committee is believed to have authorized
an immediate reduction of one quarter percentage point in the key federal funds rate,” Wessel (1990).



the December 19 move is treated as if it occurred on the 18th, and the difference between
closing futures rate on the 18th and the opening rate on the 19th is used to measure the
surprise element of the actidn.

A similar episode occurred on October 15 1998, when the Fed surprised the markets
by changing its Fed funds target between FOMC meetings — something it had not done
since April 1994. The move was announced at 3:15 p.m. Eastern time, after the futures
market in Chicago had closed. Consequently, although the announced change in the target
Fed funds rate took place on the 15th, the futures market did not register the change until
the following day. In this case, a better measure of the policy surprise would involve the
difference between the closing futures rate on the 15th and the opening rate on the 16th.

Table 2 lists the 42 target rate changes contained in the sample, and their futures-based
decomposition into expected and unexpected compofeBtgaking the changes out in
this way reveals some interesting patterns. For example, the rate cuts in 1989 appear to
have been largely anticipated, as was the runup of rates in 1994-95. Many of the final round
of rate cuts in late 1991 and 1992 seem to have taken the market by surprise, however.

3.3 Results

Having used the futures rates to distinguish between anticipated and unanticipated changes
in the funds rate target, the natural question to ask is whether the response of bill and bond
rates to the two components differs — or indeed whether rates respond at all to predictable
changes. This can be done within the Cook and Hahn-style analysis by regressing the
change in the interest rate on the two components of the target rate change,

AR = al + BLAFE + BLATY + € | 2)

whereR' again represents the yields on 3- 6- and 12-month bills, 2- 5- and 10-year notes,
and 30-year bonds. The results appear in Table 3.

Two main conclusions emerge from the table. The first is that the coefficient on the
anticipated portion of the target Fed funds change is small, and except for the three-month
bill, statistically insignificant, consistent with the view that market rates respond only to
new information.

’Thanks to Jason Bram for suggesting this modification.

8The target rate changes correspond to those in Rudebusch (1995), except for the six-basis point adjust-
ment on August 10 1989, which is omitted from the analysis, and the 50 basis point rate cut on December 19
1990, which is assigned to the 18th instead.



Table 2: Actual, expected and unexpected changes in the Fed funds target (bp)

Date Actual Expected Unexpected

1989 6/6 -25 -24 -1
717 -25 -22 -3

7127 -25 -25 0

10/18 -25 -25 0

11/6 -25 -29 +4

12/20 -25 -8 -17
1990 7/13 -25 -11 -14
10/29 -25 +6 -31

11/14 -25 -29 +4

12/7 -25 +2 -27

12/18 -25 -4 -21

1991 1/8 -25 -7 -18
2/1 -50 -25 -25

3/8 -25 -9 -16

4/30 -25 -8 -17

8/6 -25 -10 -15

9/13 -25 -20 -5

10/31 -25 -20 -5

11/6 -25 -13 -12

12/6 -25 -16 -9

12/20 -50 -22 -28

1992 4/9 -25 -1 -24
712 -50 -14 -36

9/4 -25 -3 -22
1994 2/4 +25 +13 +12
3/22 +25 +28 -3

4/18 +25 +15 +10

5/17 +50 +37 +13

8/16 +50 +36 +14

11/15 +75 +61 +14

1995 2/1 +50 +45 +5
716 -25 -24 -1

12/19 -25 -15 -10

1996 1/31 -25 -18 -7
1997 3/25 +25 +22 +3
1998 9/29 -25 -25 0
10/15 -25 +1 -26

11/17 -25 -19 -6
1999 6/30 +25 +29 -4
8/24 +25 +23 +2

11/16 +25 +16 +9

2000 2/2 +25 +30 -5
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Table 3: The one-day response of interest rates to Fed funds surprises

Response to target change:

Maturity Intercept anticipated unanticipated = R? SE DW

3 month -15 123 504 0.60 6.8 224
(1.2) (2.5) (5.7)

6 month -29 21 56.3 0.51 7.6 241
(2.2) (0.4) (5.7)

12 month —2.6 -0.3 727 0.63 73 215
(2.0) (0.2) (7.6)

2 year —2.8 —-04 614 0.52 78 225
(2.0) (0.2) (6.0)

5 year 24 —-5.8 481 0.33 86 2.37
(1.6) (0.9) (4.3)

10 year —-24 —-74 315 0.19 78 237
(1.8) (1.3) (3.2)

30 year —-25 -8.2 194 0.13 6.5 246
(2.2) (1.7) (2.3)

Notes:Anticipated and unanticipated changes in the Fed funds target are computed from Fed funds
futures rates, as described in the text. Parentheses coyHitistics. See also notes to Table 1.

Table 4. The one-day response of interest rates to the lagged Fed funds rate

Lagged target change Lagged surprise change

Maturity Response R? Response R?

3 month -14 0.00 41 0.01
(0.4) (0.5)

6 month 11 0.00 —-1.6 0.00
(0.3) (0.2)

12 month 13 0.01 —-3.7 0.01
(0.5) (0.6)

2 year 30 0.02 -9.8 0.04
(0.9) (1.3)

5 year 33 0.03 —6.1 0.02
(1.0) (0.8)

10 year 52 0.07 08 0.00
(1.7) (0.2)

30 year 40 0.05 -0.3 0.00
(1.5) (0.2)

Notes:Parentheses contdirstatistics. See also notes to Table 3.

11



Figure 2: Target rate changes and the 5-year rate
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The second main result is that the response of market rates to surprise changes in the
target is considerably larger than the response to “raw” changes — as expected, since the
raw changes are contaminated by noise in the forrexpectedate changes, whose true
coefficient is near zero. For the three-month maturity, the response to the surprise element
of the rate change is more than twice as large as it is to the raw change: 50 basis points
(for a one percentage point change in the target), compared with 24. At the short end of the
yield curve, the coefficients are similar to those reported by Cook and Hahn, and not far
from the contemporaneous effects in the impulse response functions estimated by Edelberg
and Marshall (1996).

Replacing the raw target rate changes with the surprise component makes even more
of a difference for longer-term interest rates. For five-year notes, the response is a highly
significant 48 basis points, compared with an insignificant 10 basis points. Even the 30-
year bond now shows a statistically significant 19 basis point reaction. All are considerably
larger than those reported by Cook and Hahn. The results are also much stronger than those
of Roley and Sellon (1999), perhaps owing to the different procedure used for calculating
the surprise component of the rate change.

The scatterplots in Figure 2 confirm these results: the raw target rate changes (left-hand
panel) and the expected target rate changes (center panel) bear little, if any, relation to
changes in the five-year rate. By contrast, changes in the five-year rate line up quite nicely
with the surprise target rate changes — all except for two observations deep in the southeast
guadrant, where unexpected rate increases were associated with bond market rallies.
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A closer examination of these two outliers is revealing. Both correspond to larger-
than-expected 50 basis point increases in the target Fed funds rate in 1994: the first on
May 17, and the second on August 16. Why did these rate increases incite bond market
rallies? It turns out that both actions were accompanied by statements suggesting that
further rate increases were not imminértherefore, although the policy actions boosted
short-term interest rates, the expected future rates fell, leading to the decline in long rates.
It is interesting to note that the Fed’s policy of announcing a rationale for monetary actions,
adopted in February 1994, seems to have played a key role in the bond market’s unusual
reactions'®

Short-term interest rates tend to move roughly one-for-one with the Funds rate, how-
ever, so it remains something of a puzzle as to why a one percentage point surprise increase
in the target generates only a 50—70 basis point increase in the bill rates. One possibility
is that policy actions are viewed as relatively transitory. This is unlikely, however, in light
of the observed persistence of target rate changes. Another is that the surprise is associated
with increases in bill rates on subsequent days. This implausibly says that financial mar-
kets respond to “old news,” however. Nor is this supported by regressions of the change
in market interest rates on lagged changes in the Fed funds target, or its surprise element,
shown in Table 4. Unlike the results reported in Cook and Hahn, only the three-month rate
shows a systematic response to the lagged changes. (This may be because the Fed’s recent
actions have been more transparent than those of the 1970s.) A third possibility is that the
Fed’s actions — if not their exact timing — were anticipated, a possibility explored below.

4 Interest rates’ response at the one-month horizon

The event-study approach employed by Cook and Hahn, and used in the preceding section,
focused on very the high frequency response to irregularly-spaced events. For some pur-

poses, it may be more useful to take a time-series approach, and look at surprises defined at
regularly-spaced monthly intervals. By allowing for a possible target change in any month,

9The May 17 announcement included the statement that “These actisbstantially remove the de-
gree of monetary accommodation which prevailed throughout 1993.” The August 16 announcement stated
that “these actions are expected to be sufficient, at least for a time, to meet the objective of sustained, nonin-
flationary growth.” Both were widely interpreted as reducing the likelihood of subsequent rate increases; see
Wessel (1994), Thomas (1994) and Vogel (1994).

19Bomfim and Reinhart (1999) take a more systematic look at disclosure policy’s impact on financial
markets’ reaction, but find little discernible effect. There might also have been some reaction to the FOMC'’s
announced "bias,” which was made public for a brief period from May through December 1999. But with
only six FOMC meetings during this period, any effect would be hard to quantify.
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this method recognizes that Fathction may itself represent a policy surprise. This has
more of the flavor associated with the VAR literature mentioned earlier, and shifts the focus
away from the precise timing of the policy actioHsIn addition, the assumption that the
dates of possible policy actions are known is no longer necessary.

To avoid distorting the timing and magnitude of interest rate changes with time-
averaging, one would ideally want to define interest rate changes in terms of point-in-time
data: e.g., the change in the target rate from the last day of nsenthto the last day of
months. The problem, as discussed above, is that the Fed funds futures contracts’ settle-
ment price is determined by the monthly average funds rate, rather than the rate prevailing
on a certain day. This averaging means that the difference between the average funds rate
in months and the one-month futures rate on the last day of mentii understates the
“true” surprise, measured in terms of month-end réafes.

The shift to a monthly frequency makes it hard to use successive days’ futures rates to
measure the true surprise. And as discussed above, using the scaled-up difference between
the funds rate and the previous month’s futures rate will exaggerate any forward premium,
introducing potentially serious noise into the measure.

Rather than trying to correct the measured Fed funds surprises, it is easier simply to
introduce the same distortion into the changes in market interest rates. The unexpected
change in the funds rate is defined as the average rate in raomtimus the one-month
futures rate on the last day of morgh- 1,

1

U & 1
Afg=— ) Tt — fs,l,ms_1 ,
€S

and the expected change in the funds rate target is defined analogously as

AFE= Ly  —Fo1m s -
i.e., spread between the future rate and the Fed funds target on the last day o§manth
The sum of the two is just the mon#haverage funds rate target minus the target on the
last day of montls— 1, denoted\fs. (The non-standard notation is used to refer to the
change from the last day of morgh- 1 to the average of mont)

To mimic the time-averaging in the Fed funds futures ratesAtfiker is also applied
to market interest rates:

-1 .
AR.= —SR-R :
RS rnsgth RS—].,ITIS,]_

1170 the extent that policy responds to information received within the month, these month-ahead surprises
do not match up exactly with the orthogonalized “policy shocks” from VARs, however.
12These time aggregation issues are discussed in greater detail in Evans and Kuttner (1998).
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By defining the change in this way, the effect of time-averaging on the measured Fed funds
surprise is duplicated in the changes in market interest tates.

Table 5 displays the results of a regression of changes in market interest rates on
monthly changes in the target Fed funds rate,

AR, = o' + BAFs+ €L,

analogous to those reported above for the one-day changes. Comparing Table 5 with Table
1, one finds that the response to the raw change in the Fed funds tangeth$arger at
the monthly frequency than for one-day changes: 73 versus 24 basis points for three-month
bills, and 33 versus less than one basis point for thirty-year bonds. There are at least two
possible explanations for this difference. One is simply that if the Fed somehow telegraphs
its intentions in the days prior to its actions, the one-month change in the Fed funds target
contains a larger surprise element than the one-day change. The other is that target changes
over the span of a month incorporate the Fed’s systematic response to macroeconomic
conditions, whereas the one-day changes presumably do not.

The estimated responses are even stronger when the expected and unexpected target
rate changes are broken out separately. Table 6 reports the results of the regression,

AR, = o' + BLAFE + BLAFY + €k | (3)

where futures rates are used to compute the surprise target rate changes, as described above.
The yield on three-month bills rises by 79 basis points in response to an unexpected one
percent increase in the target, and the response of six- and twelve-month bills is nearly
one-for-one. Not only are these estimates larger than those for the one-day surprises, but
they also display a bit more of the “hump shape” often associated with the yield curve’s
reaction to news [see, e.g., Fleming and Remolona (1999)]. The estimated responses of
note and bond rates are also more robust than those observed at a one-day horizon, with
the 30-year bond yield rising by over 50 basis points after a one percentage point surprise
tightening.

It also turns out that interest rates (at least those for three- and six-month bills) respond
quite strongly to theexpectedchange in the Fed funds target. At first glance, this would
seem to contradict the efficient markets proposition that asset prices should respond only

13To remain comparable to the futures rate calculation, the average is taken over every calendar day of the
month. The measured funds rate surprise may be contaminated by a forward premium, but if the premium is
constant, it will be absorbed into the constant terms in the regressions that follow.
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Table 5: The one-month response of interest rates to changes in the Fed funds target

Maturity Intercept Response R? SE DW

3 month —-0.7 728 0.40 108 2.08
(0.7) (5.5)

6 month 02 772 0.37 123 2.02
(0.2) (4.9)

12 month —-04 770 0.29 147 168
(0.2) (4.7)

2 year 00 707 0.20 174 164
(0.0) (4.0)

5 year 05 570 0.14 174 156
(0.3) (3.5)

10 year 07 431 0.10 157 163
(0.4) (3.3)

30 year o4 331 0.08 138 163
(0.3) (3.3)

Notes:The change in the target Fed funds rate is expressed in percent, and the interest rate changes
are expressed in basis points. The sample runs from June 1989 through January 2000. Parentheses
containt-statistics.

Table 6: The one-month response of interest rates to Fed funds surprises

Response to target change:

Maturity Intercept anticipated unanticipated = R? SE DW

3 month 01 608 793 041 108 201
(0.2) (3.2) (7.9)

6 month 18 520 9038 041 119 193
(1.6) (2.2) (8.4)

12 month 17 44.4 94.6 0.34 142 160
(1.0) (1.7) (7.5)

2 year 27 285 936 0.27 166 155
(1.4) (1.2) (6.2)

5 year 33 127 811 0.22 166 147
(1.7) (0.6) (5.3)

10 year 31 5.8 633 0.18 151 158
(1.7) (0.4) (5.4)

30 year 26 —-1.6 519 0.17 132 161
(1.7) (0.2) (6.6)

Notes:Parentheses contdirstatistics. See also notes to table 5.
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Table 7: The response of interest rates to Fed action and inaction

Months w/ target change Months w/o target change

Maturity Response R? Response R?

3 month 913 0.52 -5.7 0.00
(5.7) (0.3)

6 month 104 0.52 259 0.03
(5.9) (1.1)

12 month 937 043 581 0.09
(4.7) (2.0)

2 year 881 0.38 822 0.12
(4.3) (2.9)

5 year 734 0.33 911 0.14
(4.0) (3.9)

10 year 60 031 752 0.11
(4.3) (4.3)

30 year 524 034 628 0.10
(6.0) (4.0)

Notes: Parentheses contairstatistics. The sample consists of 38 months containing at least one
target rate change, and 90 months containing no target rate change. See also notes to table 5.

to new information. It is important to remember, however, that the change in the rate
does not represent an excess return. In fact, under the pure expectations hypothesis, the
expected one-month change in #henonth interest rate can be expressed dstines the
expectedk-month change in the one-month rate. Hence, the relationship between interest
rate changes and expected policy actions should be inversely related to the maturity.

Aside from the different time interval over which interest rate changes are defined, these
results also differ from those in section 3 in that the sample includes months in ndich
target change took place. An interesting check, therefore, would be to see whether the bond
market responded in the same way to klettionas it did to its actions.

Table 7 displays the results when the sample is split according to whether the month
contained a Fed action. For those 38 months containing a target rate change, bill rates’
response is nearly one-for-one, as it was over the whole sample. During these months,
monetary policy accounts for half the variance in the three- and six-month bill rates. For
those months without policy changes, however, bill rates’ responses are much weaker, and
statistically insignificant* Such a discrepancy is not apparent in responses of note and

14The opposite result is obtained by Roley and Sellon (1999), looking at one-day changes on FOMC
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bond rates, however. For longer-term interest rates, the response is similar, regardless of
subsample. In both cases, tR&is much lower in the “no change” subsample.

5 Implications for the term structure of interest rates

The behavior of the short end of the yield curve has been something of a puzzle for re-
searchers. Contrary to the implications of the expectations hypothesis, the slope of the
yield curve over the three- to 12-month range seems to have very little predictive power for
subsequent changes in short-term interest rtes.

Cook and Hahn (1989) argued that the persistence of funds rate changes is to blame
for the failure. If changes in the target rate tend to persist for months at a time, then the
slope of the yield curve will contain little information about the expected path of policy.
And since Fed policy is presumably the major factor driving the short end of the yield
curve, this means the term spread will be dominated by changes in the term premium. Ev-
idence presented by Rudebusch (1995) corroborates the Cook and Hahn argument. Using
a high-frequency duration model, Rudebusch found that a change in the funds rate had no
implications for further changes beyond a horizon of about five weeks.

The effect of surprise target rate changes on expected future Fed policy can be examined
directly using the Fed funds futures data. The results provide further evidence supporting
the Cook-Hahn and Rudebusch findings: an unexpected change in the funds rate today has
virtually the same effect on the expected level of the funds rate over the horizons spanned
by the futures contracts.

Since changes in the futures rate can be interpreted as market expectations of future
target rate changes, they can be used to gauge the effect of surprise policy actions on policy
expectations. As in section 3, one-day changes in the one- through five-month futures rates
are regressed on the expected and unexpected change in the target, for those days when the
target rate was changed. The results appear in the top panel of table 8.

Two results stand out. The first is that the coefficients on the funds rate surprise are in
the neighborhood of 0.6 — significantly less than one in both an economic and statistical
sense. This, again, is consistent with the view that day-ahead surprises have more to do
with the timing of FOMC actions, rather than with the actions themselves. The second

meeting dates.

191t should be noted that this puzzle is less evident in the more recent sample than in earlier periods.
The regression of the three-month change in the three-month bill rate on the forward-spot spread yields an
estimated slope coefficient of 0.54, with-atatistic of 3.4.
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Table 8: The response of funds rate expectations to target rate surprises

Response to target change:

Horizon Intercept anticipated unanticipated R? SE DW
Daily data
1 month —0.00 003 064 074 0053 150
(0.4) (0.8) (9.3)
2 months -0.01 0.00 062 065 0061 166
(1.0) (0.2) (7.7)
3 months -0.02 003 055 057 0066 152
(1.7) (0.6) (6.4)
4 months -0.02 001 061 056 0074 151
(1.6) (0.3) (6.3)
5 months -0.02 002 Q57 047 0087 144
(1.3) (0.3) (4.7)
Monthly data
1 month 001 015 078 Q70 0056 172
(1.5) (1.6) (11.6)
2 months 1 016 Q79 050 0086 176
(0.7) (1.2) (7.7)
3 months (00]0] 018 082 043 0102 167
(0.3) (0.9) (8.2)
4 months (00]0] 021 084 038 0118 178
(0.2) (1.0) (7.0)

Notes:Anticipated and unanticipated changes in the Fed funds target are computed from Fed funds
futures rates, as described in the text. Parentheses codtaitistics. See also notes to Table 1.
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observation is that the coefficients for the five horizons are similar in magnitude, and all
within one standard error of each other. Apparently, a surprise increase in the current month
implies a highetevelof rates in coming months, but says little about any futdrangesn
rates.

The bottom panel of table 8 confirms this conclusion, using surprise target changes
measured at monthly interval§. A one percentage point funds rate surprise increases
expected future rates by roughly 80 basis points at a horizon of one through four months.

6 Conclusions

The aim of this paper has been to estimate the effect of changes in Federal Reserve policy
on a spectrum of market interest rates, using Fed funds futures data to distinguish antici-
pated from unanticipated changes in the target. Its main finding has been to document a
strong and robust relationship between surprise policy actions and market interest rates;
the response to anticipated actions is generally small. A second finding is that except at
the short end of the yield curve, interest rates’ reaction to Fed inaction is similar to their
response to overt actions. Third, surprise changes in the target rate have minimal effects
on expectations of future Fed actions, helping to explain the failure of the expectations
hypothesis on the short end of the yield curve.

More generally, this paper has discussed the use of Fed funds futures contracts in ex-
tracting measures of expected policy actions, highlighting possible pitfalls introduced by
the contracts’ unique time-averaged structure. An interesting line of future research would
be to use the methods developed here to analyze the effects of monetary policy on other
financial markets, such as those for equity and foreign exchange.

16Because of the time averaging problem discussed earlier, the change in the one-month-ahead funds rate
expectation is computed as the average one-month futures rate in svoiriths the two-month futures rate
on the last business day in morgh 1.
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