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Abstract

Previous studies attribute the failure of the expectations theory, using
the 6-3 month Treasury bill spread, to the Federal Reserve�s commitment
to stabilizing interest rates. We �nd that with the advent of Greenspan,
this spread predicts future changes in the short rate in the United States.
This success can be explained by interest rate smoothing and greater
transparency by the Fed. By enhancing the management of market ex-
pectations and reducing uncertainty, the central bank improves interest
rate predictability and gains credibility from the market, as lower term
premia suggest.
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1 Introduction

In their pioneering article, Mankiw and Miron (1986) noted that with the found-

ing of the Federal Reserve, the short rate became a random walk, hence less pre-

dictable. They attributed the failure of the expectations theory (using 3- and

6-month Treasury bill rates), from the establishment of the Fed to 1979, to the

central bank�s commitment to stabilizing interest rates. Two years later, Ku-

gler (1988) con�rmed this failure in the years 1974�1986 for the United States,

but not for Switzerland and Germany, whose central banks did not attempt to

stabilize interest rates. According to Fuhrer (1996), the rejection of the expec-

tations theory was due to shifts in monetary policy regimes that, by changing

Fed behaviour, modi�ed the short-term interest rate generating process.

We check whether the rejection of the expectations hypothesis (documented

by Campbell 1995) is con�rmed during the Alan Greenspan tenure, and if not,

whether the Fed�s changing behaviour over time could have been responsible for

the enhanced short rate predictability.

Using the 6�3 month Treasury bill spread for the United States, we con�rm

the rejection of the expectations hypothesis for the pre-Greenspan period, but

not for the Greenspan era, especially starting from the year 1989, when the Fed

began to smooth interest rates. Short rate predictability, however, is found to

break down when policy rates were moved aggressively.

The paper is structured as follows. The next section brie�y reviews the ex-

pectations theory. Section 3 tests it using U.S. data on 3- and 6-month Treasury

bill rates for the period 1959�2007, which excludes, on purpose, the turbulent

years of the recent global �nancial crisis. Section 4 examines if and how the

stochastic process of the short rate changed, and Section 5 uses these results

to focus on the Greenspan-Bernanke period. Some theoretical considerations

about the e¤ects of interest smoothing and greater transparency on interest
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rates�predictability are reported in Section 6. Section 7 concludes.

2 The expectations theory of the term structure

According to the expectations theory of term structure, the return from invest-

ing in a two-period bill (Rt) is equal to the average of the yield from the current

(rt) and the expected (Etrt+1) one-period bill plus a constant term premium

(�):

Rt =
1

2
(rt + Etrt+1) + � (1)

Alternatively:

(Etrt+1 � rt) = 2(Rt � rt)� 2� (2)

which links the expected change in the short rate (on the left side) to the long-

short rate yield spread (the �rst term on the right side). Below, we test if

the spread rationally forecasts the future path of the short rate. With rational

expectations, we have:

rt+1 = Etrt+1 + vt+1 (3)

Hence, inserting (3) into (2), the relationship to be tested becomes:

(rt+1 � rt) = �+ �(Rt � rt) + vt+1 (4)

where � = �2� and � = 2. Under the null hypothesis of rational expecta-

tions, the error term is orthogonal to the regressors, and OLS yields consistent

estimates of the coe¢ cients.
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3 Empirical evidence of the spread�s predictive

power

We test the term structure of interest rates at the short end of the maturity

spectrum using monthly data for U.S. 3- and 6-month Treasury bill rates, taken

from the St. Louis Fed database, for the period 1959�2007.

We split the sample into a pre-Greenspan period (1959:1�1987:7) and a

Greenspan-Bernanke period (1987:8�2007:12). For the �rst, we identify three

di¤erent subperiods: (part of) the McChesney Martin (1959:1�1970:1), the

Burns and Miller (1970:2�1979:7) and the Volcker (1979:8�1987:7) tenures. We

split this last subsample further to separate the 1979:8�1982:9 years, when Vol-

cker�s anti-in�ationary policy targeted monetary aggregates. Results from the

estimates of equation (4) are given in Table 1.

For the pre-Greenspan period, we do not �nd support for the expectations

hypothesis: although positive, the coe¢ cients of the spread are, for the whole

sample and for each subsample, not signi�cantly di¤erent from zero and are

signi�cantly lower than the theoretical value of 2, while the constant is never

signi�cantly di¤erent from zero. The low R-squared (never greater than 0.03)

reinforces the claim of negligible predictive power of the spread.

However, for the Greenspan-Bernanke tenure, the coe¢ cient of the spread is

signi�cantly di¤erent from zero, but not signi�cantly di¤erent from 2, and the

R-squared is an order of magnitude larger compared to those of the previous

periods. Thus, from Greenspan onward, short rates rise when the long-short

term spread is high, in conformance with the expectations hypothesis.
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4 The stochastic process of the short rate

The empirical evidence above is consistent, for the pre-Greenspan period, with

Mankiw and Miron�s result (1986) of no predictive power for future short-term

interest rate changes until 1979. In their opinion, the rejection of the expec-

tations theory was a consequence of the commitment of the Fed to stabilizing

interest rates, resulting in random walk behaviour for the short rate. However,

since interest rate stabilization remains a Fed goal, why did the short rate be-

come predictable with the advent of Greenspan? We think the explanation can

be found in the reduced volatility of the Fed target rate (and, consequently, of

the other shorter rates).

Consider the change in the daily federal funds target rate starting from

October 19821 (see Fig. 1): the vertical line in 1989 signals a change in the

behaviour of this series. While pre-1989 target changes came in multiples of

0.0625 percentage points and varied considerably, since 1989, the Fed has moved

its target only by 0.25 or 0.50 percentage points (only on two occasions in the

sample did it make a movement of 0.75). Furthermore, after this year, reversals

become more infrequent: in the six-year span between 1982 and 1988, there were

17 reversals, but just 9 in the following 18 years. After 1989, the central bank

improved the private sector�s learning, reducing interest rate reversals thanks

to interest rate smoothing (see Ellison 2006).

A Chow test for the federal target rate series with 1989 as a known break-

point con�rms a structural shift (with a p-value of 0.036). Moreover, though the

presence of a unit root in the Fed target process cannot be rejected, the vari-

ance of its innovation decreases after 1989, when even the other reference short

rates (i.e., the federal funds rate and the 3-month Treasury bill rate) show lower

1The start date is chosen to exclude the strict monetary targeting regime during Volcker�s
tenure. Previous years were not included due to a lack of data availability.
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volatility (see Table 2).2 A Breusch-Pagan test rejects the null of homoskedas-

ticity in the residuals from an AR(1) model for the federal funds target rate

when a dummy for the post-1989 years is included. The coe¢ cient associated

with this dummy is signi�cant and negative, signalling a reduction in volatility,

even when the federal funds rate or the 3-month Treasury bill rate is employed.3

Moreover, the Greenspan era signals the beginning of the disclosure of the

�Secrets of the Temple�:4 over these years, the Fed substantially increased

transparency about its policy decisions. It decided, beginning in February 1994,

to announce the new target at the end of each Federal Open Market Committee

(FOMC) meeting, whose calendar was made public in advance, and to provide

post-meeting statements describing its policy action. At the start of 2000, the

FOMC decided to provide such statements immediately after each meeting,

whether or not it changed policy, and to include an assessment of the risks to

the economic outlook. Since 2004, the Fed, as well as providing a forecast of

core in�ation, has sped up the release of the FOMC minutes to a three-week

lag. These steps, by decreasing market uncertainty, have helped markets predict

future monetary policy actions (see Swanson 2006).

We apply a Bai-Perron (1998) multiple breakpoint test to check if the dates

for the beginning of interest smoothing by the Fed (1989) and those that signal

the crucial steps towards greater transparency (1994, 2000, 2004) are con�rmed

as breakpoints in the (change of the) federal target rate series. As Table 3

shows, the maximized statistics indicate the presence of breaks exactly in the

expected dates.5

2We �nd the federal target rate to still be a random walk whose innovations, however,
have changed, becoming more predictable. Note that, since the series is a random walk, the
graphical representation of residuals from the regression of the target on a constant and its
�rst lagged value would be almost indistinguishable from those in Figure 1.

3Results, omitted for brevity, are available from the author upon request.
4This is the evocative title of William Greider�s 1987 bestseller about the Federal Reserve.
5A Quandt-Andrews unknown breakpoint test �nds the single breakpoint to be in 2004:3.
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5 A focus on the Greenspan-Bernanke period

The lower volatility of short-term rates, together with the evolving steps towards

transparency and the change in the stochastic process of the federal funds rate,

since 1989, could have contributed, reducing uncertainty, to increasing the pre-

dictability of future short rates. Testing the expectations hypothesis using data

starting from the end of 1989 further improves the results for the Greenspan-

Bernanke period. As Table 4, Panel A, shows, the estimate for the period

1989:11�2007:9 gives a coe¢ cient on the spread exactly equal to 2, thereby

verifying the validity of the expectations hypothesis.

To check this result�s robustness, we run a series of OLS regressions, keeping

the end of the sample �xed while moving the initial date one month ahead at

every step. A given point on the bold line in Fig. 2 shows the value for the

coe¢ cient � from equation (4) for the regression that spans from that point to

the end of the sample.6 The dotted lines give the con�dence interval at 5% for

the null of � = 2. Fig. 2 shows that the yield spread�s coe¢ cient is signi�cantly

di¤erent from 2 when we take the years from the end of 1994 to (approximately)

2002 as the start of the sample.

We argue that this result should not be read as a failure of the rational

expectations hypothesis. Fuhrer (1996), to reconcile the expectations hypothesis

with the data, employs �time varying monetary policy to explain what others

have explained with time varying term premiums�(p. 1185). We think that

these two explanations are not mutually exclusive: by improving the conduct of

monetary policy through greater interest rate smoothing and transparency, the

central bank has reduced uncertainty. This fact, in turn, could have changed

term premia, causing a rejection of the pure expectations hypothesis (which,

instead, assumes constant risk premia across di¤erent periods). Furthermore,

6We do not report results for regressions with too few observations; hence, the last starting
date considered is 2005:9.
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if the validity of the expectations theory for the Greenspan-Bernanke period

depends on the larger predictability of interest rates changes, we should look for

breakpoints in the estimation of the spread predictive power in those periods

when policy rates were moved aggressively, thus surprising the market.

Guided by Fig. 2, we detect one of these periods in 1994:11, when Greenspan

aggressively raised the Fed target rate, and another in the years 2001�2002,

characterized by large and frequent interest rate cuts to contrast the burst of

the dotcom bubble, the impending recession and the Twin Towers attacks.7

In the presence of structural breaks, we expect the parameters of term struc-

ture equations to not be policy invariant. To check for this possibility, we run a

Chow stability test for equation (4), employing data for the Greenspan-Bernanke

period and choosing as known breakpoints 1989:11, 1994:11 and 2002:11. The

�rst date marks the beginning of interest rate movements as multiples of 25

b.p., the second the exceptional interest rate rise of 75 b.p. and the third the

end of the series of 50 b.p. cuts in 2001�02. A Chow test provides evidence at

the 1% level of a break in these dates (see Table 4, Panel B). Panel C shows the

results for the regressions of the changes in the 3-month rate on the 6�3 month

spread for the subperiods identi�ed by breakpoints.

Once breakpoints are accounted for, the validity of the expectations theory is

con�rmed within each subsample: for every subperiod, we obtain an R-squared

of approximately 0.34, as well the maximum statistical signi�cance for the spread

coe¢ cients, not statistically di¤erent from 2. The term premium, given by the

opposite of half of the constant term (see equation (4)), is always signi�cant and

with the right sign. Moreover, it decreases along the three subperiods, from 0.16

in the �rst period to 0.14 in the second (as Favero and Mosca (2001) �nd for the

7Swanson (2006), analysing the same period, introduces a variable named �momentum"
that signals uncertainty created by rapid changes in the Fed target rate; he �nds that this
variable spiked in 2001�2 and 1994�95. Even a Bai-Perron multiple breakpoint test �nds the
years 1994 and 2002 among the possible breakpoints. Results, not reported for brevity, are
available from the author upon request.
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years 1994�1999) and 0.07 in the more recent period. This drop is consistent

with lower interest rate variability and with the increasing transparency by the

Fed that spurs its credibility.8

6 Some theoretical considerations and a caveat

According to previous literature, the failure of the expectations theory in the

pre-Greenspan era was due to the central bank�s commitment to stabilizing

interest rates. However, even though interest rate stabilization remained a Fed

goal, we detect an improved predictability for the short interest rate after the

advent of Greenspan. This increased predictability has been related to two

additional factors: the pursue of an explicit interest-rate-smoothing goal and

greater transparency. This section brie�y examines how these two factors can

help interest rate predictability.

Woodford (1999), using a New Keynesian forward-looking model, includes an

interest rate stability goal in a otherwise traditional central bank loss function.

He �nds an optimal policy rule that involves current variables and interest rate

smoothing. He concludes that, if the central bank wants to acquire credibility,

it should commit to a rule that depends on past conditions as well.

What happens if an explicit interest-rate-smoothing goal is added to that

loss function? Florio (2009) addresses this point and �nds a similar reaction

function that, however, depends on expected future interest rates too. In a

forward-looking environment, agents�decisions depend on future expected pol-

icy rates, but even central bank�s decisions depend, in the meantime, on ex-

pected future rates.9 Moreover, as Fuhrer (1996) asserts, market participants

8According to Caporale and Caporale (2003), in the U.S., the reduction in interest rate
uncertainty brought about by the establishment of the Fed lowered �nancial market risk,
causing a decrease in the risk premium a 6-month instrument pays over a 3-month one from
0.65 before the Fed founding to 0.3 for the period 1914�1933.

9Bernanke (2004) stesses this point comparing monetary policy to driving a car whose
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use their estimates of the central bank reaction function to forecast short-term

nominal rates and to determine, according to the expectations hypothesis, long-

term rates. As a consequence, if the central bank improves transparency by

disclosing the coe¢ cients in its reaction function, economic agents could more

easily gauge the central bank�s expected future interest rate.10 With smoothing

and transparency the central bank aligns its expectations with the private sec-

tor�s ones, making the path of future interest rates more predictable and, hence,

monetary policy more e¤ective.

A well-known but still unsolved issue is whether the decline in interest rate

volatility and, in general, in macroeconomic volatility during the Great Mod-

eration years could be ascribed to good luck, good policy or both. According

to the �rst interpretation, this could be due to smaller shocks hitting the econ-

omy in those years. In contrast, the good policy view assumes that central

bankers have been better equipped to manage monetary policy, owing to their

improved ability to a¤ect market expectations and to their increased credibility.

While this paper supports the good policy view, the good luck hypothesis is not

investigated and this is obviously a limitation of the paper.

7 Conclusions

If the rational expectations theory of the term structure holds, the long-short

rate spread should predict future changes in the short rate. Using the 6�3 month

Treasury bill spread, we �nd such a predictive power for the Greenspan tenure.

This evidence contrasts with previous analyses that, using the same data for

earlier postwar periods, rejected the rational expectations theory of the term

speed "depends not on the pressure on the accelerator at that moment but rather on the
expected average pressure on the accelerator over the rest of the trip.�
10 In Florio (2009)�s reaction function, the expected future interest rate becomes predictable

since it depends just on values of current and past economic variables. Conversely, in Woodford
(1999), it would depend on future (thus unknown) values of the variables.
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structure. Rudebusch (2002), for example, found no information usually avail-

able in �nancial markets for predicting the change in the funds rate 3�6 months

out and took this as evidence against the existence of policy inertia: interest

rate smoothing would generate predictable future changes in the policy rate that

should be embodied in the term structure. Our result for the Greenspan period

reduces this inconsistency.

The validity of the term structure at the short end of the maturity spectrum

is here attributed to the Fed�s behaviour. From Greenspan on, the central bank

has minimized interest rate reversals, reduced the variability of interest rate

changes and increased transparency in order to make policy more predictable.

This behaviour has made it possible for the central bank to reach at least two

goals: it reduces uncertainty, thus acquiring credibility from the market (which

now asks for lower term premia), and it improves the management of market

expectations (which is con�rmed by the information content of the yield spread

for predicting future changes in the short rate). This last result is a crucial goal

for the conduct of monetary policy since, by shaping market expectations, the

central bank a¤ects long-term interest rates and thus increases policy e¤ective-

ness.
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Table 1 The predictive power of the spread

Pre-Greenspan 1959:1�1987:7 1959:1�1970:1 1970:2�1979:7 1979:8�1987:7 1979:8�82:9 1982:10�87:7

McChesney Martin Burns-Miller Volcker

� -0.09 (0.13) -0.01 (0.1) -0.12 (0.21) -0.18 (0.3) -0.21 (0.71) -0.16 (0.19)

� 0.66 (0.42) 0.5 (0.46) 0.93 (0.6) 0.5 (0.59) 0.49 (0.73) 0.49 (0.66)

R2 0.016 0.02 0.03 0.00 0.00 0.00

Greenspan-Bernanke 1987:8�2007:9

� -0.22�� (0.06)

� 1.76�� (0.39)

R2 0.29

NOTE: Newey-West standard errors are in parentheses. (*) and (**) denote signi�cance

at the 5% and 1% levels, respectively. Model: (rt+1�rt) = �+ �(Rt�rt) + vt+1, where

rt = 3-month Treasury bill, Rt = 6-month Treasury bill. For the Greenspan-Bernanke period

we used data up to 2007:12; here and in the other tables (unless not speci�ed) the adjusted

sample is reported.

Table 2 Residuals�standard deviation from AR(1) model

Pre-1989 Post-1989

Federal funds target rate 0.05 0.03

Federal funds rate 0.36 0.18

3-Month Treasury bill rate 0.30 0.19

NOTE: Monthly data (except for the federal target rate, for which daily data, starting from

1982:10, are used). Residuals�s.d. from the model rt= �+ �rt�1+vt for the period 1959:1�

2007:9, with rt, in turn, being the rates reported in the �rst column.
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Table 3 Multiple breakpoint tests. Sample 1982:10-2007:12

UDmax determined breaks: 1

WDmax determined breaks: 4

Breaks F-stat Scaled F-stat Weighted F-stat Critical value

1� 7.22 14.44 14.44 11.47

2� 7 14.01 16.49 9.75

3� 6.62 13.25 18.17 8.36

4� 7.19 14.39 22.95 7.19

UDMax stat�: 14.44 UDMax critical value��: 11.7

WDMax stat�: 22.95 WDMax critical value��: 12.81

Estimated break dates:

1: 2004:3

2: 2000:6, 2004:3

3: 1994:2, 2000:6, 2004:3

4: 1989:6, 1994:2, 2000:6, 2004:3

Note: Bai-Perron tests of 1 to M globally determined breaks for the AR(1) model of the

federal target rate. Breaking variables: c fedtarget(-1). Break test options: Trimming 0.15,

Max. breaks 4, sign. level 0.05. Test statistics employ HAC covariances (Bartlett kernel,

Newey-West �xed bandwidth) and allow heterogeneous error distributions across breaks. *

Signi�cant at the 0.05 level. ** Bai-Perron (2003) critical values.
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Table 4 Panel A: The predictive power of the spread

Greenspan-Bernanke period 1989:11�2007:9

� -0.26�� (0.06)

� 2.04�� (0.38)

R2 0.34

Panel B: Regime shifts

Chow Breakpoint Test: 1989M11 1994M11 2002M11: F-stat 3.2 p-value 0.004

Panel C: 1989:11�1994:10 1994:11�2002:10 2002:11�2007:9

� -0.32� (0.13) -0.28�� (0.08) -0.14� (0.07)

� 1.99�� (0.61) 1.92�� (0.66) 2.08�� (0.25)

R2 0.34 0.32 0.35

Notes: Panel A and C. See notes to Table 1.

Panel B. Chow breakpoint test for the model in Panel A for the sample period: 1987:8�

2007:09
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Fig. 1 Change in the (daily) fed target rate

Note: Sample period: 1982:10�2007:12.
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Fig. 2 Yield spread coe¢ cient for di¤erent starting dates

Note: Result of the OLS regressions for the model (rt+1�rt) = �+ �(Rt�rt) + vt+1
(rt = 3-month Treasury bill, Rt = 6-month Treasury bill), sample period: 1989:11�

2007:12, keeping the end of the sample �xed while moving the initial date one month

ahead at every step. The dotted lines give the con�dence interval at 5% for the null

of � = 2.
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