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I. Introduction

The liquidity preference hypothesis (LPH) asserts ~hat expected returns on bonds of

different maturity but equal default risk, over a given-length holding period, are

monotonically increasing in maturity. The reasoning is that shorter maturity assets are

more liquid (cetems paribus), having lower price volatility and transactions costs, and so

compensate their holders partly in the form of nonpecuniary "monetary services."l It is a

strong hypothesis finance theory does not generally i~npose restrictions on the Shape of

the maturity-return relationship-but several authors have found empirical support for it.

The LPH is also an econometrically nonstandard hypothesis, as it involves multiple

inequality constraints. Perhaps for this reason, in tests it has generally been simplified in

two important ways. The first of these is to test a weaker version of the hypothesis,

commonly whether expected returns on a given maturity bond are greater than on the one-

period-less maturity bond. The second, from the expectations hypothesis of the term

structure, is to assume in addition that expected holding period returns are constant across

time.2

These simplifications are restrictive, both theoretically and empirically. The LPH

Constrains the full spectrum of maturities, and not just neighboring pairs. Empirically,

average holding period returns on U.S. bonds frequently decline across three or more

successive maturities, suggesting that expected returns may, as well.

Several results in theoretical and empirical finance cast doubt on the likelihood that

expected returns are constant across time. Intertemporal CAPM-type models imply that the

returns to bearing a given amount of risk should move with the marginal utility of

consumption Or other state variables, and thus will generally fluctuate across time. On the

1 There are a number of definitions of the term liquidity. The one that most closely matches that
incorporated in the LPH seems to be Keyne~’s. where an asset is more liquid if it is "more certainly
realizable at short notice without loss" (1930, p. 67). Lippmann and McCall (1986) and Hooker and Kohn
(1995) provide measures of this concept of liquidity, and discuss how it relates to other definitions.
2 The "pure" expectations hypothesis asserts that term prem~a are all zero, This extreme version has almost
no empirical support and is not commonly used. There are several closely related, but distinct versions of
the expectations hypothesis and corresponding definitions of term premia; this version (expressed in terms
of expected holding period returns) is the one most commonly analyzed in financial economics.



empirical side., a great deal of evidence has accumulated that holding period returns on

bonds are predictable using ex ante values of variables which fluctuate across time.

Forward rates, measures of tile slope of the yield curve, spreads between yields on default-

fl~ee and risky securities, measures of volatility, and other variables have been shown to

reliably forecast returns on default-free boiads over a wide range of sample periods.3 This

implies that expected returns themselves are time-varying.

If returns were assumed to be constant across time, then methods like those employed

by Richardson, Richardson and Smith (1992) could be used to test the full set of LPH

constraints. However, in the case of time-varying returns, the theory constrains predicted

values from a multivariate regression, SO classical methods do not appear to be applicable.

The method proposed in this paper is to use the information about the first and second

moments of expected returns which is contained in projections of observed returns onto ex

ante variables. This approach is related to some recently proposed simulation metlaods for

testing calibrated models. In this work,4 data are generated from a model with particular

parameter values (which may be drawn from a distribution to account for uncertainty about

their "true" magnitudes), and the actual data are used as a critical v@i~: ,if the observed data

are greatly at variance with the simulated data, that is taken as evider~;~eagainst the model

and/or its parameter values. This paper reverses the procedure, creating distributions of

expected returns by sampling from the estimated projection coefficient distribution and

multiplying draws by ex anre variable values. These distributions can then be used, e.g.,

by tabulating the draws, to assess the likelihood that any constraint is satisfied.

One-, three-, six-, and twelve-month holding period returns on maturities from one

month out to five years are analyzed~ in contrast to most of the literature, which limits

analysis to one-month holding periods on bills. Longer maturities are included because

evidence shows that Observed returns often decline beyond the 1-year maturity (e.g., Fama

3 Several references are discussed in section ItI.
4 For example, Gregory and Smith (199t) and Canova (1994).



I984), and longer holding periods because Amihud and Mendelson (e.g., 1986) and Fisher

(1994) have argued that transactions costs have significant impacts on asset pricing

relationships, which are exacerbated with short holding periods. The ex ante vai’iables are

a volatility measure, the level of interest rates, and the slope of the yield curve.

The likelihood of expected returns monotonically increasing in maturity is found to

vary systematically across values of the ex ante variables and across holding periods.

Monotonicity is associated with a steep yield curve and high interest rates. The correlation

between nonmonotonic (hump-shaped) maturity-return profiles and the onset of recessions

noted by Fama (1986), Fama and Bliss (1987), and Stambaugh (1988) does not receive

much support, while a strong tendency toward monotonicity with longer holding periods

does.

The paper is organized as follows. Section II describes the data. Section III discusses

the existing literature comparing time-varying returns across maturity, computes projections

to generate expected return distributions, and performs simulations allowing for time

variation in expected returns. Section IV concludes.

II. Data                                                 ~

The data employed are McCulloch’s (1990) yield curve estimates updated to early

1991 by McCulloch and Kwon (1993). The principal benefit from using this data source is

its wide and even coverage; monthly yields from 1953 through 1990 on maturities from

one to sixty months, with no missing values, are analyzed.5 Previous analysis using

CRSP data lose several months to missing observations and have some controversial

timing definitions as well.6 An additional benefit is that the spline-smoothing procedure

employed in the construction of the data may reduce measurement error and anomaIous

5 The availiable yield curves are monthly, i947:01-1991:02; the data before the end of the Fed-Treasury
Accord are omitted from the analysis.
6 E.g., the "Fama (i984) files" define the twelve-month bill as the longest bill with more than eleven
months and ten days to maturity; Ri.chardson, Richardson and Smith (1992) considered this definition too
unreliable and omitted twelve-month bills from their analysis.



bid/ask spreads that have sometlmes occurred and been the source of inference issues (cf.

McCulloch 1987). The drawback, of course, is that the observations are not on actually

traded securities.

The data are given as continuously compounded yields tO maturity on pure discount

bonds, observed at monthly intervals, and expressed as annual percentage rates. Denoting

such a yield on an n-month bond in period t as Yn(t), its price if the bond pays $1 at

maturity is obtained as

prn(t) = exp{ 1 - [1 + yn(t)/lOO]n/!2}. (1)

Holding period returns are associated with the maturity of the bond at the time of purchase:

H~n(t) = ln[Prn_z4.t+’r)] - ln[prn(t)] gives the Continuously compounded "c-month holding

period return on an n-month bond purchased in month t. The return premium

(synonomously referred to as the term premium and excess return) is defined as PZn(t) =-

Hrn{t) - H~(t): One-, three-, six-, and twelve-month holding periods are analyzed. Return

premia may be computed at maturities of two through 18 months for one-month returns;

four through 18 plus 21 and 24 months for three-month returns; seven through 18 plus 21,

24, 30, and 36 months for six-month returns; and 13 through 18 plus 21, 24, 30, 36, 48,

and 60 months for 12-month returns. The term structures represent the afternoon of the

last business day of the month, so as defined a premium PZn(t) ~hould be orthogonal to

period t observables under the null of constant term premia.7

Tables 1 through 4 report the average term premia for holding periods of one, three,

six, and twelve months respectively, for six different sample periods--l/53-7/64, 8/64-

12/72, 1/73-12/82, 1/83-2/91, 8/64-12/82, and 1/53-2/91--which comprise those used in

Fama (1984), and subsequent papers discussed below. Data from before 1964 have not

been used in most recent studies of the maturity structure of term premia.8 Standard errors,

7 There is a potential problem with orthogonality and timing when ex ante variables like consumption and

output are used, because they are subsequently revised. The ex ante variables used here arenot subject to
revision.
8 Keim and Stambaugh (1986) is an exception. Fama (1984) also analyZes bond. but not bill, returns

beginning in 1953.



corrected for heteroscedasticity and overlapping observations, are used to compute t-

statistics.

The one-month, three-month, and six-month premia are on average monotonically

increasing in maturity in the full sample. The 1964-72 subsampte has "wiggles" in the 6-

month to 12-month range, and the 1973-82 subsample is hump-shaped; the returns in the

latter case are not significantly different from zero beyond 7 months. The premia in the

1982-91 sample are strongly monotonic9 and numerically much larger than in the other

subsamples. Fama (1984) and Richardson, Richardson and Smith (1992) found similar

results with CRSP data and one-month returns. The 12-month average premia are

monotonic in al! samples; in the pre-1982 case they are numerically small and not

significantly different from zero, while in the 1982-91 subsample they are again large and

significant. If expected returns were constant across time, such differences across

subsamples and holding periods would have to be explained by sampling error. Time-

varying expected returns provide an alternative or supplemental explanation, which is

explored in the next section.

III. The Maturity-Return Structure with Time-Varying Expected Returns

In recent years, a great deal of research in finance has attempted to identify a small

number of state variables which proxy for the risks investors are paid to bear. These

variables, and thus the underlying risks, are time-varying. Although this research program

is far from settled, considerable evidence has been accumulating that returns on default-free

bonds and other financial assets are predictable using ex ame values of several key

variables. These variables include forward rates, variances and conditional variances of

returns, spreads between risky and riskless short-term interest rates, measures of the slope

of the yield curve, and the level of interest rates or othei" asset prices.

9 Hereafter, "monotonic" is used to mean "monotonically increasing in maturity,"
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There are a variety of theoretical reasons for these variables’ predictive content. Term

structure models like that of Cox. Ingersoll and Ross (1985) imply that forward premiums

are predictors of excess returns. Variances are meant to capture risk directly, as they are

often interpreted as reflecting fundamental uncertainty about asset returns and about the

state of the economy more generally. However, as illustrated in Backus and Gregory

(1993), theory generally does not restrict the sign of the conditional second moment-risk

premium relationship. Spreads are meant primarily to capture real i’eturns to bearing risk,

which may fluctuate with the availability of credit as stressed in the "credit chanhel of

monetary policy" literature.

The slope of the yield curve has been shown to be a powerful forecaster of both real

activity and asset returns, although causal interpretations have been varied and

controversial. FinaIly, two conflicting theories of the effects of the level of interest rates on

the maturity structure of returns havebeen advanced. Kessel (1965) argued that since

nominal interest rates determine the opportunity cost of holding money balances, the

monetary services y ielded by short-term bonds are more valuable, the higher the interest

rate. Thus, when interest rates are high, long-term bondholders must earn higher average

returns to offset these advantages. Nelson (1972), however, argued that term premiums

should vary inversely With the level of interest rates owing to th~ skewed distribution of

bond price changes induced by the lower bound Of zero on nominal interest rates.

If return premia are partly predictable from linear projections on a vector of ex ante

observable variables X, then we may write

p~(t) =I + <(t), (2)
and the LPH inequalities, pr > p,. Vj > 0, are a function of both the elements of X and of

the/5" s. While I am not aware of any research that formally tests the LPH with time-

varying returns, in recent years several papers have compared estimates of/~’s for a variety

of n and predicted values from (2) for small numbers of maturities. These are discussed in

the next subsection.



A. Existing Evidence

Fama (1986) analyzed the two-month holding period return on a three-month bit!, the

three-month return on a six-month bill, and the six-month return on a 12-month bill (all

premia over one-month returns), using S alom0n Brothers’ Analytical Record of Yields and

Yield Spreads data running from 1967 to 1985. Regressions of these term premia on the

corresponding forward premia yielded coefficients which were significantly different from

zero with R2 values between 0.23 and 0.46, p~’oviding strong evidence of time-varying

expected returns.

Fama also argued that whether or not the expected term premia were monotonically

increasing in maturity was closely related to the stage of the business cycle. Denoting by

Bx/Sythe return from buying an x-month bil! and selling it as a y-month bill, for each

month in November 1971-November 1972, March 1975-March 1978, and July 1983-July

1984, periods that correspond roughly to recoveries and expansions, the ordering of

predicted values from the regressions was B1/S0 < B3/S1 < B6/$3 < B 12/$6 (monotonic).

In the months December 1972-February 1975 and April 1978-June 1983, which

correspond to recessions and some months preceeding them, the ordering was B I/S0 <

B3/S 1 < B6/$3 > B 12/$6 (hump-shaped).

Fama and Bliss (1987)*analyzed longer holding periods on longer maturity U.S.

government bonds, namely one-year excess i’eturns on two- through five-year bonds. Like

Fama (1986), they found that regressions of term premia on the corresponding forward

premia yielded significant coefficients, although with somewhat lower R2 values (between

0.05 *and 0.14). Since the coefficients were again near 1.0, they equate forward premia

with expected return premia, which tend to be positive during expansions and negative

before and during recessions. However, Fama and Bliss only informally compared term

premia across the different maturity bonds. Stambaugh (1988) extracted latent factors from

forward rates and used them to predict return premia. His Figure 3 (p. 65) plots point

estimates for expected values of P12 - P6 and P6 - P2 (one-month holding period) from
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1964 through 1986. While he argued that hump-shaped maturity-return profilesP12 < P6

> P2--obtain primarily when the economy is heading into a recession, the figure shows

that during most of 1964-69, 7t-74, and 76-80 that shape is predicted as well. The shape

P2 < P6 < P12 obtains only for a few_months, some of which are during expansions and

.some during recessions.

Keim and Stambaugh (1986) predicted returns using three ex ante variables designed

to roughly reflect levels of asset prices: the spread between low-grade corporate bonds .and

one-month Treasury bills, the log of the ratio of the real S&P Composite Index to its

average value over the previous 45 years, and the log of the share price, averaged equally

across the quintile of smallest market value on the NYSE. They regressed returns on ten

bond portfoIios, ranging from 6 months’ to 20’years’ maturity, on each of the ex ante

variables separately. In each of the three sets of regressions, the coefficients on the

regressor are nearly monotonically increasing in maturity, with a supplementary regression

suggesting that they are reliably so.

In the regressions on the spread and on the S&P variable, the constant terms are

monotonically decreasing in maturity, while those in the regressions on the smallest quintile

variable are monotonically increasing in maturity. The spread variable is always positive,

so the constant and regressor have opposing effects on term premia. When the spread is in

its range observed over 1950-80, the predicted return structures can be upward sloping,

flat, humped, or downward sloping. The intercept and regresior effects from the S&P

equations reinforce each other to predict returns decreasing in maturity when the variable is

above its historical average level (it is entered negatively). The constant and the regressor

in the smallest quintile regressions have opposite effects when the variable is negative, and

like effects, both predicting an increasing return structure, when it is positive. The adjusted

R2 valueg for the regressions are relatively low (ranging from a high of 0.045 to under

0.01), reflecting the high volatility of longer-term bond returns, and suggesting that many

different return-maturity hypotheses might not be rejected by the data.



Campbell (t987) analyzed the ability of four ex ante variables--the one-month bilt

rate, the two-month less the one-month bill rate, the six-month less the one-month bill rate,

and a lagged excess return--to predict excess one-month returns on two-month bills, six-

month bills, and ten-year bonds in multivariate regressions. The estimated coefficients on

the constant, the second yield curve slope, and the lagged excess remm are monotonically

decreasing, increasing, and increasing in maturity; many of them are significantly different

from zero. Thus a variety of shapes for the maturity-return profile are possible. The R2

values for the regressions range from 0.032 to 0.252. Engle, Ng and Rothschild (1990)

ran the full Treasury bill range (one-month excess returns) on these same ex ante variables,

and found similar results: the constant terms are nearly monotonically decreasing and the

coefficients on the level Of interest rates ire monotonically increasing .in maturity.

However, the coefficients on the two yiel cl curve slope variables are negative and

decreasing, and positive and increasing in maturity, respectively, suggesting that the shape

of expected returns may depend upon somewhat subtle changes in the shape of the yield

curve.

Engle, Ng, and RothsChild (1990) and Engle and Ng (1993) estimated a one-factor

model for T-bill one-month excess returns where the factor is given by an equally weighted

bill portfolio with changing excess return variance. They too found that the constant terms

in the excess-return equations are decreasing in maturity (beyond 5 months), and that the

factor betas are increasing in maturity. This has the implication that expected term premia

will be increasing in maturity when volatility levels are high, but hump-shaped when

volatility is average or low. They also found that the magnitudes of the term pr~mia are

quite small unless volatility levels are high, and that factors other than the conditional

variance of the weighted bill portfolio also contribute to expected term premla. (Three of

Campbell’s ex ante variables enter significantly in the factor-excess return equations.)

Finally, Klemkosky and Pilotte (1992) examined the predictability of one-month

excess returns on two-month bills through twenty-year bonds over 1959-89. They used

9



two ex ante variables, the change in the risk-free rate over the holding period, instrumented

by the standard deviation of forward rates for the different maturities at t, and the level of

interest rates. They found that the coefficients on the former variable increase in maturity

and, at least for data before 1979, the coefficients on the level of interest rates decrease in

maturity. They did not examine the implications for monotonicity or report Ra values.~

These results from the time-varying returns literature are much less supportive of the

LPH than are those in the constant returns literature, e.g. McCultoch (1987) or Richardson,

Richardson and Smith (1992). In particular, many of the studies find values or

combinations of ex ante variables which are associated with hump-shaped or downward

sloping maturity structures, and several suggest that whether or not returns are monotonic

may be a function of the state of the business cycle. In the next subsection, realized return

premia from a Wide range of. sample periods, holding periods, and maturities in the

M~Culloch data are regressed on three ex ante variables, and the results compared with

those above. Simulations of time-varying return premia are then generated from these

regressions, and used to assess the shape of the expected return-maturity profile under

various conditions.

B. Return Premia Regressions

The ex ante variables used to predict excess returns throughout the analysis are a

measure of volatility (the simple standard deviation of the 1-month yield scaled by its mean

over the past 12 months), the yield on a 3-month Treasury bill, and the slope of the yield

curve (defined as the 6-m0nth T-bill yield less the 3-month T-bill yield) in month t. This

unconditional measure of volatility, rather than a conditional one, was used because it

involves no out-of-sample information and for its ease of computation. The adjusted R2

values are as high or higher than those reported in the papers discussed above, so it appears

that these variables are capturing most of the information available for predicting return

premia.

10



Tables 5 through 8 present coefficient estimates and t-statistics for the regressions of

different holding return premia on the ex ante variables.1° Virtually all of the subsamples

and holding periods generate similar patterns of coefficients across maturity: the constant

terms are usually negative and decreasing in maturity, often significantly so and particularly

with longer holding periods. The coefficients on the volatility variable are also mostly

negative and monotonically decreasing; they are significantly negative in about one-fourth

of the cases. The 3-month bill yield enters with positive, monotonically increasing

coefficients which are strongly significant in the majority of cases. Finally, the coefficients

on the slope of the yield curve are positive and monotonic, and significantly so in most

cases. While the magnitudes differ across holding periods and subsamples, sometimes

substantially, coefficients that do not fit these patterns are never statistically different from

zero.

Perhaps the most surprising regression results are the negative coeffic_ients on the

volatility variable. However, this is due to the scaling of the variable by its mean over the

past year: both univariate and multivariate regressions with unscaled (and still

unconditional) volatility measure yielded positive coefficients. Though the standard

deviation is scaled by the interest rate level, this does not lead to much multicollinearity; the

highest pairwise correlation with another ex anre variable in any subsample is about 0.40.

The regressions indicate that high interest rates are often significantly associated with

return premia increasing in maturity. This is consistent with evidence found by Kesset

(1965), Pesando (1975), Friedman (1979), McCulloch (1975), and Fama (1976), and

supports Kessel’s opportunity-cost-of-money argument. It is contradictory to evidence

presented by Nelson (1972), Van Home (1978), and Klemkosky and Pilotte (1992). An

association between high interest rates and a monotonic return-maturity profile also does

not fit the recession-timing observations of Fama, Bliss, and Stambaugh: interest rates are

10 Only a representative few of the equations are shown, to save space; the full tables are available on
request, t-statistics use standard errors corrected for heteroscedasticity and overlapping observations.
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typically high before and during the early parts of recessions, when they argue that

expected returns are hump-shaped.

The finding that coefficients on the slope of the yield curve are monotonically

increasing and significant is consistent with much of the evidence discussed above. It is

well-known that the yield curve is often inverted before and during recessions, and indeed

this variable is near zero or negative and the term structure of returns is downward sloping

(beyond a few months) in several recession periods, including early 1956, early 1970,

early 1974, and most of 1981. However, there are several expansion mof~ths when this

variable was well below its mean and thus contributing to expectations of nonmonotonic

returns: in late 1962, mid 1964 (when both volatility and the level of interest rates were

very low), and 1968.

While the coefficients vary across subsamples, Z2 tests for whether the coefficients

differ statistically between the full sample and any subsample do not reject at anywhere near

conventional significance levels. Therefore, the coefficients from the full-sample

estimation are used in all of the Simulation work in described in the next subsection.

C. Monte Carlo Evidence on Monotonicity with Time-Varying Returns

Time-varying expected return premia are generated with predicted values from (2), in

stacked vectors of multiple observations and maturities:

X^fi=(IN® )fl, (3)

where/3 is a TxN vector of return premia, X is a matrix of T observations on the three ex

ante variables plus a constant, and, is the vector of estimated coefficients (reported in
^1 ~’1 ^1 ,

Tables 5A-SA), e.g., for one-month holding periods/~ = [f12 t33 "’" /~n]- ]~ is assumed to

be normally distributed around its point estimate with its estimated asymptotic variance-

covariance matrix, 11 and X is treated as fixed in the simulations.

11 There is evidence that returns, and so expected returns, are fatter-tailed than Normal. This is partly

accounted for by adjusting the varlance-covanance matrix of 1~ for heteroscedasticity.
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Since each observation has different values of the ex ante variables which lead to

different expected return premia and maturity-return patterns, R is generally not appropriate

to compute averages across observations within a subsample. Instead, simulations are

conducted with the ex ante variables set at particular values to assess the likelihood of

different maturity-return profiles when the economy is in those representative states.

Draws are smoothed12 and then categorized as either monotonically increasing, hump-

shaped, or neither, with the definition for tile second being if any one of the "internal"

average premiums exceeds both endpoints, e.g., P5 greater than both P2 and P18 in the

one-month case.

The first set of simulations measures the preponderance of monotonic and hump-

shaped maturity-return profiles at a variety of combinations of the ex ante variables. Each

is set equal to its mean, its 20th percentile observed value, and its 80th percentile value,

giving 27 different combinations for each holding periods In each of these 27 x 4 cases,

1000 draws were taken. The results are tabulated in Tables 9-12.

The frequency with which expected return premia display a monotonic or hump-

shaped pattern is seen to be closely tied to the values of the ex ante variables. Monc~tonicity

~s associated primarily with a steep yield curve, and to a lesser degree with high interest rate

levels. These are the main factors which distinguish the 1980s subsample, with its very

strong ex post monotonic character (cf. Tables 1-4), t’rom the other subsamples. Longer

holding periods also favor monotonicity. Hump-shaped maturity-return profiles are

associated primarily with flat or inverted yield curves, and the level of (scaled) volatility

plays a minor r01e. The results with twelve-month holding periods are stark--there are

many 0% and 100% entries. This is primarily caused by the much smaller variance of the

expected returns, which is illustrated by the narrow confidence intervals shown in Figure 4

and discussed below.

12 Draws are smoothed with a moving average filter to eliminate "blips" in the maturity profile. The
weights are (1/9 2/9 3/9 2/9 I/9) on (Pn-2 Pn-1 P¢~ Pn+l Pn+2) for "interior" n. (1/2 1/3 1/6) off’the first
three premiums (symmetric for the last thre~), and (1/4 3/8 1/4 1/8) on the first four premiums (again
symmetric on the last four).
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The second set of simulations essentially puts confidence intervals on point estimates

of expected return premia for a few selected maturities like those plotted in Stambaugh’s

(I988) Figure 3. One thousand draws of expected premia were taken, using the full set of

T observations, for the shortest, the longest, and one-half the longest available maturity for
,pl, 1 1 {p43, 3 3 {p76, 6 6

t2 1:2 12
each holding period: l 2 P9, P18}; P12, P24}, Pig, P36}~ and {P13, P30’ P60}"

Thedraws were then sorted, and the 5th and 95th percentiles plotted in Figures 1-4.

In all cases, expected premia at the shortest maturity are small, usually positive, and

relatively certain--the 5th and 95th percentiles nearly coincide. In the one-month, three-

month, and six-month holding period cases, the greater uncertainty at longer maturities is

evident, with the 90% confidence interval for the longest maturity bracketing the other two

in 30-40% of the data observations. The confidence intervals also all show positively

sloped trends: a salient feature with all four holding periods is that expected returns have

gotten larger and more monotonic over time, at least up through the early 1980s.

The association between monotonic and hump-shaped patterns and the business cycle

that Fama, Bliss, and Stambaugh have described--with the former obtaining in periods of

expansion and the latter before or during recessionshas many exceptions~ For example,

with the three- and six-month-holding periods, the confidence interval bands for these

maturities are strictly monotonic (do not intersect) in only three of these months in the

twelve years up to August 1966; and during the tong expansion of the 1980s, the only

months displaying strict monotonicity are in 1984 and 1987, during times of slowing

growth. Conversely, the bands are strictly monotonic in several of the months just

preceding the recession of 1969-70 and during the recessions of 1974-75 and 1981-82.

The results for the 12-month holding period are similar, differing primarily in that the

confidence interval bands are much tighter. Here about two-thirds of the months display

strict monotonicity. Again the correlation with the business cycle appears weak. Many of

the expansion months in the years up to 1966 have a nonmonotonic pattern, and many of

the months in the recessions of 1974-75 and 1980-82 recessions are monotonic.
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The final set of simulations addresses the business cycle correlation more directly.

Here draws are taken using observations that are within 6 months of a business cycle peak

(e.g. February !990 through January 1991), and the percentage of the 1000 x 13 months

that are monotonic and hump-shaped are tabulated. The percentages are 24.0%, 34.1%,

49.8%, and 75.6% monotonic (ordered with holding period increasing), while 46.3%,

36.4%, 25.0%, and 13.4% were hump-shaped. The largest percentage of hump-shaped is

in the one-month case, and again, holding period seems to be the dominant factol. The

strong influence of holding period may reflect the importance of transactions costs, as

argued by Amihud and Mendelson (1986), McCulloch (1987), and Fisher (1994), which

suggests that the longer holding period caseswhich favor monotonicity most of the

time--should be given the greatest weight.

V. Summary and Conclusions

This paper has analyzed the maturity structure of term premia using McCulloch’ s U.S.

Treasury yield curve data, simulating the distribution of time-varying expected returns from

projections of observed returns on three ex ante predictor variables: interest rate volatility

(scaled by the level of the interest rate), the level of interest rates, and the slope of the yield

curve. The simulation methodology allows econometrically nonstandard hypotheses like

the multiple inequality constraints of the LPH to be evaluated.

The likelihood of expected returns monotonically increasing in maturity, as implied by

the LPH, is found to vary systematically across values of the ex ante variables, and thus

across time. Monotonicity is associated primarily with a steep yield curve and high interest

rates, and to a lesser degree with low levels of volatility. Hump-shaped patterns are

associated with various other combinations, which sometimes occur near business cycle

peaks, although the finding of Fama, Bliss, and Stambaugh that nonmonotonic (hump-

shaped) maturity-return profiles are correlated with the onset of recessions is not a robust

pattern. Monotonicity is also strongly associated with longer holding periods, prevailing in

15



most periods with twelve-month holding periods. To the extent that transactions costs play

a smaller role the longer the holding period, this may be interpreted as evidence that gross

expected returns are monotonic for most values of ex ante variables.
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Table 1: Average 1-month return premia,

53:01-9! :01 53:01-64:07 64:08-72:12 73:01-82:12 83:01-91:01 64:08-82:12

Pz .400 .283 .337 .423 ,584 .4018

(14.00) (9.28) (9.15) (4,83) (9.73) (%99)

P~ .609 .441 .457 .625 .946 .625

( 1 I. 20) (8.08) (6.6 t ) (3.64) (8: 48) (6.20)

P4 .764 .545 ,624 .761 1. I78 .827

(9.50) (6.96) (6.09) (2.95) (7.16) (5.51 )

P~ .907 .609 .811 .898 1.3 84 1.019

(8.52) (6.05) (5.92) (2.59) (6.54) (5.12)

P6 1.001 .650 .879 .981 1.584 1.113

(7~49) (5.32) (4.99) (2.21) (6.22) (4.44)

P7 1,055 .682 .859 .970 1.798 1.125

(6.51) (4.76) (3.91) (1.78) (6.03) (3.69)

P8 1.094 .706 .825 .898 2.032 1.109

(5.75) (4.30) (3.12) (1.40) (5.91) (3.09)

P9 1.137 .728 ,804 .812 2.291 1,101

(5.22) (3.92) (2,60) (1.1 I) (5.85) (Z68)

Px 0 1.192 .749 .802 .730 2.577 1.108

(4. 88) (3.62) (2.27)- (0.89) (5.86) ( 2.41)

P11 1.252 .770 .813 .663 2.856 1.124

(4. 64~ (3.38) (2.05) (0. 74) (5.87) (2.22)

PIa 1.317 .792 .832 .626 3.123 i. 153

(4.47) (3.18) (1.90) (0.64) (5.86) (2.09)

P13 1.386 .812 .858 .612 3.372 1.191

(4.34) (3.01) (1.78) (0.58) (5.82) (2.0i)

P~ 4 1.450 .831 .888 .605 3.596 1.228

(4.22) (2.87) (1.70) (0.54) (5.75) (1.93)

P~s 1.508 .848 .922 .603 3.787 1.264

(4.10) (2.74) (1.63) (0.50) (5.65) (1.86)

~PI 6 1.561 .869 .955 .601 3.954 1:296

(3.98) (2.64) (1.57) (0.47) (5.52) (1.79)

Px v 1.605 .886 .982 .595 4.101 1.3 24

(3.85) (2.54) (1.51) (0.44) (5.36) (1.72)

PI, 1.684 .904 1.012 .586 4.240 1.3 54

(3.73) (2.45) (1.46) (0.41) (5.21) (1.66)

t-statistics, corrected for heteroscedasticity, in parentheses. Average returns mul6plied by 1200, so the units are
percent per year.



Table 2: Average 3-month return pr.emia

53:01-90:11     53:01-64:07     64:08-72:12     73:01-82:12     83:01-90:11     64:08-82:12

P4 .256 .182 .208 .255 .396 .276

(9.86) (7.01 ) (6.37) (3.44) (6.52) (5.88)

Ps .425 .292 .365 .419 .662 ,480

(8. tS) (5.72) (5.63) (2.71 ) (5.51 ) (5.00)

P6 .556 .362 .503 .543 .873 .643

(7.15) 0.8o) (5.18) (2.28) (5. I2) (4.48)

P7 .653 .407 .577 .616 1.081 .742

(6.39) (4,11) (4.40) (1,93) (5.05) , (3.94)

Ps .715 .440 .578 .619 1.298 .773

(5.64) (3.59) (3.42) ( 1.56) (5. 04) (3.31)

P9 .759 .466 .548 .569 1.533 .769

(5.00) (3.20) (2.61) (1.21) (5.00) (2.76)

P1 o .805 .488 .525 .497 1,790 .766

(4.53) (2.92) (2.08) (0.91) (4.97) (2.35)

P11 .857 .510 .5 !7 .428 2.062 .773

(4.21 ) (2.70) (1.76) (0.69) (4.96) (2.08)

Pt ~ .917 .531 .523 .374 2.338 .793

(4.00) (2.53) (1.56) (0.55) (4.95) (1.90)

P13 .981 .55! .538 .341 2 603 .824

(3.87) (2.40) (1.44) (0.45) (4.95) (1.79)

PI 4 1.047 .571 .560 .327 2.851 .860

(3.78) (2.29) (1.36) (0.40) (4.95) (1.72)

Pls 1.110 .590 .587 .322 3,076 ,899

(3.70) (2.20) (i.30) (0.37) (4,93) (1.66)

PI 6 1.169 .609 .6.17 .3 20 3.273 .934

(3.63) (2.12) (1.27) (0.34) (4.89) (1.62)

/z17 1.221 .627 .646 .3 18 3,446 .967

(3.56) (2.06) ( 1.23) (0.32) (4.83) ( 1.58)

PI s 1.268 .645 .675 .312 3.602 .997

(3.48) (2.00) ( 1.21 ) (0.29) (4, 74) (1.54)

p~ 1 1.389 .697 .746 .269 4.024 1.084

(3.25) (1.87) (1.12) (0.22) (4.40) (1.43)

P24 1.506 .747 .791 .196 4.489 1.172

(3.06) (1.77) (1.03) (0.14) (4.13) (1.35)

stacat and overla ng data observanons m parenf.heses
t-statistics, corrected for heterosceda " " Y    : ppi ¯ ,’ " . Average returns

multiplied by 403, so the umts are percent per year.



53:01-90:08

Table 3: Average 6-month return premia

53:01-64:07 64:08-72:12 73:01-82:12 83:01-90:08 64:08-82:12

P7 .176 ,114 .140 .175 .294 .188

(7.48) (4.35) (4. 27) (2.92) (5.44) (4. 61 )
P8 ,291 .185 .218 .269 .527 .306

(6.23) (3.62) (3.33) (2.24) (4.86) (3.73)

P9 .379 .234 .270 .314 .744 .386

(5.47) (3.1 O) (2.74) ( 1.78) (4.61 ) (3. I8)

Plo .449 .269 .293 .321 .974 .434

(4.89) (2.70) (2. 21 ) (1.40) (4. 55) (2.72)

Plx .505 .296 .286 .294 1.217 .453

(4.37) (2.4I) (1.69) (1.04) (4.54) (2.27)

Pl:z ,557 .320 .272 .249 1.471 ,462

(3.96) (2.19) (1.31) (0.74) (4.51) (1.91)

/c’13 .611 .342 .266 .204 1.729 .477

(3.68) (2.04) (1.09) (0.52) (4.48) (1.67)

P14 .670 .3 63 .272 .170 1.986 .501
(3.50) (1.92) (0.96) (0.38) (4.46) (1.53)

P15 .731 .384 .287 .147 2.233 .532

_ (3.39) (1.82) (0.89) (0.29) (4.44) (1.45)

P16 .792 .404 .308 .135 2.463 .568

(3.33) (1.75) (0.86) (0.24) (4.43) (1.40)

P17 .851 .424 .333 .131 2.672 .604

(3.28) (1.69) (0.85) (0.22) (4.40) (1.38)

P~ 8 .906 .444 .3 61 .129 2.861 .640

(3.25) (1.65) (0.85) (0.20) (4.35) (1.36)
Pz~ 1.046 .501 .442 .107 3.335 .734

(3.11) (1.55) (0.84) (0.14) (4.12) (1.31)

J°24 1.165 .555 .503 .054 3.775 .820
(2.95) (1.48) (0.80) (0.06) (3.84) (1.25)

P30 1.450 .658 .556 -.048 4.930 1.007

(2.78) ( 1.40) (0. 68) (-0.04) (3.63) (1.16)
P36 1.784 .748 .553 -.085 6.3 06 1.185

(2.75) (1.33) (0.56) (-0.06) (3.70) (1.11)

r-statistics, corrected for heteroscedasfcity and overlapping data observations, in parentheses.
multiplied by 200, so the units are percent per year.

Average return~



Table 4: Average 12-month return premia

53:01-90:0~ 53:01-64:07 64:08-72:I2 73:01-82:12 83:01-90:02 64:08-82:12

P13 .113 .066 .064 .096 .252 .102

(4.75) (3.26) (1.85) (1.82) (5.41) (2.62)

1:~14 .199 .110 .10t .155 .473 .173

(4.12) (2.82) (1.46) ( 1.42) (4.94) (2.18)

P15 .271 .143 .130 .194 .684 .229

(3.75) (2.48) (1.24) (1.19) (4.71) (1.93)

P16 .335 .168 .147 .218 .895 .271

(3.48) (2.21) (1.04) (1.02) (4.6!) (1.73)

P17 .391 .190 .149 .231 1.103 .300

(3.24) (2.00) (0.84) (0.87) (4. 52) (1.54)

PI 8 .443 .209 .150 .236 1.305 .323

(3.05) (1.84) (0.70) (0.74) (4.42) (1.38)

P21 .596 .264 .186 .252 1.871 .410

(2.74) (1.58) (0.59) (0.53) (4.10) (1.18)

P~4 .740 .316 .250 .270 2.366 .507

(2.62) (1.46) (0.61) (0.45) (3.81) (1.13)

P3 o 1.004 ~418 .349 .283 3.308 .681

(2.44) ( 1.35) (0.59) (0.33) (3.47) (1.05)

P36 1.307 .511 .373 .343 4.462 .856

(2.37) (1.29) (0.48) (0.30) (3.47) (0.99)

./948 1.876 .652 .371 .479 6.701 1.179

(2.24) (i. 17) (0.34) (0.28) (3.28) (0.91)

P60 2.473 .726 .427 .494 9.240 1.506

(2,12) (1.03) (0.31) (0.21) (3.13) (0.84)

t-statistics, corrected for heteroscedasticity and overlapping data observations, in parentheses. Average returns
multiplied by 100, so the units are percent per year.



Table 5: Excess Return Regressions for 1-month Holding Periods

Regressors

constant volatititz interest rate yield slope R2

A. Sample 54:01-91:01

P2 -.013 .008 .063 .175 .10

(-0.11) (0.03) (3.95) (0.9O)

P,~ -.211 . -.625 .108 1.733 .09
(-0.63) (-0.73) (2.34) (3.04)

P6 ’     -.550 -1.571 .153 3.504 .11

(-0.96) (- 1.13) ( 1.92) (4.36)

P9 -.912 -~3.063 .182 5.609 .10

(- 1.00) (- 1.40) (1.39) (4.72)

P I2 - 1.224 -4.484 .213 7.623 .09

(- 1.05) (- 1.57) (1,26) (4.91 )

P13 - 1.346 -4.879 .229 8.242 .09

(-1.08) (-1.59) (1.26) (4.95)

P~8 -1.887 -6.790 .288 11.102 .09

(- 1.09) (- 1.66) (1.13 ) (4.83)

B. Sample 54:01-64:07

Pz -.3.47 .500 .190 0.137 .19

(-2.77) (1.53) (4.60) (0.44)

P4 -.570 .147 .357 0.771 .13

(-1.69) (0.16) (3.01) (0.92)

P6 -.355 -1.201 .328 1.931 .10

(-0.66) (-0.79) (1.8!) (t.57)

P9 .148 -3.303 .238 3.042 .07

(0.18 ) (- 1.42) (0.89) ( 1.89)

P~z .613 -5.132 .164 3.796 .06

(0.58) (-1.68) (0.46) (1.81)

P~ 8 1.239 -8.129 .078 5.285 .05
(0.80) (-1.87) (0.14) (1.72)



Table 5: Excess Return Regressions for 1-month Holding Periods (cont’d)

C. Sample 64:08-72:12

P2       -.297       -.180        .141       -0.196        .17
(-2.00) (-0.21) (4.73) (-0.82)

P4 -.508 .456 .228 -0.203 .03

(-1.08) (0.16) (2.46) (-0.25)

P6 -1,355 -.468 .399 1.084 .05

(-1.66) (-0.10) (2.50) (0.88)

P9 -2.570 -1.915 .623 1.705 .03

(-1.84) (-0.24) (2.21) (0.82)

p~ 2 -3.528 -2.165 .826 !.691 .02

(ol.76) (-0.19) (2.01) (0.57)

P 18 -5.528 -2.875 1.231 2.549 .01

(-1,68) (-0.15) (1.84) (0.53)

D. Sample 73:01-82:12

P2          -.405         - 1.867           .123           .188           .13
(-1.05) (-1.13) (2.79) (0.43)

P4 -.767 -5.488 .2 !5 1.692 ,05

(-0.67) (-1.01) (1.69) (1.23)

P6 -2.757 -7.403 .405 4.850 .10

(-I.36) (-0.82) (1.76) (2.17)

P9 -5.010 -7.875 .531 8.757 .09

(- 1.53) (-0.51) (! .37) (2.54)

P1; -6.964 -7.736 .621 12.289 .09

(-1,65) (-0,37) (1.24) (2.72)

PI 8 -I 1.610 -6.442 .912 19.437 .10

(- 1.80) (-0.21 ) (1.19) (2.77)

E. Sample 83:01-91:01

.354         - 1.877          .040          .432          .05
(0.76) (-2.04) (0.70) (!.46)

p,~ -.944 -3,267 .224 2.527 .27

(-0,88) (-1.40) (1.74) (3.65,)

P6 - 1.098 -5.287 .269 4.024 .25

(-0.69) (-1.35) (1.41) (4.36)

P9 -1.554 -7.146 .379 5.821 .21

(-0.67) (-1.10) (1.35) (4.32)

p~ -2.308 -7.180 .512 7.726 .20

(-0.79) (-0.80) (1.42) (4.43)

P ~ 8 -2.523 - 12.055 .646 10.595 .15

(-0.58) (-0.88) (1.19) (4.19)

Selected maturities, t-statistics, corrected for heteroscedasticity, in parentheses. The dependent variable P~ is the
holding period return from buying a q-month bill at t and selling it as a z-1 month bill at t+t, less the return on the
one-month bill, expressed at annual rates. Volatility is the sample standard deviation of one-month yield from t-12
to t-1 divided by the mean level over those months; interest rate is the month t yield on the three month bill, and the
slope of the yield curve is the six-month yield at t less the three month yield at t. R2 is adjusted.



Table 6: Excess Return Regressions for 3-month Holding Periods

Regressors

volatilitE

A. Sample 54:01-90:11

interest rate yield slope R2

P4 -.079 -, 192 .037 0.575 .24

(-(3.87) (-0.98) (2.96) (5.47)

/:’6 -, 319 -.952 .088 1.973 .24

(- 1.13) (- 1:55) (2.24) (6.92)

P9 -.711 -2.304 .147 3.692 .21

(-1.32) (-1.95) (1.95) (6.63)

P ~ 2 -1.037 -3.897 .184 5.6 ! 8 .20

(-1.36) (-2.25) (1.72) (6.39)

P18 - 1.659 -6.322 ,275 8.682 .19

(- 1.41) (-2.42) (1.63) (6.23)

P24 -2.278 -8.524 .337 11.846 .18

(-1.46) (-2.44) (1.49) (6.04)

B. Sample 54:01-64:07

P4 -, 161 -.029 .094 .518 .37

(-2.01) (-0.23) (3,45) (3.5 ! )

P6 -.286 -.694 .195 1 ~400 .28

(- 1.16) (- 1.47) (2.34) (2.89)

P9 -.095 -2.370 .218 2.286 :20

(-0.18) (-2.33) (1.30) (2.32)

P12 .259 -4.202 .187 3.013 ,18

(0.34) (-2.67) (0.76) (2.00)

P18 .738 -7.166 .163 4.369 .17

(0.61) (-2.92) (0.42) (1.79)

P24 .882 -9.449 .216 5.654 .17

(0.56) (-3.05) (0.42) (1.78)



Table 6: Excess Return Regressions for 3-month Holding Periods (cont’d)

C. Sample 64:08-72:12

P4 -.225 -.159 .078 0.224 .16

(-2.20) (-0.23) (3.64) ( ! .22)

P6 -.804 -.257 .211 1.053 .17

(-2.39) (-0.13) (3.13) (2.16)

P9 -2.116 -1.092 .443 2,121 .15

(-2.91) (-0.24) (3.13) (2.10)

P 12 -3.394 - 1.599 .668 2.799 .12

(-3.00) (-0.22) (3.04) ( 1.69)

P 18 -5.767 -1.359 1.123 3.662 .11

(-3.08) (-0.11) (3.03) (1.2 i)

Pz4 -8.122 -.572 1.554 4.576 .10

(-3.09) (-0.03) (2.96) (1.06)

I3. Sample 73:0-1-82:12

P,~ -.322 - 1.790 .074 - .707 .22

(-1.12) (-1.37) (2.24) (2.32)

P6 - L256 -5.498 .217 2.603 .24

(- t .4 i) (- 1.20) (2.06) (2.94)

P9 -3.204 -8.972 .412 5.513 .23

(- 1.88) (-0.99) (1.96) (3.22)

P1 :~ -4.751 -11.355 .515 8.441 .22

(-1.98) (-0.88) (1.69) (3.51)

P~ 8 -8.266 - 12.049 .760 13.765 .22

(-2.22) (-0.62) (1.53) (3.64)

P2,~ -10.717 - 15.226 .939 18.315 .21

(-2.20) (-0.58) (1.41) (3.64)

E. Sample 83:0!-90:1t

P4 ~..463 - 1.150 .104 .567 .46

(-1.59) (-1.50) (2.93) (4.60)

P6 -1.489 -3.228 .274 1.894 .52

(- 1.97) (- i .59) (2.94) (6.50)

P9 -2.013 -6.933 .418 3.448 .45

(- 1.61 ) (- 1.65) (2.61 ) (6.02)

p~2 -3.032 -9.059 .6 I0 5.306 .43

(-1.69) (-1.34) (2.62) (5.49)

P ~ 8 -3.802 - 15.629 .850 8.294 .37

(-1.35) (-i.34) (2.25) (5.81)

P24 -5.823 -22.068 1.184 11.657 .35

(- 1.46) (- 1.31) (2.23) (5.51)

Selected maturities, t-statistics, corrected for heteroscedasticity and overlapping data observations, in parentheses.
"ITne dependent variable P~ is the holding period return from buying a v-month bill at t and selling it as a z-3 month
bill at t+3, less the return on the three-month bill, expressed at annual rates. See table 5 for explanatory variable

definitions. R2 is adjusted.



Table 7: Excess Return Regressions for 6-month Holding Periods

Regressors

constant volatility interest rate yield slope R__2

A. Sample 54:01-90:08

P7 -.078 -. 184 .032 .369 .29

(-,I.29) (- 1.06) (3.46) (6,0!)

P9 -.244 -.760 .078 1.073 .24

(- 1.35) (- 1.43) (2.88) (5.53)

PI2 -.492 -1.911 .131 2.141 .22

(-1.38) (-1.83) (2.52) (4.76)
P15 -.748 -3.091 ,184 3,247 .2 I

(-1.37) (-1.96) (2,33) (4.44)

P24 - 1.341 -5,934 .308 5.966 .19

(- 1.36) (-2,09) (2.14) (4.44)

., P36 -2A09 -9.127 .488 10.184 .20

(-1.47) (-2.01) (2.08) (4.45)

B, Sample 54:01-64:07

P7 -.120
(-1,84)

P9 -.292
(-1.39)

-.312
(-0.74)

-,261
(-0.43)

P24 -:453

(,0.45)
P36 -1,035

(-0,68)

-.141 .066 .441 .43

(-1.16) (3.16) (3.81)

-.678 1167 1.074 .35
(-1.75) ,(2.52) (2.79)

-1.953 .244 t.770 .30

(-2.47) (1.82) (2.27)

-3.272 .299 2.346 .29

(-2.86) (1.53) (2.04)

-6.203 .523 3.897 .30
(-3.46) (1.53) (1.79)

-9.350 .879 6.037 .34
(-4.02) (1,66) (1.93)



Table 7: Excess Return Regressions for 6:month Holding Periods (cont’d)

C. Sample 64:08-72:12

P7 -.318 .028 .075 .302 .30

(-3.28) (0.04) (3.62) (3.35)

P9 -.939 .353 .200 .676 .22

(-3.04) (0.18) (2.95) (2.38)

P~2 -2.116 .935 .400 1.136 .18

(-3.06) (0.22) (2.63) (1.81)

P~ 5 -3.266 1.677 .595 1.581 .16

(-2.96) (0.26) (2.43) (1.53)

P24 -6.428 3.998 1.158 2.862 .17

(-2.86) (0.34) (2.29) (1.27)

P36 -10.070 9.176 1.724 4.223 .15

(-2.67) (0.49) (2.07) (1.10)

D. Sample 73:01-82:12

P7 -.221 -1.443 .059 .368 .24

(-1.64) (-1.21) (3.37) (2.77)

P9 -.592 -4.191 .140 1.079 .19

(-1.48) (- 1.20) (2.86) (2.56)

P ~ 2 - 1.214 -7.321 .2 !9 2.237 .16

(-1.61) (-1.11) (2.29) (2.66)

P15 -1.901 -10.022 .291 3.484 .15

(-1.62) (-1.04) (1.94) (2.83)

P24 -3.672 - 13.160 .441 6.513 .13

(- 1.61 ) (-0.77) (1.58) (3.06)

P36 -5.208 -21.800 .620 10.347 .14

(-1.44) (-0.84) (1.45) (3.22)

E. Sample 83:01-90:08

P7 -.359 -1.177 .085 .356 .60

(- 1.84) (- 1.80) (3.44) (6.80)

P9 -1.288 -3.093 .260 1.044 .62

(-2.5 ! ) (- ! .62) (3.96) (8.84)

p~z -2.543 -5.609 .505 2.087 .59

(-3.03) (-1.41) (4.61) (7.81)

p~5 :-3.907 -7.695 .762 3.152 .57

(-3.20) (- 1 ..27) (4.81) (6.56)

P24 -7.175 - 16.896 1.391 5.947 .49

(-2.95) (- 1.35) (4.48) (5.77)

P36 -12.101 -22.762 2.237 10.610 .44

(-2.68) (- 1.02) (3.99) (5.74)

Selected maturities, t-statistics, corrected for heteroscedasticity and overlapping data observations, in parentheses.
The dependent variable Pz is the holding period return from buying a z-month bill at t and selling it as a z-6 mon(h
bill at t+6, less the return on the six-month bill, expressed as annual rates. See table 5 for explanatory variable

definitions. R2 is adjusted.



Table 8: Excess Return Re2ressions for 12-month Holding Periods

Regressors

~ v01atilit~ interest rate yield slop.e,

A. Sample 54:01-90:01

R_.2

P13        -.064         -.08 !          .024          .182          .28
(-1.18) (-0.75) (2.95) (3.14)

P 15 -.218 -.332 .067 .562 .25

(-1.33) (-1.02) (2.58) (3.14)

P 1 s -.446 -.908 .127 1.056 .23

(-1.36) (-1.33) (2.47) (2.92)

P24 -.854 -2.t01 .233 2.036 .22

(- 1.34) (- 1.54) (2.32) (2.93)

p% - 1.829 :-3.783 .429 4.477 .21

(- 1.42) (- 1.42) (2.10) (3.39)

P6o -3.980 -8.259 .851 10.306 .21

(-1.41) (-1.44) (1.86) (3.73)

B. Sample 54~.01-64:07

-.073          -.113          .037         0.310          .53
(-2.21) (- 1.69) (2.48) (5.02)

P~5 -.182 -.478 .091 0.837 .49

(- 1.70) (-2.18) (2.06) (4.48 )

P~ 8 -.316 - 1.211 .165 1.521 .48

(- 1.43) (-2.74) ( 1.84) (4.14)

P24 -.656 -2.549 .331 2.745 .51

(-1.51) (-3.28) (1.98) (4.20)

P36 - 1.565 -4.340 .701 4.919 .55

(- 1.89) (-3.30) (2.41 ) (4.51 )

P6o -2.692 ~8.601 1.252 8.370 ,55

(- 1.57) (-3.36) (2.26) (4.46)



Table 8: Excess Return Regressions for 12-month Holding Peciods (cont’d)

C. Sample 64:08-72:t2

P 13         -.284          .376          .067          -.094          .26
(-4.50) (0.75) (4.09) (-0.86)

P~s -.906 1.238 .199 -.302 .33

(-4.37) (0.86) (3.62) (-0.94)

P~ 8 -1.951 2.346 .407 -.633 .34

(.-4.45) (0.86) (3.52) (-0.97)

P24 -4.060 5.063 .821 - 1.116 .36

(-4.46) ( 1.06) (3.46) (,0.90)

P36 - 8.024 I 1.588 !.514 -1.169 .35

(-4.20) (1.43) (3.11 ) (-0.53)

P6o - 13.223 25.890 2.296 - 1.375 .26

(-3.46) (1.87) (2.33) (-0.34)

D. Sample 73:01-82:12

PI3         -.152          -.390          .029          .205          .15
(-0.99) (-0.62) (1.43) (1.56)

Pr~ -.506 -.897 .076 .673 .13

(- t ~06) (-0.46) (1.19) (1.62)

p~ -1.002 -2.111 .140 1.272 .1!

(-1.08) (-0.54) (1.14) (1.52)

P24 -1.870 -4.440 .249 2.36t .10

(- 1.05) (-0.58) ( 1.08) (1.45)

P36 -3.413 -8.825 .430 4.836 .10

(-0.99) (-0.62) (0.96) (1.52)

P6o -6.802 -22.426 .861 11.219 .12

(-0.91) (-0.75) (0.86) (1.58)

E. Sample 82:01-90:02

-.223          -.673          .063          .161           .68
(-3.09) (-3.11) (6,70) (3.85)

P15 -.817 -2.002 .198 .485 .69

(-3.99) (-3.18) (7.27) (3.61 )

¯ Pl 8 - 1.681 -4.337 .402 .875 .66

(-4.44) (-3.79) (7.83) (3.09)

P24 -3.706 -9.211 .829 1.639 .63

(-4.84) (-3.62) (7.94) (2.77)

P36 -7.885 -16.170 1.636 3.676 .57

(-4.77) (-2.60) (7.32) (3.20)

P6o -I 7.303 -36.747 3.519 8.596 .51

(-4.17) (-2.00) (6.81) (2.94)

Selected maturities, t-statistics, corrected for heteroscedasticity and overlapping data observations, in parentheses.
The dependent variable P~ is the holding period return from buying a z-month bill at t and selling it as a z-12 month
bill at t+12, less the return on the twelve-month bill. See table 5 for explanatory variable definitions. R2 is

adjusted.



Table9: Results of Monte Carlo Return Premium Simulations
1-month holding period

Percentage of draws monotonically increasing / hump shaped

A. Scaled Volatility 10w

tbill rate low

med

high

yeild curve slope

low reed ~

0.3/54.4 15.6/58.0 61.9/26.3

1.3/80.6 52.9/30.8 84.9/11.8

7.1/67.3 37.7/36.6 70.3/20.4

No Scaled Volatility med

tbill rate low 0.1/42.4 9.7/65.9 63.0/25.5

med 0.2/84.4 40.7/37.2 84.6/12.4

high 3.8/71.8 27.2/44.6 61.1/24.8

C. Scaled Volatility high

tbill rate low 0.0/20.4 1.4/85.6 54.6/28.7

med 0.1/64.2 6.5/67.5 62.0/25.5

high 1.4/75.0 12.4/58.6 44.1/35.2



Table 10: Results of Monte Carlo Return Premium Simulations

3-month holding period

Percentage of draws monotonically increasing / hump shaped

A. Scaled Volatility low

tbi!l rate low

reed

high

yeild curve.slope

low med ~

0.3/43.4 17.8/47.6 86.0/2.9

3.0/80.3 65.8/16.1 98.1/0.6

15.5/58.8 58.2/21.6 90.8/2.6

No Scaled Volatility med

tbill rate low 0.1/26.7 8.3/61.5 85.2/2.8

med 0.1/86.6 52.1/26.0 97.0/0.7

high 6.7/69.1 44.6/30.5 86.1/4.6

Co Scaled Volatility high

tbill rate low 0.0/4.3 0.1/78.0 67.3/! 1.6

med 0.0/51.9 9.4/65.0 84.2/5.1

high 1.9/77.3 20.3/50.0 64.4/14.3

NUmbers in the table represent percentages of 1000 draws which exhibited each pattern. Low refers
to the 20th percentile observed value from the full sample, medium the 50th percentile, and high
the 80th percentile.



Table11: Results of Monte Carlo Return Premium Simulations
6-month-holding period

Percentage of draws monotonically increasing / hump shaped

A. Scaled Volatility low

yeild curve slope

low reed ~

tbillrate low 1.6/47.8 26.1/38.3 76.2/3.6

med 20.5/53.5 80.5/5.4 97.7/0.1

high 54.t/21.7 88.9/3.0 98.3/0.1

Scaled Volatility med

tbill rate low 0.1/29.1 12.7/50.9 72.9/4.4

med 7.3/69..2 72.0/8.6 98.1/0.1

high 40.5/30.9 80.1/5.5 97.4/0.2

Scaled Volatility high

tbill rate low 0.0/2.2 0~7/55.9 48.3/12.6

med 0.4/61.3 25.7/38.9 87.2/1.0

high 17.0/50.9 52.9/20.5 87.0/1.9

Numbers in the table represent percentages of 1000 draws which exhibited each pattern. Low refers
to the 20th percentile observed value frdm the full sample, medium the 50th percentile, and high
the 80th percentile.



Table 12: Results of Monte Carlo Return Premium Simulations

12-month holding period

Percentage of draws monotonically increasing / hump Shaped

A. Scaled Volatility low

tbill rate low

med

high

yeild curve slope.

low med ~

0.0/13.8 59.2/24.0 100.0/0.0

98.3/ 1.7 100.0/0.0 100.0/0.0

100.0/0.0 100.0/0.0 100.0/0.0

No Scaled V01atili~y med

tbillrate low 0.0/2.1 0.5/90.6 100.0/0.0

med 74.1/0.0 100.0/23.9 100.0/0~0

high 100.0/0.0 100.0/0.0 100.0/0.0

C. Scaled Volatility high

tbill rate low 0.0/0.1 0.0/66.5 9 t.7/0.4

med 0.3/96.5 99.9/0.1 100.0/0.0

high 100.0/0.0 100.0/0.0 100.0/0.0

Numbers in the table represent percentages of 1000 draws which exhibited each pattern. Low refers
to the 20th percentile observed valu~ from the full sample, medium the 50th percentile~ and high
the 80th percentile.



25

Figure 1: Confidence intervals for expected premia at different maturities, one-month
holding period
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Figure 2: Confidence intervals for expected premia at different maturities, three-month
holding period
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Figure 3: Confidence intervals for expected premia at different maturities, six,month
holding period
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Figure 4: Confidence intervals.for expected premia at different maturities, twelve-month
holding period
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