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Abstract

We provide a test of the liquidity preference hypothesis (i.e., the mono-
tonicity of er ante term premiums), conditioning on the shape of the yield
curve. The approach we use is general, and does not require a structural model
for conditional expected returns. Using nonparametric estimates, the evidence
supports previous conclusions in the literature regarding time-varying negative
term premiums. For example, in periods in which the term structure is down-
ward sloping, we find that the premiums can be significantly negative and are
often monotonically decreasing in maturity. Interestingly, in these periods the
volatility of the term premium is still increasing in maturity, indicating that

bond return volatility is not a priced risk.
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1 Introduction

The liquidity preference hypothesis (LPH) (see, for example, Hicks (1939) and Kessel
(1965)) states that the ez ante return on government securities is a monotonically
increasing function of time to maturity. That is, conditional on all available infor-
mation, the expected 3-month return on a T-bill with 9 months to maturity should
exceed the expected 3-month return on a 6-month T-bill, which should be greater
than the certain yield on a 3-month T-bill, and so forth. The LPH implies this con-
dition, regardless of the shape of the term structure or any other economic variables
contained in the agent’s information set. The underlying intuition behind the LPH is
that longer term bonds are more risky. With flat term structures and parallel shifts
of the yield curve, longer term bonds are more sensitive to interest rate changes than
shorter term bonds. Individuals need to be compensated for the risk of holding these
bonds, hence the higher expected return.

Using post 1963 data on T-bills, direct tests of the unconditional version of the
liquidity preference hypothesis have been: performed by Fama (1984b), McCulloch
(1987) and Richardson, Richardson and Smith (1992). While there is some disagree-
ment concerning the reliability of the data in the 1964-1972 period, the evidence sug-
gests that expected returns are monotonic (throughout, monotonic is taken to mean
monotonically increasing). For example, Richardson, Richardson and Smith (1992)
find that, when one correctly tests for monotonicity using inequality constraints, there
is little evidence against the LPH.

This evidence, however, comprises only unconditional tests of the theory. These
tests are expected to have low power because the econometrician is ignoring the infor-
mation available to economic agents. The LPH relates conditional expected returns
across maturities; thus, unconditional tests provide very weak tests of the underlying
theory. In fact, asset pricing theory suggests that the current term structure contains
important information for expected returns on bonds of different maturities. For ex-
ample, suppose that expected returns are monotonically increasing in maturity when
the term structure is upward sloping, yet decreasing in maturity when the term struc-
ture is downward sloping. Since upward sloping term structures occur more often,
unconditional tests will not be able to reject the monotonicity of returns because the
tests average over all term structure shapes.

A strand of the literature recognizes this problem, and documents time-varying



expected returns on bonds, e.g., Fama (1986), Fama and Bliss (1987), Stambaugh
(1988), Fama and French (1989) and Klemkosky and Pilotte (1992), among others.
All of these papers suggest that the fitted values of er ante bond returns are not
always increasing with the maturity of the bond. In order to correctly interpret these
results, however, it is necessary to consider the joint statistical properties of these
estimates of ez ante bond returns across maturities. Consequently, it may not be
surprising then that no formal test of the LPH (using conditioning information) has
been performed. The difficulty is that the LPH implies a set of inequality restrictions
on the ez ante returns on bonds of different maturities. Since these ex ante returns
are unobservable, and statistical methods for testing inequality restrictions have only
recently been developed, only anecdotal evidence regarding the LPH appears in the
finance literature.

This paper provides several contributions to the literature on bond returns. First,
we present some theoretical results on ez ante bond returns which provide some
additional insights on the validity of the LPH. These results complement existing
theory in the literature and motivate the choice of the shape of the term structure as
a conditioning variable. Second, we conduct a formal ez ante test of the LPH. Using
information contained in the yield curve, we estimate conditional mean returns on
bonds of different maturities. These means are then compared cross-sectionally using
recently developed techniques from the econometric literature for testing inequality
constraints (see, for example, Wolak (1989)). Third, while the results are mixed due
to sampling variation of the term premium estimates, we provide evidence to support
previous conclusions in the literature regarding time-varying negative term premiums.
In particular, we document important states of the world in which the LPH may be
violated. For example, in periods in which the term structure is downward sloping,
we find that the premiums can be negative (as low as -7%, annualized) and are often
monotonically decreasing in maturity. Interestingly, in these periods the volatility of
the term premium is still increasing in maturity, indicating that bond return volatility
is not a priced risk.

The paper is organized as follows. Section 2 reviews the relevant economics and
econometric literature on the LPH. We focus on identifying useful conditioning infor-
mation for testing the LPH. In Section 3, we illustrate the inequality testing method-
ology by replicating and then reinterpreting Fama’s (1986) original work on time-

varying premiums. In Section 4, we provide the main results of the paper. We first



describe the data used in the study, and some of the salient characteristics of the
relation between bond returns and the yield curve. We then provide formal tests of
the LPH. In particular, we analyze term premiums on bonds with long maturities.
Section 5 provides some concluding remarks including an economic interpretation of

the empirical results.

2 Preliminaries

2.1 Theory

Forming more powerful tests of the LPH through the use of conditioning information
does not require a structural model of ez ante bond returns. However, for the test to
be powerful, the conditioning set must provide useful information about alternative
theories, i.e., states in which the LPH may not be valid. Although the LPH is
consistent with a variety of term structure models, bond pricing theory does not
imply the LPH as a condition for equilibrium.! Below, we investigate how the LPH
relates to the term structure of interest rates in a general setting. We focus on
information which may point to violations of the LPH.

Let X :4; be the n-dimensional vector of asset returns from ¢ to t 4 7, and define
E, as the expectation operator conditional on the information available at time ¢.
In the absence of arbitrage opportunities, there exists a positive stochastic discount

factor M which satisfies the following condition (Harrison and Kreps (1979)):
EXieriMper] = 1. (1)

Thus, the price at time t of a pure discount bond which pays off 1 unit at time ¢ + 7,

irrespective of the state, is just

1
P, = 7 Et[Mt.t+j]a (2)

(Yee45)

In an economic environment in which future production possibilities are independent of the
current economic state, Benninga and Protopapadakis (1986) examine a general equilibrium economy
for general specifications of utility and production functions. They find that, in complete markets,

the LPH’s main conclusions are valid. The intuition is that longer bonds are a poor hedge for the

representative agent’s short-term consumption, thus requiring a premium to hold these bonds over
shorter horizons. Alternatively, in the Cox, Ingersoll and Ross (1985) one-factor model of interest
rates, term premiums on instantaneous holding periods are monotonic in the maturity of the bond.
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where Y;,,; is the yield-to-maturity on a j-period zero coupon bond. The holding

period return on this j-period bond is then equal to

n_ P Eva[Migaeg)
Rt,t+1(.7) - Pt,j - Et[Mt,t+j] St (3)

Since it is common to define yields in terms of logarithms, let y; ;+; = In(Y; ;) and
ree+1(7) = In(Ry41(5)) (see, for example, Fama (1984), Campbell and Shiller (1991)
and Engle and Ng (1993)). Then using equation (2), the fact that E;[M, ;] equals
Ei[M, 1 11)Ei[Miy1,045] + cove (M 41, Migq,445), and the linearization z ~ In(1 + 2) for
small z, the expected holding period log return on a j-period bond Ei[r,.41(7)] can

be written as
Exlre;1(5)] = Y1 — cove Meggr, Mogr,ea) Yoo Yoy, (4)

where cov, is the covariance operator conditional on information at time ¢.

It is common to define the risk premium on long bonds (i.e., ; > 1) as the
expected return on the bond in excess of the risk-free rate, that is, E, [ree+1(7) = Ye,041)-2
Further, denote Covt(Mt,H—l,Mt+l,t+j)y;,t+1)/t{t+j as cove(My, 1, My, .y ), which can
be interpreted as the covariance between scaled discount factors.® Equation (4) states
that the one-period risk premium on long bonds is approximately equal to minus the
conditional covariance between the scaled stochastic discount factor next period and

the scaled stochastic discount factor over the following j — 1 periods, i.e.,

Et[rt,t+1(j) - yt,t+l] ~ _Covt(M;:H], M;+1,t+]‘) .

The intuition behind this relation is clear if we interpret stochastic discount factors
in terms of the consumption based asset pricing model of Lucas (1978), among others.
In this model, the discount factor is the marginal rate of substitution between con-
sumption flows at different times, which, for standard parameterizations, is inversely
related to the growth rate of consumption. If covy(My 441, Miy1,45) > 0, then low
consumption growth over the next period means low expected consumption growth

in the future. In these states of the world, future consumption levels are expected to

?Without the linear approximation, Ei[r;4+1(j) — vt.++1] should be replaced by EfRi141(5) —
Y:,¢41]. Since the literature focuses on log returns, we maintain the approximation throughout the
rest of the paper.

3Recall that m = Ei[M; 4], so the scaled stochastic discount factors are weighted by

values close to their conditional means.



be very low and therefore interest rates are low and long bonds are relatively valu-
able. Consequently, the high return on long bonds effectively hedges consumption
risk and they command a smaller risk premium than shorter term bonds. On the
other hand, if covs(M; 41, Mi41.4+;) < 0, then low consumption growth over the next
period means higher expected future consumption. Thus, the relation between the
return on long bonds and consumption is reversed. The premium on long bonds needs
to be sufficiently high to keep investors holding these bonds.

The above interpretation immediately provides clues for the identification of states
in which the risk premium on bonds may not be monotonically increasing. The key
variable is covs(M;,,, M}, .,;); however, autocovariances of the stochastic discount
factor are one of the cornerstones for pricing long-term assets. Thus, the term struc-
ture of interest rates will yield information about these autocovariances.

In particular, the slope of the term structure, defined here as the yield spread

between j-period and 1-period bonds can be written as

142
Yoo — Ya41 = Er = Z(yt+-’,t+i+1 - yt,t+l):|
=1
132
—E, ;E Covt+i—l(M:+e-1,¢+n :+i,|:+j) ) (5)
=1

where the same linear approximation is used as before. The yield spread is made up of
two components: (i) expected changes in future short-term rates, and (ii) expectations
of future conditional autocovariances of the scaled stochastic discount factor.
Equation (5) implies that the term structure will be downward sloping under two
circumstances. On the one hand, if expected future short rates are expected to de-
crease relative to the current short rate, then the first component of the term structure
slope will be negative. If the autocovariances of the stochastic discount factors are
sufficiently small, this effect will dominate. Note that when the autocovariances are
all zero, the risk premium on bonds is zero, and the Expectations Hypothesis (EH)
holds. On the other hand, the larger and more positive we expect the future autoco-
variances to be, the more likely the term structure is to be flat or negatively sloped.
That is, positive autocovariances of stochastic discount factors tend to be associated

with downward sloping term structures.
The second component of the term structure slope is simply the sum of current

and expected future risk premiums on a j-period bond. Ceteris paribus, equation (5)
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implies that negative risk premiums on bonds occur during periods in which the term
structure is relatively flat or inverted. For example, if future expected short-term
rates are equal to the current short-term rate, then the sign of the risk premium
coincides with the slope of the term structure.* This relation is to be expected —
the risk premium on long bonds is reflected in their yields which also determine the
slope of the term structure.

Of course, this analysis depends on the relation between the yield spread between
long- and short-term bonds and expected movements in future short-term yields. Ex-
isting evidence suggests that this relation is positive, yet far from one-to-one (e.g.,
see Fama and Bliss (1987) and Campbell and Shiller (1991)). Thus, the shape of the
yield curve may have important information about the conditional covariances be-
tween future stochastic discount factors, suggesting a possible conditioning set which
will provide a high hurdle for tests of the LPH. It is an empirical question whether
these conditional covariances are highly correlated with expected movements in short-
term yields, driving a wedge between ez ante bond returns and the shape of the yield

curve.

2.2 Existing Empirical Evidence

Existing results on the LPH’s validity are usually embedded in broader investigations
of time-varying risk premia on bonds. For example, Shiller, Campbell and Schoenholtz
(1983), Fama (1984b, 1986), Keim and Stambaugh (1986), Fama and Bliss (1987),
Stambaugh (1988), Campbell and Shiller (1991), Klemkosky and Pilotte (1992) and
Engle and Ng (1993) all report evidence that the risk premiums on bonds of various
maturities are predictable. In a seminal piece, Fama (1986) documents time-varying
movements in term premiums which depend on the business cycle. With respect to
the liquidity preference hypothesis, Fama (1986, p.176) states

term premiums are generally interpreted as rewards for risk. In this view,
the changes from upward sloping term structures of expected returns dur-

ing good times to humped and inverted term structures of expected returns

4While this intuition is explained for a comparison between a j-period and 1-period bond, it car-
ries through for any maturity. Ceteris paribus, if cov (M{,,, M,‘_H) is greater than cov,(M{,,, M, ;)
(j > k), then “flatter/more inverted” term structures from maturities k to j will also correspond to
decreasing risk premiums between periods j and k — a violation of the LPH.



during recessions imply that the ordering of risks and rewards across ma-

turities changes with the business cycle and is not always monotonic.

While Fama’s (1986) findings are consistent with the theory in Section 2.1 above, it
is difficult to assess the statistical significance of these results. First, although the
individual mean estimates of the premiums suggest expected returns are not mono-
tonically increasing, these results are not interpreted jointly across maturities. Given
the high correlation across the premiums, the need for a joint test seems especially
clear. Second, Fama (1986) uses term structure shapes as his conditioning variable
for the state of the economy. Given that these shapes may be correlated from month
to month, the relevant test statistics need to be adjusted for serial correlation in the
series.

In a related, and somewhat more formal, setting, Stambaugh (1988) adds to
Fama’s (1986) evidence by showing that a two latent variable model of expected
returns on T-bills produces similar results. In particular, he shows that expected
returns exhibit variation with business cycles which is non-monotonic. However,
while his paper certainly suggests non-monotonicity of term premiums, the evidence
is based on ez post fitted estimates. Stambaugh (1988) does not perform an ez ante
test of the LPH. This requires tests of multiple inequality constraints and a model
for conditional expected returns.

Most of the existing studies generally investigate term premiums on shorter-term
bonds. An exception is Fama and Bliss (1987) who extend Fama (1984a, 1986) to
investigate variation in ez ante term premiums on U.S. Treasury bonds of maturities
greater than one year (see also Fama and French (1989)).% Using a methodology simi-
lar to Fama (1984a), Fama and Bliss (1987) document non-monotonic term premiums
for longer maturity bonds. The signs of these fitted premiums depend on the shape
of the term structure as determined by information in long-term forward rates. In
terms of the LPH, however, it is difficult to interpret the statistical significance of

these results without looking at the estimates jointly across maturities.

5More recently, Klemkosky and Pilotte (1992) investigate variation in ez ante term premiums
on U.S. Treasury bills and bonds of a variety of maturities. As predicted by a popular class of
term-structure models (e.g., Vasicek (1977)), they find that the premiums are monotonically related
to the conditional volatility of the short-rate of interest, as measured by information contained in
the short-term yield curve. The Klemkosky and Pilotte (1992) findings are especially interesting
because they represent some of the first results displaying time variation in short-term expected
returns on bonds of long maturities.



In our analysis, we explore how various yield curve shapes interact with pre-
miums on bonds of different maturities, and examine the implication for tests of the
LPH. Similar to Klemkosky and Pilotte (1992), these tests are performed using short-
horizon bond returns, and thus also represent some new evidence on term premium

magnitudes.

2.3 Term Premiums and the LPH

Using the above notation, the term premium for a bond with maturity 7 is defined
as

P‘r,t-{-l = Et[T‘t,t+1(T)] — Yt,t41-

The liquidity preference hypothesis implies that term premiums increase with 7, i.e.,
P‘r,t+1 2 P‘r-—kl,t+l 2 e Z PT—kl—...—k.'_l,t+la ki > 0 (6)

The model in (6) implies that, conditional on all information available to the market at
time t, expected returns are larger for longer maturity bonds. Of particular interest,
the available information contains the entire term structure and thus the market’s
expectations about future rates.

The problem with the formulation in (6) is twofold. First, P,..; is unobservable.
That is, pinning down the premium, P, ;41, requires an equilibrium model for expected
returns, which is not known by the econometrician. Compounding this problem is
the fact that the researcher has a smaller information set than investors did at time ¢.
Second, even given a model for P; 1, the restriction in (6) suggests a multiple one-
sided test procedure, which is not covered by standard econometric theory. Below,
we outline a methodology for evaluating the LPH stated in equation (6).

Consider information available to the researcher at time ¢. To coincide with the
discussion in section 2.1, let us condition on monotonic and non-monotonic yield
curves. As noted above, existing theory suggests that expected bond returns move
with the shape of the term structure.

To generate testable restrictions implied by the LPH from information in the term

structure, first define

I = 1 if the term structure is inverted or humped
7] 0 if this term structure is upward sloping



For normalization purposes, we let the instrument 2; be defined as

I;
2 = =
*TE[M)
Note that equation (6) implies that the difference between two term premiums (the
first having a longer maturity) is non-negative. For example, for 1-period returns

fromttot+1,
Pr‘t+l - P-r—l,t+1 = Et["t,t+1(7') - 7“t,t+1(7' - 1)] >0 Vr > 2. (7)

Since z; is a nonnegative random variable and in the information set at time ¢, equa-

tion (7) can be rewritten as
Ef(reer(7) —reaqr(r—1)) x 2) 2 0x 2, =0 V7 =2 (8)
Rearranging equation (8) and applying the law of iterated expectations,
E[(rese1(7) = reepa(t — 1)) x 2e — 0] =0 Vr >3, (9)

where under the null model of the LPH, § > 0.

Equation (9) provides a set of moment conditions that identify the vector 6 in
terms of observables — the ez post return on bonds, r;:41(7), and the shape of the
term structure, z;. The vector 6 has a very clear economic interpretation; it equals
the average term premiums, conditional on non-monotonic term structures. With
respect to the LPH, the restrictions on these conditional means (i.e., 8 > 0) are
testable using results from the recent econometric literature on testing inequality
constraints. The method for this particular problem is outlined in the appendix of
the paper (though the general method for conditional asset pricing can be found in
Boudoukh, Richardson and Smith (1993)). The approach provides a joint test of
monotonicity of the ez ante term premiums across maturities and does not require a
specific model for conditional expected returns. Of particular interest, the power of
these tests can be substantially enhanced by focusing on information which is most
likely to provide evidence against the LPH null, such as inverted term structures.

The description so far conditions on whether a state occurs or does not occur, and
may ignore other relevant information. For example, it may be the case that term
premiums are negative only in periods of sharply inverted term structures. Thus, it

may be important to put more weight on these periods in the empirical analysis. As

9



an illustration, suppose we want to condition not only on downward sloping term
structures, but also on the magnitude of the slope. In this case, we choose I} such
that

I = { max(ys, 4k — Yee+1), kK <1< j if the term structure is inverted or humped
s =

0 if the term structure is upward sloping

Here we define
__1f

“=E

Using these “informative” instruments, z}, equation (9) still provides a set of moment

conditions that identify the vector 6 in terms of observables — the ez post return on
bonds, r:¢41(7), and now both the shape and magnitude of the slope of the term
structure, z;. The vector of parameters § has a new economic interpretation; it now
equals the weighted average term premium, where the weights correspond to the

steepness of the yield curve (adjusted by the probability of such events).

3 Example: Replication of Fama (1986)

Fama (1986) documents time-varying term premiums for bonds of short maturity.
He finds that these term premiums are not monotonic in the maturity of the bond;
instead, the expected returns can be humped, inverted or decreasing in maturity
depending on different stages of the business cycle. Moreover, these stages tend to
coincide with humped, inverted or downward sloping forward-rate term structures,
which is consistent with the theory in Section 2.1. While this evidence contradicts
the LPH, it is important to provide a formal test of this hypothesis.

We collected data from the Fama bond files for one to twelve month bills (in
yearly percent) over the period November 1971 to July 1984.6 Both the period and
the maturities are chosen to coincide with Fama (1986). These bills are used for two
main purposes: (i) to construct holding period returns on bills of different maturities,
and (ii) to separate relevant economic states into either upward sloping forward-rate

term structures or inverted/humped term structures. Since stylized facts regarding

6We did not include the bill with twelve months to maturity for two reasons. First, there are
a substantial number of missing observations at these maturities. Second, the twelve month bill is
actually defined in the data to be bills of at least 11 months and ten days. As such, we considered
its definition too unreliable for our analysis.

10



the term premiums on these bills and their behavior with different term structure
shapes have been well documented, we refer the interested reader to the relevant
literature (e.g., Fama (1986)).

Using the inequality testing methodology of Section 2, we perform two tests of
the LPH: (i) a formal test of Fama’s (1986) analysis given in his Table 1, which
documents average term premiums in different term structure environments, and (i1)
a test of Fama’s (1986) analysis given in his Table 2 which relates term premiums
over particular maturities to forward rates at these same maturities.

With respect to both cases (i) and (ii), Fama (1986) looks at four annualized hold-
ing period returns on bills — yi 441, Te142(3), ri4+3(6) and 7, 446(12), where Ty e45(T)
means buying a 7-period bill and holding it for j periods. Our estimation uses data
from the Fama files for one to eleven month bills (in yearly percent) over the pe-
riod 1974-1985, so that we replace ¢ +6(12) with r:46(11) (see footnote 6). Under
the null of the LPH, the conditional expectations of the annualized r;4;(7) should
be monotonic in maturity. Using the methodology of Section 2.3, we consider the

following cross-section of moment conditions implied by the various maturities,

E[(reers(11) — ree43(6))2e — 6:]=0
E[(re:+3(6) — re142(3))z: — 62] = 0
E[(re442(3) — yeer1)ze — 03] = 0,

with the restriction 6; > 0 Vi under the liquidity preference hypothesis.

To replicate Fama (1986), we choose two different sets of instruments (i.e., case
(i) and (ii) above). Fama chooses the instruments in order to capture business cycle
effects as described by the term structure of interest rates. For case (i), we consider
all periods in which the forward-rate term structure is not monotonic. For case (i),
we choose a different instrument for each moment condition; in particular, this second
case investigates term premiums over a particular maturity and holding period which
exactly coincide with the non-monotonicity of the forward-rate term structure at the
corresponding maturity.”

Table 1A reports results for a conditional test of the monotonicity of the term

premium based on case (i). With four holding period returns and one instrument,

7All tests are repeated using a more informative instrument which conditions on the magnitude
of the decline in forward rates (see Section 2.3).
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the system imposes three inequality restrictions. Note that the variance-covariance
matrix of the estimators takes into account the correlation across the sample moment
estimators and also adjusts for serial correlation due to both time-varying behavior
of the premiums and autocorrelation of the term structure shapes through time.

The difference in term premiums, §; (z = 1,...,3), is only negative at the longer-
end of the yield curve, that is, 63 equals -0.614% (annualized). When we condition
on the magnitude of the non-monotonicity present, 65 declines to -1.558%, but the
standard error also increases proportionately. Using the 1/0 instrument and the
informative instrument, the one-sided joint test statistics for a test of conditional
monotonicity of the term premium equal 1.066 (with a P-value of 0.382) and 2.170
(with P-value 0.301), respectively.® These tests illustrate that, even though some
premiums are individually negative, it is important to perform joint tests in a cross-
sectional analysis across maturities.

These results are in contrast to conclusions drawn from Fama’s (1986) Table 1;
that is, we cannot reject the null hypothesis that the conditional term premiums
are monotonic. It is interesting to note that the majority of the unconstrained esti-
mators are negative (using the informative instruments). Similar to Fama’s results
for humped and inverted forward-rate term structure shapes, the term structure in-
strument chosen produces many of these negative means. However, these estimated
means provide little statistical evidence against the null hypothesis.

The reasons are threefold. First, the test takes into consideration the joint nature
of the hypothesis and, in particular, the high cross correlation patterns across the
premiums. Second, autocorrelation in the data induced by serial correlation in the
forward-rate term structure shapes through time is explicitly accounted for. Third,

~the test is formal and therefore adjusts for the special distribution of the statistic

under the null.

Of course, the sample size of Fama’s (1986) study is small, and this may explain
why monotonicity is not rejected. However, it is still not appropriate to consider the
term premium estimates individually given their joint correlation properties across

maturities. At the very least, these results show the different types of conclusions

8The P-value has a slightly different interpretation than under tests of equality constraints. Here,
we calculate the distribution of the one-sided Wald test statistic for the least favorable value of the
null hypothesis (i.e., 8 > 0 in (9)) and thus of any size test. This can, but does not necessarily, lead
to complications in determining the least favorable value of the null if Q2 depends on 6 in equation
(9) (see Boudoukh, Richardson and Smith (1993) and Wolak (1991)). In any event, the test can
always be interpreted locally.
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which can be reached by using tests for inequality restrictions. In particular, the
commonly held belief that the liquidity preference hypothesis is violated once we
take into account available information may be statistically unreliable. The apparent
non-monotonicities in the data are consistent with sampling error.

The low significance values suggest that existing stylized facts may need to be
reevaluated. One way to do this reevaluation is to partition the information into
finer elements, as in our description of case (ii) above. Here, each term premium
is associated with its corresponding forward rate, so that we condition on states
in which only this particular forward rate is declining. Table 1B provides tests of
the restrictions in case (ii). Using the maturity-specific instruments, the annualized
difference in expected returns on the four nearby different holding periods are all
negative, that is, -0.345%, -0.659% and -0.761%, respectively.

The appropriate multivariate one-sided test statistics for the difference in average
premiums are 8.388 (for 1/0 instruments) and 8.426 (for informative ones), which
represent P-values of 0.011 and 0.012, respectively. Similar to Fama (1986) (Table 2),
and in contrast to our initial tests above, there is strong evidence that term premiums
time-vary and that they are not monotonically increasing in maturity in some states of
the world. These states are related to periods in which the term structure of forward
rates is non-monotonic over the equivalent holding period to the term premium for
the corresponding maturity.

The contrast between the results in case (i) and case (ii) emphasizes the rela-
tion between conditioning information and the power of tests. Here, negative term
premiums are associated with particular non-monotonic forward-rate curves. Thus,
while any non-monotonicity of the forward-rate curve implies that 0, is 0.170%, a non-
monotonicity in the forward rate of corresponding maturity implies that 0, is -0.659%.
This is consistent with the theory outlined in Section 2.1, which stresses the relation
between a j-period bond’s return and the conditional covariance between short-term
and j-period stochastic discount factors. This helps explain why the one-sided statis-
tics differ in cases (i) and (ii), and shows how these apparently contradictory results

can in fact be consistent with Fama’s (1986) story of negative term premiums.
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4 Empirical Results

One of the motivations for this paper is to explore how conditioning information
affects our interpretation of the LPH. Some previous work has analyzed expected
bond returns over both short and long maturity U.S. Treasury bills and notes (see
Fama (1984b), Fama and Bliss (1987), Fama and French (1989) and Klemkosky and
Pilotte (1992)); however, the majority of work has focused on shorter term maturities.
To the extent that both theory and empirical work comment on real rates of interest
(either through equilibrium models of business cycles or asset pricing), longer-term
maturities are especially important. In this section, we document and test properties

of short-horizon holding period returns across the entire maturity spectrum.

4.1 Data Description

From the Fama bond files, we collected data on one-month T-bills and monthly hold-
ing period returns on 2-120+ month T-notes and T-bonds. We then formed six
equally-weighted portfolios of 2-6 month bills, 7-12 month bills, 12-36 month notes,
36-60 month notes, 60-120 month notes and 120+ notes. The maturities and monthly
horizon cover those looked at by Klemkosky and Pilotte (1992).° We investigate the
sample period January 1972 to December 1994.1°

Given these returns on bonds of different maturities, we want to test whether
the ez ante term premiums at different maturities (i.e., holding period return minus
one-month T-bill rate) are increasing in maturity. To do this, we need to choose a
set of instruments. To coincide with the theory in Section 2.1, and thus enhance
the power of the inequality testing methodology, we wish to focus on states of the
economy which are the least supportive theoretically of the LPH.

In particular, data on 1-6 month bills and 1-5 year spot rates are available from
the Fama bond files over the sample period. We define a non-monotonic yield curve

as one in which the yield on one of the six maturities used (i.e., 1-6, 12, 24, 36, 48 and

SWe choose a priori to form portfolios of these bonds over the different maturities to avoid a
loss of power of the inequality testing methodology. For example, if we break the portfolio of 36-60
month notes into three bonds (as in Klemkosky and Pilotte) of 36, 48 and 60 months and the returns
on these bonds are highly cross-correlated, then it is likely that the benefit of the added information
does not offset the increase in the degrees of freedom of the weighted chi-squared test.

10Gome authors have suggested that, due to changes in monetary policy over the 1979 to 1983
period, the interest rate process may have shifted during this time. Therefore, we also performed
the empirical analysis with this period omitted. The results do not change in any substantive way.

14



60 months) falls relative to the yield on the shorter nearby maturity bond (where the
shortest yield, 1-6, is the average yield on 1,2,...,6 month treasuries). That is, there
is a violation of the following condition, y;-6 < y12 < Y24 < y3s < Yas < Yso, Where y;
is the yield on a bond with :-months to maturity.

In addition to conditioning on the shape of the yield curve, we provide more infor-
mation by conditioning on its magnitude. That is, if the yield curve is non-monotonic
in maturity (as defined above), we let I} equal the maximum of the difference between
any of the above six maturities (so long as they are negative). The idea here is that
extreme declines in the yield curve are associated with large drops in forward rates,
and thus corresponding falls in term premiums (Fama (1986)). _

One of the problems with conditioning on a non-monotonicity over the entire
yield curve is that potentially important information is thrown away. For example,
it maybe that term premiums on shorter maturity instruments are declining only
for downward sloping term structures at the short-end of the yield curve. To better
understand this possibility, we condition on periods in which the short-end of the

yield curve (defined by y;_¢) lies above the long-end (defined by yeo).

4.2 Term Premiums and Interest Rates

Table 2 provides summary statistics on the instruments. In particular, we provide an
estimate of the probability of each state, and the state’s serial dependence properties
(its transition probabilities and corresponding autocorrelation).

Over the sample period, a large fraction of the periods are captured by non-
monotonic states. For example, the unconditional probability of the yield curve being
non-monotonic is 0.362, while over 50% of these (i.e., 0.185) involve a negative spread
between the short-end and long-end of the yield curve. Note, though, that once a
state occurs, such as monotonicity or non-monotonicity, the probability of remaining
in the state from month to month is very high, e.g., 0.908 for non-monotonicity. Thus,
if term premiums time-vary depending on the particular state, these premiums will
be autocorrelated. Hence, from a statistical viewpoint, it may be important to adjust
the distribution of conditional bond returns for serial dependence.

As an introduction to the interaction between these instruments and the bond
returns of different maturities, Figure 1A provides a bar graph of the average term

premiums on the different bond portfolios under three possible scenarios: uncon-
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ditional, upward sloping between the short- and long-end of the spot curve, and
downward sloping between the short- and long-ends.

Over the entire sample period, the unconditional monthly expected returns on
long-term bonds exceed the one month rate. Moreover, these premiums increase with
maturity, that is, from 0.904% (annualized) to 2.187% across the bond portfolios of
increasing maturity. These results coincide with the term structure of term premiums
documented elsewhere, albeit over slightly different time periods.

The conditional average term premiums, however, tell a different story. In periods
of upward sloping yield curves, the premiums are also monotonically increasing, but
at much higher rates (from 0.907% to 4.344%). In contrast, in periods of downward
sloping yield curves, these premiums are negative for all the bond portfolios except
the 2-6 month maturity. Moreover, in these periods, the term structure of average
premiums is downward sloping, the exact opposite of the implication of the LPH.
While these premiums are not measured very precisely (e.g., see Table 3), and thus
must be treated cautiously, the magnitudes of the premiums are economically mean-
ingful. For example, the premium for holding the longest maturity bond portfolio
over the short rate is -7.331% on an annualized basis! This means that, in a ratio-
nal expectations setting, long-term bonds must be a substantial hedge for short-term
nominal consumption.

Figure 1B reports the volatility of the term premiums on the different bond port-
folios under the same three scenarios. While the term structure of term premiums
is increasing (decreasing) with upward (downward) sloping term structures, the term
structure of volatilities is always increasing, irrespective of the term structure slope.
For example, in periods of downward sloping term structures, the volatilities of bond
premiums increase sharply in maturity (from 0.957% to 12.148%), while their ex ante
returns drop dramatically (from 0.893% to -7.331%). Standard errors aside, these
results suggest that an argument based on a mean/volatility tradeoff cannot explain
the conditional distribution of bond returns. In Section 5, we address this issue in

more detail.

4.3 Tests of the LPH

In this section, we extend the analysis of Section 4.2 to include formal tests of the

LPH. These tests will aid researchers in their evaluation of the significance of the
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average term premium cross-sectionally, as well as point to particularly important
states for determining the term structure of term premiums.

Table 3A provides the difference in average term premiums across the maturities,
conditional on non-monotonic yield curves. Also given are the corresponding standard
errors of these differences, adjusted for serial dependence and heteroskedasticity, and
the one-sided Wald statistics for each instrument and joint across the instruments.
Although most of the individual differences in premiums for the non-monotonic in-
strument are negative, the one-sided test conditional on non-monotonic yield curves
has a Wald statistic of only 0.105. This represents a P-value of 0.513. This statistical
result again illustrates the need to be cautious when interpreting individual estimates
(i.e., a given maturity) in a joint setting (i.e., across maturities).

With respect to non-monotonic yield curves, recall that a declining term structure
at the short-end of the yield curve may imply nothing about term premiums on long-
term bonds. Thus, following Section 4.1, we break up non-monotonic periods into
states in which the short-end of the yield curve lies above its long-end. As described in
Section 4.2, conditional on these states the estimated term premiums are decreasing
almost everywhere. Table 3B provides the difference in average term premiums of the
bond portfolios, corresponding standard errors and the one-sided Wald statistic for
this case. The differences in premiums are always negative, with a 1.63% difference
between nearby bond portfolios and an average standard error of 1.34. The Wald
statistic is 3.081 which represents a P-value of 0.092. Given the conservative nature
of inequality constraint testing procedures, it is reasonable to consider this as evidence
against the LPH.

However, for those researchers with strong prior beliefs about the LPH, the sta-
tistical evidence here is somewhat weaker than that implied by the current literature.
It is convenient to criticize these tests as having low power, but this criticism is not
well-founded. Inequality restrictions are generally weaker than the more standard
equality restrictions; that is, by their nature, inequality constraints provide a higher
hurdle. Since tests of the LPH involve inequality restrictions with highly correlated
variables, the real question is which inequality constraints-based test has the most
power. It is well known, for example, that Bonferroni-type procedures are generally
weaker than the statistical techniques advocated here.

As we discussed in Section 2.3, a related power issue is that the 1/0 instruments

ignore information about the magnitude of the non-monotonicity of the yield curve.
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Tables 3A and 3B provide extensions of the results to include instruments conditioned
on the magnitude of the event (see the description in Section 2.3). From Table 3A,
the joint one-sided test for the non-monotonic case provides stronger (though perhaps
not enough) evidence against the null — the W-statistic equals 2.473, with a P-value
0.146. However, the differences in premiums increase substantially. This implies,
for example, that (standard errors aside) the premiums are not only related to the
periods in which the term structure is downward sloping, but also vary depending on
the degree of the decline. Table 3B shows a similar pattern in terms of the magnitude
of the premium differences; however, the increase in the estimation error associated
with these weighted premiums actually leads to a reduction in the P-value (from 0.092
to 0.133). While it is difficult to compare P-values across different test statistics, these
results do point to the difficulty in measuring the means of short-horizon long-term
bond returns.

Nevertheless, while there are few observations on downward sloping term struc-
tures, the shape in the term structure of term premiums is still illuminating. Con-
sistent with Fama (1986), Fama and Bliss (1987), and the theory in Section 2.1, it
suggests that term premiums vary depending on the current term structure of interest
rates. However, because the statistical significance of these results is not overwhelm-
ing, the final conclusion about the LPH depends on prior beliefs about the relation
between term premiums and conditioning information. Asset pricing theory suggests
that the term structure of term premiums may be closely related to the term structure
of interest rates, and not the underlying volatility of these premiums. The evidence

in this paper supports this theory.

5 Concluding Remarks

The results presented in Sections 3 and 4 provide the first formal (albeit weak) ev-
idence that short-horizon (i.e., monthly) long-term bond returns may be less risky
than short-term bond returns under certain circumstances. These circumstances are
related to the shape of the yield curve. Interestingly, while expected bond returns are
decreasing in maturity, the volatilities of bond returns are still increasing. Of course,
while this means that bond volatility is not priced in equilibrium, it does not explain

why long-term premiums are so small. That is, what can occur over the next month
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that makes holding long-term bonds so valuable?

From an economic perspective, these term premium results can be linked to the
relation between the term structure and stages of the business cycle. Specifically,
it is well documented that at troughs (i.e., the beginning.of expansions) the term
structure tends to be upward sloping, while at peaks (i.e., the end of expansions) the
term structure is flat or inverted (Harvey (1988)). Since the term structure relates
directly to the business cycle, the results in this paper suggest that expected returns
on bonds may increase with maturity only during particular stages of the business
cycle. For example, when the term structure is upward sloping, future covariances
between stochastic discount factors tend to be negative. Thus, shocks to the economy
next month which cause there to be low discount factors, imply higher discount factors
in the future. Since high discount factors mean that longer-term bond returns are
low when payoffs are more valuable, the monthly term premium on long-term bonds
is high. In contrast, when the term structure is humped or inverted, covariances tend
to be positive. Thus, low discount factors today imply even lower discount factors
in the future, and long-term bonds provide a good hedge. Thus, expected returns
on bonds are decreasing in some maturities. Overall, the empirical results suggest a
world in which the autocovariances of the stochastic discount factor, and hence the
term structures of term premiums and yields, vary over the course of the business
cycle in a systematic way.

The above analysis calls for a structural model of bond pricing that can generate

1 As a first pass at developing a structural model of the

these types of results.!
conditional distribution of the term structure of bond premiums, Figure 2 provides
nonparametric kernel estimates of expected excess returns on the six bond portfolios
against the yield spread between the long-end and short-end of the yield curve.'? The

figure clearly shows that ez ante bond returns on long-term bonds lie below those of

Multifactor models, such as Brennan and Schwartz (1982), Chen and Scott (1989), Longstaff
and Schwartz (1989), and Duffie and Kan (1992), all provide frameworks in which the term structure
of bond premiums can change sign. For example, Longstaff and Schwartz (1989) make assumptions
about the instantaneous short rate and volatility which leads to term premiums being a function
of these two variables. However, the implications of these models for maturity effects on premiums
and the LPH are not well developed.

12(Jsing a multivariate normal kernel, we estimate the distribution of the term premiums con-
ditional on the yield spread. The figure plots the mean of the conditional distribution of these
premiums over a continuous range of spreads for which there is enough data. The nonparametric
estimation of the mean is fairly intuitive. For a given spread, the mean is essentially a weighted
average of the observed ez post premiums, where the weights depend on how close the given spread
is to the observed spreads in the data.
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short-term bonds for downward sloping term structures, while the exact opposite
is true for upward sloping term structures. Moreover, casual observation suggests
the relation may not be linear but instead globally concave in the slope of the term
structure. On the face of it, our nonparametric estimates of negative term premiums
provide sharp restrictions on theoretical models of the term structure.

Interestingly, the negative term premiums documented here coincide with states
associated with negative er ante equity risk premiums (see, for example, Boudoukh,
Richardson and Smith (1993) and Boudoukh, Richardson and Whitelaw (1996)). This
link suggests that it is not the variability in stocks’ cash flows (i.e., dividends) which
produces a hedge against short-term consumption, but more the fact that equities
can be thought of as a long-term securities, albeit with different cash flow structures
than long-term bonds. Negative premiums in general may be due to the hedging
benefits of holding long-maturity instruments in certain periods, such as recessions,

than anything else per se. These ideas warrant further investigation in the future.
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Appendix

The statistical procedure for estimating econometric models in the presence of inequal-
ity constraints is described in detail in Wolak (1989). (For a detailed description in
the context of conditional asset pricing models, see Boudoukh, Richardson and Smith
(1993)). For expositional purposes we review the main steps as they apply to our

problem:

o Step 1

Estimate the sample (probability weighted) mean of the difference in term pre-

miums, conditional on non-monotonic term structures:
. 1 L '
0= T Z[(rt.t+l(7') —reapr (7 — 1)) X 2z Vr > 3.
t=1

o Step 2

Estimate the same mean, but now under the LPH restriction that it must be

non-negative.!®> Denote this restricted estimator gR,

o Step 3

A natural test statistic of the restriction, § > 0, is to compare the vector of
unrestricted conditional means, 8, to the vector of restricted conditional means,

6R. One way to do this is to apply a multivariate one-sided Wald statistic, i.e.
W =T(6R - 6) (6% - 6),

where 17! is the sample variance-covariance matrix of the conditional means
on the bonds.!* The statistic can then be evaluated at some appropriate level

of significance using its asymptotic distribution,

A

N
S Prixd 2 d w (N,N K, %) , (10)
k=0

13This constrained estimation can be performed using standard statistical packages, such as IMSL
subroutine DBCONF or DNCONF.

14The sample variance-covariance matrix can be constructed to take account of serial correlation in
the data, as we have here with month-to-month correlation in term structure shapes. We employ the
procedure suggested by Andrews (1991) with quadratic spectral kernel and bandwidth determined

by fitting an AR(1) model for each element of 6.
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where ¢ € R* is the critical value for a given size, IV is the number of restrictions,
and the weight w (N,N —k, %) is the probability that R has exactly N — k

positive elements.!5

15The weights can be calculated using a Monte Carlo simulation procedure outlined in Wolak
(1989) (statistical routines such as the IMSL subroutine DRNMVN can generate the Monte Carlo
data).The critical value itself can then be calculated via IMSL subroutine DUVMIF.
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Table 1
A Test of the Liquidity Preference Hypothesis: 1971-1984 (Fama (1986))

Tables 1A and 1B provide tests of whether conditional term premiums are monotonically in-
creasing in maturity, motivated by results in Fama’s (1986) Tables 1 and 2. The data are collected
from the Fama files for one to eleven month bills (percent annualized) over the period 1971-1984.
Each table provides the average difference in term premium measures and corresponding standard
errors, conditional on either non-monotonic forward rates (i.e., case (i}), or corresponding declining
forward rates over a particular maturity (i.e., case (ii)).

Table 1A
Case (i): Non-Monotonicity of Forward Rates

Diff. in Zero/One Informative

~

Premiums 0 (s.e.) 0 (s.e.)
H3— HI | 0.568 (0.205) | 0.530 (0.360)
H6 — H3 | 0.170 (0.277) | -0.181 (0.356)
H1l— H6 | -0.614 (0.595) | -1.558 (1.345)
W (pval) | 1.066 (0.382) | 2.170 (0.301)

Table 1B
Case (ii): Declining Forward Premium (per Maturity)
Diff. in Zero/One Informative
Premiums 0 (s.e.) 6 (s.e.)

0.206) | -0.675 (0.518)
0.290) | -1.260 (0.602)
) | -2.895 (2.102)
) (0.012)

H3—HI | -0.345 (
H6 — H3 | -0.659 (
H11 - H6 | -0.761 (0.693
W (pval) | 8.388 (0.011

8.426
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Table 2
Statistical Properties of the Instruments

Table 2 provides summary statistics for different states of the world over the sample period — 1/72-
12/94. These instruments are defined as follows: z;; = 1 when the yield curve is monotonic, z3; = 1
when the yield curve is non-monotonic, and z3; = 1 when the yield curve is downward sloping. The
column acr(2¢) is the autocorrelation of the instrument, ¢ is the probability that z;;4, = 1 given
that 2;; = 1, and p is the probability that z;;4; = 0 given that z;; = 0.

Instrument Pr(Z, =1) acr(Z) q D
Monotonicity 0.634 0.750 0.842 0.908
Non-Monotonicity 0.366 0.750 0.908 0.842
Downward Sloping 0.185 0.783 0.960 0.824
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Table 3
Test of the Liquidity Preference Hypothesis
Across All Maturities: 1/72-11/94

Tables 3A and 3B use data from the Fama bond files. One month excess holding period returns
(term premiums) are calculated for six equally weighted portfolios of 2-6 month bills, 7-12 month
bills, 12-36 month notes, 36-60 month notes, 60-120 month notes and 120+ notes. Table 3A provides
the difference in the average term premiums, conditional on non-monotonicity, while Table 3B
provides this difference, conditional on whether the short-end of the yield curve lies above the long-
end. Non-Monotonicity is defined as a state in which there is a violation of the following condition,
vi-6 < Y12 < y24 < Y36 < Yas < Yoo, Where y; is the yield on a bond with i-months to maturity.
In Table 3A, the corresponding informative instrument is defined as the maximum of the difference
between any of the above six maturities (so long as they are negative); in Table 3B, the informative
instrument is just the magnitude of the spread between the short- and long-rate. The table also
provides one-sided multivariate Wald test statistics of the hypothesis that the difference in these
term premiums are positive. The tests are performed for each instrument and across the maturities
jointly. The statistic’s P-value is calculated using a Monte Carlo simulation.

Table 3A
Instrument Zero/One Informative
and Maturity 0 (s.e.) 6 (s.e.)

Non-Monotonicity
P 1o — Ps_g -0.100 (0.649) | -0.094 (0.738)
Pio_3s— P7_12 | 0.187 (1.020) | 0.197 (1.467)
Pss—go — Pra_as | -0.115 (0.924) | -1.228  (1.246)
Pso_120 — Pas—eo | -0.312 (0.883) | -2.237 (1.507)
Piooy — Psg—120 | -0.315  (1.342) | -2.622 (1.777)

W(pval) 0.105 (0.513) | 2.473 (0.146)
Table 3B
Instrument Zero/One Informative
and Maturity 0 (s.e.) 6 (s.e.)

Downward Sloping
P7_ 12— Pag -0.972 (0.627) | -0.248 (0.916)
Pia_36— Pr_12 | -1.307 (0.949) | -0.189 (1.340)
P3s_60 — Pi2—3¢ | -1.626 (1.110) | -2.117 (1.651)
Pso—120 — Pas—60 | -1.545 (1.086) | -2.744 (1.776)
Piooy — Pso—120 | -2.774 (1.647) | -3.201 (2.166)
W (pval) 3.081 (0.092) | 2.555 (0.133)
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Figure 1: The Expectation and Volatility of the Term Premiums
Figure 1A (top) provides the average term premiums, conditional on one of three possible states: (i)
unconditional, (ii) downward sloping yield curves, and (iii) upward sloping yield curves. The term
premiums are calculated (in excess of the one-month rate) for six equally weighted portfolios of 2-6
month bills, 7-12 month bills, 12-36 month notes, 36-60 month notes, 60-120 month notes and 120+
notes over the sample period January 1972 to November 1994. Figure 1B (bottom) provides the
volatility of the six term premiums conditional on the same information.
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Figure 2: Kernel Estimation of Ex Ante Term Premium
Figure 2 provides a nonparametric estimate of the ex ante term premium against the spread (i.e.,
slope) between the long- and short-end of the yield curve. The term premiums, denoted H, are
calculated (in excess of the one-month rate) for six equally weighted portfolios of 2-6 month bills,
7-12 month bills, 12-36 month notes, 36-60 month notes, 60-120 month notes and 1204+ notes over
the sample period January 1972 to November 1994.

27



References

Andrews, D.W.K., 1991, “Heteroskedasticity and Autocorrelation Consistent Covariance
Matrix Estimation,” Econometrica 59, 817-858.

Benninga, Simon and Aris Protopapadakis, 1986, “General Equilibrium Properties Of The
Term Structure Of Interest Rates,” Journal of Financial Economics 16, 389-410.

Boudoukh, Jacob, Matthew Richardson and Tom Smith, 1993, “Is The Ex Ante Risk Pre-
mium Always Positive? A New Approach To Testing Conditional Asset Pricing Models,”
Journal of Financial Economics 34, 387-408.

Boudoukh, Jacob, Matthew Richardson and Robert F. Whitelaw, 1996, “Nonlinearities in
the Relation Between the Equity Risk Premium and the Term Structure,” forthcoming
Management Science. :

Campbell and Shiller, 1991, “Yield Spreads and Interest Rate Movements: A Bird’s Eye
View,” Review of Economic Studies 58, 495-514.

Cox, John C., Jonathan E. Ingersoll, Jr. and Stephen A. Ross, 1985, “A Theory Of The
Term Structure Of Interest Rates,” Fconometrica 53, 385-408.

Engle and Ng, 1993, “Time-Varying Volatility and the Dynamic Behavior of the Term
Structure,” Journal of Money, Credit and Banking 25, 336-349.

Fama, Eugene F., 1984a, “The Information In The Term Structure,” Journal of Financial
Economics 13, 509-528.

Fama, Eugene F., 1984b, “Term Premiums In Bond Returns,” Journal of Financial Eco-
nomics 13, 529-546.

Fama, Eugene F., 1986, “Term Premiums And Default Premiums In Money Markets,”
Journal of Financial Economics 17, 175-196.

Fama, Eugene F., and Robert R. Bliss, 1987, “The Information In Long-Maturity Forward
Rates,” American Economic Review 77, 680-692.

Fama, Eugene F., and Kenneth R. French, 1989, “Business Conditions and Expected Re-
turns on Stocks and Bonds,” Journal of Financial Economics 25, 23-49.

French, Kenneth R., G. William Schwert and Robert F. Stambaugh, 1987, “Expected Stock
Returns And Volatility,” Journal of Financial Economics 19, 3-30.

Gourieroux, Christian, Alberto Holly and Alain Monfort, 1982, “Likelihood Ratio Test,
Wald Test, And Kuhn-Tucker Test In Linear Models With Inequality Constraints On The
Regression Parameters,” Econometrica 50, 63-80.

Harrison, M. and D. Kreps, 1979, “Martingales and Arbitrage in Multiperiod Security
Markets,” Journal of Fconomic Theory 20, 381-408.

Hicks, John R., 1946, “Value and Capital,” 2nd ed. (Oxford University Press, London).

28



Huizinga, John and Frederic S. Mishkin, 1986, “Monetary Policy Regime Shifts and the
Unusual Behavior of Real Interest Rates,” Carnegie-Rochester Conference on Public Policy,
24, 231-274.

Keim and Stambaugh, 1986, “Predicting Returns in the Stock and Bond Markets,” Journal
of Financial Economics 17, 357-390. '

Kessel, Reuben A., 1965, “The Cyclical Behavior of the Term Structure of Interest Rates,”
NBER occasional working paper no. 91.

Klemkosky, Robert C. and Eugene A. Pilotte, 1992, “Time-Varying Term Premiums On
U.S. Treasury Bills And Bonds,” Journal of Monetary Economics 30, 87-106.

Kodde, D.A. and F.C. Palm, 1986, “Wald Criterion for Jointly Testing Equality and In-
equality Restrictions,” Econometrica 54, 1243-1248. -

Litterman, Robert and Jose Scheinkman, 1991, “Common Factors Affecting Bond Returns,”
Journal of Fized Income 1, 54-61.

Lucas, Robert E., Jr., 1978, “Asset Prices in an Exchange Economy,” Econometrica 46,
1429-1445.

McCulloch, J. Huston, 1987, “The Monotonicity Of The Term Premium: A Closer Look,”
Journal of Financial Economics 18, 185-192.

Richardson, Matthew, Paul Richardson and Tom Smith, 1992, “The Monotonicity Of The
Term Premium: Another Look,” Journal of Financial Economics 31, 97-106.

Roley, V. Vance, 1983, “The Response Of Short-Term Interest Rates To Weekly Money
Announcements,” Journal of Money, Credit and Banking 15, 344-354.

Shiller, Campbell and Schoenholtz, 1983, “Forward Rates and Future Policy: Interpreting
the Term Structure of Interest Rates,” Brookings Papers on Economic Activity 1, 173-217.

Stambaugh, Robert F., 1988, “The Information In Forward Rates: Implications For Models
Of The Term Structure,” Journal of Financial Economics 21, 41-70.

Vasicek, O., 1977, “An Equilibrium Characterization Of The Term Structure,” Journal of
Financial Fconomics 5, 177-188.

Wolak, Frank A., 1989, “Local And Global Testing Of Linear And Nonlinear Inequality
Constraints In Nonlinear Econometric Models,” Econometric Theory 5, 1-35.

29

~J
e



