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1. Introduction

The development of capital asset pricing models such as the CAPM and the APT has
motivated a great amount of research on documenting the existence and dynamics of predictable
excess returns in different financial markets. The ability of dividend yields, sope of the term
structure, short-term interest rates and default spreads to predict future excess returns in equity
markets has been examined in Keim and Stambaugh (1986), Fama and French (1989), Campbell
and Shiller (1988), Campbell (1991) and Bekaert and Hodrick (1992). The significance of the
forward premium for forecasting excess returns in foreign exchange markets has been studied by

Cumby (1988), Bekaert and Hodrick (1992) and Lewis (1995).

The extension of these asset pricing models to bond returns is not aways straightforward.
This led to the development of a number of aternative theories on the behaviour of excess bond
returns; theories that are not always consistent with each other. According to different versions
of the expectations hypothesis of interest rates, excess one-period returns can be zero, norzero
but constant or even time-varying. > Alternatively, some authors (Backus, Gregory and Zin
(1989), and Boudoukh (1993)) try to explain the predictable variation of excess bond returns
within a genera equilibrium framework. While it is true that equilibrium models can provide
valuable insights to the behaviour of the term structure of interest rates, the existing attempts to
explain time-varying risk premia as functions of the underlying process for inflation and

consumption have been met with limited success.

Following a different line of research, Fama (1976, 1984) presents evidence that the forward

interest rates can predict the variation of expected holding period returns as well as expected



changes in spot interest rates. In subsequent research, Fama and French (1989, 1993) examine
the predictability of excess returns on stock and bond portfolios as well as the existence of
common risk factors driving both bond and stock returns. Their main finding is that there exist at
least three stock market and two bond market factors driving excess returns. Stock and bond
excess returns exhibit a certain degree of covariation, which can be attributed mainly to the
impact of bond market risk factors on stock returns. Elton, Gruber and Blake (1995) develop
relative pricing models to explain the structure of excess returns of mutual fund bond indices.
They find that while stock and bond indices are important in explaining the time series of returns,
unexpected changes in GNP growth and unexpected changes in inflation improve the ability of
asset pricing models to explain expected returns. Later work by Elton, Gruber and Mel (1996)
examines asset pricing models where both the factor risk premia and the factor loadings are
allowed to vary with respect to the underlying term structure. They conclude that a two-factor
model of this kind is adequate in describing the variation in expected bond returns. Finadly,
[Imanen (1995) addresses the issue of predictability of stock returns within an international
framework. He documents the ability of a small number of global instruments to predict excess

returns on long maturity bond indices in six countries.

In this paper we provide a detailed characterisation of the entire term structure of expected
bond returns of the UK government discount bonds with maturity from 2 to 10 years. The main
question we address throughout the paper is whether we can identify a time-varying component
in expected returns across maturities. We analyse the predictability of annua UK government
bond returns in excess of the 1-year UK T-Bill. We examine annual rather than monthly excess
returns for two reasons. The first reason is rather practical and is dictated by data availability.

Estimation of monthly excess returns requires the existence of a highly developed and liquid T-

! See Shiller (1979) for an attempt to express all different expectations hypotheses into a CAPM -type framework.



Bill market. While this might not be an issue in the US, where the T-Bills are some of the most
liquid instruments available, this is not the case for the UK. The UK T-Bills market is highly
illiquid and short-term interest rates are regularly distorted due to ingtitutional and regulatory
congtraints. The second reason is that, with the exception of Fama and Bliss (1987) and Fama
and French (1989), most empirical research on excess returns has focussed on monthly returns.
As a conseguence, the short-term dynamics of the estimated system are employed to impute the
excess returns behaviour over the long run. The drawback of this procedure is that conclusions
about the long-term behaviour of excess returns are valid only when the estimated model captures
precisely the dynamics of the underlying process. For these reasons we choose to address

directly the issue of the term structure of UK excess returns over a holding period of one year.

The first issue related to the documentation of the predictability of excess returns is the
selection of the risk factors or forecasting variables to be employed in the analysis. Based on
theory and previous empirical research, we investigate the ability of different factors, such as the
forward premium, the slope of the term structure, dividend yields and excess stock returns to
predict bond returns across maturities. The wide selection of risk factors allows us to identify
their relative significance in accounting for excess returns over the maturity spectrum. This
framework alows us not only to investigate whether excess returns increase monotonically with
maturity or fluctuate according to the stage of the business cycle of the economy, but also
examine the link between the risk premia demanded by fixed income investors and the

performance of the stock market.

The second important issue we tackle is that of the dynamics of expected returns. Elton,
Gruber and Mei (1996) model both the risk factors and the bond excess returns sensitivity to

these factors as quadratic functions of the underlying term structure. In our research, we allow



for a more complicated nonlinear relationship between the explanatory variables and excess
returns. In particular, we characterise the behaviour of excess bond returns using the Smooth
Transition Autoregressive (thereafter STAR) methodology. STAR models were originally
introduced by Terésvirta and Anderson (1992) in order to examine nonlinearities over the
business cycle. The statistical properties of the STAR models are discussed in Granger and
Terasvirta (1993) and Terésvirta (1994). The STAR methodology has been applied mostly to
macroeconomic time-series. Our paper isone of the first attempts to extend the application of the
STAR models to finance research. > The STAR model can be interpreted as a regime-switching
model, where the trangtion from one regime to the other occurs in a smooth way. The
transmission mechanism between regimes is a function of the underlying explanatory variables,
such as the slope of the term structure or the excess stock returns. The increased complexity of
our methodology allows us to study the relationship between the underlying forecasting variables
and excess returns in more detail compared to previous work. For instance, when the transition
mechanism is controlled by the slope of the term structure, we can differentiate between the
impact of the term structure on excess returns during periods of economic expansion (when the
term structure is upward sloping), and its impact on excess returns during recession periods
(when the term structure is downward sloping). Furthermore, we can identify threshold levels for
the underlying variables that mark the transition from one regime to the other, as well as the

speed at which this transition takes place.

The outline of the paper is as follows. Section 2 discusses the selection of variables that may
affect the variability of excess bond returns. Section 3 introduces the theoretical aspects of non

linear models in the context of the STAR methodology. Section 4 describes the data and section

2 Other applications of STAR modelsin finance include the term structure of interest rates (Anderson (1997) and van
Dijk and Franses (2000)) and the relationship between spot and futures prices of the FTSE100 index (Taylor, van
Dijk, Franses and Lucas (2000)).



5 estimates STAR models for excess returns on UK bonds. Section 6 presents a discussion of our

findings and section 7 provides some concluding remarks.

2. Selection of risk proxies

Asset pricing theory suggests that excess retuns offer compensation to investors for
systematic (i.e. non diversifiable) sources of risk. Unfortunately, theory provides little guidance
on what these systematic risk factors might be, especially in the case of fixed income instruments.
In order to address this issue, we examine the ability of a set of economic variables, that are likely
to contain information for expected returns, to act as proxies for the risk factors. * Most of the
variables we employ have been shown to explain some part of excess return variation. In this
paper we examine their relative significance as explanatory variables in the presence of

adternative risk factors.

Our first proxy for a risk factor is the forward premium, i.e. the difference between the i-

maturity one-year forward rate and the one-period spot interest rate, denoted by fspr _i, where

1=2,5,7and 10 years. The use of the forward premium as a risk factor is motivated by Fama
(1976, 1984). Given that the forward rates can be decomposed to an expected holding period
return and the riskless one period interest rate, the forward premium should capture the variation
of expected excess returns. By definition, the forward premium is maturity specific in the sense

that the forward rate employed should correspond to the maturity of the bond whose excess return

% Given that the aim of our study is to identify the predictability of excess returns, we focus on factors that require a
significant premium over the one-period riskless rate of return, i.e. factors that are “priced”. Constantinides (1980)
and Chan, Karceski and Lakonishok (1998) show that these factors do not always coincide with factors that can
account for substantial return comovements.



is under consideration. In that respect, the forward premium expresses the ability of a specific
section of the yield curve to account for excess return predictability. Fama (1976, 1984) provides
evidence that the forward premium captures the variation in the expected holding period return of
the i-maturity bond. In addition, Stambaugh (1988) shows that the use of forward risk premium
as conditioning variable for expected excess returns can be justified within the framework of an
equilibrium interest rate model like the one by Cox, Ingersoll and Ross (1985). Both Fama
(1984) and Stambaugh (1988) test the ability of the forward premium to account for excess
returns on US TBills with maturity up to one year. In our study, we test the ability of the

forward premium to predict annual excess returns on bonds with up to 10 years time to maturity.

The slope of the term structure, slope,, is aso employed as a risk factor. The slope of the

term structure is significant in two respects. It is easy to show (see e.g. Campbell and Shiller
(1987), Campbell and Ammer (1993) and Evans and Lewis (1994)) that the slope of the term
structure reflects expectations about future real interest and inflation rates. Hence, it is not
surprising that a number of studies (see e.g. Estrella and Hardouvelis (1991), and Chen (1991))
have shown that the slope of the term structure is a suitable indicator of real economic activity. *
Furthermore, the slope contains information about expected excess returns of long bonds over
rolling over one-period bonds. In that respect, the slope of the term structure will also capture
information about the variation of markets expectations of expected risk premia across

maturities.

In addition to the two term structure factors, we also test the significance of two stock market

4 Estrella and Hardouvelis (1991) show that a steep term structure of interest rates precedes periods of economic
expansion and that a downward sloping term structure is an indicator of economic recession. Estrella and Mishkin
(1997) extend these results to the major European countries. For evidence on the significance of the slope for
predicting real economic activity in the UK, see also Davis, Henry and Pesaran (1994).



related factors, thet is, the excess stock returns of the FTSE All Share index, xretft , and the

dividend yield, dyall, , of the FTSE All Share portfolio. We introduce these two factors in order
to analyse the dynamic links between stock and bond returns across the term structure of interest
rates. Fama and French (1989, 1993) provide clear evidence that stock and bond markets are far
from being segmented. If markets are integrated then variation in factors like stock market
returns and dividend yields should also contribute towards accounting for the variation of bond

returns.

The next section of the paper discusses nortlinear models in the context of the STAR

methodology that will be empirically tested on the behaviour of excess bond returns.
3. Specification of STAR models

We write ak-dimensional Vector STAR model as:

e & 0 e ¢ 0
Yi =§n1+a F oY 31- G(s) +§mz+a FoiY.;36(s) te, 1)
j= 7 j=1 ¢

where y; is a (k x 1) time series vector, F,; and F,;, j = 1,..., p, are (k xk) matrices, m and m are
(k™ 1) vectors, and e; ~iid (0, S). G(s) is the transition function, assumed to be continuous and
bounded between zero and one. The STAR model can be considered as a regime-switching
model which allows for two regimes, G(s) =0 and G(s) =1, respectively, where the transition
from one to the other regime occurs in a smooth way. The regime that occurs at time t is
determined by the transition variable s and the corresponding value of G(s). Different functional
formsof G(s) allow for different types of regime-switching behaviour. In particular, asymmetric

adjustment to positive and negative deviations of s relative to a parameter ¢, can be obtained by



setting G(s) equal to the ‘logistic’ function:

G(s;9.c) ={1+exp[-g(s - O)/s ()]} ".g >0, (28)

where s (s) is the sample standard deviation of s. The parameter c is the threshold between the

two regimes, in the sense that G(s) changes monotonically from 0 to 1 as s increases, and takes

the value of G(s) =0.5a s =c. The parameter g determines the smoothness of the change in

the value of the logistic function and thus the speed of the transition from one regime to the other.
When g® O, the ‘logistic’ function equals a constant (i.e. 0.5), and when g® + ¥, the transition

from G(s) =0to G(s) = 1 isamost instantaneous at s = C.

Another type of regime-switching behaviour describing asymmetric adjustment to small and

large absolute values of s is obtained by setting G(s) equal to the ‘exponential’ function:
G(St;g,C) =1- exp{-g(st - C)2/S 2(St)}ag > 0.

A possible drawback of the ‘exponentia’ function is that the model becomes linear if either

g® Oorg® +¥. Thiscan beavoided by setting G(s) equal to the ‘quadratic logistic’ function:

G(8::9: 1, C,) ={1+exp[-g(s, - €,)(s, - ¢;)/s *(s)I} 1.9 >0, (2b)

as proposed by Jansen and Terasvirta (1996). In this case, if g® 0, the model becomes linear,

wheressif g® +¥, G(s) isequa to 1 for § <c, and s >C,, and equal to O in between.

The estimation of STAR models consists of three steps:

Sep 1. Specification of abase VAR modd in linear form.



Sep 2: Identification of possible candidates for the transition variable s. For each one of them,

test for linearity against the STAR model (1) using the linear model specified in Step 1 as the null
hypothesis. The null hypothesis of linearity takes the form: Hh:m =m, and F,; =F,;, for
j=1,...,p, inmodd (1). By taking afirst-order Taylor approximation of G(s) around g=0, the

test can be done within the reparameterised model:
8 J J J
Yo =Mo+ A Bo Ve, +A By Y S+ A B2 Yo 8 A By Ve 8, 3)
j=1 j=1 =1 j=1

where g are the origina errors e, plus the error aising form the Taylor approximation. Here, the
null hypothesis of linearity iSHp : B1; = Bp; = B3; =0, forj =1,..., p. Thisisastandard Lagrange
Multiplier (LM) type test.

Sep 3: Selection of the regime-switching mechanism. If the p-vaue associated with the LM test
rejects linearity in Step 2, proceed by selecting the appropriate form of the transition function
G(s), that is, select between the ‘logistic’ function (2a) and the ‘quadratic logistic’ function (2b).

This is done by running a sequence of LM tests nested within the non-linear modd (3) of Step 2,

namely:

Hos:Bs; =0,

Hoz :BZ,j :OlBs,j =0, (4)
Ho By =0|B;; =B, =0.

In this case, the decision rule is to select the ‘quadratic logistic’ function (2b) if the p-value
associated with the Hp, hypothesis is the smallest one, otherwise slect the ‘logistic’ function
(2a). Having done that, proceed by estimating the non-linear STAR model (1), with the transition

function G(s;) specified based on the sequence of testsin (4).



4. Thedata

We estimate our models using monthly observations from January 1976 to June 2000. The
annual returns on discount bonds with maturity from 2 to 10 years are estimated as the change in
log-price of abond at month t and t - 12. The prices of the discount bonds are estimated using
the term structure of zero-coupon interest rates implied by the UK government bonds. This
methodology, developed by Anderson and Sleath (1999), estimates the term structure of zero-
coupon interest rates by fitting a set of cubic splines to the observed bond prices while penalising
curvature in the forward curve. The roughness penalty is constant from day to day but depends
on maturity. The excess returns are calculated by subtracting the one-year T-Bill yield from the

estimated bond returns.

The zero-coupon term structure is dso employed to estimate the one-year forward rates at
various maturities. The difference between the one-year forward rates 2, 5, 7 and 10 yearsin the
future and the one-year T-bill yield is our estimate of the forward premium for the corresponding
maturities. The slope of the term structure is the difference between the 10-year and 1-year zero-
coupon rates. Finaly, the excess stock returns are estimated as the change in log FTSE All Share
index between month t and t- 12 minus the one-year T-Bill rate, while the dividend yield is
calculated as the ratio of the dividends of FTSE portfolio for the year ending on month t over the

value of the FTSE portfolio ending on month t.

Panel A of Table 1 reports the correlation between future excess returns and aurrent bond

market and stock market risk factors. The correlation between excess returns and bond market

10



factors follows a U-shaped pattern as it starts from a specific level for xret_2;, then decreases for
xret_5;, starts to increase again for xret_7; and becomes even stronger for xret_10;. The dividend
yield is positively correlated with excess returns across maturities and excess stock returns are
negatively correlated with subsequent excess bond returns. Panel B of Table 1 reports the
autocorrelation structure of the risk factors. All variables are highly autocorrelated but the
autocorrelation declines rather rapidly in a few lags and drops close to zero after 8 lags (with the
exception of the dividend yield). All variables in our analysis appear to be stationary over the
sample period based on augmented Dickey-Fuller tests (results are available by the authors on

request).

5. Estimation of STAR models

The starting point of our analysisis alinear VAR mode for excess returns on UK bonds with
maturity of 2, 5, 7 and 10 years. Following the discussion in Step 1 of Section 3, we specify four

different VAR models, each one of them consisting of k =5 endogenous variables:

y, =[xret_i,,dope, fspr _i,,dyall,, xretft]¢, (5)

where xret _i,,i=2,5,7, 10, is the i-th maturity one-year excess return over the one year T-Bill

rate, and all other variables have been defined in Section 2.

Taking into account that a high-order VAR may cause over-fitting and add considerably to the
difficulties associated with getting converging estimates for the nonlinear models, we restrict our
analysis to first order VAR models (i.e. we set p=1 in the linear VAR models (5) above). We

have also tried second order VAR models but all second lags turned out to be insignificant. One

11



issue related to the estimation of all linear and nortlinear models in this paper is that of a priori
autocorrelation due to the use of overlapping monthly observations of annual returns. To ded
with this issue, all models reported in our paper have been estimated using the Generalised
Method of Moments (GMM; see Hansen, 1982), which is robust to heteroskedasticity and
autocorrelation of unknown form. All insignificant regressors are dropped based on the c?-
version of the Wald test. A notable feature of this VAR is that the dividend yield (dyall.1) is not
statistically significant in any of the xret_i, (i =2, 5, 7, 10) models. It only becomes significant
when the FTSE excess returns (xreft;.1) are excluded from the models. Given that all explanatory
power of the dividend yield is absorbed by the excess stock returns, we drop the dividend yield as
an explanatory variable in the subsequent analysis. In addition, fspr_5;.; and fspr_10:.; are also

dropped as they turn out to be insignificant in the corresponding linear models. °

Having estimated the base linear models, we move on to Step 2 of our methodology which
involves testing for the existence of nonlinear dynamics in the xret 2, xret 5, xret_7; and
xret_10; models. Given the lack of previous work that could guide our selection of transition
variables suitable for controlling the non-linear dynamics, we test the performance of all three
remaining variables, that is, slope.1, fspr_iw.1, (=2 and 7) and xreft.;, as possible transition
candidates s. According to the results reported in Table 2, the null hypothesis of linearity, (i.e.
Ho) is strongly rejected for all expected returns and all three transition variables. The sequence of
tests (i.e. Hs, Ho2, and Hy, respectively) favours the ‘logistic model (2a) as the appropriate

trangition function in al cases. The selection of this particular functional form indicates a

® To save space, the linear VAR estimates are not reported here but are available on request. In providing consistent
parameter estimates, the GMM estimator makes use of a weighting matrix. We have used (i) the ‘Bartlett’ kernel to
weight the autocovariances in computing the weighting matrix, and (ii) the fixed ‘Newey-West’ bandwidth to
determine how the weights given by the kernel change with the lags of the autocovariances in the computation of the
weighting matrix. The number of lags used to correct for autocorrelation depends on the autocorrelation structure we
reportin Table 1.

12



specific type of nortlinear dynamics that allows for asymmetric adjustments of expected excess
returns to positive and negative deviations of the transition variable from its threshold level. It is
notable that in the case where more than one transition variable candidates exist, Terdsvirta
(1994) suggests that the null hypothesis of linearity (i.e. Hy) can be used to select the appropriate
trangition variable in the STAR model. In particular, s is selected as the one for which the p-
value of the test is the smallest one. The results in Table 2 suggest that the slope of the term

structure is the appropriate transition variable in all cases but one. °

Next, we move to Step 3 of our analysis which involves the estimation of the nonlinear
models. Before doing that, it is worth mentioning that Granger and Terdsvirta (1993) and
Terdsvirta (1994) stress particular problems like slow convergence or overestimation associated
with estimates of the g parameter. For this reason, we follow their suggestion in scaling the
‘logistic’ function (2a) by dividing it by the standard deviation of the transition variable s(s), so
that g becomes a scale- free parameter. Based on this scaling, we use g = 1 as a starting value and
the sample mean of s as a starting value for the parameter c. The estimates of the first order

parsimonious linear VAR equations for xret_i, (i=2, 5, 7, and 10) are used as starting values for

the parameters in the STAR model (1).

Tables 3, 4, 5, and 6 report the GMM estimates of the non-linear models for the excess returns,
xret_2;, xret_5;, xret_7; and xret_10;, respectively, using slope.1 as the transition variable. For all
estimated models, the error variance ratio of the nonlinear relative to the linear models (i.e.

$nL/SL) is less than one, indicating that the non-linear models have a better fit. In particular, the

® From Table 2 we can see that in the case of the xret 5 model, the smallest p-value associated with the H
hypothesis refers to s = xretft; ;. However, our attempt to estimate a non-linear model for xret_5 using xretft;; asthe
appropriate transition variable produced unsatisfactory estimates. For this reason, we decided to use s = slope; for
this model as well. Estimates of the non-linear xret_i; (i =2, 5, 7, 10) models with s = xretft;.; and § =fspr_iy, (i =2
and 7), respectively, are available by the authors on request.

13



S’nU/SPL ratio shows a reduction in the residual variance of the non-linear compared to the linear
models ranging from about 4.24 percent for the xret_5; model (see Table 4) to about 22.7 percent
for the xret_7; model (see Table 5). These results indicate that predictable excess returns are not
only time-varying but that they also exhibit a regime-switching behaviour, which is successfully

defined by the evolution of the slope of the term structure of interest rates.

The main parameters of interest in the STAR models are the estimates of the threshold level, c
and the speed of adjustment, g. The c estimates reported in Tables 3 to 6 are statistically
significant for all models. The estimates of the threshold parameter ¢ range from 0.003 (or 0.3
percent) for both the xret 5; (see Table 4) and xret_10; models (see Table 6) to 0.011 (or 1.1
percent) for both the xret_2; (see Table 3) and xret_7; models (see Table 5). These estimates of
the threshold parameter, c, indicate the existence of two regimes for predictable excess returns,
one of which is characterised by a downward sloping term structure and an aternative one which
is characterised by an upward sloping term structure. The economic implications of these results
will be discussed in the following section. The estimates of the g parameter are rather similar for
all models indicating that the transition from G(s; g, ¢)=0to G(s; g, ¢) =1 at the estimated
thresholds ¢ is uniform across the term structure of expected returns. Notice, however, the rather
high standard error of the g estimates for the fitted models. Terdsvirta (1994) and van Dijk,
Terdsvirta and Franses (2000) point out that this should not be interpreted as evidence of weak
non-linearity. Accurate estimation of g might be difficult, asit requires many observations in the
immediate neighborhood of the threshold c. Further, large changesin g have only a small effect
on the shape of the transition function implying that high accuracy in estimating g is not

necessary.
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6. Interpretation of the results

Our research identified the existence of a time-varying term structure of expected excess
returns in the UK government bond markets. Moreover the expected returns exhibit a regime-
switching behaviour according to the variation of dope.;. This result confirms the paramount
importance of the slope of the term structure of interest rates as a factor affecting the evolution of
excess bond returns across maturities. The slope of the term structure dominated both maturity
specific changes in interest rates and excess stock returns as a proxy for the transition variable
that defines the switching from one regime to the other. Furthermore, the regimes we identify
have a straightforward economic interpretation. The first regime (i.e. G(dope-1; g, ¢) = 0), which
is defined by a flat or downward sloping term structure, is identified with periods of recession or
more generally with periods of subdued economic activity. Conversely, the second regime (i.e.
G(dope.1; g ¢) =1), which is defined by an upward sloping term structure, is identified with
periods of economic expansion. The relationship between the occurrence of a regime and the
dope of the term structure is depicted in Figure 1, which plots the values of the transition
function against slope.;. As discussed above, values of zero and one for the transition function

are related to the occurrence of the first and second regime, respectively.

Figure 2 plots the estimated transition function for each maturity against time in order to
illustrate the succession of the regimes over the sample period. Periods from 1976 to 1980, 1982
to 1986 and 1994 to mid 1998 are classified into the expansionary regime. On the other hand, the
estimated transition function for each maturity against time suggests that periods from 1980 to

1982, 1986 to 1988, mid 1989 to 1993 and mid 1998 to 2000 are classified into the recessionary

15



regime.” In addition, we superimpose in Figure 2 the corresponding expected bond returns
estimated as the fitted values from our nonlinear models. The graphical evidence reveals a
complex relationship between expected bond returns and the two regimes. For the period from
1977.01 to 1986:10, high expected returns coincide with the recessionary regime and low
expected returns with the expansionary regime. This relationship seems to be reversed in the
second half of the sample period. From 1986:11 to 2000:6, high expected returns correspond to

the expansionary regime and low returns to the recessionary regime.

Up to this point our analysis has focussed on the nonlinear features of the model and the use
of the risk factors as potential transition variables. The fact the we have regjected the forward
premia and excess stock returns as transition variables does not imply that they are not significant
for explaining expected excess returns. On the contrary, our models alow for the behaviour and
significance of the risk factors to vary across regimes. By comparing the coefficients for slope.1,
fopr_it.1, and xretfty; in the two regimes (coefficients f,; and f,;, j = 1,...,3 in Tables 3 to 6) we
see that fspr_it.1 is Significant for the xret_2; and xret_7; models but only in the recessionary
regime (see Tables 3 and 5, respectively). In these cases where fspr_it.1 is significant, its effect

on expected returns is opposite to that of slope.;.

The significance of slopea.1 as a risk factor accounting for the variability of expected bond
returns also varies across regimes. While slope.; has no explanatory power in the expansionary

regime, it is highly significant in the recessionary one. Further, its effect on expected returns

7 One caveat has to be made with respect to the last period between mid 1998 and 2000. This period is characterised
by adownward sloping term structure. Nevertheless, thisis not due to the economy being in atrough of the business
cycle. Instead, the inverted term structure is a result of regulatory changes in the UK that force UK pension funds to
invest heavily in long-maturity government bonds, pushing bond prices higher and yields lower. This set of

regulations is known as Minimum Funding Requirement (MFR). The impact of the MFR is compounded by the low
levels of issuance of new debt due to improving government finances.
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varies with bond maturity. In particular, dope., has a negative effect on xret_2; (see Table 3) and
a poditive effect on xret_5;, xret_7; and xret_10; (see Tables 4 to 6, respectively), with the
strongest relationship being with xret_7;. The positive relationship between expected returns and
the slope of the term structure is counterintuitive. The expectations hypothesis advocates a
negative relationship between expected returns and the dope of the term structure. This is based
on the argument that in a situation where long rates are lower than short rates, the holder of the
long bond has a yield disadvantage compared to the holder of a short bond. Long yields have to
decrease in order to create capital gains that will offset the yield disadvantage of the long bond
holder. The positive relationship we estimate between medium and long bond returns and the
slope of the term structure means that the yield disadvantage is amplified rather than offset by
term structure movements. This paradoxical result was first documented in the US bond market
by Macaulay (1938) and more extensively studied by Campbell and Shiller (1991) and Shiller,

Campbell and Schoenholtz (1983). &

Our results allow us to re-examine the relationship between the stock and bond markets.

According to the results reported in Tables 3 to 6 (see coefficients f,,and f,, in the Tables),

there exists a negative relationship between stock returns kretft.1) and bond returns for all
maturities (xret_iy, i =2, 5, 7, and 10). This negative relationship is statistically significant only
in the expansionary regime. The only exception is xret_2; where xretft.; is significant in both
regimes. The negative relationship reported in our paper seems to contradict previous research

by Fama and Schwert (1977), who report a positive relationship between stock and bond markets.

8 In fact, Campbell and Shiller (1991) and Shiller, Campbell and Schoenholtz (1983) identify the other side of the
same paradox i.e. when the term structure is upward sloping the long rates do not rise enough to create capital losses
that will eliminate the yield advantage of the long bond. One possible explanation for the different way that this
paradox emerges in the US and the UK, is the fact that the UK term structure is more often downward sloping than
the US term structure. Based on data reported in Ang and Bekaert (1998), between 1972:01 and 1996:08 the US
economy was in recession for 50 month and in expansion for 247 months. The mean of the slope during the two
regimes was 0.55% and 1.38%, respectively. This compares with 128 months in recession and 169 months in
expansion for the UK and corresponding means for the UK slope of —0.49% and 0.80%.
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Nevertheless, our results might not be as controversial as they seem at first. Campbell and
Ammer (1993) report a positive effect of expected inflation on stock prices. ° This can be
justified on the grounds that stock dividends are relatively stable in real, not nominal terms. They
also report a negative impact of expected inflation on bond prices. The combined effect of future
inflation on the stock and bond market can create a negative relationship between the two
markets. These results are corroborated by the results of Titman and Warga (1989) who report a
positive relationship between stock returns and future inflation and a negative relationship
between stock and bond returns. An alternative or possibly complementary argument in support
of our finding is related to the linkage between the two markets through portfolio flows. Strong
stock market performance has a negative impact on bond returns when funds are diverted from
the bond to the stock market. On the other hand, during periods of stock market
underperformance, investors pull out of the capital markets and invest heavily on bonds driving

interest rates lower and bond prices and returns higher.

7. Conclusions

In this paper we model the behaviour of expected excess returns on UK government discount
bonds as a function of a number of risk factors, namely the forward premium, the sope of the
term structure, the excess stock returns of the FTSE All Share index and the dividend yield of the
FTSE All Share portfolio. Using a non-linear framework we are able to identify a time-varying
component of expected excess returns across maturities. The dynamics of the expected returns
we identify exhibit a regime switching behaviour which is controlled by the slope of the term

structure of interest rates. The first regime, which is characterised by flat or downward sloping

% As Campbell and Ammer (1993) point out, the positive effect between expected inflation and stock returns is
consistent with a weak negative relationship between contemporaneous stock returns and inflation reported by Fama
and Schwert (1977).
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term structures, occurs during periods of economic recession. The second regime, which is
characterised by upward sloping term structures, occurs during periods of economic expansion.
The relationship between the economic regimes and expected bond returns is not uniform
throughout the period we study. In the first half of the sample (from 1977:01 to 1986:06), bond
holders require high returns during periods of recession and low returns during periods of

expansion. This relationship is reversed in the second half of the sample.

The ability of the risk factors to account for the variability of expected returns varies across
regimes. The slope of the term structure of interest rates is the main factor driving expected
returns in the recessionary regime. The stylised fact, according to which the relationship between
expected returns and slope moves against the direction predicted by the expectations hypothesis
Is aso present in our results. The main, and in most cases only factor driving expected returnsin
the expansionary regime is excess stock returns. The negative relationship we estimate between
the stock and the bond market maybe related to the differential impact of expected inflation on
the stock and bond returns. Alternatively, portfolio flows from one market to the other may be
responsible for this effect. Our methodology does not allow us to analyse the links between stock
and bond markets to a greater extend. Nevertheless, we consider this to be a very important issue

and we intend to examine it further in future research.
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Figure 1. Estimated transition functions against s.; = dope.;:

(A)

1.0
0.8
0.6
G(slope)

0.4

0.2

[ 4

0.0
-0.04

0.02

0.00 0.02 0.04

slope

(©

.06

1.0
0.8
0.6

G(slope)
0.4

0.2

]

3
5
7

0.0
-0.04

\

-0.02

0.00 0.02 004

slope

.06

(B)
1.0 T
(]
0.8
0.6
G(slope)
0.4 1
[ ]
0.2 L
,
0.0 T \ T T
-0.04 -0.02 0.00 002 0.04 06
slope
(D)
1.0 k4
]
0.8
0.6
G(slope)
0.4
0.2
H
0.0 T T T T
-0.04 -0.02 0.00 0.02 0.04 .06
slope

Panels A, B, C and D plot the estimated transition functions for xret_2;, xret_5;, xret_7; and
xret_10; against the transition variable s.1 = dope.1 from the corresponding STAR models

reported in Tables 3t0 6. The estimated transition functions are:

(A) G(slope.1; g, €) = {1 + exp[- 20.005(sopa.1 - 0.011) /s (slopa.1)]} * for the xret_2; model
(B) G(dloper.1; g, ¢) = {1 + exp[- 20.000(slope.1 - 0.003) /s (Sope.1)]} * for the xret_5; model
(C) G(dope.1; g, ©) = {1 + exp[- 20.355(slope.1 - 0.011) /s (slopev1)]} * for the xret_7; mode!
(D) G(slope..1; g, €) = {1 + exp[- 22.162(sope.1 - 0.003) /s (slopa.1)]} * for the xret_10; model
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Figure 2: Expected Annual Returns Across Regimes

Figure 2A: Expected Annual Returns of a 2-year Bond Across Regimes
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Figure 2B: Expected Annual Returns of a 5-year Bond Across Regimes
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Figure 2C: Expected Annual Returns of a 7-year Bond Across Regimes
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Figure 2D: Expected Annual Returns of a 10-year Bond Across Regimes
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Panels A, B, C and D plot the expected annual excess returns for the 2-, 5-, 7- and 10-year UK
government bonds (line with blocks, left hand side axis, returns in decimals). These are estimated

as the fitted values of the STAR nodels reported in tables 3 to 6. The solid line (right hand side
axis) plots the values of the transition function G(sope.s; g, ¢) for each of the models. Extreme
values of 0 and 1 of the transition function are associated with the two alternative regimes.
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Tablel

Correlation structure of excess bond returns and risk factors

Panel A

Xret_2;
xret_5
Xr et_7t
xret_10;

Panel B

Bond risk factors
dope
fspr_2;
fspr_5
fspr_7;
fspr_10;

Stock market risk factors

dyall;
Xr etft;

sope.1

0.125
0.063
0.100
0.176

ry

0.953
0.942
0.943
0.945
0.946

0.954
0.819

fspr_it1

0.182
0.055
0.066
0.146

rs

0.915
0.898
0.854
0.853
0.870

0.917
0.637

dya“t-l

0.296
0.254
0.237
0.214

s

0.843
0.802
0.782
0.812
0.830

0.881
0.490

xretfty1

-0.300
-0.347
-0.346
-0.340

Ig

0.549
0.495
0.511
0.505
0.573

0.708
-0.282

Notes. xret 2, xret_5, xret_7 and xret_10 denote the one-year returns of the 2, 5, 7~ and 10-
slope is defined as the 10-year
discount rate minus the 1-year T-Bill rate. fspr_2, fspr_5, fspr_7 and fspr_10 denote the forward
rate spreads estimated as the i-th maturity forward rate minus the 1-year T-Bill rate. xretft is the
return of the FTSE All Share index in excess of the 1-yeat T-Bill and dyall is the dividend yield
on the FTSE All Share portfolio. The sample period is from 1976:1 to 2000:6. Panel A reports

year UK government bonds in excess of the Tyear T-Bill.

the correations between risk factors and future excess returns.

Panel B reports the

autocorrelation structure of therisk factors. r, isthei-th order autocorrelation coefficient.
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Table2

Linearity testing of excess bond returns

Panel A: xret_2 model

HoZ Blﬁj = lej = Bglj =0 Hogi Bglj =0 Hozi lej = 0| H01I Bl,j = 0| Model,
B3j=0 B3j=B2; =0 transition
dope.;  0.000052** 0.001081* 0.628205 0.004399 L, dope
fspr_ 21 0.000116 0.003755* 0.315761 0.109004 L
xretft.;  0.001085 0.002542* 0.006856 0.223328 L

Panel B: xret_5 model

HQZ Bl,j = Bz,j = B3,j =0 Ho3Z Bgij =0 Hozi lej = 0| Holi Bl,j = O|

B3j=0 B3j=B2j=0
dope.;  0.005353 0.017876* 0.944807 0.028208 L
xretft.;  0.000206* * .815562 0.024413 0.000071* L, xretft

Panel C: xret_7 model

Ho:B1j=B2;=B3;=0 Ho3:B3; =0 Ho2:B2j =0] Ho1:Byj =0

B3j=0 B3j=B2j=0
dope.1  0.000001** 0.000029* 0.654914 0.000916 L, dope
fspr_7+1 0.000061 0.000333* 0.686182 0.000348 L
xretft.;  0.015102 0.423954 0.133355 0.006698* L
Panel D: xret_10 model
Ho:B1j=B2;=B3;=0 Ho3:B3; =0 Ho2:B2j =0] Ho1:B1j =0

B3,j =0 Bgij = lej =0
dope.;  0.000105** 0.001066* 0.111595 0.009710 L, dope
xretft;  0.013591 0.981437 0.165436 0.001305* L

Notes. The Table reports the p-values of the linearity tests developed in section 3. xret_2, xret_5,
xret_7 and xret_10 denote the one-year returns of the 2, 5-, 7 and 10-year UK government
bonds in excess of the 1-year T-Bill. slope is defined as the 10-year discount rate minus the 1-
year T-Bill rate. fspr_2, fspr_5, fspr_7 and fspr_10 denote the forward rate spreads estimated as
the i-th maturity forward rate minus the 1-year T-Bill rate. xretft is the return of the FTSE All
Share index in excess of the 1-yeat T-Bill and dyall is the dividend yield on the FTSE All Share
portfolio. The first column reports the H, test for selecting the most suitable tramsition variable
(numbers refer to p-values of the Fversion of the LM test). A double asterisk indicates the
lowest p-vaue for the Hy test. The second, third and fourth columns report the p-values of the
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nested Hos, Hoz and Hopy tests for selecting between the ‘logistic model and the ‘quadratic
logistic’ model for the transition function of the STAR models. An asterisk indicates the lowest
p-value for the tests. Column 5 reports the transition variable and transition function selected by
the testing procedure. L refers to the *logistic’ mode.
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Table3
Estimated non-linear model for xret_2

The Table reports the GMM estimates of the following STAR model:
xret_2, =(m +f 11 fspr_2,, +f J,zs|0pet-1 +f 13Xfetﬁt»1)(1' G(slopg_;;9,¢)) +

(my +f,,fspr _2,, +f,,slope._, +f ,;xretft, ,)G(slope.;;9,¢)

where G(slope,.s; g ©) = {1+ exp[- g (slope.1 - ¢)/ s(slope.y)]}

is the logistic transition function , with slopg.; as the transition variable. Vaues of 0 and 1 of the transition function
are associated with the two alternative regimes. The xret_2 dynamics in the first regime, when G(slope..1;; g ¢)=0,
are; xret_2, =m+f  fspr_2_, +f ,slopg., +f sxretft,_,. In the second regime, when G(slope.s; g €)=1, its
dynamics are: xret_2, =m, +f, fspr_ 2, +f,,slope_, +f , xretft, ;. For intermediate values of G(slope.s; g
C),i.e. 0<G(slope.; g c)<1, xret 2 dynamics are a weighted average of the two equations. The speed of
transition between the two regimes is determined by the parameter g . The threshold level of slope.;, that marksthe
half-way point between the two regimes, is determined by c.

xret 2= (0.009 +2.576 fspr_2; - 1.605 slope4 - 0.054 xretft,) (1 - G(slope.s; g €))+
(0.003) (0.604) (0.550) (0.017)
(0.005 -0.402 fspr_2 4 +0.462 slope;.; - 0.081 xretft;.1) G(slopers; @ €)
(0.005) (0.322) (0.281) (0.015)
where

G(slopei.1; g €)= {1+ exp|[- 20.005(slope.; - 0.011) /s(sloper.1)]} >
(38.324) (0.001)

sw. = 0.0180, s%./s% = 0.8789, adjusted R? = 0.2275

Notes: Standard errors are given in parentheses below the estimated coefficients. s2./S. refers to the error variance
ratio of the non-linear model relative to the linear one.
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Table4

Estimated non-linear model for xret 5
The Table reports the GMM estimates of the following STAR model:
xret_5 =(m+f  xret_5., +f ,slope., +f xretft, ,)(1- G(slopg.,;9,C)) +
(m, +f, xret_5_, +f ,,slopg._, +f, ;xretft, , )G(slope._,;9,C)

where G(slope,.y; g ) = { 1+ exp[- g (sloper.; - ¢)/ s(slopew.1)]} ™,

is the logistic transition function , with slopg.; as the transition variable. Vaues of 0 and 1 of the transition function
are associated with the two alternative regimes. The xret_5 dynamics in the first regime, when G(slope..;; g ¢) =0,
are; xret_5 =m +f xret _5_, +f, ,slopg., +f gxretft,_,. In the second regime, when G(slope.1; g €) =1, its
dynamics are: xret _5 =m, +f , xret _5_, +f,,slopg.; +f , xretft,_, . For intermediate values of G(slope.;; g
C),i.e. 0<G(slopeys; g ¢)<1, xret_5 dynamics are a weighted average of the two equations. The speed of
transition between the two regimes is determined by the parameter g. The threshold level of slope.;, that marks the
half-way point between the two regimes, is determined by c.

xret 5= (0.024 -0.269 xret_ 5., +2.264 slope;.q - 0.095 xretfti.1) (1 - G(slopers; g c))+
(0.015) (0.179) (0.873) (0.064)

(0.043 -0.147 xret 5., -0.413 slopeis - 0.226 xretft;.1) G(slopers; g €)
(0.016) (0.082) (0.714) (0.058)
where

G(slope.1; g €)= {1+ exp[- 20.000(slope.; - 0.003) / s(sloper1)]} *
(12.328) (0.001)

sw. = 0.0594, % /s”. = 0.9576, adjusted R? = 0.2115

Notes: Standard errors are given in parentheses below the estimated coefficients. Sh. /< refers to the error variance
ratio of the non-linear model relative to the linear one.
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Table5
Estimated non-linear model for xret_7
The Table reports the GMM estimates of the following STAR model:
xret_7, =(m +f fspr_7,, +f ,slopg., +f ;xretft,_,)(1- G(slopg.,;9,c)) +
(m, +f ,, fspr_7,., +f ,,slope._, +f, ;xretft, , )G(slope,.;;0,¢)

where G(slope,.y; g ) = { 1+ exp[- g (sloper.; - ¢)/ s(slopew.1)]} ™,

is the logistic transition function , with slopg.; as the transition variable. Vaues of 0 and 1 of the transition function
are associated with the two alternative regimes. The xret_7; dynamics in the first regime, when G(slope..;; g ¢) =0,
are: xret_7, =m+f ., fspr_7,_, +f ,slope._, +f  oxretft, ;. In the second regime, when G(slope.1; g €)=1, its
dynamics are: xret _7, =m, +f ,, fspr _7,, +f,,slope_, +f , xretft, ;. For intermediate values of G(slope.s; g
C),i.e. 0<G(slopey; g €)<1, xret_7; dynamics are a weighted average of the two eguations. The speed of
transition between the two regimes is determined by the parameter g. The threshold level of slope.;, that marks the
half-way point between the two regimes, is determined by c.

xret 7= (0.031 -16.962 fspr_7,.,  +23.593 slopey -0.089 xretft, ;) (1 - G(slope.s; g C))+
(0.013) (3.487) (4.262) (0.077)

(0.068 +1.617 fspr_7, - 3.191 slope, - 0.403 xretft;.1) G(slopers; g €)
(0.031) (1.236) (2.194) (0.077)
where

G(slope..1; g €)= {1+ exp[- 20.355(slope.; - 0.011) /s(sloper1)]}
(12.008) (0.001)

sw. =0.0728, S/s”. = 0.7730, adjusted R? = 0.3412

Notes: Standard errors are given in parentheses below the estimated coefficients. Sh. /< refers to the error variance
ratio of the non-linear model relative to the linear one.



Table6

Estimated non-linear model for xret_10
The Table reports the GMM estimates of the following STAR model:
xret_10, =(m +f ,xret_10,, +f ,slopg._, +f ;xretft,_,)(1- G(slopg.,;0,C)) +
(m, +f , xret_10, , +f ,,slopg , +f , ;xretft, ;)G(slopg_,;9,C)

where G(slope;.1; g ¢) ={1+ exp[-g(slope..1 - ¢c)/s(sl opa_l)]}'l,

is the logistic transition function , with slopg.; as the transition variable. Vaues of 0 and 1 of the transition function
are associated with the two alternative regimes. The xret_10, dynamicsin the first regime, when G(slope..;; g ¢) =0,
are: xret_10, =m +f,xret_10,_, +f ,slopg_, +f ;xretft, ;. In the second regime, when G(slope.;; g ¢) =1, its
dynamicsare: xret_10, =m, +f , xret _10,_, +f ,,slope,_, +f , ;xretft, ;. For intermediate values of G(slope.1; g
C),i.e. 0<G(slope.;; g ¢)<1, xret 10, dynamics are a weighted average of the two euations. The speed of
transition between the two regimes is determined by the parameter g. The threshold level of slope.;, that marks the
half-way point between the two regimes, is determined by c.

xret 10,= (0.050  +0.015xret 10, +5.254 slope;., -0.175 xretfty 1) (1 - G(slope.s; g €))+
(0.030) (0.222) (2.328) (0.116)

(0.065 -0.169 xret_10,.;  +0.832slope;; - 0.367 xretft;;) G(slope;s; @ €)
(0.039) (0.126) (1.758) (0.142)
where

G(slope.1; g c) ={1+ exp[- 22.162(slope..; - 0.003) /s(sl opet.l)]}'1
(12.972) (0.001)

sw. = 0.1040, s%/s%. = 0.9255, adjusted R? = 0.2360

Notes: Standard errors are given in parentheses below the estimated coefficients. s7u/s refers to the error variance
ratio of the non-linear model relative to the linear one.
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