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Abstract

In this study the excess holding yield earned from holding a long term t-bill
or bond and borrowing at a short rate is investigated for Swedish data. The
purpose is to investigate whether there is any evidence of time variation in
the excess holding yield and, if so, whether it is possible to model it as a risk
premium dependent on its variability. The model used is Engle, Lilien and
Robins (1987) ARCH-M model, which postulates that the excess holding
yield is a function of the conditional variance, which in turn is assumed to
follow an ARCH process.

Four sets of interest rates are examined, 60 vs 30 day bills, 120 vs 60 day
bills, 180 vs 90 day bills, and 10 year bonds vs 30 day bills. The standard
ARCH test presented in Engle (1982) is used to investigate whether any
ARCH effects are present. No evidence of ARCH is found in the 60/30 day
or 10 year/30 day sets. Some indications of ARCH is present in the 180/90
day set, and more strongly in the 120/60 day data set.

Based on the results of these tests, the two latter sets of excess holding yields
are modelled as ARCH-M. The model is unsuccessful for the 180/90 day
excess return since there is no support for the hypothesis that the excess
holding yield is dependent on the conditional variance. There are, however,
some indications of ARCH-effects present in the material. As for the 120/60
day excess holding yield, this is successfully modelled as ARCH-M. The
presence of a time varying premium in this particular return series suggests
the preferred habitat hypothesis, while the results from the three other series
indicate that the expectations hypothesis is to be preferred.

Considering the combined results from the four excess return series lead to
the conclusion that a general variance-dependent risk premium is unlikely to
be present in the Swedish market for treasury bills and bonds. Furthermore,
the evidence in favour of a general time varying term premia is quite weak.
Therefore, the conclusion is that the expectations hypothesis cannot be
rejected for the data examined, with the exception of 120/60 day t-bills.
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1 Introduction

Many empirical studies in the area of macroeconomics and finance have been
related to the term structure of interest rates. This is a topic of interest to
both dealers in the market who try to take advantage of possible arbitrage
opportunities, and to the monetary authorities who seek indicators of the
monetary condition in order to shape policy.

From the viewpoint of financial economics, the idea that there exists a trade-
off between the risk of holding a certain asset and the expected return of that
asset is central. It is therefore a natural assumption that this relationship
should hold also in the fixed income market. More specifically, the excess
return received from buying a long term t-bill and borrowing at the short rate
should be positively related to the risk of such a strategy. Assuming that this
risk is not constant, the expected return should be higher in times when
uncertainty 1s greater.

The statement that the risk of such a strategy is not constant can be
interpreted as saying that the variance of the excess holding yield varies over
time, if risk is measured by volatility. The first task is therefore to establish
whether any such time variation is indeed present. If this is the case, the
hypothesis that the excess return is a premium received in times of "high
risk" may be tested. This will be done using the methods of Engle, Lilien and
Robins (1987), who model the excess return as a time varying risk premium
in the ARCH (autoregressive conditional heteroskedasticity) framework.
Using American data for the period 1960 to 1984, they find a positive and
significant relationship between the excess return and the risk. Other similar
studies include Lee and Tse (1991), who also find a time varying term
premium, but no evidence of the relationship risk - expected return, for data
from the Singapore Asian US Dollar market 1976-1987.

Tests are carried out for four sets of Swedish excess holding yield data,
namely 60 vs 30, 120 vs 60, and 180 vs 90 day t-bills, and also for 10 year
treasury bonds vs 30 day bills. The paper is organized as follows. Section 2
gives a short description of the theoretical model outlined by Engle ef af
(1987) for the relationship between risk and return, and a brief recapitulation
of the basic hypotheses of the term structure. In section 3 the models used
for the empirical tests are presented. The results of the tests for time-
variation are found in section 4, while sections 5 and 6 contains the results of
the attempts to model the excess holding yield as a risk premium for 120 vs
60 day bills, and 180 vs 90 day bills respectively. Finally, section 7
summarizes the results,




2  Theoretical Models

A central thought in the area of finance is that investors are risk averse and
therefore require compensation in the form of higher expected return as the
risk of holding an asset increases. This idea is incorporated in a basic
risk-return model outlined by Engle, Lilien and Robins (1987), which
constitutes the basis for the econometric model proposed in their paper.
According to this theoretical model, the economy is assumed to consist of a
risky asset and a riskfree asset, and investors are assumed to exhibit constant
absolute risk aversion. Given these assumptions, an expression is derived for
the expected excess holding yield of the risky asset over the risk-free, which
states that excess return should increase as the variance of the return
increases.!

In this case, risk is measured by the variance or standard deviation of the
excess return. A useful extension of the model would be to specify the excess
return to be dependent on market risk, as opposed to return variance, as in
Bollerslev, Engle and Wooldridge (1988) or Engle, Ng and Rothschild
(1990). It is also possible that the excess holding yield depends on other
explanatory variables, and not at all on volatility. It is, however, the validity
of the relationship proposed by Engle ef al (1987) which will be tested
empirically for Swedish money market data in this study.

As mentioned earlier, the data to be modelled is the excess holding yield of a
fong term t-bill or bond over a short term bill, which suggests that the data
also may be analysed in the context of term-structure theories. The excess
holding vyield is simply the realized term premium, apart from a random
expectations error. According to different theories, this term premium may
be positive, negative or zero.? The expectations hypothesis stipulates that the
term premium is constant or even zero, as in the pure expectations theory.
Consequently, this contradicts the set-up of the model described above which
implies a time varying term premium.

The liquidity premium hypothesis requires the term premium to be positive.
According to this theory, investors have short investment horizons and
therefore require a positive premium to hold long term bills. The preferred
habitat hypothesis stipulates that the term premium may be positive or
negative, depending on the preferences of investors regarding the investment
horizon. A related theory is the market segmentation hypothesis which also
assumes that investors have different investment horizons. According to this
theory, however, the different maturity sectors are unrelated in the sense that

L gee Bngle, Lilien and Robins (1987), p 392-394 for details.
Throughout the paper, the designation "excess holding yield" will be used as synonymous with
"tenin premium”. See for example Shiller (1990) for a discussion of the exact definitions.




investors and borrowers are unwilling to change their investment horizon,
regardless of any term premium.

A substantial amount of research has been carried out in the field of term
structure theories. Most studies performed on US and UK data result in the
rejection of the expectations model; see Shiller (1990) for a survey of
empirical work. A few studies have been carried out on Swedish data.
Horngren (1986) uses quotations from the short term end of the Swedish
bank certificate market during 1980-1985, and finds that information about
future interest rates to some extent is present in forward rates. Information
about future excess returns is also found in the forward rates, leading to the
rejection of the pure expectations theory. Bergman (1988) finds evidence of
nonzero risk premia in the market for Swedish t-bills during the period 1985-
1986, and also indications that the term premia is time varying. The pure
expectations hypothesis is thus rejected also in Bergman's study. Ekdahl &
Warne (1990), on the other hand, using 5 year bonds and 30 day treasury
bills during 1983-1988 are not able to reject a rational expectations mode! of
the term structure. Furthermore, Dahlquist & Jonsson (1993) find that the
joint hypothesis of rational expectations and a zero term premium cannot be
rejected, using Swedish t-bill data with maturities between one and twelve
months during the period 1984-1992.




3 Empirical Models

An often observed phenomena in economic time series, and especially in
financial series, is that there is a tendency of volatility clustering, meaning
that high volatility tends to be followed by high volatility and analogous for
low volatility. One frequently used model for time series with this sort of
time-dependent variance is Engle's (1982) ARCH model, which models the
conditional variance as a linear function of past squared errors:

Ye=x,0+5 V[&',"Pt_l] = hrz

g
h).'2 = y+zar‘gtz-—i
z [1]

Here, x, is a vector of explanatory variables and ¥,_, is all available
information at time -1,

A possible extension of the model is to allow not only lagged squared errors
but also past conditional variances to affect the current conditional variance
as in Bollerslev's (1986) generalized ARCH (GARCH) model:

q P
hl = 7+Zaa‘grz—i+zwih:2—j (2]
i=l J=l

This extension is useful in cases where many ARCH parameters are called
for, since a GARCH model with only a few parameters often perform as well
as, or even better than, an ARCH model with a long lag length. This is
analogous to the use of an ARMA model instead of an MA specification in
ordinary time series modelling.

The set-up of model [1] does not, however, capture the main idea of the
model discussed in the previous section that not only the variance is
conditional on past squared errors, but that also the mean should be
dependent on past squared errors. To aflow for this possibility, Engle, Lilien
and Robins (1987) introduced the so called ARCH in mean (ARCH-M)
model:

Y= X:JB_]'&t T &

q
h=y+ az W, &),
i=1 (3]




Here, the mean is determined by the conditional standard deviation, possibly
in addition to other explanatory variables. The choice of including the
standard deviation instead of the variance reflects an assumption that the
impact on the dependent variable is less than proportional to a change in
variance. This assumption is incorporated in the theoretical model outlined
by Engle et al (1987). However, it is possible that other measures of return
variability are better to use, such as the conditional variance or the log of the
conditional standard deviation.

The specification of the conditional variance in [3] is modified compared to
the usual set-up of ARCH models (as in model [1]), to avoid the necessity of
estimating an excessive amount of parameters. Instead of having one ARCH-
parameter for every lagged squared residual plus the intercept, a weighted
average of previous squared residuals is formed, and only two ARCH
parameters are estimated. The weighting is designed as a linearly declining
model, thereby giving the observations closest in time the largest weights and
thus greater importance as information variables. Another reason for this
construction of the conditional variance function is that estimation of one
parameter for every lagged squared residual in an ARCH-M model makes
convergence difficult to achieve and sometimes results in negative ARCH
parameters.

The time series to be modelled in this study is the excess holding yield on a
Jong term bill or bond relative to a short term bill. Following Engle ef al
(1987), the excess holding yield is hypothesized to consist of a time-varying
risk premium and a stochastic error term:

Y, = H, 8 [4]

Conditional on the assumption that the expected excess return should depend
only on the variance of the return, the expected excess holding yield can be
expressed in the following way:

Ely,)= B+ dh, (5]
where A, is specified as in the second equation of [3].

Naturally, model [4] can be augmented with other factors thought to be
relevant as explanatory variables for the risk premium, Various conceivable
factors which have been suggested in the literature include lagged excess
holding yield, the present short term interest rate, the long term rate, and the
difference between the long and short rates. Other variables which may be
relevant for a small open economy with fixed exchange rate are foreign
interest rates and foreign exchange rates.
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There are a number of statements which can be made about model [3] in
terms of the various theories of the term structure discussed in the previous
section. If the excess holding yield is not constant, so that one or more of the
independent variables in the first equation of [3] are significant, then the
expectations theory is excluded. Such a time varying term premium would
suggest the preferred habitat theory, or possibly the liquidity premium
hypothesis if the premium is positive at all times. If the specification of the
model allows the term premium to change sign, then also the liquidity
premium hypothesis is ruled out. If there is no term premium at all, constant
or time varying, then this would suggest the pure expectations theory.

In the data series where evidence of ARCH effects are found, model [3] and
all of the above mentioned extensions are tested in an attempt to find the
mode! which fits the data of the excess holding yield most adequately. This is
done in the two sections following the next, in which tests for ARCH are
carried out.




il

4  Preliminary Tests

4.1 Data

The data used in this study consists of the following series of interest rates:
30, 60, 90, 120, and 180 day Swedish treasury bills (Statsskuldvixel), and 10
year Swedish treasury bonds. All data is obtained from the Swedish central
bank's (Riksbanken) database. The sample period is March 1984 (January
1987 in the case of the 10 year bonds) to July 1992, which is shortly before
Sweden was forced to give up its policy of fixed exchange rate. The original
interest rate series consist of daily observations of closing bid and ask rates.
From this data, observations for the 15:th of each month is selected, or as
near as possible to this date if no data is available for the 15:th. The reason
for selecting observations from this particular date is that Swedish treasury
bills are issued in the middle of the month and therefore mature at that time
of the month. Thus, selecting the 15:th as the date of observation should
mean that the reported maturity of the bills are as close as possible to the
actual maturity. Finally, the average of the bid and ask rates is calculated for
each selected observation.

In addition to the Swedish interest rate series, data on the German short term
interest rate (90 day Eurorate) and the rate of exchange between the Swedish
Krona and the theoretical ECU is collected for the period of interest. Also
this data is obtained from the Riksbank.

4.2  The Excess Holding Yield

The ex-post excess holding yield of a t-bill with D days to maturity over a bill
with d days remaining, where D = 2d, is defined as

_(1+R)?

= (Hml)"—(lﬂ’:) (6]

f

where r, and R, represent the rates of return of the short and the long term

bills respectively. The rates are expressed as rates of return per d days. In
other words, if we have 30 and 60 day Dbills, then # and R, would be
expressed as monthly rates of return. In order to avoid an overlapping data
problem, the period between observations is set equal to the maturity of the
short bill (d). Thus, in the 30/60 day case, monthly observations are used,
whereas quarterly observations are used in the case of 90/180 day bills.

The definition in [6] implies that the short term bill is considered the less
risky of the two, since positive excess holding yield is obtained as
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compensation for the risk taken when for example a 60 day bill is bought and
held for one month, and this is financed by borrowing at the 30 day rate. This
in turn implies the liquidity premium theory or possibly the preferred habitat
theory if the excess holding yield is not constant. Negative excess holding
yield, on the other hand, suggests that there are more investors who prefer
long term to short term bills, i e the preferred habitat theory (or segmented
market hypothesis).

The formula in [6] is suitable for calculating the excess holding yield between
two relatively short termed bills. However, if one is interested in the excess
holding yield between a 10 year bond and a 30 day bill, then another method
must be used to estimate this. Following Engle et al (1987), the bond is
assumed to be of infinite horizon relative to the 30 day bill. This allows the
monthly excess holding yield to be approximated as:

y,=R,—f‘,+£——1 [7]

+1

where R, is the monthly yield to maturity of the bond, and 7, is the 30 day
treasury bill rate.3

Summary statistics for the excess holding yield in the four cases considered
are presented in table 1 page 13.

Figures 1-4 in appendix 1 show the excess holding yield during the period of
investigation. It is apparent from the figures that the excess return is quite
irregular and in most cases rather small. From table 1, one can also confirm
that in only one case is the mean of the excess holding yield statistically
different from zero at the 5% level, namely in the 180 vs 90 day case. The
unconditional mean is -0.082% per quarter (about -0.33% per annum), which
indicates the presence of negative excess holding yield between six month
and three month Swedish treasury bills. The average annual yield on the 180
day bill was 11.97% during the observed period, compared to 12.06% for
the 90 day instrument, suggesting that investors in general prefer the longer
debt instrument to the shorter. These preliminary results are quite different to

3 Quotations for coupon bonds on the Swedish market are in the form of annual yields to maturity.
This is calculated in the usual fashion: P = B(1+R) " +ZL, C (1 + RY", where P is the price of
the 7-year bond, B is the face value, C is the coupon at time #, and R is the resulting yield to
maturity. This is admittedly only an approximation, since the yield to maturity is not the true certain
yield of the bond during its remaining life, unless the relevant zero-coupon rates are identical on all

future coupon payment days. The yield to maturity is, however, commonly used as an approximation
for the true yield, among others by Engle ef al.
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Table 1. Summary statistics / excess holding yield

Mean  St.dev. Skewness Kurtosis Rateof

return
reported
60 vs 30 days -0.010  0.071 -1,518 7.542 monthly
{-1.433)
120 vs 60 days -0.003  0.095 0.276 8.045 60-day
(-0.252)
180 vs 90 days -0.082 0230 -0.724 3.557 quarterly
(-2.051)
10yrsvs30days 0293 -2.734  -0.238 4.787 monthly
(0.872)

The reported figures are in percent per time interval given in the last column, Figures in
parenthesis denote t-ratios for testing the null hypothesis that Mean = 0.

the findings of Engle, Lilien and Robins (1987) for American data, who
estimated the average excess holding yield on 180 day vs 90 day t-bills to
0.568% p a during the period 1960 to 1984.

It is also noteworthy that although the average excess holding yield in the
case of 10 year bonds vs 30 day bills is positive and quite large (around 3.5%
p a), it is not statistically different from zero at the 10% level. This is due to
the large variability, as can be seen in figure 4, appendix 1. Also in this case
the results given here differ from those presented by Engle et al (1987).
Their estimate of the average excess holding yield on a long bond (20 year
AAA corporate bond) over a short term bill (3 month t-bill) is about -3% per
annum, for the period 1953 to 1980.

4.3 Tests for ARCH

In order to investigate whether any ARCH effects are present in the material,
the standard ARCH test proposed by Engle (1982) is carried out. This
involves the following OLS estimations:

Y, =p+g
[8]

q
2 2
& = ;V+Zaigt—i
=1

The results from the second regression can be used as a Lagrange Multiplier
test for &, = ... =@, =0. The appropriate test statistic of this LM test is
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T-R? where T denotes the sample size, and the test statistic is
asymptotically distributed as Zf, if no ARCH effects are present. Another

way to test for ARCH effects is to use standard time series tests for
autocorrelation in the squared residuals, such as the Ljung Box test ().
The results of these tests are given in table 2 for the different sets of excess
holding yields examined. The standard Ljung Box test statistic for residual
autocorrelation is also presented ({,).

The results in table 2 clearly rejects the possibility of ARCH being present in
the excess holding yield of 60 vs 30 day bills and 10 year bonds vs 30 day
bills, where none of the test statistics are significant. As for the other two
return series, the results are less clear-cut. In both the 120 vs 60 and the 180
vs 90 day cases, three out of five test statistics are significant at the 5% level.
Consequently, it cannot be ruled out that ARCH effects are indeed present in
these two series. In the following sections these two excess holding yield
series will therefore be modelled as riskpremia in the ARCH-M framework.

Table 2. Test statistics for ARCH and autocorrelation

Excess holding yield: 60 vs 30 days 120 vs 60 days 180 vs 90 days 10y vs 30 days

ARCH-tests: TRZ[df] 0457 [1] 0112 [1] 6193 [1] 0578 [I]

(0.499) (0.738) {0.013) {0.447)
3.401 [6] 21.876 [6] 6.110 [4] 6.549  [6]
(0.757) (0.001) (0.191) (0.363)
6854 [12] 26440 [12] 6262 [8] 8712 [12]
{0.867) (0.009) (0.618) 0.72°N
Ljung-Box: 0, [df] 4694 [6] 13241 [6] 8805 [4] 4533 [6]
(Squared residua]s) (0.454) (0.021) {0.032}) (0431
6524 [12] 13.527 [12] 46.694 [8] 10011 [i2]
(0.836) (.260) (0.000) (0.329)
Ljung-Box: @ [df]  17.673 [12] 17.898 [i2] 6260 [8] 22727 [12]
(0.126) (0.11%) (0.618) (0.030)

Figures in brackets denote degrees of freedom for the various test statistics. Figures in
parenthesis are probability values for the null hypotheses of no ARCH effects and no
residual autocorrelation respectively.

4 gee Bollerslev (1987) for details.
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5 Empirical Results for 120 vs 60 Day T-bills
5.1 The Ordinary ARCH-M Model

Motivated by the test results above, the parameters of the ARCH-M model
are estimated with a number of different lags in the weighted average of
squared residuals. The most common method utilized is the maximum
likelihood method, which is employed in this paper as well. The likelihood
function can be written as

)

!
20

p=I1L@. L -—-h—j;-exp[~

conditional on ge, ~N(O,h,2). The symbol ¢ denotes the vector of

parameters in the model. The log likelihood function may therefore be
expressed as follows, omitting irrelevant constants:

2
&

In L(#) =Zln L,(¢), InLZ()=-In(h)-—~ (]

This expression is maximized with respect to ¢ using the BHFH-algorithm,
and the resulting parameters are the maximum likelthood estimates.”

Applying this to the data at hand and letting the lagged squared residuals
included in the conditiona! variance equation vary from one to twelve, gives
the following parameter estimates for the model with the highest likelihood
value:

3, = ~0.037+0.431h, +¢,
(-158)  (143)

[10]

o
2 2 _
K (081  (282) EW,EH > w; = (8-1)/

InZ=9716

Figures in parenthesis denote #-ratios.

5 See Berndt, Hall, Hail, Hausman (1974) for details. The actual estimation was carried out with
the Maxlik-routine in GAUSS.
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A useful property of ordinary ARCH models is that the information matrix is
block diagonal between the parameters of the conditional mean and the
parameters of the conditional variance. This enables the estimation of the
parameters in the respective equations of the mean and the variance to be
carried out separately. In the ARCH-M model however, the information
matrix is no longer block diagonal, and estimation of all parameters must be
performed simultaneously. Furthermore, this makes the model sensitive to
misspecifications, since correct specification of the entire model is required in
order to obtain unbiased and consistent estimates. This point is emphasized
in a number of papers covering this model; see Engle ez al (1987), Bollerslev,
Chou and Kroner (1992) and Kroner & Lastrapes (1993).

With this in mind, different tests for misspecification are carried out. One
important diagnostic test concerns the assumption of normally distributed
errors, which is a prerequisite for utilizing [9] in the maximum likelihood
estimation. The validity of this assumption may be tested by taking a look at
the third and fourth moments of the residuals:

T
b2 = 6'_4 ——;ﬂz 8;4
=1 [11}

where & denotes the ML estimator &* = &'¢/T. These are the measures of

skewness and kurtosis and should have the following asymptotic distribution
if the tested residuals are normal:

Jb : N(0,6/T)
B, = N(3,24/7).

A test for non-normality may be based on the following Wald statistic by
Bera and Jarque, which is asymptotically distributed as 7

N =(T/6)b, +(T/24)(5, - 3)". [12]

The standardized residuals of [10] give a measure of skewness and kurtosis
of -1.502 and 6.221 respectively which results in a test statistic of 40.42, thus
clearly indicating non-normality.
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With this result in mind, the normal distribution is replaced with a
distribution which takes into account excess skewness and kurtosis for the
maximum likelihood estimation. Following the suggestions of Lee and Tse
(1991), a so called Gram-Charlier type distribution is used, with the
standardized distribution G(0,1) given by the following density function

g(e) = f(&) y(9),

Y 13
v =(1+2 1,6 12,0

where f() is the standard normal density function. The parameters
A,and A, are the maximum likelihood estimates of the standardized
measures of skewness and kurtosis, and the so called Tchebycheff-Hermite
polynomials #,(-) are given by

H(e)=¢& -3¢
H,(&)=¢&"-66 +3.

Generalization to take into account deviation from normality of higher
motments is possible by adding more terms to the three in the Gram-Charlier
series above; see Kendall & Stuart (1958). Since A, and A, are estimated
along with the other parameters of the ARCH-M model, the possibility exists
that w(g) and therefore g(¢) takes a negative value. To avoid this, y(&) may
be forced to take a non negative value during the estimation process by
simply taking the absolute value. However, by utilizing this method,
A, and 1, lose their interpretations as measures of excess skewness and
kurtosis, and the resulting distribution may differ from the one intended,
thereby making the maximum likelihood function invalid. Therefore, a
penalty function is used to ensure that these parameters result in well
behaved values of () and of the distribution function.

Another assumption which is important when dealing with ARCH-M models
is that the residuals are not serially correlated. To test this hypothesis, the
Ljung-Box test is applied with 12 lagged residuals, yielding the statistic
Q,(12) = 15.37 which is asymptoticaily distributed as 23, under the null. The
conclusion is that serial correlation is not present in the residuals, since the
critical vahie of x7, at the 5% level is 21.03. In addition, a Ijung-Box test
with squared lagged residuals is performed following Bollerslev (1987),
giving a non significant statistic of (,(10) = 8.90. The reason for conducting
this test is to verify that no residual ARCH is present.
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The log likelihood function of the model to be reestimated assuming a Gram-
Charlier distribution, is thus given by

2

LA =L@, WL@=—l)- Ty, [14]

where u, = ¢, /h, . Maximizing with respect to the parameters, and selecting

the model with the lag structure giving the highest likelihood value yields the
following estimates:

=-—0.0184+0.223Ah +
% (305 (233 &

6
A2 =0.0003+1.440 e =(7-D/21
f (1.70) (8.72) Ewre!-lb wl ( 1)

A, =-0.926, A,=4.057
(-187) (4.76) [15]

InL=109.32

The same diagnostic test for autocorrelation is conducted as before, resulting
in a Ljung-Box statistic of Q;(12) =16.22 which is not significant at the 5%
level.

It is clear from [15] that all parameter estimates in the conditional mean and
variance equations are significant at the 5% level, as are the coefficients of
excess skewness and kurtosis, A, and A,. The intercept in the conditional
mean, which is equivalent to the expected riskless holding yield, is -0.018 %
per 60-day period. The expected term premium with perfect forecasts, ie
when past innovations are zero, is -0.014 per cent at 60-day rates. These
rates correspond to only about -0.10% per annum, which of course is very
small, considering the existence of transaction costs. Although small, the
intercept in the conditional mean equation is nevertheless statistically
different from zero. This negative excess holding yield might suggest some
kind of underlying preferred habitat behaviour, in the sense that investors
appear to prefer the 120 day t-bill over the 60 day bill. However, the
coefficient of the time varying risk premium (8) is positive which means that
the excess holding vield as it is defined becomes larger as risk increases.
Greater risk in the form of higher variance leads to a larger positive risk
premium and, given a large enough variance, to a positive total term
premium. It therefore seems that in times of high volatility investors leave
their preferred habitat of 120 day bills to a certain extent and switch to
instruments of shorter maturity, which also intuitively seems reasonable.
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The estimated parameter of the risk premium is substantially smaller than the
coefficients estimated by Engle, Lilien and Robins (1987) for short term t-
bills in the United States. Their estimates are 0.80 for 60 day vs 30 day bills,
and 0.69 for 180 vs 90 day t-bills. One possible explanation for this
difference could be that investors in the Swedish market are less risk averse.

As for the conditional variance, one can conclude that ARCH effects are in
fact present since the coefficient o is nonzero. As in the American estimates
of Engle ef al, the ARCH parameter is above one which means that the
unconditional variance of the excess return is infinite.® These estimates of o
are greater than the estimate of Lee and Tse (1991), who modelled the term
premium between one and two month rates of the Singapore Asian US
Dollar market. Their estimate of the ARCH coefficient was 0.90 for an
ARCH(8)-M model, assuming a Gram-Charlier error distribution.

5.2 Further Misspecification Tests

To check for misspecification in the variance equation, a generalized ARCH
in mean (GARCH(1,1)-M) model is considered, where the conditional
variance is assumed to depend on past squared innovations and past
conditional variances, (equation [2]). As in the case of the ARCH-M model,
estimation is carried out assuming a Gram-Charlier type of distribution,
yielding the following result:

=—0.03 : +
It (—1.90)0+ 0(0?7%)9 hité

B? =0.0003+0.263 &2, +0.85047

(131) (3.56) (17.84Y
A, =-1420, Ay =5.745

(~167) (545) [16]
InL=107.56

Here, one can see that the coefficient of the risk premium is no longer
significant, while the volatility persistence effects still are clearly present, as
demonstrated by the two significant GARCH-parameters. The infinite
unconditional variance property of the ARCH model [19] is also found in the
GARCH model. However, the GARCH(1,1)-M model gives a lower log
likelihood value than the ARCH(6)-M. Therefore, if two different standard
selection criteria are used to compare the models, namely the Akaike
Information Criteria (AIC) and the Schwartz Criteria {SC), this results in

©  The unconditional variance is defined as o* = y/ (l—- o:). The estimates of Engle et al of the

ARCH parameter for the 60 vs 30 day and the 180 vs 90 day excess holding yield were 1.13 and
1.64 respectively, thus also implying infinite unconditional variance. The conditional variance is
still finite, however.
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rejection of the GARCH-M model. The AIC values are -206.64 for the
ARCH-M model and -201.11 for the GARCH-M, while the SC gives values
of -195.17 and -187.73 respectively. The selection rule is to pick the model
for which the criteria are minimized.

Another form of misspecification concerns the possibility of important
explanatory variables being omitted from the model. Information variables
suggested in the literature include yields for different maturities, the yield
spread which was considered by Mankiw and Summers (1984), and lagged
excess holding yield which was proposed by Leiderman and Blejer (1987).
As mentioned in the previous section, factors which are important for a small
open economy such as foreign interest rates and exchange rates should also
be considered. Also, the exact relationship between the excess holding yield
and the conditional variance is not known. It is therefore possible that the
conditional variance or perhaps the logarithm of the conditional standard
deviation should enter the mean equation instead of just the conditional
standard deviation.

To test for this kind of misspecification, model [15] is reestimated with
different functions of the conditional standard deviation in the mean, and
with a number of different additional information variables, added one at a
time. Table 3 summarizes the results in the form of log likelihood values and
figures for AIC and SC.

Table 3. Augmented models

Added variable ARCH(6)-M
log L AIC SC

(None) 109.32 -206.64 -195.17
hrz 107.99 -203.98 -192.51
in(h,) 104.84 -197.68 -186.21
60 day yield 113.15 -212.29 -198.91
120 day yield 111.88  -209.77  -196.39
120/60 day yield spread 114.86 -215.72 -202.33
ylagged 1 period 109.97 -205.94 -192.70
y?* lagged 1 period 107.31 -200.62  -187.38
ECU (difference) 110.78 -207.55 -194.17
German 90 day Eurorate 110.48 -206.96 -193.57

The expressions in the first column are the new explanatory variables which are added to
model [15], A7 and In(k,) denote the conditional variance and the logarithm of the
conditional standard deviation respectively in the mean equation, y is the excess holding

yield as in [6], ECU denotes the change in a 60 day interval of the exchange rate between
the Swedish Krona and the theoretical ECU,
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Appendix 2 presents the values of the estimated parameters for the
augmented models. It is clear from table 3 that the conditional standard
deviation is the most appropriate risk measure of the three alternatives. It is
also evident that some of the additional variables provide sigmificant
contributions to the model. Nevertheless, the risk-premium parameter for the
standard deviation in the conditional mean model is always positive, although
the magnitude varies. An ARCH(6)-M model with the 120/60 day yield
spread included in the mean equation gives the highest log likelihood value
and the lowest AIC and SC statistic. However, as can be seen in appendix 2,
in this model the parameter for excess skewness is no longer significant at the
10% level. Therefore, this parameter is dropped and the model is
reestimated, giving the final preferred model for the excess holding yield
between 120 and 60 day t-bills:

¥, =~0.015+0.338%, +0.585(R, —r,) + &,
(-3.65) (6.61) (4.96)

Wt -0((1)%())2—!—%3%?214!3”, w, =(7-i)/21

A, =6.911 O12)=13.137 (O,112)=8.620
4 2s) 0,12) = (7=036) 0,(12) (p=0.73) [17]

InL=11467 AIC=-21734 SC=-205.87

Mankiw and Summers (1984) find for American data that the yield spread is
an important factor in explaining the excess holding yield, and this is
interpreted as a failure of the expectations hypothesis. Adding the yield
spread to their ARCH-M model for 180 vs 90 day t-bills, Engle, Lilien and
Robins (1987) also find this to be a significant explanatory variable for the
excess holding yield. Their estimate of the parameter for the yield spread is
0.392 for quarterly data.

To summarize, the ARCH(6)-M model augmented with the yield spread is
the final preferred model, assuming a Gram-Charlier type distribution. The
parameters of the conditional mean and variance are all significant. The
expected riskless return is negative, possibly suggesting that investors have a
preferred habitat of 120 day t-bills, when compared to 60 day bills. The
positive coefficient for the standard deviation in the mean equation implies
that as volatility increases, investors leave their preferred habitat and turn to
bills with shorter time to expiration,
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§) Empirical Results for 180 vs 90 Day T-bills

6.1  The Ordinary ARCH-M model

In this section an attempt will be made to model the excess holding yield
between 180 day and 90 day t-bills in the same way as in the previous
section. The parameters for the ARCH-M model are estimated assuming
normality. The number of lagged squared residuals in the weighted average
of the conditional variance equation is allowed to vary between one and 12,
in order to find the lag structure which maximizes the likelihood function. In
this case a maximum is found when including only one lagged squared
residual:

=0,022-0.416h +¢
Vi (009 (033 = f
, [18]
B? =0.028+0.401&"
.73 (137)

InL=3590 AIC=-63.80 SC=-57.81

Tests for normality show that the assumption of normality is reasonable, and
there is therefore no need to switch to a Gram-Charlier or any other
distribution.” As can be seen, none of the parameter estimates in [18] are
significant at the 5% level, except the intercept in the conditional variance
equation. There is merely a weak indication of a time varying variance, as the
ARCH parameter is significant only at the 10% level. The Ljung-Box statistic
is 20.066 for 12 lagged residuals, and 14.155 for 12 lagged squared
residuals, neither of which are significant at the 5% level. This suggests that
any ARCH effects present in this return series are incorporated in model
[18]. However, to check for possible misspecification in the conditional
variance, a GARCH(1,1)-M model is estimated. The result is again
insignificant parameters, as well as a negative GARCH parameter and a
lower log likelihood value.

Tests for omitted variables in the conditional mean are carried out in the
same way as in the previous section. Results may be found in appendix 3.
The conclusion from these tests is that none of the added variables are
significant at the 5% level, and that in only one case is the SC-value
marginally lower than in model [18].

Since the coefficient for the risk premium (8) is insignificant in all of the
cases, this parameter is dropped, and the model is reestimated as a normal
ARCH model. The result, after maximizing the log likelihood with respect to

7 The skewness and kurtosis of the standardized residuals is -0.34 and 3,14 respectively, giving an
insignificant value of the Bera-Jarque statistic of 0.66 {prob-value = 0.72).
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the number of lagged squared residuals included, is the following parameter
estimates:
A
h? =0.026+0.488 &7,
@91y  (162)
InL.=3613 AIC=-6626 SC=-61.78

[19]

In this case, the log likelihood value is higher than in any of the previous
models, and the SC statistic is lower, indicating that this model is superior to
the others considered. The estimate of the ARCH parameter is similar to the
estimate in [18], but slightly more significant. The ARCH(1)-M model is
therefore rejected in favour of the ordinary ARCH(1)} model. Consequently,
the hypothesis that there exists a volatility-dependent time varying risk
premium in the excess holding yield of 180 vs 90 day t-bills is also rejected.

The significant negative intercept in the mean equation of [19] leads to the
rejection of the pure expectations hypothesis. It seems that investors prefer
the 180 day t-bill to the shorter termed instrument, and that this preference is
relatively stable. This result therefore suggests the expectations hypothesis
with a constant (negative) premium.
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7 Summary and Conclusions

It is of interest to monetary policy-makers to know whether there generally
exists any time-varying risk premia in the market for treasury bills and bonds.
One reason for this is that the ability to use the yield curve as a monetary
indicator rests on the assumption that no such time-varying premia exists; 1 e
the expectations hypothesis. While other determinants of a time-varying risk
premium are conceivable, the most probable is the volatility. The purpose of
this paper is therefore to investigate whether there is any evidence of time
variation in the excess holding yield earned from holding a long term t-bill or
bond and borrowing at a short rate, and whether it is possible to model it as a
risk premium dependent on its variability.

Of the four sets of interest rates examined, ARCH effects are found in only
two series; in the 180/90 day set, and more strongly in the 120/60 day data
set. Based on this result, the excess holding yield of these two sets are
modelled as ARCH-M.

The model is unsuccessful for the 180/90 day excess return since there is no
support for the hypothesis that the excess holding yield is dependent on the
conditional variance. There are, however, some indications of ARCH-effects
present in the material. The significant negative unconditional mean suggests
that investors prefer the 180 day t-bill to the 90 day bill. This result suggests
the expectations hypothesis with a constant negative premium.

As for the 120/60 day excess holding yield, this is successfully modelled as
ARCH-M. However, as the residuals resulting from maximum likelihood
estimation, assuming a normal distribution, turn out to exhibit excess
skewness and kurtosis, a distribution of a Gram-Charlier type is subsequently
used for the estimation process. Estimation using this distribution does not
change the result that the excess holding yield can be modelled as ARCH-M.
Finally, a number of other variables which are conceivable as explanatory
factors for the excess holding yield are incorporated into the model. It is
found that a number of these have considerable explanatory power. The best
result is achieved when the yield spread is used as an explanatory variable, in
addition to the conditional standard deviation. When these extra variables are
included, the estimated risk premium parameter tends to vary in magnitude.
It is nevertheless always of the right sign and significantly different from zero
(except in one case), suggesting that investors move from the 120 day bills to
bills of shorter maturity in times of high volatility. The presence of a time
varying term premium in this return series suggests the preferred habitat
hypothesis. However, since the parameter estimates vary considerably as
different explanatory factors are used in the model, the results should be
interpreted with caution.
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Considering the combined result from the four excess return series leads to
the conclusion that a variance-dependent risk premium is unlikely to be
present in the Swedish market for treasury bills and bonds. Furthermore, the
evidence in favour of general time varying term premia is also quite weak.
Therefore, with the exception of 120 vs 60 day t-bills, the conclusion is that
the expectations hypothesis cannot be rejected for the data examined.
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Appendix 1. Figures

Figure 1. Excess holding yield 60 vs 30 day t-bills
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Figure 2. Excess holding yield 120 vs 60 day t-bills
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Figure 3. Excess holding yield 180 vs 90 day t-bills

% / quarter
04

s w»\/\/N

0.6 =+

08 4

1984 1985 193¢ 1987 1988 1989 1990 1991 1992

Figure 4. Excess holding yield 10 year bonds vs 30 day t-bills
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Appendix 2. Augmented ARCH(6)-M Models, 120/60
Day T-bills

The model used is:

6
yr=ﬁ+5f(h,)+ijﬂ+€,, hf:y+azw,.ef_,., w, =(7-i)/21

A, = Estimated excess skewness,

i=1

A, = Estimated excess kurtosis.

X; denotes the following added explanatory variables:
X, 60 day t-bill rate,

iefiaFeRaRea

120 day t-bill rate,
Yield spread between 120 day and 60 day t-bill rates,
Excess holding yield, lagged one period,

Squared excess holding yield, lagged one period,
Change in SEK/ECU exchange rate from two months before,
X, German 90 day Eurorate.

Variable g 5 5 y a Ay A, G(12) 0,(12)
h,z -0.014 2231 0002 1.715 -1.095 4,145 14.771 5754
(-2.85) (5.21) (1.60) (8.56) (-1.93) (3.75) (p=0.25) (p=0.93)

In(h) 0.163 0.069 0002 2913 -0.569 5.028 10.611 11.87
(3.98) (5.15) Q.17 (3.09 (0.56) {(2.80) {p=0.56) (p=0.46)

X, 0.058 0267 -0.090 .0002 1.876 -2.079 53807 16458 9.675
(2.50) (476) (3.25 (120) (10.59) (-2.88) (5.78) (p=0.17) (p=0.64)

X, 0.053 0.234 -0.083 .0002 1765 -1.898 4995 16.225 9618
(L7  (G.64) (227 (1.22)  (9.59) (-2.42) (5.8]) (p=0.18) (p=0.65)

X, -0.014 0353 0.644 .0002 2,184 0410 7367 12934 8709
(-2.87)  (6.30) (4.57y  (1.89) (10.93) (0.62) (6.47) (p=0.37) (p=0.73)

X, -0.016 0.212 0.237 0002 1.666 -1.261 5.849 13.893 7.441
(-3.83) (2.86) (2.700 (l.46) (10.65y (2.17y (5.10) (p=0.31) (p=0.83)

X -0.019 0.263 -0.386 .0002 1432 -0.959 4.181 14.056 7.783
(-3.39) (2.56) (-0.66) (1.69) (8.94) (-1.89) (5.11) (p=0.30) (p=0.80)

. -0.014 0.136 0.004 .0003 1.648 -1.288 4.805 16311 8378
(-2.22)  (146) (1.80) (1.82) (8.33) (247 (6.04) (p=0.18) (p=0.75)

X; -0.001 0259 -0.004 .0002 1.619 -1.253 4.054 14.558 90.027
(-0.08) (2.86) (-1.55) (l.2l) (7.66) (-227) (5.37) (p=0.27) (p=0.70)

Figures in parenthesis below parameter estimates denote f-ratios for the null

hypothesis that the parameters equal zero, while figures below Ljung-Box

test statistics are p-values. With the exception of the first two models in the

table, the conditional standard deviation is included in the mean equation.
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Appendix 3. Augmented ARCH(1)-M Models, 180/90

Day T-bills

The model used is:

e =ﬁ+5f(hf)+ijjt+€f: h,? =7+a.s'f_1

X, denotes the following added explanatory variables:

X
X

[N

90 day t-bill rate,
180 day t-bill rate,

X, Yield spread between 180 day and 90 day t-bill rates,

X
X,
X,

T T

X, German 90 day Eurorate.

Squared excess holding yield, lagged one period,
Change in SEK/ECU exchange rate from quarter before,
Excess holding yield, lagged one period,

Variable g ) 2 ¥ a G(12) (12) logL SC

htz -0.003 -1.392 0.028 0393 17.999 13.269 36.07 -58.15
(-0.03) (-0.57) (2.85) (141} (p=0.12) (p=035)

In(h) -0.099 -0.024 0.027 0428 22.181 14.441 35.82 -37.60
(0.28) (-0.11) 2.82) (150) @=0.04) (=0.27)

X, 0.247 -0.869 -0.048 0.030 0.327 20.536 14.544 36.09 -54.70
0.45) (041) (0.62) (@73) (L14) (=006) (=027)

X, 0.195 -0.737 -0.039 0.029 0.348 20310 15.055 36.01 -54.54
(0.35) (-0.36) (-0.46) (2.61) (1.13) (p=0.06) (p=0.24)

X, 0.058 -0.529 0.605 0.029 0.324 243807 8.024 36.60 -55.73
©.19 (033 (L21) (3.03) (125 (=002) (p=0.78)

X, 0.105 -0.808 0.073 0.031 0322 19.871 14.753 33.19 -49.06
©.27) (-0.42) (042) (700 (.12) (@E=0.07) (p=0.26)

X -0.014 -0.176 -0.278 0.030 0358 20.797 14.044 33.22 -49.10
(0.03) (0.08) (0.51) (230) (0.98) (p=0.05) (p=0.30)

X 0.065 -0.657 -0.027 0.025 0424 16628 19.959 37.22 -56.95
©0.19) (037) (162) (186) (0.92) (p=0.16) (p=0.07)

X, 0.142 -0.498 -0.017 0.027 0.385 24393 14234 3645 -5541
(0.58) (043) (107) (284 (139) (p=002) (@=0.29)

Figures in parenthesis below parameter estimates denote f-ratios for the null
hypothesis that the parameters equal zero, while figures below Ljung-Box
test statistics are p-values. With the exception of the first two models in the
table, the conditional standard deviation is included in the mean equation.
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