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I INTRODUCTION

A considerable amount of empirical evidence has been presented in understanding the relaionship
between short- and long term rates. It is concerned with the information content in the term structure
of interest rates, in particular, the extent to which the forward interest rates that are implicit in the
term structure are predictors of future spot interest rates. Gerlach and Smets (1995) tested the
expectations hypothesis (EH) under the assumtion of rationd expectations (RE) on Euro-ratesfrom
17 currencies. In the mgjority of casesthey could not reject the EH+RE. One of these countriesis
Swedert. The U.S. is one of the countries where the EH+RE is rgiected. A common feature of
other tests of the EH+RE isthat the hypothesisis rejected when tested on U.S. data. In Sweden the
EH+RE has been tested by Horngren (1986), Ekdahl and Warne (1990), Dahlquist and Jonsson
(1994) and Hordahl (1994). With the exception of Horngren's study the EH+RE cannot be rejected
on Swedish date’’.

In line with other authors who have tested the EH+RE, Froot (1989) performs the standard test’of
the EH+RE whether the forward premium is an unbiased predictor of future interest rate changes. He
deepens previous work by decomposing the forward premium’ s bias into one component
attributable to arisk premium and one component attributable to a systematic expectation error. This
makes it possible to measure to what extent atime-varying risk premium and an expectation error
contribute to the rgjection of the EH+RE. The decompasition of the forward premium’ s bias into one
component attributable to risk premia and one component attributable to systematic expectation
errors requires atime series of expected interest rates. In this respect Froot used a survey data set of
expected interedt rates. In his study the EH+RE is rgected. The reason isarisk premium which is
dgnificantly different from zero. The expectation errors are of the same Sign astherisk premia
making the EH+RE to be rejected.

This study tests the EH during the period January 1986 to December 1997. To avoid the extreme
circumstances prevailing in the money market in autumn 1992 we aso study the subperiod January
1986 to May 1992. This subperiod covers the time when Sweden applied a fixed exchange rate
regime. It might be agood complement to the author’ s study (L uthman 1998) during the period
December 1992 to January 1996 when Sweden applied a flexible exchange rate regime. The way
monetary policy is applied differs enormoudy between fixed- and flexible exchange rate regimes.
Without maintaining that the EH is dependent on exchange rate regime it might be an interesting
comparisort’. For the two studied periods we perform the standard test of the EH+RE and
decompose the forward premium’ s bias into one component attributable to the risk premium and one
component atributable to the systematic expectation error. Using the standard test makes it possible,
directly, to compare the results in this study with the results of tests made by other authors, in the first

! Thetime period is September 1979 to December 1993.

2 For amore detailed presentation of both foreign and Swedish tests of the EH see L uthman (1998).

3 By the standard test we mean the test where the forward premium (i.e. theimplicit forward rate minus the spot
interest rate) plus a constant is regressed on the interest rate differential.

* Gerlach and Smets (1997) have tested if there is evidence wheather the EH is rejected less frequently in
countries in which monetary policy is conducted using flexible exchange rate targets than in countries using
fixed exchangerate targets. Weekly datais used to test the 3, 6 and 12-month eurorates in ten countries. They
find it more difficult to reject the EH under fixed exchange rate regimes. Sweden is one of the chosen countries
using fixed exchange rate, 1979-1992, where the EH is not rejected.



place Froot, Hérngren and Dahlquist and Jonsson but also tests using data from other countries.
However, one problem arises. To decompose the forward premium'’ s bias into the two components
we need atime series of interest rate expectations. As this study covers the time when there was no
survey data available in Sweden the survey data set must be replaced, in one way or other, by an
egimation of future interest rates. There are severa ways to produce expectations. With the
exceptions of surveying market participants or the genera public one possibility isto estimate the
future interest rate. This study uses the latter method. Data on interest rates some years backwards
are used to estimate the expected interest rate. Particularly, aforecasting equation is used to estimate
future expected interest rates. The parameters of this equation are estimated from data preceding the
actual studied period, particularly, from January 1983 to December 1985. The parameter estimates
from this regression are then applied to estimate future interest rates during the subssquent period,
January 1986 to December 1997. Hence, we use an out - of-sample estimation of future interest
rates. Out-of-sample forecasts are theoretically more satisfactory than within-sample estimetion. It is
difficult to judge how exact the estimations of future interest retes measure the "actua” expected
interest rates compared to survey data. It is unusud to use survey data. Most economists distrust
survey data. They arguethat it is hard to accept that a collection of relatively careless verbd
responses, can be identified directly with the market expectations.® Even if Froot is skeptical to
survey data he uses them. He arguesthat used correctly they can potentialy add to the understanding
of the behavior of expectations. With this knowledge, the estimation of a future interest rate may be a
good proxy for survey data. Moreover, on Swedish data during the relevant period it is the best
thereis.

The emphasisin this study is an exploratory empirical study of the properties of the term Structure of
interest ratesin the Swedish money market. According to the EH+RE it tests Satigtically to what
extent the forward interest rates that are implicit in the term structure can be used to forecast future
interest rates. By using Froot's method and decomposing the bias into the two components we can
learn something about ther rdlative importance. For a given forward premium - the smdller the
expectation error the greater the role of the risk premium component. The information in the
empirical roles of expectation errors and risk premiaisimportant for understanding the composition
of the term structure of interest rates. This decomposition of the forward premium into a component
attributable to expectation error and a component atributable to risk premium has never been
studied on Swedish data before®. The decomposition is the extra contribution this paper givesthe
literature in this field. Hérngren and Dahlquist and Jonsson have both used the standard test to test
the EH+RE. However, they do not decompose the forward premium into its two components. In this
respect this study goes one step deeper than both Horngren’ s and Dahlquist and Jonsson’s studies.
In other words this paper does not only test the EH+RE it dso explains the forward premium
according to expectation error and risk premium.

This study has great smilarities with Luthman (1998) why we use the same disposition, in applied
parts, in the two studies. The paper is organized as follows. The forecasting equation is presented in
section I1. Section 11:1 presents the data set. The regression results from the estimated expected
interest rates are performed in section 11:2. We present the forecast errors of the estimated future
interest ratesin section 11:3. In section 11:4 we answer the question if the estimated future interest
rates behave rationd. Section |11 gives the theoretical background materid to this study. It contains

5 In Luthman (1998) further critical arguments about survey data are discussed.
© Except in Luthman (1998).



the presentation of the expectations hypothessincluding the standard test of the EH+RE. In section
111:1 we present the results of testing the EH+RE and make comparisons with results from other
studies. Section IV performs the test of the expectations hypothesis with estimated future interest
rates. Particulary, section 1V:1 performs the decompositon of the forward premium and we aso
answer the question if the forward premium contains arisk premium and/or an expectation error. In
section 1V:2 we decompose the b-coefficient and show the empirica results of the decompostion.
We aso obtain confidence intervals for these point estimates. In section|V:3 we compare the results
in this study with the resultsin other studies where the b - coefficient has been decomposed into an
expectation error and arisk premium. Thefina section, V, gives some concluding comments.

I THE FORECASTING EQUATION

We begin with presenting the forecasting egaution to estimate future interest rates. These forecasted
interest rates are than used to decompose the b - coefficiant into its two components. Froot (1989)
himsdf uses setistica survey datafor this estimation. Participantsin the financid markets have been
asked by a survey indtitute for his or her expectations on levels of interest rates three- and x months
into the future. The survey institute publishes the median of these responses.”

In Sweden the first survey data of expected interest rates were published in September 1992, The
news agency Direkt asked market participants about their expectations of the six-month T-hbill rate
three- and six months ahead, and the five-year bond rate three- and six nonths ahead. Hence, during
the time for the data used in this study no survey data are available. To replace survey data we must,
in some way or other, estimate the future interest rates. Thisis something rather unusud. There are
many problemsin making forecasting equations, but il it is better than doing nothing. In a study of
exchange rate expectations Nessén (1994) used an ad hoc model to forecast the future exchange
rate. The current value of the exchange rate was regressed not only on its first lag, but dso on higher
lags, the square and cube of forward premium (and even regime dummies). With dl the difficultiesin
mind we now try to make an equation to forecast future interest rates.

One common feature of forecasting modelsis thet their explanatory powers are impressive in within-
sample estimation. However, used out-of-sample their explanatory powers are gregtly weakened.
The prediction errors are much gregter compared to within-sample estimation. In within-sample
edimation the rdlevant modd is used to adopt atime- series from the same time period as the
edimated future interest rates. We use information about the future to perform our estimated mode!.
Within-sample estimation is often used if one afterwards wants to describe the data. One objection
to within-sample estimation is that the standard errors become low making the t-ratios too high. One
ought to adjust for the variance. One further objection to using within-sample estimation, in this

particular case, has to do with the choice of explanatory varigbles. If the forward premium, fpf' 8,

is used as one of the regressors (asit is, see below) the method collapses. OL S assumes that the
€'t - and the fp/'~* componentsin equation (9) in Luthman (1998) are uncorrelated. If they are
uncorrelated the Cov(u* ™, fp/* ) is zero and be=0 in equation (18) in Luthman (1998). This
means that only the risk premium can explain the (possible) rgection of the EH+RE. Equation (18)
becomes 1-by,. In out-of-sample forecasts we use the parameter estimates from the model estimated

" For adiscussion of the doubtfulness about using survey data, see Luthman (1998).
8 For definition of forward premium see Luthman (1998).



using datafrom a certain time period. These parameter estimates are then implanted to be used
during the subsequent time period. We use the parameter estimates from amodd estimated from
data during the preceding time period as vadid during the subseguent time period. Out-of-sample
forecasts are based on available information for the participants. In this respect it isto a greeter
extent like ared forecagting Stuation than within-sample estimation. Out- of-sample forecasts are
grictly theoreticaly more attractive than within-sample estimation.

One gpproach has forecasting models which try to map the stochastic process governing the term
structure. With a one-factor mode, only one point along the term structure is focused on. This point
iseither thelong-term rate or the short rate. From changes in this rate, estimates are made of
changesin rates for other maturities. Multi-factor models often permit atighter mapping of interest
rate behaviour than do single-factor models. With multiple factors, rates along the term structure are
related to two or more exogenous forces. If these factors were the long- and short term rates,
changesin al rates would be functions of changes in these two rates. One of the better known
models of this type is Brennan and Schwartz's two-factor model. In another approach of modeling
the term structure, researchers have used branching processes to quantify how abond's price
changes from one period to the next. Among thefirst to use this method were Ho and Lee. At the
outset we know the price of the bond. At maturity, of course, it isworth the known face value. The
evolution of bond prices between the start and finish iswhat is uncertain. We dso know the prices
with shorter maturities. Prices are depicted for various states in each of the periods. The branching
process fans out each period, and any individua path is a series of ups and downs. Depending on the
state path taken the model will describe aterm structure of interest rates.

In order to meaningfully compare dternative models it would be necessary to reestimate them using a
standard data source. Thisis not practicaly possible. We do not know which mode! is"best" on our
data When thereisno "best" solution - a piece of good advice isto give priority to Smplicity. We

use the forward premium ( fp'**) which isimplicit in the term structure of interet rates, as an

edimate of future interest rates differences. Among the interest rate forecasting models mentioned
above we find fp'"* among the two-factor models, i.e. Brennan and Schwartz's model- where two
points on the term structure are focused on. It is often used by the Swedish central bank to judge the
market's expected interest rates. Dahlquist and Jonsson (1994) have shown that the EH+RE cannot
be rgected. This strengthens the argument that the forward premium is a good forecast of future
interest rates. This motivatesthe use of the forward premium, fptk*" ¥, as our firstexplanatory
variable

The relevant time period in this study is January 1986 to December 1997. During this period
Sweden first applied afixed- then aflexible exchange rate regime. When Sweden applied the fixed
exchange rate the interest rate Saircase was the central bank's means to guide the overnight rate,
which was the the very shortest interest rate in the market, from one day to the next. The interest rate
staircase implied that the bank's costs for borrowing in the central bank increased with increased
borrowing at the same time as the bank received lower interest rates with increased lending to the
central bank. The object - from the central bank's point of view - was to place the banks on the
staircase that smoothed the currency rate flow. The overnight rate then deteremined interest rates
with longer maturities - 30, 60 etc days to maturity. In January 1993 when the Swedish central bank
recently had |eft the fixed exchange rate regime in favour of aflexible exchange rate the baard of the



central bank announced that the target for the monetary policy was afixed inflation rate. The means
to keep the inflation stable is the overnight rate which influences the short money market interest
rates. Of course, during periods when the currency flow and expected inflation rate, respectively,
were volatile the market expected changed interest rates. During periods when the currency flow
(expected inflation rate) was rather stable the market did not expect any change in the interest rate.
Thismeansthat the bench-mark in forecagting the future interest rate is the interest rate just then

prevaling.

Theliterature in finance provides many examples of models that purport to explain the formation of
expectations. There are a great number of hypotheses that appear to be most relevant to the study of
interest rates. One of the better known is Cox, Ingersoll and Ross's (CIR) model®. They have
proposed the following model to estimate the interest rate change

dr=a*(b-r)*dt + s*Q*dz

wherem(r)=a* (b-r) and S(r) =s, and a, b ands are congtants. Thefirgt term on the right hand side
isamean-reverting drift term and the second term is stochedtic. The short rateispulled to alevd b a
rate a. Superimposed upon this"pull” isanormally distributed stochastic term s* O*dz. In discrete
time we rewrite the equation as

Dr = a*(b-r)*Dt + s*Or*Dz
By ddfinition

Dyur' =1 -1 where 1} * istheinterest rate at time t+1 for at -k period investment one

t

period in the future. Substituting D, '~ into the first equation we get

t-k t-kK — A% t-k *Ayt-Kx
M - 1 - =a(b-r,”") +s*Or, " “*Dz

If the expected interest rate in the next periodis E, (r,;*) and the mean of the stochastic term is zero
the equation becomes

E(r) -  =a(-r'")

t+1

or

Et (rtt+-1k —a'b+ (1'&)* rtt -k
Thus the expected interest rate is a function of the interest rate just then prevailing. The literature
provides a great number of models that purport to explain the interest rate expectation in terms
of the interest rate just then prevailing i.e. variants of the CIR model. Some authors suggest that
the expectations are formed by a weighted average of recent past rates, where the weights
should decline quite rapidly to give the most influence to the recent observations. Others suggest
that the weights represent the difference between two exponentially declining terms. Some other
authors suggest an adaptive mode, that the error made in forecasting the current period will be
used to adjust the old forecast to obtain the current expectation for the next period. Finally, some

° This model isan alternative to Visicek’s model.



others suggest that the expecations be approximated by a weighted average of several
exponentially weighted averages. The common feature of all these expectations modelsis that
they al, like the CIR-model, in one way or other, use the interest rate just then prevailing as one
factor explaining the future interest rate.

Horngren (1986) compares the forecasts of the implicit forward rates and the martingae method, i.e.
theinterest rate in the next period is equa to the current one-period interest rate. He finds that the
implicit forward rate differs very little from the prevailing spot rate.™® Hérmgren concludes that one
possible interpretation of thisis that agents form their expectations usng a martingade method, i.e.
normally predict that the spot rate will remain unchanged. In periods when the currency rate flow and
expected inflation rate showed little voletility and the overnight rate was stable for quite along time
this might well have been arationa forecad.

The data st from this study applied to a polynomid distributed-lag mode! reducesto the interest rate
with one lag and polynomia one™. The results from this forecast are shown in Table 1. The smple
regression fits data quite well which isindicated by rather high R’- values They are 72-, 74-, 48-,
and 24- percent for the one-month rate one month ahead (1m1m), two-month rate one month ahead
(2m1m), one-month rate two months ahead (1m2m) and three-month rate three months ahead
(3m3m), respectively.

These theoretica and empirica studies motivate the interest rate just then prevailing as our second
explanatory varigble.

As our third explanatory variable we use the currency rate flow (CF). The very shortest interest rate
- the overnight rate - was adjusted according to the currency rate flow during the time Sweden
applied afixed exchange rate. When the Swedish centra bank observed currency rate inflow
(outflow) prevailing for some time they decreased (increased) the overnight rate to balance the
currency rete flow. The currency rate flow is announced four times amonth. The observation interval
of theinterest ratesin this study is one per month. The currency flow rate is messured as the sum of
the four announcements just preceding the interest rate observation. The currency rete flow variable
was dropped when Sweden left the fixed exchange rate regime.

There are of course other methods to estimate the future interest rate than those mentioned above.
One dternative is an ARIMA modd. Modds using macro deta are of course aso possble. Many of
those variables are however, measured only quarterly. That would make it difficult to compare the
resultsin this study with the results of Horngren and Dahlquist and Jonsson, who, asin this study use
one observation per month.

Thereaults of the tests of the models depend, naturaly, upon the choice of data. This

means that those models that are origindly estimated and perfected on data from one country under
acertain time period do not at al guarantee the same results applied to data from other countries and
other time periods.

With these motivations the forecagting mode turns out to be

911 Luthman (1998) the martingal e method for the six-month rate three months ahead (6m3m) also differsvery
little compared to the forward rate.

1 This means that the forecasting equation reducesto I, =a, +b, I/ * + e, .



(l) rtl*:kk =asz+ b3 rtl K + b4 fptk't_k + b5 CFt.l + eIHk- .

Before we show the regression results of the estimated future interest rates we present our data

1 Thedata

The dataset condsts of monthly observations of interest rates for the Swedish T-hill market with 1, 2,
3, and 6 months to maturity. The sample period covers the period from January 1986 to December
1997 providing 144 observationsin tota . We have had access to daily observations. Quotations on
the 15th of every month were chosen. When an observation was unavailable because of aholiday,
an observation on the previous banking day was chosen. By thisway of sdecting the sample we try
to match the observations with the actud yield to maturity.

To estimate the expected interest rate we use monthly observations of interest rates for Swedish T-
billswith 1, 2, 3 and 6 months to maturity. This sample covers the period January 1983 to
December 1985 providing 36 observations. The daily observations were chosen in the same way as
the observationsin the subsequent period.

The interest rates are quoted as annualized Smpleinterest rates. From there we compute
continuoudly compounded interest rates and forward rates. The term structure of interest rates is
plotted againgt time and time to maturity in Figure 1. The yidd curve showed a positive (negative)
dope during the fallowing time: April 1987-April 1988, Summer 1991, July 1994-August 1995 and
the whole 1997 (January 1986-August 1986, spring and summer 1988, summer and autumn 1989,
December 1991-May 1992, September 1992-May 1994 and September 1995-December 1996).
During periods not mentioned the dope of the yidd curve did not show an umambiguous dope
during alonger time period. The increased interest rates during 1990 were due to ared interest rate
shock. The reunification of Germany implied an increased demand which forced the German interest
rates to increase. The high German interest rate position spread over Europe because of the fixed
exchange rates in EMS. For Sweden this development implied an extra great strain. The turbulence
in the financial markets caused high interest rates during autumn 1992.

The decomposition of the forward premium into an expectation error and arisk premium demands a
forecast of the future interest rate. Hence, we turn to the possihbilities for how to estimate the future
interest rate.

2 Estimating the expected interest rate - regression results

To be able to decompose the forward premium into one component attributable to expectation error
and one component attributable to risk premium we need a time series for the expected future
interest rate. In our case we etimate the future interest rate with the help of equation (1). Table 2
displays the results of fitting the equation to data from Swedish T-bills during January 1983 to

2| n the Appendix in Luthman (1998) we show how the continuously compounded interest rates and forward
rates are cal cul ated.



December 1985 providing 36 observetions. These are the results of the first “window” out of the
144 forecast estimates. The equations turn out to be: (standard errors in parentheses).

(Imlm)  f%X =0.0108 + 0.941r' " * +0.896 fp* "~ - 6107 CF, R'=0.73
(0.0081) (0.0687)  (0.3289) (7107

(emlm) £ =0.0015 + 1.001r ¢ +1.473 fp % - 74107 CFes R’= 077
(0.0086) (0.0786)  (0.7913) (7107

1m2m)  f* =0.0030 + 1.000r" * + 1.415 fp ' - 2¢10° CF, R =061
t+k t t
(0.0129) (0.1139)  (0.4784) (1*10°)

(Bm3m) ¥ =0.0808 + 0.771r ¢ +0.955 fpk ¢ - 2+10° CFyy R'=0.33
(0.0320) (0.2859)  (1.1626) (1+10%

Ther' ¥ variables show strongly significantly valuesin al four equations. The forward premia,
fptk"’ ¥, show significant values on the eight percent level except for the three-month rate three

months ahead (3m3m). The currency flow variables, Ck.4, are dl not Sgnificantly different from zero.
The coefficients for the interest rates in the previous period and the forward premia both show
positive vauesfor al four equations while dl four equations show negative coefficients for the
currency flow rate. When the currency inflow increases the interest rate decreases. The coefficients
for the congtant terms are dl not significantly different from zero. The R2- vaues are quite high, 73
percent for the one-month rate one month ahead (Im1m) and decrease with the horizon (Im1m
compared to Im2m). An interest rate in the near futureis easier to forecast than an interest rate in the
more distant future. The highest R?-vaue shows the two-month rate one month ahead (2m1m), 77
percent. The sample regression fits datawell. We test the forecasting equation for serid correlation
and heteroscedasticity. The General LM test show that we do not reject the null hypothesis of no
autocorrelation for the one-month rate one month ahead (1m1m), the two-month rate one month
ahead (2m1m) and the one-month rate two months ahead (1m2m). For the three-month rate three
months ahead (3m3m) the null hypothesis of no autocorrdation is, however, rejected. The ARCH
test suggests that the variance of the forecast errors is not constant but varies from period to period,
that is, there is some kind of autocorrdetion in the variance of the forecast errors. Table 2 displays
p-vaues greeter than 0.05 for al four equations. This means that we reject autocorrelation in the
error variances. The normality assumtion is not rejected except for the three-month rate three months
ahead (3m3m).

Table 3 shows the corrdation among the dependent variables. They al show low correlation
coefficients.

Tables 4 and 5 show the results from the regression equation (1) lagged once and twice,
respectively. The regression results from the origina forecasting equation (1) - Table 2 - compared
to the lagged regression results show whether the equations generate different forecasts. Figure 2
shows - for the one-month rate one month ahead (1Im1m) - thet the lagged regressions seem to
generate less accurate forecasts compared to the origind regression. The congtant terms are dl not

10



sgnificantly different from zero in the original regression - Table 2 - but become significantly different
from zero lagged once and twice for the one-month rate one month ahead (Im1m) - Tables4 and 5.
The t-ratios for the interest rate variable, r,' ™, become less significant for the lagged equations. For

kt-k

the forward premia, fp;" ", the t-ratios become first less with one lag but increasse with two lags.
The CFcoefficient shows higher t-ratios for the one-month rate one month ahead (1m1m) and the

two-month rate one month ahead (2m1m) lagged twice and three times. The R’ -vauesarehi gher
for dl terms for the origind equation compared to the equation lagged once and twice.

3 Theforecast errorsof the estimated futureinterest rates

We evduate the performance of the model using out-of-sample forecasts from January 1986 to
December 1997. The out -of-sample forecadts are obtained using data from the beginning of January
1983 and then evaluating the ability of the resulting model to predict future interest rates. We use a
ralling one-step ahead method, which means that we estimate one forecast observation ahead, from
the parameter estimates in the previous period with start January 1983. For each new forecast
observation we drop the oldest observation, which meansthat al forecasted observetions are
parameter estimates from the 36 observations just preceding the forecasted observation.

Table 6a digplays the forecast rolling out-of-sample one- step-ahead errors from January 1986 to
December 1997. The firgt line of the table presents the mean. All forecast errors are negative and
quite high. However, the mean dlows positive and negative errors to be offsetting. The root mean
square error (RMSE) provides ameasure of the average error. The RMSE:s increase with the
horizon (Im1m compared to 1m2m). Findly, the mean absolute errors (MAE) aso increase with the
horizon'™. The correlations between the actual and expected one-month rate one month ahead
(1m1m), the two-month rate one month ahead (2m1m), the one-month rate two months ahead
(2m2m) and the three-month rate three months ahead (3m3m) are 0.94, 0.96, 0.84 and 0.86,
respectively. In addition to the results displayed in Table 6awe found that the mean forecast errors
are dgnificantly different from zero for the one-month rate one month ahead (Im1m) but not
dgnificantly different from zero for the other three forecasting equations.

Table 6b shows the forecast errors for the subperiod January 1986 to May 1992. The mean errors
are close to zero. The RMSE:sincrease with the horizon (Im1m compared to 1m2m) and are much
less than during the whole sample period, January 1986 to December 1997, Table 6a. The mean
average errors (RM SE:s) and the mean absolute errors (MAE:S) are both much less compared to
the whole sample period. A possible explanation isthe turbulence in the financia markets during
autumn 1992. The correl ations between the forecasted- and the actual rates are 0.91, 0.93, 0.86
and 0.81 for the one-month rate one month ahead (1m1m), the two-month rate one month ahead
(2m1m), the one-month rate two months ahead (1m2m) and the three-month rate three months
ahead (3m3m), respectively. For the subperiod, dl four equations show mean forecast errors not

3T0 compare the forecast power of the forecasting equation in this study with the forecast power of one other
forecasting equation we chose the Brennan and Schwartz two-factor model. (Froot does not test the forecast
power of the survey per se). Expectations about interest rates were estimated using December 1958 to December
1979 interest rates and bond price data. Prices for the entire period were predicted on the basis of data estimated
over the whole period; prices for the second half of the period were predicted on the basis of data estimated over
the first half. The price prediction errors were then tested as predictors of subsequent bond returns. The within-
sampl e estimation for the whole period shows an RM SE of 0.59. We have already mentioned the weakness of
comparing results from different times and different countries and differet maturities and horizons.

1



dgnificantly different from zero.

4 Do the estimated future interest rates behave rational ?

The autocorrelationsin the forecast rolling out- of-sample errors for the whole sample period,
January 1986 to December 1997, are displayed in Table 7a. If these errors show no systematic
forecast erros the forecasting equation behaves rationdly. To test whether a particular value of the
autocorrelationsis equa to zero we use Barletts test. In the case of the one-month rate one month
ahead (1m1m) and the two-month rate one month ahead (2m1m), dl lags except the first, second
and ninth lags show vaues lessthan the criticd value indicating white noise. For the one-month rate
two months ahead (1m2m) only the firgt lag shows autocorrelation grester than the critical value and
for the three-month rate three months ahead (3m3m) the first and second lags show vaues greater
then the criticd value To test the joint hypothesis thet dl of the autocorrdations are Smultaneoudy
equa to zero we use the Q-datigtic introduced by Box and Pierce. They show that the Setistic Q =

K
N é_ pﬁ is (approximately) digtributed as chi-square with K degrees of freedom (lag length) and

k=1

p isthe autocorrelaion coefficient. In our case the Q-values with 13 lags turn out to be 29.32,

23.17, 16.76 and 41.88 for the one-month rate one month ahead (1m1m), the two-month rate one
month ahead (2m1m), the one-month rate two months ahead (1m2m) and the three-month rate three
months ahead (3m3m), respectively. The critical valuein our case is 22.361* The autocorrelation for
the one-month rate two months ahead (1m2m) shows smaller value. We cannot rgject the null
hypothesisthat dl r are dl zero. For the one-month rate one month ahead (1m1m), the two-month
rate one month ahead (2m1m) and the three-month rate three months ahead (3m3m) we reject the
null hypothesisthat al autocorrelations are al zero. Taken together we can summarize that the
forecasts one-month rate one month ahead (1m1m), the two-month rate one month ahead (2m1m)
and the one-month rate two months ahead (1m2m) are close to behaving rationaly on 95 percent
sgnificant level while the three-month rate three months ahead (3m3m) is not close to behaving
rationdly.

We now turn to evauate the autocorre ations in the forecast ralling out- of sample one- step-ahead
equation for the subperiod January 1986 to May 1992. These autocorrelations are displayed in
Table 7b. Wefirst test if aparticular value of the autocorrelaion is equa to zero. The one-month
rate one month ahead (Im1m) and the two-month rate one month ahead (2m1m) both show vaues
less than the critica value. For the one-month rate two months ahead (1m2m) lags one, five and six
are higher than the critical value. Findly, lag oneis higher than the critical vaue for the three- month
rate three months ahead (3m3m). We aso test the joint hypothesisthat all autocorrelation
coefficients snmultaneoudy are equd to zero. With 13 lags the Q-<tatistic becomes 0.57, 8.86, 21.02
and 26.03 for the one month rate one month ahead (1m1m), the two-month rate one month ahead
(2m1m), one-month rate two months ahead (1m2m) and three-month rate three months ahead
(3m3m), respectively. The critical chi-square value, on the 95 percent level, is 22.36.1° Only the

1 With 20 lags the Q-values are 32.18, 26.88, 20.45 and 49.21 for the one-month rate one month ahead (1m1m),
the two-month rate one month ahead (2m1m), the one-month rate two months ahead (1m2m) and the three-
month rate three months ahead (3m3m), respectively. In this case the critical valueis 31.41.

15 Computed with 19 lags the Q-statistic becomes 12.71, 14.55, 30.72 and 28.41 for the one-month rate one
month ahead (1m1m), the two-month rate one month ahead (2m1m), one-month rate two months ahead (1m2m)
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autocorrdation forecast errors for the three-month rate three months ahead (3m3m) show a Q-
datidtic greeter than the critical vaue. In this case ane can rgject the null hypothesisthat dl r aredl
zero. For the other three equations we cannot reject the null hypothesisthat al autocorreation
coefficients are dl zero. To summarize, the out- of- sample forecasts behave rationdly except the one-
month rate two months ahead (1m2m) and three-month rate three months ahead (3m3m) forecasts
which are close to behaving rationdly.

The time series of the expected future interest rates give us the possibility to decomposethe b -
coefficient into one component attributabl e to expectation error and one component attributable to
risk premium. Before doing that we first turn to the standard regression which is shown in the next
section.

Il THE STANDARD REGRESSION OR TESTS OF THE EXPECTATIONS
HYPOTHESISWITHOUT A DIRECT MEASURE OF EXPECTATIONS

In Luthman (1998) we distinguished between different forms of the EH. We aso derived how these
different forms could be tested by running the following time- series regression:

@ rtt+'kk =ap+byp f[k't' K+ e

where f“'"*istheimplicit forward rate'® at time't for an investment from the settlement date k to the
meaturity date t and rt‘;k" isthe actud future interest rate. Rationa expectations (RE) and risk
neutraity taken together imply that the implicit forward rate is an unbiased predictor of the future
spot rate (EH+RE). This means that under the null hypothesisa 1,= 0 and b 1,=1, e= r[‘+‘k" -
E.(r')),i.e theresdua term reflects purely random "news'. Note that equation (2) concernsthe
relation between the levels of the implicit forward rate and the future spot rate. The spot rates often
show signs of mean nongtetionarity (in our case see Table 8). Thisiswhy this verson of the test of
the EH+RE is not commonly used in the literature (se Shiller 1990). To give regression (2)

gationarity Fama (1984), Shiller (1990), Dahlquist and Jonsson (1994) and others therefore rewrite
itas

3) e - N =an+bu( {7 1) reu

The subsequent change in the spot rate is regressed on the forward premium, o', whichis
defined as

(4) fptk,l-k o) ftk,t-k_ r.t-k

t

Theinterest rate differentials used in his study appear to be stationary according to Table 8. It is
therefore legitimate to estimate equation (3) using OLS.

and three-month rate three months ahead (3m3m), respectively. In this case the critical chi-square value, on the
95 percent level, is 30.14.
'8 n Luthman (1998) we show, in the Appendix, how the implicit forward rateis calculated.
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The expectations hypothesisis ajoint hypothesis of rational expectations and risk neutrdity
(EH+RE). The hypothesis implies that the intercept term is equd to zero, a 3= 0, and the coefficient
for the forward premium is equd to one, b 13=1. The no risk premium means that the forward
premium is equal to the subsequent change in the ot rate. The rationa expectations assumption
implies that the market’ s expectations are made rationaly. This means that the forecast error ison
average zero and uncorrelated with information at timet.

If the coefficient of the forward premium is Sgnificantly different from zero it means thet the forward
premium is correlated with the interest rate. In the case where the coefficient of the forward premium
issgnificantly different from one it depends either on an expectation error or apremium that is
correlated with the level of the interest rate. In this case the EH does not hold. If the coefficient of the
forward premium is greater than one it means thet the forward premium is negative when long
forward rates are higher than short ones, but less than one if the convert isvalid. In the case where
the coefficient of the intercept term is significantly different from zero it depends either on a
systemdtic error or a congtant risk premium or both. Findly, if the coefficient of the intercept term is
sgnificantly different from zero and the coefficient of the forward premium is equa to onethereisa
congtant risk premium or a systematic error or both. In the two latter cases the EH holds.

In this study we use equation (3) to test the EH+RE. In the literature it isthe most frequently used
modd (see Shiller 1990)"". It is used by Froot (1989), Hérngren (1986) and Dahlquist and Jonsson
(1994). With this modd it is possible to make comparisons with results from other studies,
particularly Froot's decompostion of the forward premium and other Swedish tests of the EH+RE.

1 The predictive power of forward premia: regression results

The results from fitting equation (3) to data from the Swedish T-bill marke during January 1986 to
December 1997 are to be found in Table 9a. The chi-square tests show that we cannot reject the
joint hypothesisthat a 15=0 and b 13=1. This meansthat the EH+RE cannot be rgjected. The
coefficients for the forward premiaare al much greater than one and significantly different from zero
on five percent sgnificance level. So, the forward premia contain information about future interest
rate movements. The ope coefficients - on the seven percent level - aredl significantly different
from one except the one-month rate one month ahead (1m1m). The constant terms are al not
ggnificantly different from zero. This means that the EH is rgected for the two-month rate one month
ahead (2m1m), the one-month rate two months ahead (1m2m) and the three-month rate three
months ahead (3m3m) but not rejected for the one-month rate one month ahead (Im1m). TheR?-
val ues decrease with the horizon (Im1m compared to Im2m). Thisisin line with what one would
expect, that forecagtsinto the near future would be more accurate than forecasts into the more
distant future. Since thet tests require that the error terms follow the normal distribution, we test the
four equations with the Kolmogorov- Smirnov test for normality. We do not reject (reject) the
normality assumtion for the one-month rate one month ahead (Im1m) and the two-month rate one
month ahead (2m1m) (the one-month rate two months ahead (1m2m) and the three-month rate three
months ahead (3m3m)).

7 For amore complete set of univariate regression tests of the expectations hypothesis, see Froot (1987).
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In Table 9b the results from the estimation of equation (3) during the subperiod January 1986 to
May 1992 are displayed. The chi-square tests show high p-vaues. Thejoint hypothesisthat a 15=0
and b13=1 cannot be rejected. So, even during this subperiod the EH+RE cannot be rejected for any
of the four regressions. The coefficiants for the forward premia are extremly close to one and
sgnificantly different from zero. The congant terms are dl not significantly different from zero. This
means that the EH cannot be rejected. The R ?- vaue for the one-month rate two months ahead
(Im2m) is less than the corresponding vaue for the one-month rate one month ahead (Im1m). This
means that the forecast into the near furture is more accurate than forecasts into the more distant
future. Asin the case for the whole sample period the normality is not rejected (rgjected) for the
one-month rate one month ahead (1m1m) and the two-month rate one month ahead (2m1m) (the
one-month rate two months ahead (1m2m) and the three-month rate thr ee months ahead (3m3m)).

The results from performing the joint test of the EH+RE during the whole sample period, January
1986 to December 1997, and the subperiod, January 1986 to May 1992, in this study, give the
same results- no rejection of EH+RE - asin Luthman (1998). It would be tautology to once more
make closer foreign- and Swedish comparisons with these results. What is the reason for the no
rejection of the EH+RE? To answer that question we need to decompose the b 13- coefficient into
one component attributable to an expectation error and one component attributable to arisk
premium. In the next section we fallow the discusson how to derive the decomposition of the
forward premium and the b - coefficient.

v TESTING THE EXPECTATIONSHYPOTHESSWITH ESTIMATED
FUTURE INTEREST RATES

1 Decomposition of theforward premium

Even if wein our case cannot reject the EH+RE it is il interesting to make the decomposition of the
forward premium into an expectation error and arisk premium. Theoreticaly, a possble result could
be that both the expectation error and the risk premium are significantly different from zero but with
different sgns and offset each other making the EH+RE not to be regjected. Figures 3a-d show the
expected- and the actud interest rates for the different maturities and horizons. The forecast interest
rates move both above and below the actud interest rates. The forecast errors seem to be greatest
for the longest horizons - one-month rate two months ahead (1n2m) and three-month rate three
months ahead (3m3m).

From Froot's (1989) analysis, the risk premium, rp/* ", is obtained from equation (12), in Luthman
(1998), when fp***and E, (D, r'*) are both observable. The time series for the risk premiaare
shown in Figures 4a-d together with the expected interest rate differentia, E, (D, r' ™) , whichis

derived from successive out-of-sample forcasts. The reason for the variances™® of the forward
premia become obvious if the variances are decomposed. The decomposition is shown in Luthman
(1998).

We begin the andlysis of the variances with the whole sample period, January 1986 to December

8 Theideato discuss the variances comes from Nessén (1994).
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1997. Thevariancesof E (D, r' *) are relatively high compared to the variances of the forward
premia, fp/ . Thisis confirmed in Figures 4a-d and Tables 10 and 11 which contain the variances

and correlations, repectively, of al seriesinvolved in the computations. The variances of therisk

premia, rp* ", are higher than the variances of the forward premia, fp*' ™, (one exceptionisthe

two-month rate one month ahead (2m1m)). This meansthat thereisingtability in the forecasts, which

arelessrdiable. In this case the expectations are volatile at the sametime fp/' ™ isrdlatively teble

kt-k

and rp;* ™ fluctuatesin the opposite direction to E, (D, r' ") . Thisindicates that the EH does not
hold. The variances of the expected interest differentia, E, (D, r' "), seem to be two or three times

greater than the variances of the risk premia, rp;* ™ and the negative corrdaion is strong, It is

)

surprising that the covariance between rp/* 'kTand E,(Dy,r' %) decreaseswith the horizon (Im1m /[ Kommentar: nsmetween

compared to 1m2m) which gives smaller foretast errors. Equation (12), in Luthman (1998), reveds
that if the variance in the risk premium is higher (lower) than the variance in the forward premium the

)

covariance between rp/* ¥ and E,(D,,r" |‘)Tmust be negative (positive) since the variance in /[ Kommentar: nsmetween

E.(D,, r'"¥) is grester then the variance in rpltk"'k (otherwise the variancein fp ™ cannot be

smadl). Thisis confirmed in Table 11 and Figures 4a-d. The variances of the forward premia,
fprt ™ , are much lower than the variances of the interest rate differentials, D, r' ™. Thisis

particulary true for the one-month rate one month ahead (1m1m) and the one-month rate two
months ahead (Im2m). So the forward premia do not keep up with theinterest rate differentias.

kt-k

From eguation (13), in Luthman (1998), we receive the expectetion error, U . It isthe difference
between the actudl interet rate differential, D, r' ™", and the expected interest rate differential,

t-k

E. (D, r' ") . Figures 5a-d display these varigbles. Theinterest retes differentias, D, r'™", are
smaller then the expectation errors, U *, and the expected interest rate differentials, E, (D, ' ™),
particularly during 1987-1989 and 1993-1994. Teble 10 shows that the variancesinthe uf* *:s

are much greater than the variancesin the fp* ™ :s (an exception is the two-month rate one month

ahead (2m1m)). This indicates that RE does not hold.

We now turn to analyse the subperiod, January 1986 to May 1992. A closer look at the variances
and covariances, Tables 12 and 13, paint a somewhat a different picture. All varigbles now show
much lower variances than during the whole sample period, January 1986 to December 1997. The
reason might be the turbulence in the financia markets during autumn 1992. It is confirmed from
Figures 4a-d that the variances of the expected interet rate diffrentidls, E, (D, r'**), are relaively

kit -k

high compared to the variances of the forward premia, fp,” ™, except for the two-month rate one
month ahead (2m1m). Thisis confirmed in Table 12. The variances of the risk premia, rp/**, are
much smaller (grester) than the variances of the forward premia, fp/***, for the one-month rate one

month ahead (1m1m) and the two-month rate one month ahead (2m1m) (for the one-month rate two
months ahead (2m1m) and the three-month rate three months ahead (3m3m)), which gives gability
(ingahility) in the forecagts. This indicates thet the EH might hold. In line with the whole sample
period the variances of the risk premia, rptk‘ "*, aremuch smdler than the variances of the expected
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interest rate differentials, E, (D, ' %) . They show high negative correlation according to Table 13.
The negative correlation between rp/* * and E,(D,,r' ") are, however, smaler than during the
whole sample period, January 1986 to December 1997. Contrary to the results from the whole
sample period the correlation between rpt"I *and Et(DLkrt ) increaseswith the horizon (Im1m
compare to Im2m). This gives greater forecast errors. In line with the results from the whole sample
period the subperiod shows lower variances in the forward premia, fp** ™, compared to the

t

variancesin theinterest rate differentids, Dt,krt'k . The differentid is greatest for the three-month rate
three months ahead (3m3m). This means that the fp* ™ :s do not keep up with the D, ' *:s

t

kt-k

Figures 5a-d show the expectation error, U ", the actua interest rate differentia, D, r'™, and the
expected interest rate differential, E, (D, ' *) . Asindicated in Tables 10 and 12 the variancesin
the of the ul* "*:sand the fp* * :sare smaller during the sulbperiod compared to the whole sample
period. The correlation between the Ul *:sand the fp/* ** :s are about the same between the two
periods. This indicates that RE might hold.

k

kt-k

To summarize, the above andysis of the of the rp/* * :sand uf* "*:s, for the whole sample period
January 1986 to December 1997, suggests that neither RE nor EH hold. For the subperiod January
1986 to May 1992 the analysis suggedts that both RE and EH might hold. However, Tables 9ab tell
that EH+RE cannot be regjected. To investigate this we decompose the b-coefficient into its two
components one measuring the forecast error and one the risk premium.

2 Decomposition of theb-coefficient and empirical results of the decomposition

kit -k

Given that we ey decompose fp,” ™ we can aso decompose the b-coefficient into an expecation
error, be, and arisk premium, by, according to equetion (18) in Luthman (1998). The empirical
results of this decomposotion is dispalyed in Table 14afor the whole sample period, January 19386
to December 1997. h. is positive and b, is negative for dl four equations. Therisk premium isthe
major factor in explaining why the forward premia are not exactly equa to one. Thisistrue for dl
forward premia It is also seen in Figures 6ad. The motivation to do the decompostion of the
forward premium into expectation error and risk premium in spite of the fact that we cannot reject
the EH+RE seemsto bevalid.

The results for the subperiod, January 1986 to May 1992, are displayed in Table 14b. Asin the
case with the whole sample period dl be:s are positive and dl by,:s are negative. The magjor factor in
explaining why the forward premium are unequa to one is the expectation error for the one-month
rate one month ahead (Im1m) and the one-month rate two months ahead (2m1m). Therisk premium
component is the major factor in explaining why the forward premium is not equa to one for the one-
month rate two months ahead (1m2m) and the three-month rate three months ahead (3m3m).

We can test whesther b, in Tables 14aand 14b are significantly different from zero by running the
regresson
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©) ot = aut by ot e

We proceed in the same way to test whether bee=0 by running the regression

(6) UI:M( =agst bis fp[k't_I< +€'

In Luthman (1998) we showed the decomposition of b 14 and b ss.

Table 15a displays the results from running equations (5) and (6) for the whole sample period,
January 1986 to December 1997. They tel usfirdly that al time-varying risk premiaare negative
and significantly different from zero on the twelve percent level. Secondly, the congtant risk premia
are dl pogtive and significantly different from zero on the nine percent level. So we have bath a
constant- and atime-varying risk premium. This means that the PEH, the EH and the LHP are dl
rgected. The conclusion from running regression (6) isthat the negative b 15 isnot significantly
different from zero for any of the four regressions. This means that the expectational component, b,
isnot dgnificantly different from zero. The not significant expectation error is, however, great enough
to make the sum of the risk premium and the expectation error not reject the joint test of EH+RE.

We now turn to analyse the results from running regressions (5) and (6) during the subperiod January
1986 to May 1992. These results are displayed in Table 15b. The regressionstel usthat the two-
month rate one month ahead (2m1m) contains a positive significant congtant and a negative significant
time-varying risk premium while the expectation error is negative and not significantly different from
zero. This means that the PEH, the EH and the LHP do not hold. The one-month rate one month
ahead (1m1m) shows a positive constant term which is significantly different from zero while both the
negaivetime-varying risk premium and the positive expectation error are not significantly different
from zero. This means that the EH, but not the PEH holds. For the one-month rate two months
ahead (1m2m) and the three month-rate three months ahead (3m3m) the congtant terms, the time:
varying risk premiaaswell as the expectation errors are not Sgnificantly different from zero. For the
later investments the PEH holds. The figures for the one-month rate one month ahead (1m1m)
compared to the one-month rate two months ahead (1m2m) tell that the LHP does not hold. The
positive expectation errors are, however, great enough to make the sum of the negative risk premium
and expectation error in al four egautions not reject the joint test of EH+RE.

3 Comparison with Froot’sresultsand other studieswherethe b -coefficient has
been decomposed into an expectation error and arisk premium

Thereaultsin this study are compared more carefully to four other tests of the EH where survey
data™ is used to decompose the b - coefficient into an expectation error and arisk premium. They
are: Luthman (1998), Froot's own study (1989), Bachelor (1990) and MacDonad/Macmillan
(1994). The results from these decompositions are displayed in Table 16. The common festure from
these sudiesis that dl show positive and Sgnificant time varying risk premia. This meansthat the EH
does not hold. The expectation errors are al positive (an exception is Luthman (1998)) and not

'° For amore detailed presentation of the different survey data sets, see Luthman (1998).
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dgnificantly different from zero. This meansthat RE holds.

The resultsin this study, for the whole sample period, January 1986 to December 1997, dso shows
sgnificant risk premia (an exception is the one-month rate one month ahead (Im1m)). This means
that the EH does not hold. In line with the resultsin Table 16 the expectation errors are dl not
significantly different from zero, which meansthat RE holds. There is one important difference
between the resultsin this study and the resultsin Table 16. In this study the expectation errors and
therisk premia are of different signs making the sum of these variables not rgject EH+RE. In Table
16 the expectation errors and the risk permia are both positive (an exception is Luthman (1988)
where the expectation errors are negetive).

The resultsin Table 16 compared to the results in this study for the subperiod, January 1986 to May
1992, shows two smilarities. Fird, in this study only the risk premium for the two-month rate one
month aheed (2m1m) is sgnificantly different from zero. Second, the expectation errors are dl
positive and not significantly different from zero. The differences between the results displayed in
Table 16 and the results in this study during the subperiod are: Fird, in this study dl risk premia
(expectation errors) are negative (positive). Second, the risk premiafor the one-month rate one
month ahead (1m1m), the one-month rate two months ahead (1m2m) and the three-month rate three
months ahead (3m3m) are not significantly different from zero. The resultsin Luthman (1998) and the
results in this study during the subperiod both show expectation errors and risk premiawith differnt
signs. Inthis study (Luthman(1998)) the expectation errors are positive (negative) and the risk
premia are negetive (pogtive). This makes the joint test of EH+RE not to be rejected.

\Y SUMMARY AND CONCLUSIONS

Our purposein this paper isto go beyond standard tests of the expectations hypothesis of the term
structure of interest ratesin the short end of the Swedish term structure. To be able to compare the
resultsin this study with the results in other studies we perform the standard test of the EH+RE.
According to Froot (1989) we decompose the forward premium into one component attributable to
the expectation error and one component attributable to the risk premium. Froot's method demands
an edimation of the future interest rate. Froot himsalf uses survey data. Owing to lack of survey data
in Sweden of future interest rates during the relevant period we use aforecast mode to predict the
future interest rates.

Our mgor findings are summearized.

a) We confirm earlier findings on Swedish data that the expectations hypothess (EH+RE) cannot be
rgiected in the short end of the term structure. Thisis consgtent with Dalquist and Jonsson (1994),
Ekdahl and Warne (1990) and Hérdahl (1994) but in contrast to Horngren (1986). However, the
latter used data from the early eghties when the financial markets in Sweden were undeveloped and
highly regulated. The results are even in contrast to amost

all tests of the EH+RE applied to U.S. data, which with afew exceptions al rgect it.

b) The decomposition of the b -coefficient into two components one attributable to an expectation
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error and one attributable to arisk premium, during the whole sample period, January 1986 to
December 1997, shows that the component assigned to the expectation error (risk premium) is
positive (negative) for al maturities and horizons. In absolute valuestherisk premiaare dl grester
than the expectation errors. All risk premia are significantly different from zero (Im1m on the twelve
percent level). This meansthat the EH is rgected. The negative risk premia are offset by the postive
expectation errors making the joint test of EH+RE not to be rejected.

¢) The results from the subperiod, January 1986 to May 1992, paint a somewhat different picture.
All expectation errors are negative and not significantly different from zero. Therisk premiaare
positive and not Sgnificantly different from zero except for the two-month rate one month ahead
(2m1m). The positive expectation errors are not great enought to make the sum of the risk premia
and expectation errors reject the joint hypothesis of EH+RE. In the case of the two-month rate one
month ahead (2m1m) thereis atime-varying risk premium making the EH to be rejected. For the
other three interest rates and maturitiesthe EH is not rejected.

d) The author’s earlier study, December 1992 to January 1996, used surveyed interest rates as
forecasts of future interest rates instead of econometrically estimated interest rates used in this study.
In line with the results in this study during the whole sample period, January 1986 to December
1997, the results in the two studies are quite similar with one exception. In this study the expectation
arors (risk premia) are positive (negative) while they are negative (postive) in the study with
surveyed interest rates. Both studies show significant risk premia (1Im1m in this study on the twelve
percent level) and not significant expectation errors which makes the EH to be rejected.

€) The results from the survey study compared to the resultsin this study, using deta for the
ubperiod, January 1986 to January 1992, display somewhat different results. Only the risk premium
for the two-month rate one month ahead (2m1m), in this Sudy, is Sgnificantly dfferent from zero
while both risk premiain the survey study show significant values. The two studies display different
signs for the expectation errors and the risk premia which offset each other making the joint test of
EH+RE not to be rejected.

f) Theresultsin this study are in contrast to the resultsin three foreign studies which used survey data
to test the EH. Froot (1989), Bachelor (1990) and MacDonadd/Macmillan (1994) al reject the joint
hypothesis of EH+RE. The positive risk premia significantly explain the deviation from the EH while
the positive expectation errors do not show significant values. The EH isrejected.

) This study has shown that the EH+RE cannot be rejected. It gives the actors in the money market
agood method for forecasting future interest ratesin the short end of the term structure.

FIGURES AND TABLES

Figure 1: The term structure of interest rates. Interest rates againgt time and time to maturity.
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Table 1: Resultsfrom estimating regression: r.,, =a;+b,r’ . - The period is January
1983-December 1985. Newey and West (1989) standard errors are given in parentheses. The

standard errors are corrected for overlapping observations.

imim 2mim im2m 3m3m
Constant 0.0196 0.0178 0.0377 0.0598
Standard error  (0.0084) (0.0080) (0.0128) (0.0181)
ta,= 2.3335 2.2555 2.9600 3.3035
re-k 0.8495 0.8593 0.7037 0.5143
Standard error  (0.0707) (0.0658) (0.1036) (0.1528)
t b,=0 12.0107 13.0570 6.7916 3.3655




R 0.7198 0.7447 0.4842 0.2423
LM test 0.0615 0.4158 9.6219 23.3718
p-vaue 0.8041 0.5190 0.0019 1¥10°
Q test 14,9912 13.7945 24.8222 42.5169
p-vaue 0.0912 0.1298 0.0032 3*10°
ARCH test 0.6761 0.3057 3.0184 15.5181
p-vaue 0.4109 0.5804 0.0823 8*10°
Number of

observations 36 36 36 36

Table 2: Regression results from estimating the expected interest rate with equation (1):  r.\,* =as
+har' K +by fp ™ +bsCF.q + €, . The period is January 1983-December 1985. To

t+K
congtruct standard errors, we use the covariance matrix suggested by Newey and West (1989) to
handle serid correlation and heteroscedasticity of unknown form. The standard errors are corrected
for overlapping observations.

1mlim 2mim im2m 3m3m
Constant 0.0108 0.0015 0.0030 0.0308
Standard error 0.0081 0.0086 0.0129 0.0320
taz=0 1.3343 0.1769 0.2329 0.9629
bs 0.9407 1.0011 0.9995 0.7712




Standard error ~ 0.0687 0.0786 0.1139 0.2859
tbz=0 13.6912 12.7442 8.7721 2.6972
ba 0.8962 1.4725 1.4148 0.9549
Standard error 0.3289 0.7913 0.4784 1.1626
tb,=0 2.7245 1.8609 2.9570 0.8214
b -6*107 -7+107 -2x10° -2%10°
Standard error 7+107 7107 1*10° 1*10°
tbs=0 0.9397 0.9833 1.6184 1.7166
R 0.7339 0.7698 0.6125 0.3298
LM test 0.4446 0.2760 2.6487 16.1576
p-vaue 0.5050 0.5993 0.1036 6*10°
Q test 12.4807 10.9929 16.4337 20.9567
p-vdue 0.1310 0.2021 0.0366 0.0073
ARCH test 0.4549 0.3395 2.2819 1.9020
p-value 0.5000 0.5601 0.1309 0.1679
Kolmogorow

Smirnov test

Maximum gap®  0.1352 0.1466 0.2270 0.4183
Number of

observations 35 35 35 35

Table 3: Corrdations of seriesin equation (1). January 1983 to December 1985.

Imim 2mim Im2m 3m3m
rl"" - fptkvt'k -0.2247 -0.2297 -0.3330 -0.4696

r''* - CRa 0.1505 0.1704 0.1505 0.1951

t

fpl* - CRy 0.1092 0.2028 0.2028 -0.2378

Table4 : Regresson results from estimating the expected interest rate with eguation (1) lagged once:
Me =as+be I} +b7 fptc +bgCFR_,+1 ., The period is January 1983-December 1985.

% Rejection limits are: 1 percent: 0.3327, 5 percent: 0.2776 and 10 percent: 0.2490.
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To congtruct standard errors, we use the covariance matrix suggested by Newey and West (1989)
to handle serid corrdation and heteroscedadticity of unknown form. The standard errorsare

corrected for overlapping observations.

Congant
Standard error
tas=0

be
Standard error
tb 6— 0

b
Standard error
tb=0

bg
Standard error
tb 8= 0

—=2

R
Number of

observations

Imim

0.0262
0.0112
2.3386

0.8167
0.0942
8.6659

0.8708

0.4507
1.9322

-3*10°
1*10°

2.2524
0.5672

A

2mim

0.0183
0.0126
1.4498

0.8629
0.1128
7.6488

1.4325

1.0519
1.3618

-3*10°
1*10°

2.4210
0.5906

A

1m2m

0.0116
0.0203
0.5733

0.9361
0.1740
5.3806

1.9846

0.7540
2.6323

-2%10°
1*10°

1.2457
0.4492

A

3m3m

0.0429
0.0331
1.2971

0.6926
0.2959
2.3406

1.5955

1.1798
1.3523

-1*10°
1*10°
0.6349

0.1378

A

Table 5 : Regresson results from estimating the expected interest rate with equation (1) lagged twice:

rt-k

fe = ao+bo 1 +biofpy* +buCF_,+1 .. The period is January 1983 December 1985.

To congtruct standard erors, we use the covariance matrix suggested by Newey and West (1989)
to handle serid correlation and heteroscedadticity of unknown form. The standard errors are

corrected for overlapping observations.

Congant
Standard error
tag=0

Imim

0.0373
0.0141
2.6529

2mim

0.0164
0.0183
0.8982

1m2m

0.0184
0.0211
0.8726

3m3m

0.0615
0.0347
1.7737

24



bo
Standard error
tbho=0

b 10
Standard error
tb 10— 0

b 11

Standard error
tb 1= 0

ﬁZ

Number of
observations

0.7579
0.1173
6.4630

1.9780
0.5723
3.4564

-3+10°
1*10°
1.8977

0.4969

0.8987
0.1602
5.6089

3.9279
1.4153
2.7753
-1*10°
1*10°

1.0181
0.4875

33

0.9021
0.1805
4.9977

3.1664
1.0110
3.1350
-5¢10°8
2¢10°

0.0301
0.3774

33

0.5500
0.3046
1.8059

1.7456
1.0378
1.6820

-2%107
2¢10°
0.0750

0.0168

Table 6a: Out-of-sample forecast errors - rolling regressons one-step ahead - from January 1986 to

December 1997.
Imim 2mlm im2m 3m3m
Mean -0.0020 -0.0013 -0.0017 -0.0020
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RMSE* 0.0101 0.0079 0.0174 0.0152

MAE? 0.0059 0.0048 0.0088 0.0092
Number of
obsarvations 143 143 142 141

Table 6b: Out-of -sample forecast errors - rolling regressions one-step ahead - from January
1986 to May 1992.

1mim 2mim Im2m 3m3m
Mean -0.0001 -3*10° 0.00026 0.0003
RMSE 0.0070 0.0060 0.0086 0.0095
MAE 0.0047 0.0042 0.0068 0.0077
Number of
observations 77 77 77 77

Table 7a Autocorrelation coefficientsin the forecast errors based on out -of-sample
forecasts - ralling regressions one-step ahead - from January 1986 to December 1997.

Imlm 2mlim 1m2m 3m3m
Lag i i Fi i

1 R .
% The root mean square error (RMSE) is computed as RMSE = Né' (X - Xi)2 , where X; isthe predicted
value, x;isthe actual, and N is the number of periods.

22gimilarly, the mean absolute error (MAE) isdefined as MAE = é |)A<1 - Xi|.

ZlH
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1 0.191 0.233 0.281 0.459
2 0.168 0.193 0.135 0.220
3 0.074 0.082 0.018 0.143
4 0.080 0.020 0.017 0.035
5 0.159 0.069 -0.037 0.021
6 -0.009 -0.015 0.036 0.006
7 0.141 0.076 0.029 0.069
8 0.088 0.023 0.043 0.032
9 0.255 0.199 0.063 0.043
10 0.064 0.008 -0.019 -0.038
11 -0.066 -0.001 -0.069 -0.062
12 -0.026 -0.104 -0.090 -0.026
13 -0.016 -0.031 0.021 -0.055
14 0.111 0.085 -0.051 -0.072
15 -0.027 -0.015 -0.059 -0.007
16 0.020 0.093 0.048 0.116
17 0.112 0.116 0.126 0.128
18 -0.075 -0.022 0.006 0.081
19 -0.028 -0.011 0.018 0.105
20 -0.085 0.024 0.039 0.069
Number of

observations 143 143 142 141

Table 7l Autocorrdation coefficients in the forecast errors based on out-of-sample forecasts -
rolling regressions one-step ahead - from January 1986 to May 1992.

Imim 2mim 1m2m 3m3m
Lag i A e Fi



1 0.082 0.127 0.373 0.502
2 0.016 0.059 -0.033 0.173
3 -0.126 -0.100 0.051 -0.053
4 -0.081 -0.066 -0.001 -0.020
5 0.006 -0.110 -0.231 -0.073
6 -0.166 -0.162 -0.239 0.082
7 -0.007 -0.023 0.011 0.156
8 -0.009 -0.039 -0.008 0.110
9 0.039 0.051 -0.088 0.099
10 0.014 -0.027 0.027 0.071
11 -0.136 -0.006 0.094 0.029
12 -0.002 -0.052 -0.059 -0.043
13 -0.062 -0.016 -0.010 -0.012
14 0.203 0.162 0.167 0.022
15 0.097 0.103 0.073 0.055
16 -0.036 -0.048 0.010 0.053
17 0.124 0.065 0.103 0.047
18 -0.059 -0.046 0.007 -0.056
19 -0.124 -0.171 -0.192 -0.143
Number of

observations 77 77 77 77

Tabel 8: Dickey-Fuller (DF) unit-root-rest. Thetime is January 1986 to December 1997 and the
subperiod January 1986 to May 1992. *, **, *** sgnificant at ten, five and two percent levd,
respecetively. The Augmented Dickey-Fuller (ADF) test has one lagged dependant variable included
in the estimated equatio n. January 1986-December 1997.
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Jan 86-Dec 97
DF
Imlm DF
ADF
2mim DF
ADF
Im2m DF
ADF
3m3m DF
ADF
Jan 86-May 92
DF
Imlm DF
ADF
2mim DF
ADF
Im2m DF
ADF
3m3m DF
ADF

-2.0573

-1.6106

-3.7640***

-17.026***

-2.8898*

-16.161***

-2.491

-1.985

-2.510

-1.667
-7.250***

t-k t-k
-

t+k t

ftk,t-k ftk,l-k_rt»k CF

t t-1

-15.203***

-14.294***

-9.3794***

-7.8007***

-10.179***

-8.329%**

-6.064***

-4.140%**
-6.961%**

-7.1110***
-2.9269* -13.346%**
-16.451***
-2.5540 -8.7143***
-16.005***
-2.4110 -1.7143
-16.498***
-2.8898* -7.3587***
-13.779***
-9.307***
-1.897 -12.196***
-1.547 -8.190***
-6.856***
-1.815 -8.190***
-1.745 -4.214***

Table 9a Results from estimating regresson (3), .,

rtk

t

- T a =an+bis( ftk't-k - rt"k)+e‘t+k'.

The period is January 1986-December 1997. To construct standard errors, we use the covariance




matrix estimator suggested by Newey and West (1989) to handle serid corrdation and
heteroscedadticity of unknown form. The standard errors are corrected for overlapping observations.

Imim 2mlm 1m2m 3m3m
Constant 0.0008 0.0008 0.0017 0.0008
Standarderror ~ (0.0008) (0.0007) (0.0017) (0.0019)
t.a13=0 0.9893 1.1331 1.0297 0.4171
bis 1.5690 1.9601 1.4353 1.7472
Standard error ~ (0.5075) (0.4378) (0.2334) (0.3460)
tbs=0 3.0917 4.4770 6.1489 5.0491
tbi=1 11212 2.1951 1.8650 2.1595
Chi-square test:
ai=0andbiz=1 1.9954 5.0700 41763 4.7816
p-vaue 0.3687 0.0793 0.1239 0.0916
R 0.4281 0.5448 0.3733 0.4067
DwW 2.2580 2.0670 1.5683 1.0359
Q test 33.79 31.29 36.10 92.77
p-vdue 0.5262 0.6477 0.4170 4*10°7
Whit€'s test 34.91 13.12 0.9696 1.8807
p-vaue 3*10°® 0.0014 0.6158 0.3905
Kolmogorow
Smirnov test
Maximum ggp®  0.1148 0.0927 0.1406 0.3614
Number of
observations 143 143 142 141

% Rejection limits are: 1 percent: 0.1664, 5 percent: 0.1388 and 10 percent: 0.1245.



Table 9br Resultsfrom estimating regression (3)

rt-k

t
-rt

T =agg+ by

kit - k t-k ‘
(AN A BT

The period is January 1986-May 1992. To construct standard errors, we use the covariance matrix

estimator suggested by Newey and West (1989) to handle seria correlation and heteroscedadticity
of unknown form. The standard errors are corrected for overlapping observations.

Congant
Standard error
ttaq3=0

bis

Standard error
t:b1z=0

tb 13— 1

Chi-square test:
a13=0 and b13=1
p-vdue

-2

DW

Q test
p-vdue

White's test
p-vdue
Kolmogorow
Smirnov test
Maximum gap®
Number of
observations

Imlm

0.0011
0.0009
1.2328

0.9908
0.1074

9.2234
0.0857

1.7207

0.4230

0.3837

1.7386

22.85
0.2441

0.7487
0.6877

0.1369

2mim

0.0008
0.0008
1.0213

0.9911
0.1883

5.2628
0.0473

1.2585

0.5330

0.1862

1.5594

26.67
0.0899

1.4849
0.4760

0.1937

77

Im2m

0.0016
0.0015
1.0413

1.0724
0.1734

6.1856
0.4175

1.1955

0.5500

0.3040

0.9587

56.74
1*10°

3.0386
0.2189

0.3753

77

3m3m
0.0011
0.0018
0.6064

1.0030
0.3408

29433
0.0088

0.3690

0.8315

0.1289

0.6783

62.27
2¥10°

53735
0.0681

0.5137

77

# Rejection limits are: 1 percent: 0.2253, 5 percent: 0.1963 and 10 percent: 0.1761.
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Table 10 Variances of series. January 1986-December 1997.

Imim 2mim 1m2m 3m3m
fpk" -k 0.0065 0.0145 0.0145 0.0143

t

E(D,r'*) 00249 00181 00427 00417

rpft Tk 0.0111 0.0074 0.0147 0.0180
et 0.0147 0.0090 0.0432 0.0328

t

D, r* k 0.0359 0.0247 0.0764 0.0599

Table 11: Correlation of series one-month rate one month ahead (Im1m),
two-month rate one month ahead (2m1m), one-month rate two months ahead (1m2m) and
three-month rate three months ahead (3m3m). January 1986-December 1997.

Imlim fpl E.(D,r'™ ) rpf* ut
E(D,r'*) 08241 - - -

rpkt -04933  -0.8993 - -

TR -0.0464  -00861  0.0963 -
D,r'’% 06574 0.7790 -0.6886 05577
2mlm

E,D,r*) 09071 - - -
rpt -0.7433  -09558 - -

TR -0.0655  -0.0942  0.1039 -

D, "% 07403 0.8029 -0.7591 05178
1m2m

E(D,r'*) 08783 - - -

rpkt -05388  -0.8760 - -

TR -00564  -01078  0.1330 -
D,r'"% 06146 0.6672 -0.5555  0.6686
3m3m

ED,r'*) 08794 - ; -
rpkt 06792  -09467 - -

Uk K -0.1280  -0.1949  0.2139 -

D, r''f 06410 0.6926 06341 05725




Table 12 Variances of series. January 1986-May 1992.

Imim 2mim 1m2m 3m3m
fprt -k 0.0032 0.0036 0.0036 0.0016
E, (Dtvkr‘ Ky 0.0038 0.0018 0.0085 0.0059
rp/t 0.0007 0.0006 0.0039 0.0037
Th 0.0038 0.0027 0.0057 0.0060
D' k 0.0075 0.0042 0.0123 0.0110

Table 13 Correlation of series one-month rate one month ahead (Im1m),
two-month rate one month ahead (2m1m), one-month rate two months ahead (1m2m) and three-
month rate three months ahead (3m3m). January 1986-May 1992.

1mim fptk“ Kk EI (Dt,k rt -k) rptkl -k u:q -k
E.(D, ') 09189 - - -

rpft -0.0719  -0.459% - -

TR -0.0367  -0.0068 -0.0653 -

D, It 0.6259 0.7047 -0.3724  0.7047
2mim

E,(D,, ') 0.8315 - - -
rpftk -0.2589  -0.7519 - -

Th -0.1254  -0.0832 -0.0041 -
Dyt 0.4437 0.5885 -0.4966  0.7567
Im2m

E.(D,r'"*) 0.7534 - - -

rpt -0.1853  -0.7857 - -

T -0.0951  -0.1358 0.1134 -

D, " 0.5596 0.7362 -05738 05705
3m3m

E (D, r'*) 0.6337 - - -

rpft Tk -0.1597 -0.8648 - -

T -0.1140  -0.1482 0.1151 -

Dyt " 0.3746 0.6163 -0.5434  0.6875




Table 14a: Components of the possible failure of the expectations hypothesis. The underlined
figures indicate the greatest absolute value for each term. January 1986-December 1997.

Devidionsfrom Existance of risk Regresson-
rationd expectations  premia coeffidents
be by,
Cowu* *, ff*)  Cov(rpt* *, fpf )
T Var(fph ) Var( fo} ) =1-be-byp
Term
Imlm 0.0700 -0.6362 157
(not Sgnificant) (not sgnificant)
2mlm 0.1039 -1.0606 1.96
(not Sgnificant) (dgnificant)
1m2m 0.0987 -0.5300 143
(not Sgnificant) (dgnificant)
3m3m 0.2565 -0.9932 1.74
(not Sgnificant) (dgnificant)

Table 14b: Components of the possble failure of the expectations hypothesis. The underlined figures

indicate the greatest absolute value for each term. January 1986-May 1992,

Deviaionsfrom Existance of risk Regresson-coefficients
rationd expectations  premia
be b
Comur* ™, ") Cow(rpt* ™, i *)

C Var(ipY) Var(fpi ") =1-be- by
Term
imlm  0.0412 -0.0320 0.99

(not Sgnificant) (not sgnificant)
2mim  0.2271 -0.2182 0.99

(not Sgnificant) (significant)
1m2m 0.1245 -0.1969 107

(not Sgnificant) (not sgnificant)
3m3m 0.2431 -0.2461 1.00

(not Sgnificant) (not sgnificant)




Tablel5a Results from fitting equation (5) and (6) to data. Newey and West (1989) standard
errors are given in parentheses. The standard errors are corrected for overlapping observations.
January 1986-December 1997.

Imim 2mim Im2m 3m3m

au 0.0029 0.0022 0.0036 0.0029
Standard error  (0.0011)  (0.0006) (0.0014) (0.0017)

ta,=0 2.6835 35944  2.6226 1.7262
b1a -0.6362 -1.0606 -0.5300 -0.9932
Standard error  (0.4049)  (0.2713) (0.1225) (0.2108)

tbhy=0 15711 39089  4.3352 4.7105
bis -0.0700 -0.1039 -0.0987  -0.2565
Standard error  (0.0870)  (0.1779) (0.1171) (0.2512)

tbis=0 0.8022 0.5839 0.8436 1.0211

Tablel5h: Results from fitting equation (5) and (6) to data. Newey and West (1989) standard errors
are given in parentheses. The standard errors are corrected for overlapping observations. January
1986-May 1992.

Imlm 2mim im2m 3m3m

au 0.0013 0.0010 0.0016 0.0010
Standard error  (0.0004)  (0.0004) (0.0009) (0.0010)

tau,=0 3.0932 2.7913 1.6428 1.0198
b1 -0.0320 -0.2182 -0.1969 -0.2461
Standard error  (0.0606)  (0.0968) (0.1316)  (0.1869)

tbwu=0 0.5272 2.2548 1.4963 1.3169
bis -0.0412 -0.2271 -0.1245 -0.2431
Standard error  (0.0957)  (0.1373) (0.1103) (0.2333)

this=0 0.4303 1.6539 1.1283 1.0418




Table 16: Components of the possible failure of the expectations hypothesisin Luthman

(1998), Froot's study on U.S. data during the time 1969-1986, Batchelor’s study on U.S. data
during October 1982-March 1987 and MacDonad/Macmillan’s study on UK data during October
1989-October 1992. The underlined figure indicates the greetest absolute premium for each term.

Author
Luthman (1998)

Luthman (1998)

Froot

Froot

Bachelor

MacD/Macm

Tem
6m3m T-hbills

6m6m T-hills

3m3m T-hills

3m3m Euro-
dollar
3m1im T-bills

3m3m
Interbank rate

Deviaionsfrom Exigenceof  risk
rationa expetations  premia
Bee by
Cov(uf* ™%, fpl* ) Cov(rp*™, fp ")
Var( fpr* - Var (fpi ™)
-0.1794 (not 0.2663 (3gnificant)
significant)
-0.2183 (not 0.3323 (significant)
significant)
0.338 0.602
(not significart) (dgnificant)
0.016 0.557
(not significant) (dgnificant)
0.6413 0.3994
(not significant) (dgnificant)
0.1147 0.5846
(not sgnificant) (9gnificant)

Regression
coefficients

=1- bee' brp
091

0.89

0.059

0.427

-0.041

0.268




Figure 2; Forecasted interest rates from equation (1) with different lags.

Figure 3a: Actua and expected interest rates. The one-month rate one month ahead (1m1m).
January 1986- December 1997.
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Figure 3b: Actud- and expected interest rates. Two-month rate one month ahead (2m1m). January
1986-December 1997.

Figure 3c. Actuak and expected interest rates. One-month rate two months ahead (1m2m). January
1986-December 1997.



Figure 3d: Actual and expected interest rates. Three-month rate three months ahead (3m3m).
January 1986- December 1997.

Figure 4a Forward premium, risk premium and expected interest rete differentid.
One- month rate one month ahead (1m1m). January 1986-December 1997.



Figure 4b: Forward premium, risk premium and expected interest rate differential. Two-month rate
one month ahead (2m1m). January 1986-December 1997.

Figure 4c¢: Forward premium, risk premium and expected interest rate differentid.
One- month two months ahead (1m2m). January 1986-December 1997.



Figure 4d: Forward premium, risk premium and expected interest rate differential. Three-month rate
three months ahead (3m3m). January 1986-December 1997.

Figure 5a: Actual and expected interest rate differentia and expectation error.
One-month rate one month ahead (Im1m). January 1986-December 1997.
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Figure 5b: Actud- and expected interest rate differentia and expectation error.
Two-month rate one month ahead (2m1m). January 1986-December 1997.

Figure 5¢: Actual and expected interest rate differential and expectation error.
One-month rate two months ahead (1m2m). January 1986-December 1997.
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Figure 5d: Actua- and expected interest rate differential and expectation error.
Three month rate three months ahead (3m3m). January 1986-December 1997.

Figure 6a: Risk premium and expectation error. One-nonth rate one month ahead (Im1m). January
1986-December 1997.



Figure 6b: Risk premium and expectation error. Two-month rate one month ahead (2m1m). January
1986-December 1997.

Figure 6¢: Risk premium and expectation error. One-month rate two months ahead (1m2m). January
1986-December 1997.



Figure 6d: Risk premium and expectation error. Three-month rate three months ahead (3m3m).
January 1986- December 1997.
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