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�nancial crisis
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Abstract

A feature of the �nancial crisis rarely mentioned in the academic lit-
erature is that forward interest rates remained persistently higher than
future spot rates. Yet according to the expectations hypothesis forward
interest rates are unbiased predictors of future spot rates. More general
theories attribute the forecast errors to term premia. This paper exam-
ines whether these theories can explain data for the US and UK that
spans the �nancial crisis and whether alternative approaches provide bet-
ter forecasts. The main �ndings are that these theories break down after
the �nancial crisis and, not unexpectedly, that the forecast errors are due
mainly to monetary policy.
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1 Introduction

A feature of the �nancial crisis rarely mentioned in the academic literature
is that forward interest rates remained persistently much higher than future
spot rates. As forward rates are frequently used to forecast future spot rates -
the Bank of England�s macroeconomic models, for example, used forward rates
as their expected future spot rates - this merits investigation. What was its
cause? Can it be explained by forward interest rate theory? Was it the result
of the �nancial crisis? Did it also happen prior to the crisis? Can forward
rate forecasts be improved by using additional information? Would an entirely
di¤erent approach to forecasting future spot rates based on time series analysis
be better?
The issue of the usefulness of forward interest rates for predicting future

spot rates has a long history. A common assumption based on the Expecta-
tions Hypothesis is that forward rates are predicted to give unbiased estimates
of future spot rates. This was investigated by, for example, Macauley (1938),
Hickman (1942) and Culbertson (1975) who rejected the hypothesis. Later stud-
ies by Mankiw and Miron (1986), Mishkin (1988), Hardouvelis (1988) and Buser,
Karolyi and Sanders (1996) found for the US that the forecasting power varied
with the maturity horizon and the time period of the data. A common �nding is
that forward rates rates have a better forecasting performance at short horizons.
Dominguez and Novales (2002), using later data for eight countries, found that
for horizons of up to twelve months forward rates gave better forecasts of future
interest rates than current spot rates.
The Expectations Hypothesis is based on the assumption that bonds are

riskless and so there are no term premia. As pointed out by Fama (1976, 1984),
once term premia are allowed, forward rates are not predicted to give unbiased
estimates of future spot rates. More generally, the deviation of future spot rates
from forward rates is attributed to the presence of a term premium plus changes
in the term premium over time until maturity. If these changes are small, or do
not vary much over time, then the forecasting error is almost exactly equal to
the term premium plus a constant. The implication is that to obtain unbiased
forecasts of future spot rates we need to use risk-adjusted forward rates. As term
premia tend to increase with time to maturity, the forecast error in unadjusted
forward rates will be greater, the longer is the forecasting horizon. This seems
to explain the �nding of better forecasting performance at shorter horizons.
The �nding that forecasting performance varies at di¤erent time periods can be
attributed to term premia changing due to underlying economic conditions.
It is of interest to determine whether these �ndings are replicated in recent

data and whether this could explain the persistence of forward interest rates
above future spot rates since the �nancial crisis. We also investigate a number
of related issues. What does the deviation between forward interest rates and
future spot rates imply for the theory of forward rates? Does the theory perform
better before the �nancial crisis? What are the main causes of these deviations
or forecast errors? Do past spot rates have better information about future spot
rates than forward rates? Is there any other information that would improve
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forecasts, such as macroeconomic variables?
Ultimately, we want to know how best to forecast spot rates and hence to

price �nancial contracts. If, for example, future spot rates exceed forward rates
then a forward contract to borrow in the future would be pro�table as it would
cost less than borrowing at the future spot rate. But if, as seems to be the
case after the �nancial crisis, future spot rates are less than forward rates then
the contract would be loss-making. These losses might, of course, be the price
of aversion to risk that theory suggests. The �ndings in this study might go
some way to help understanding the strengths and weaknesses of forward rate
contracts and how forecasts of future spot rates might be improved. We address
all of these questions in this paper using monthly data for the United States
from 1986.1-2019.12 and for the U.K. from 1998.1-2012.12.
The paper is set out as follows. In Section 2 we provide a brief theory of

forward interest rates. The data are described and presented graphically in
Section 3. The focus is on the di¤erences between the data before and after
the �nancial crisis. In Section 4 we provide new evidence on the Expectations
Hypothesis and how this is a¤ected by the �nancial crisis. In Section 5 we
examine whether the more general theory of forward interest rates can explain
the �ndings in the previous section. In Section 6 we ask whether better forecasts
of future spot rates might be obtained by taking a times series approach that
is akin to weak rationality. In Section 7 we assess whether using additional
macroeconomic information improves forward rate forecasts of the future spot
rate. In Section 8 we examine what might be the main macroeconomic factors
that brought about the forecasting failures of forward interest rates. In Section
9 we summarise what our �ndings imply for the usefulness of forward interest
rates in forecasting future spot rates and for the other questions posed in this
paper.

2 Forward rates in the term structure of interest
rates

A forward interest rate contract can be thought of as consisting of selling a
zero-coupon bond with face value 1 that matures in n + 1 periods and at the
same time buying a zero-coupon bond that matures in n periods with the aim
of investing this for one period at the spot interest rate prevailing at that time.
This contract involves risk as the future spot rate is unknown. For a risk-
neutral investor, the expected return from this portfolio is zero and implies that
the expected future spot rate equals the certain return on buying and selling
these bonds, i.e. the forward rate.
More formally, if Pt;n is the price of an n-period zero-coupon bond at time

t; with value at maturity of 1, Rt;n is the corresponding yield to maturity and
ft;t+n is the forward rate from t+n to t+n+1 constructed at time t then Pt;n
can be expressed either as the discounted value
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Pt;n =
1

[1 +Rt;n]n

or, in terms of forward rates, as

Pt;n =
1

(1 + ft;t):::(1 + ft;t+n�1)
=
Yn�1

i=0

1

1 + ft;t+i

It then follows that

1 + ft;t+n =
Pt;n
Pt;n+1

=
[1 +Rt;n+1]

n+1

[1 +Rt;n]n

Or, taking logs, we obtain the approximation

ft;t+n = pt;n � pt;n+1
= �nRt;n + (n+ 1)Rt;n+1

where pt;n = lnPt;n. As Pt;0 = 1 and Pt;1 = 1
1+st

the one period ahead forward

rate satis�es 1 + ft;t =
Pt;0
Pt;1

= 1+ st where st is the spot rate. With one period
remaining on the bond, and its value at maturity known, the one-period ahead
forward rate is equal to the spot rate, i.e. ft;t = st.
The return from holding a bond for one period is given by ht;n, where

1 + ht;n =
Pt+1;n�1
Pt;n

=
(1 +Rt+1;n�1)

�(n�1)

(1 +Rt;n)�n

Hence, taking logs

ht;n ' pt+1;n�1 � pt;n = nRt;n � (n� 1)Rt+1;n�1

The no-arbitrage condition for bonds after adjusting for risk is

Et[ht;n ] = st + �t;n

where �t;n is the risk premium on an n-period bond at time t: Hence

Et[ht;n] = nRt;n � (n� 1)Et[Rt+1;n�1] = st + �t;n

This implies that

Rt;n =
n� 1
n

Et[Rt+1;n�1] +
1

n
(st + �t;n)

=
1

n

Xn�1

i=0
Et[st+i + �t+i;n�i]
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Noting that �t+n;0 = 0 for all n � 0, it follows that

ft;t+n = �nRt;n + (n+ 1)Rt; n+1

= �
Xn�1

i=0
Et[st+i + �t+i;n�i] +

Xn

i=0
Et[st+i + �t+i;n+1�i]

= Etst+n + �t+n;1 +
Xn�1

i=0
Et[�t+i;n+1�i � �t+i;n�i] (1)

In the Expectations Hypothesis (EH) there are no risk premia, hence

ft;t+n = Etst+n (2)

More generally it is necessary to take the risk premia into account. Thus, in
equation (1), the n-period ahead forward rate forecasts the future spot rate
together with the current period�s risk premium and the sum of one-period
changes to all of the expected risk premia over the lifetime of the n-period bond
as its time to maturity declines. An approximation to this would omit the last
term, or would replace it with the average of the above changes in the risk
premia �� giving

ft;t+n ' �+ Etst+n + �t+n;1 (3)

where � = �n��. Thus, the risk-adjusted forward rate ft;t+n� �t+n;1 will give
approximately an unbiased estimate of st+n. The deviation of the future spot
rate from the forward rate (the "forecasting error") is approximately

st+n � ft;t+n ' �� �t+n;1 + "t+n (4)

"t+n = st+n � Etst+n

i.e. it is approximately minus the term premium on an n-period bond.

3 The data

In order to be able to relate forward rates, which are published on a daily basis by
the U.S. Treasury and by the Bank of England, to macroeconomic data, which
is available at best on a monthly basis, it is necessary to convert forward rates
to a monthly basis. UK data are available for only a limited period of time. For
the U.S. we use forward rates from 1986m1-2019m12 based on maturities up to
30 months. For the UK, a complete set of data for maturities up to 60 months is
available but is only published for the period 1998m1-2012m12. Crucially, both
data sets span the �nancial crisis of 2007-8 which has a big impact on both.
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Figure 1
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Figures 1 and 2 provide the key evidence that informs all of the more formal
tests to be carried out later. They plot for each month the spot rate and the
set of forward rates at that date for horizons of 1 to 30 months ahead (US) or
1 to 60 months ahead (UK). The spot rates are highlighted as the heavier line.
If the forward rates were good forecasts of the future spot rate they should lie
close to the spot rate. Instead, and signi�cantly, they deviate increasingly with
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the forecast horizon. For the US, the forward rate curves tend to lie persistently
above the spot rate and do so increasingly as the horizon increases. This is even
more pronounced after the �nancial crisis in 2008m9. For the UK, before the
�nancial crisis, the forward rate curves tend to mean revert and so miss the
�uctuations in the spot rate. After the crisis, like the US forward rates, they
bear little relation to the future spot rate as they persistently forecast that the
spot rate will rise when it didn�t. The possibility that forward rates provide
unbiased forecasts of future spot rates already seems unlikely.

Figure 3. U.S. Spot and Forward rates 1986m1-2019m12
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Figure 4. U.K. Spot and Forward rates 1989m1-2012m12
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Our later empirical analysis focuses on horizons of 3, 6, 12 and 24 months.
In Figures 3 and 4 we plot for each month the spot rate and these forward
rates for the U.S. and U.K. i.e. st+n and ft;t+n for n = 1; 3; 6; 12; 24 and, in
addition, for the UK, 60 months. The forward rates are aligned with the spot
rates, i.e. they are lagged by the length of their forecast horizon so that at
each point of time the forward rate is a forecast of the spot rate at that date.
Perfect forecasts would result in a single line. For both countries the two graphs
show a sharp fall in spot rates after the �nancial crisis, but not in the forward
rates. For the US the forward rates are above the spot rate for most of the
data period, and considerably above after 2008. For the UK forward rates are
generally above the spot rate until 2003 and then far above from 2008. Just
before the �nancial crisis, from 2005 to 2008, they are usually higher. According
to the theory of forward interest rates the negative values of the deviations can
be attributed, not to forecasting errors, but to risk premia. The greater the
deviation of forward rates above the spot rate, the larger is the contribution of
risk premia. This would imply that risk premia were larger after the �nancial
crisis than before.
The deviations st+n-ft;t+n can be seen more easily from Figures 5 and 6.

They are generally negative and even more so after the �nancial crisis. For the
US they also show a degree of cyclicality before the crisis.

Figure 5. US Deviations of forward rates from future spot rates,
1986m1-2019m12
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Figure 6. UK Deviations of forward rates from future spot rates,
1998m1-2012m12
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Table 1. Forecast errors

Note: Standard errors are in parentheses

Table 1 reports st+n � ft;t+n, i.e. the forecast error or deviation from the
future spot rate - approximately minus the term premium for an n-period bond
- together with its �rst-order partial autocorrelation coe¢ cient (the �rst-order
autocorrelation coe¢ cient for an AR(1)). The mean errors are all negative
indicating that forward rates are greater than the corresponding future spot
rate - i.e. the term premium is positive - and they increase with the forecast
horizon. Although large for the US, none are signi�cantly di¤erent from zero
for either the US or the UK as their standard deviations are large and increase
considerably with the forecast horizon. The forecast errors are highly serially
correlated. For the US a unit root cannot be rejected at the 5% level at all
horizons. They are also very close to a random walk implying that changes in
the term premium are independent; they also have means close to zero. Nor
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can a unit root be rejected for the UK at horizons above 6 months. Changes in
the term premium are a �rst-order autogression with an autogressive coe¢ cient
that is always small but increasing with the horizon. Their means are close to
zero.
The broad picture that emerges is that the forward deviations (forecast errors

or term premia) are highly persistent but changes in the term premia are not
persistent, especially for the US. The average levels of the term premia are not
signi�cantly di¤erent from zero due to their large standard deviations, while
their changes are both small and insigni�cant. The lack of signi�cance of the
forecast errors indicates that forward rates might still be unbiased forecasts of
future spot rates as the expectations hypothesis suggests. The persistence of
the term premia is more consistent with the general theory of forward rates.
The lack of persistence of changes in the term premia together with their small
size suggests that the simpler form of the general theory - equation (3) - might
be adequate for use in empirical analysis.

4 The Expectations Hypothesis for forward in-
terest rates

According to the expectations hypothesis (EH), forward rates are predicted
to be unbiased estimates of future spot rates. We have reported that for each
forecast horizon the mean forecast errors are not signi�cantly di¤erent from zero
which supports the EH. However, Figure 1 shows that US forward rates have a
systematic tendency to exceed spot rates; the longer the horizon, the greater is
the gap. Figure 2 also shows that before the crisis, UK forward rates, while not
being accurate forecasts of future spot rates, �uctuated between being above
and below spot rates. After the crisis, UK forward rates also greatly exceed the
spot rate.
Further evidence is provided by tests of Etst+n = ft;t+n through the model

st+n � ft;t+n = �+ (� � 1)ft;t+n + et+n (5)

Unbiasedness implies that � = 0 and � = 1. OLS estimates of � � 1 together
with two standard deviation bands are shown for the US and the UK in Figures
7 and 8.
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Figure 7
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Figure 8
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The estimates of � for the US and the UK are similar. They are just below
1 for forecast horizons up to 12 months, but not signi�cantly di¤erent. The
intercept � is always negative and signi�cantly di¤erent from zero. For the 24-
month horizon the estimate of � is greater than 1, but again not signi�cantly
di¤erent from 1. The estimates suggest that with a small mean correction
forward rates would give unbiased forecasts of the future spot rate for horizons
up to 12 months.
Based on the whole sample, therefore, the EH is not rejected for short hori-

zons. But it is clear from Figures 1-6 that the forecasting performances of
forward rates are very di¤erent before and after the �nancial crisis, i.e. from
September 2008. These tests ignore this break. The estimates of � could be
di¤erent over the two periods and could a¤ect the very di¤erent forecasting per-
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formances before and after the crisis. We might, for example, expect forward
rates to forecast better before the crisis when �nancial conditions were "nor-
mal", though not during, or possibly after, the crisis. To examine this we use
dummy variables to split the data into before and after the �nancial crisis.This
enables us to test for any signi�cant break between the two periods. To obtain
estimates for just the data after the crisis it is necessary to add the coe¢ cients.
For the US we estimate the model

st+n � ft;t+n = �+Dum1t + (� � 1)ft;t+n + Dum1t � ft;t+n + et+n (6)

where Dum = 0 (1986:1 � 2008:8) and 1 (2008:9 � 2019:12). For the UK we
estimate

st+n � ft;t+n = �+Dum2t +Dum3t + (� � 1)ft;t+n + Dum2t � ft;t+n(7)
+Dum3t � ft;t+n + et+n

where Dum1 = 2 (2008:9� 2009:3) and 0 elsewhere, and Dum3 = 1 (2009:4�
2012m12) and 0 elsewhere. The reason for this di¤erent treatment of the �nan-
cial crisis is that interest rates adjusted more slowly in the UK following the
�nancial crisis than did those for the US, which fell rapidly. The US therefore
appears to have two regimes whereas the UK seems to have three. The briefness
of the UK�s second regime will make the estimates over this period unreliable.
We will not therefore comment on these estimates. The purpose on having this
regime is to avoid it distorting the post-crisis estimates. The results are reported
in Table 2.

Table 2: Tests of unbiasedness for US and UK forward rates

Notes: US: 1986.1-2019.12; UK: 1998.1-2012.12. Dum1=1 (2008.10-2019.12)
Dum2=1 (2008.9-2009.3) Dum3=1 (2009.4-2012.12), t-statistics are in brackets

The results for the US and the UK are now very di¤erent. For the US, before
the crisis, and once intercept-adjusted, the estimates of � are generally not
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signi�cantly di¤erent from 1. Forward rates therefore give unbiased estimates of
future spot rates. But after the crisis there is a signi�cant break in the estimates
of � at all horizons. The negative sign on the coe¢ cient of ft;t+n after the crisis
indicates that the implied estimates of � are signi�cantly less than unity. After
the crisis forward rates greatly exceeded the future spot rate. To compensate for
this � needs to be less than unity. The Durbin-Watson statistics indicate high
positive serial correlation in the disturbances at all horizons. The forecasting
errors are therefore very persistent. Put another way, after the crisis, forward
rates fail to adjust to the new spot rate regime. From the perspective of the
EH, this is a surprising �nding as it implies persistent and systematic forecast
errors.
In contrast to the US, the results for the UK show that before the crisis, but

except at the 24-month horizon, the estimates of � are signi�cantly less than
1. Forward rates, therefore, give strongly biased estimates of future spot rates.
There are no signi�cant breaks in the estimates of � after the crisis, except at
the 12-month horizon. Nonetheless, with the exception of the 3-month horizon,
combining the estimates before and after the crisis, to give estimates just for
the post-crisis data, indicates that values of � are closer to, and not signi�cantly
di¤erent from, 1.
To summarise, the results for the US and the UK are very di¤erent once

allowance is made for the �nancial crisis. The US results before the crisis do
not reject the EH but after the crisis they strongly reject the it. This applies
at all horizons. The UK results imply that the EH is rejected before and after
the crisis. The rejection is strongest at shorter horizons. Thus support for the
EH is only found for the US data before the crisis but, with the exception of
the 3-month horizon, not afterwards. Even then there is strong residual serial
correlation suggesting persistent forecasting errors. As the EH is unable to
provide an explanation of most of these �ndings we turn to the general theory
of forward interest rates.

5 The general theory of forward interest rates

The most likely explanation of the above results is the general theory of forward
rates which predicts that forward rates will not be unbiased forecasts of future
spot rates. It says that the forecast errors at di¤erent horizons are a measure
of the expected term premia for di¤erent maturities as in equation (3), possibly
adjusted for changes in the term premia over the remaining lifetime of the
bond, equation (1). The high persistence of the forecast errors reported earlier
and the substantial residual serial correlation in the equations used to test the
expectations hypothesis is consistent with the term premia for each maturity
changing slowly over time.
If we re-write equation (1) as

st+n� ft;t+n = �+(��1)ft;t+n��t;n�
Xn�1

i=0
Et[�t+i+1;n�i��t+i;n�i]+ "t+n

(8)
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then a negative estimate of ��1 (even though in fact � = 1) would be produced
by omitted-variable bias due to a positive correlation between ft;t+n and �t;n+Pn�1

i=0 Et[�t+i+1;n�i � �t+i;n�i]. The large biases for the US after the �nancial
crisis could then be attributed to high term premia at all maturities which raise
forward rates and worsen the ability of forward rates to forecast future spot
rates. A similar conclusion applies to the UK which has large biases prior to
the �nancial crisis.
If we re-interpret equation (3) as approximately st+n � ft;t+n = ��t;n then

the problem of explaining the forecast errors would become one of modelling
the term premia. This would take us into the vast literature on the term struc-
ture where there is no consensus on how best to model the term premia. The
main �ndings are that the term structure can be almost fully explained by three
factors: a shift factor (the short rate), a slope factor (the term spread) and a
curvature factor (for example, the change in the term spread). These three fac-
tors explain about 70%, 20% and 5%, respectively, of the variations in yields,
see for example Dai and Singleton (2000). In latent factor models of the term
structure these factors also explain the term premia. These factor models are
not, however, designed for forecasting. Their focus is on within-sample expla-
nations of the term structure, and for this they use the whole sample of current
and future yields.
General equilibrium models of the term structure explain the term premia

predominantly by consumption growth, and in�ation, for example, Balfoussia
and Wickens (2007). But due to the low variance of consumption growth and
in�ation and the high variance of holding period returns, the �t is poor and
the variance explained by the explanatory variables needs amplifying by having
a high coe¢ cient on consumption growth, usually interpreted as the coe¢ cient
of relative risk aversion. Adding output and money growth as factors improves
�t a little - Ang and Piazzesi (2003) - but assuming non-additive utility does
not, Smith, Sorensen and Wickens (2008). The problem for our purposes, as
shown by Balfoussia and Wickens, is that the general equilibrium model gives
very poor forecasts of future yields. Rather than employing these models of the
term structure to model the term premia, therefore, we maintain our focus on
forecasting future spot rates by using time series forecasting models that seek
to exploit only current information in the term structure.

6 A time series approach to forecasting future
spot rates

Fama (1976, 1984) found that for the two periods 1953-1974 and 1959-1982
including the current spot rate, which is available when forward rates are cal-
culated, in addition to the forward rate, improved the forecasts of future spot
rates and, moreover, predicted better that forward rates alone. Given that both
the spot rate and the forward rates are non-stationary and close to random
walks (or martingales), and hence highly persistent, it is not surprising that the
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current spot rate might have information about future spot rates. We therefore
add the spot rate to equations (6) and (7) giving equations of the form

st+n � ft;t+n = �+ (� � 1)ft;t+n + st + et+n (9)

This equation is based only on current information on forward and spot rates.
If we allow, in addition, for past information then it can be interpreted as being
based on weakly rational expectations. We also allow once more for possible
breaks in the model before and after the �nancial crisis. The results for the US
and UK are reported in Table 3.

Table 3: Forecasting deviations of US and UK spot from forward rates
including current spot rates

Notes: US: 1986.1-2019.12; UK: 1998.1-2012.12. Dum1=1 (2008.10-2019.12)
Dum2=1 (2008.9-2009.3) Dum3=1 (2009.4-2012.12). t-statistics are in brackets.

Adding the current spot rate to equations (6) and (7) dramatically changes
the results reported in Table 2 for both countries. For the US the spot rate
is highly sign�cant except at the 24-month horizon, and the residual standard
errors are reduced, implying improved forecasts of the future spot rate; but there
is still strong residual correlation. The coe¢ cients for the forward rate before
the �nancial crisis are now negative and highly signi�cant. The most pertinent
�nding, however, is that the coe¢ cients on the forward rate and the spot rate
are approximately equal but of opposite sign, and steadily approach zero as the
horizon lengthens.
The explanation, for this is that the model is re�ecting the time series proper-

ties of the variables. Both the forward rates and the spot rate are non-stationary
I(1) processes and are cointegrated with cointegrating vector (1;�1) so that the
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explanatory variables form a single I(0) variable st � ft t+n. The equation has
become, therefore, a pure time series model for integrated data and bears little
relation to the EH, which it strongly rejects.
After the �nancial crisis, there is a signi�cant break in the estimates of the

coe¢ cients of the forward rate - except at the 3-month horizon - but there is
no break in the coe¢ cients on the spot rate. The coe¢ cients on the forward
rates become even more negative after the crisis. Again there is a time series
interpretation of this, as the coe¢ cients on the forward rate now seem to be o¤-
setting ft;t+n in the dependent variable thereby making the e¤ective dependent
variable just st+n. In the following section we explore this further.
No clear pattern emerges for the UK results except at the 24-month horizon.

Before the �nancial crisis the estimates are similar to those for the US except
that the sign of st�ft;t+24 is di¤erent. After the crisis there is a signi�cant break
in both coe¢ cients with the result that the variables still form the cointegrating
vector st � ft;t+24 but it has the opposite sign from that before the crisis. In
other words, after the crisis st � ft;t+24 is no longer signi�cant and we are left
with pure forecasting errors for st+24 � ft;t+24.
Including the current spot rate, as proposed by Fama, clearly improves fore-

casts of future spot rates but it leaves what is, in e¤ect, a pure time series model
with little relation to the EH. As found previously, this is particularly true after
the �nancial crisis when the forecast errors are greatest.
Given these results, the notion that spot rates are best forecast with pure

time series models and that the information set may be based on weakly ra-
tional expectations may be explored further. First, as previously noted, both
spot and all forward rates are indistinguishable and very close to random walks
(or martingales). Second, cointegration analysis does not reject that, for both
countries and all n, st � ft;t+n is a cointegrating vector and therefore I(0). It
follows that if � = 0 and � = 1 then equation (5) can be rewritten as the vector
error correction model

st+n � ft;t+n = st � ft;t+n + ut+n (10)

ut+n = �mi=0�st�i +�
m
i=0�ft�i;t+n�i + et+n

where ut+n is I(0). This would explain why for the US the coe¢ cients on st
and ft;t+n sum close to zero and why these coe¢ cients are so large. It also
implies that ft;t+n can be omitted from the equation leaving a pure time series
model in the spot rate. These e¤ects get stronger the greater is n. The same
phenomenon occurs for the UK results with the di¤erence that it gets weaker as
n increases. This may have something to do with the stronger e¤ect of the break
in the data at longer horizons due to the �nancial crisis. These considerations
reinforce the conclusion that such a time series model is not a suitable vehicle
for testing unbiasedness. They also show that current spot rates might have
useful information about future spot rates.
Nonetheless, the serially correlated residuals show that, as a forecasting

equation for future spot rates, it can clearly be improved by taking this into
account. To obtain an equation with best �t, adding the lagged dependent vari-
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able might appear to be best but, of course, such an equation could not serve
as a forecasting equation as the lagged dependent variable is not known at time
t. As only current information is allowable, under weak rationality this means
current and lagged values of the spot rate and the forward rate. Given the
non-stationarity of st and ft;t+n these variables should be included as changes.
In e¤ect, therefore, we are turning the previous question around as we are no
longer asking whether the current spot rate has additional information to the
forward rate, but vice-versa. As only one lag of the spot rate is found to be sig-
ni�cant, and lags of the forward rate are not signi�cant, the forecasting equation
is formulated as

st+n � st = �+ �ft t+n + st + ��st + et+n: (11)

The estimates are reported in Table 4.

Table 4. Time series forecasts of future US and UK spot rates

Notes: US: 1986.1-2019.12; UK: 1998.1-2012.12. Dum1=1 (2008.10-2019.12)
Dum2=1 (2008.9-2009.3) Dum3=1 (2009.4-2012.12). t-statistics are in brackets.

The results for the US indicate that for horizons of six months or more
current changes in the spot rate are signi�cant in forecasting the future spot
rate. Although the current spot rate is also signi�cant, prior to the �nancial
crisis it tends to be o¤set by the forward rate which is also sign�cant. This is
consistent with the spot rate being approximately a random walk and with the
cointegration of spot and forward rates with cointegrating vectors st � ft;t+n.
However, after the �nancial crisis, the coe¢ cient on the forward rate decreases
and is close to zero for all horizons. The equation then becomes almost a pure
time series model in the spot rate with no additional information from the
forward rate. The proportion of st+n - as opposed to st+n � st - explained by
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the model is between 0:85 and 0:96. Nonetheless, all of the equations still show
considerable residual serial correlation.
The results for the UK have many similarities. The current spot rate is highly

sign�cant at all horizons but the change in the spot rate is not signi�cant. Apart
from the 3-month horizon, the forward rate is also highly signi�cant before the
crisis. After the crisis, the coe¢ cient on the forward rate is reduced. Like the
US before the crisis, the forward rate tends to be substantially o¤set by the
current spot rate, again re�ecting the near cointegration of the two variables.
After the crisis the forard rate plays little role and the model is close to being
a pure time series model in the spot rate, but with unexplained residual serial
correlation.
To summarise, these results suggest that, before the �nancial crisis, using

the current spot rate as well as the forward rate improves the forecasts of the
future spot rate for both the US and the UK. For the US, the change in the
spot rate is also signi�cant. But after the crisis, for both countries, the equation
reduces to roughly a pure time series model in the spot rate. The presence of
signi�cant residual serial correlation for both countries at all horizons indicates
that the within sample �t of the model could be improved by taking this into
account, but it would not necessarily improve the forecasting performance of
the model if based solely on current information. Common responses to serially
correlated disturbances, such as adding the lagged dependent variable, or hav-
ing autocorrelated disturbances, are ruled out as they involve information not
available when the forecast is made in period t. The use of weakly rational ex-
pectations has improved the forecasts but, as the earlier discussion suggests, the
serially correlated residuals leave open the possibility that the forecasts could
be further improved by including additional information such as time-varying
term premia.

7 Can macroeconomic information improve for-
ward rate forecasts?

A possible source of additional information is the use current macroeconomic
variables. As mentioned earlier, studies of the term structure have used macro-
economic variables as observable factors in modelling yields and term premia.
We chose not to try to model term premia in this way and instead maintain
a focus on forecasting future spot rates by using time series forecasting mod-
els that seek to exploit only current information. But this does not rule out
the possibility that the macroeconomic variables used in term structure models
might contain current information about future spot rates. We therefore con-
sider whether the use of monthly cpi in�ation and the rates of growth of the
index of industrial production and M1 would improve the forward rate fore-
casts. We add these variables to the model used to test the EH, equations (6)
and (7). We also take account of the possibility that their contributions may
vary between before and after the �nancial crisis. The results are reported in
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Tables 5 and 6; the earlier results in Table 2 that are without macroeconomic
variables are included in the tables for ease of comparison.
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Table 5: US forward rate forecasts with macroeconomic information

Notes: 1986.1-2019.12. Dum1=1 (2008.10-2019.12). t-statistics are in brackets.
For the US including the macroeconomic variables makes little di¤erence to

the estimates of the coe¢ cients of the forward rates reported in Table 2. Before
the �nancial crisis the EH is generally not rejected, but after the crisis it is
strongly rejected. Nonetheless, we �nd that all three macroeconomic variables
are signi�cant and hence would improve the forecasts. The strongest impact
prior to the crisis is made by the rate of growth of M1. For horizons below 24
months it has a signi�cant negative e¤ect prior to the �nancial crisis. After the
crisis there is a signi�cant di¤erence in its impact. The coe¢ cients are now pos-
itive and almost completely o¤set those before the crisis, implying that after the
crisis money growth has little impact. In�ation appears to have a signi�cantly
positive e¤ect for the whole data period at horizons below 24 months, there be-
ing no signi�cant break after the crisis. While money growth and in�ation are
most sign�cant at shorter horizons, output growth is more signi�cant at longer
horizons, but only prior to the crisis. Before the crisis it has a positive e¤ect
that increases in size with the horizon. After the crisis these e¤ects are much
reduced as the coe¢ cients are signi�cantly negative.
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Table 6: UK forward rate forecasts with macroeconomic information

Notes: 1998.1-2012.12. Dum2=1 (2008.9-2009.3) Dum3=1 (2009.4-2012.12)
t-statistics are in brackets.

The results for the UK are also similar to those in Table 2. Before the crisis
the EH is strongly rejected and after the crisis a sign�cant break is found only
at the 12 month horizon. Of the three macroeconomic variables, only money
growth is signi�cant, and this only for the 3 and 6 month horizons. After the
crisis even money growth appears to have a negligible e¤ect.
To summarise, including macroeconomic variables improves the forecasting

performance but only prior to the �nancial crisis - which was a period of normal
�nancial times. They have little or no e¤ect after the crisis. Once again, there-
fore, we �nd that the results for the US are consistent with the EH before the
crisis but not afterwards, and those for the UK are not consistent with the EH
before the crisis. After the crisis neither set of results is consistent with the EH.
Instead they point either to �nancial markets continuing, wrongly, to forecast
that monetary easing would be brought to an end and spot rates would therefore
rise or, applying the theory of forward rates, they sought a much higher term
premium.

8 What causes the poor forecasting performance
of forward rates?

If we take the forward rate as given and ignore any other current information
that might help forecast future spot rates, such as macroeconomic variables,
then the forecast errors are due to factors a¤ecting the future spot rate that are
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not anticipated when forward rates are calculated. We consider whether these
factors might be the future values of the three macroeconomic variables - in�a-
tion, output growth and money growth. In the previous section we included the
current values of these variables in our information set. Another interpretation
of those results is that they are a weakly rational forecast of the future values of
these variables. By using the actual values of these variables we are combining
these forecasts with the subsequent innovations.
We estimate the following equation

st+n � ft;t+n = �+ (� � 1)ft;t+n +�n�1i=0 i�t+n�i (12)

+�n�1i=0 �i� ln IP t+n�i +�
n�1
i=0 �i� lnM1t+n�i + et+n

For long horizons the equation would require too many lags to be estimated
and, even if estimatable, too cumbersome to report in full. We therefore adopt a
di¤erent approach. Instead we report in Table 7 the proportion of the variance of
the forecast error attributable to each macroeconomic factor and the signi�cance
of each factors�contribution.

Table 7. Contributions of macroeconomic variables to deviations

Notes: US: 1986.1-2019.12; UK: 1998.1-2012.12. row 1 is the coe¢ cient of ft;t+n
and its t-statistic; rows 2-4 give the proportions of R2 explained by the macro
variables and their p-values; row 5 gives the R2, the proportion of deviations
explained by equation (12).

Table 7 is consistent with the results in Tables 5 and 6, namely, that US
money growth is by far the main factor causing the deviations of the foward
rate from the future spot rate. Inspection of when over the forecast horizon the
macroeconomic variables have their greatest e¤ect we �nd that the growth of
money in every future period prior to the horizon is signi�cant. Money growth
is also the main factor for the UK for the 3 and 6 month horizons. In�ation is
another signi�cant factor for both countries at all horizons but explains a smaller
proportion of the forecast errors. Unlike money growth, it is only in�ation
shortly before end of each horizon that is signi�cant. Output growth is not
signi�cant for the US at any horizon but is signi�cant for the UK at the 3
and 6 month horizons, again immediately prior the the end of the horizon.
It may be noted that the R2 statistics show that nearly half of the variation
in the forecast errors are unexplained by macroeconomic variables in equation
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(12). The residuals again have high serial correlation which we can attribute to
unexplained components. The estimates of the forward rate strongly reject the
EH at all horizons.
The main conclusions to draw from these results are that unanticipated

macroeconomic factors, especially money growth, are a principal reason why
forward rates give poor forecasts of future spot rates and that the impacts of
in�ation and output growth on spot rates occur shortly before the end of the
horizon. The signi�cance of the macroeconomic variables in Tables 5 and 6
seems likely to be due to them forecasting the later impact of that variable.
After the crisis these forecasts deteriorated. Interpreting the results involving
macroeconomic variables from the viewpoint of the theory, gives an alternative
perspective on term premia from that obtained from estimates of the term
structure based on yields. Here the future macroeconomic variables can be
interpreted as capturing changes in the term premia and hence the deviations
of forward rates from future spot rates. In order of their importance they are
money growth, in�ation and output growth.

9 Conclusions

We can now hazard some answers to the questions posed at the start of this
investigation. It was noted early in the paper that the key piece of information,
which the various later tests do little more than formalise, is provided by the
plots of the forward curves, Figures 1 and 2. While US forward curves tended
to exceed the spot rate throughout the sample, prior to the �nancial crisis UK
forward curves tend to be quite �at and to mildy mean revert, thereby missing
�uctuations in the spot rate, but not by a substantial margin. After the crisis
the UK forward curves, like the US curves, strongly mean revert and completely
fail to forecast future spot rates which stayed persistently low. We can therefore
summarise our �ndings into before and after the �nancial crisis.
We found that before the �nancial crisis, when �nancial conditions were

"normal", the EH was not usually rejected for the US but was rejected for the
UK. After the crisis it was rejected for the US and the UK. The issue that then
arises is whether these rejections were due to the deviations of forward rates
from the future spot rate being due to risk premia, and hence consistent with
the general theory of forward interest rates. Or were they due to pure and
persistent forecasting errors?
Before the crisis the signi�cance of macroeconomic variables, especially the

rate of growth of the money supply and in�ation, might be interpeted as acting
as proxies for the term premium and hence o¤ering some support for the general
theory. This is consistent with the results for the US before the crisis, but not for
the UK. There is also sign�cant residual serial correlation in both sets of results
which the macroeconomic variables are not eliminating. After the crisis, the
size of the deviations and the failure to �nd variables, including macroeconomic
variables, that are sign�cant suggests that such theoretical considerations were
dominated by a failure of expectations that caused large forecasting errors. The
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evidence in Table 7 indicates that the major cause of these forecasting errors
was monetary policy: an unexpectedly high rate of money growth accompanied
by an unexpectedly low rate of in�ation.
Following Fama, we examined whether the current spot rate had useful ad-

ditional information about future spot rates. We found that once the current
spot rate was included the whole character of the model changed. It was no
longer a representation of either the EH, or the general theory. Instead, it
had the properties of a pure time series model for non-stationary variables. In
particular, we found that the current spot rate and the forward rate formed a
signi�cant cointegrating residual with cointegrating vector (1;�1) and that, as
a result, the coe¢ cient on the forward rate no longer retained its theoretical
interpretation. We therefore reformulated the equation as a pure forecasting
model for the change in the spot rate over the same horizons and adopted the
approach of weakly rational expectations. We found for the US - but not the
UK - that the change in the spot rate is also sign�cant. The resulting model
reduced the residual standard error for the US by between 30-40%. That for
the UK was reduced only a little. Despite this improvement, the equations still
had highly serially correlated residuals implying persistent forecasting errors.
The common response to this, such as adding the lagged dependent variable,
or having autocorrelated disturbances, are ruled out as they are not observable
when the forecast is made.
We have found, therefore, that forward interest rates are of limited use in

forecasting future spot rates even in normal �nancial conditions. They tend to
mean revert rather than anticipate the �uctuations in spot rates. To be consis-
tent with the theory of forward rates it would be necessary for risk premia to
o¤set these �uctuations. The time series evidence seems to support the devia-
tions of forward rates from future spot rates being due to a lack of information
when pricing bonds.
These �ndings have important implications for the pro�tability of forward

contracts where the aim is to borrow at forward rates today and, on the maturity
of the n-period bond, use the proceeds to invest in the future spot rate. This
was especially true for the contracts that expired after the �nancial crisis. Such
a contract has been shown to have been loss-making. However, if we could have
reversed the contract it would have o¤ered an arbitrage opportunity.

References
Ang, A. and M. Piazzesi (2003), "A no-arbitrage vector autoregression of

term structure dynamics with macroeconomic and latent variables�, Journal of
Monetary Economics, 50, 745-787
Balfoussia, C. and M.R. Wickens (2007), �Macroeconomic sources of risk in

the term structure�, Journal of Money, Credit and Banking, 39, 205-236.
Buser, S.A., G.A. Karolyi and A.B. Sanders (1996), "Adjusted forward rates

as predictors of future spot rates", Journal of Fixed Income, 6, 29-42.
Culbertson, J.W. (1975), "The term structure of interest rates", The Quar-

terly Journal of Economics, 72, 485-517.

24



Dai, Q. and K.J. Singleton (2000), "Speci�cation analysis of a¢ ne term
structure models", Journal of Finance, 55, 1943-1978.
Dominguez, E, and A. Novales (2002), "Can forward rates be used to improve

interest rate foreacsts?" Applied Financial Economics, 12, 493-504,
Fama, E.F. (1976), "Forward rates as predictors of future spot rates", Jour-

nal of Financial Economics, 3, 361-377.
Fama, E.F. (1984), "The information in the term structure", Journal of

Financial Economics, 13, 509-528.
Hardouvelis, G.A. (1988), "The predictive power of the term structure during

recent monetary regimes", Journal of Finance, 43, 339-356.
Hickman, W.B. (1942), "The term structure of interest rates: an exploratory

analysis", NBER mimeo.
Macauley, F.R. (1938), "The movements of interest rates, bond yields and

stock prices in the U.S. since 1859", NBER.
Mankiw, N. and J.A. Miron (1986), "The changing behaviour of the term

structure of interest rates", The Quarterly Journal of Economics, 101, 211-218.
Mishkin, F.S. (1988), "The information in the term structure: some further

results", Journal of Applied Econometrics, 3, 307-314.
Smith, P.N., S. Sorensen, and M.R. Wickens (2008), "General equilbrium

theories of the equity risk premium: estimates and tests", Quantitative and
Qualitative Analysis in Social Sciences, 3, 35-66.

25


