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Abstract

This thesis aims to shed some further light on the much debated Expectation
Hypothesis (EH). To test the theory we use the term structure, from 2000 to 2013,
of four different countries, namely Italy, Sweden, Germany and the US. Our work
presents four main tests of the EH, from standard term spread regressions to a
more articulated VAR model. The methodology is applied on an extensive num-
ber of maturities so that we can get a thorough understanding of the behaviors
of the yield curve. Except for some cases of intermediate maturities in Italy and
Germany, we find that the EH is soundly rejected in almost every sample. Con-
versely, Sweden and the US present convincing evidence in favor of an overreaction

theory.
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Introduction

The Expectation Hypothesis of the term structure (EH) is perhaps one of the most
puzzling topics in financial research. Many papers have been written without yielding
a final response on the validity of the theory. Because of the importance of the market
and the availability of data, the US yield curve has been the main object of investigation,
even though there is an increasing number of studies focusing on other markets. Aside
from its academic relevance, understanding the EH would prove to be valuable to many

subjects including, but not limited to, central banks, investors and financial institutions.

The EH claims that current long-term rates are determined by expectations on
future short-term yields and, depending on the formulation being used, a constant or
nil risk premium. It is easy to see why this statement may have important implications
for market participants. For instance, central banks, which affect money supply and
short-term interest rates in the economy, may be interested in knowing whether or not
such moves cause changes in the long-term end of the yield curve, as it is theorized by
the EH (Ludvigson and Ng, 2009). In light of the current status of the world economy
and the heavy intervention in the market by central banks, a correct understanding of
the underlying mechanisms regulating the yield curve seems more important than ever.

This point is further clarified by the Chairman of the Federal Reserve, Ben Bernanke!:

“What does the historically unusual behavior of long-term yields imply
for the conduct of monetary policy? The answer, it turns out, depends
critically on the source of that behavior. To the extent that the decline in
forward rates can be traced to a decline in the term premium . . . the effect is
stimulative and argues for greater monetary policy restraint . . . However,
if the behavior of long-term yields reflects current or prospective economic
conditions, the implications for policy may be quite different—indeed, quite

the opposite.”

Furthermore, bondholders who consider the positive slope of the term structure as
a sign of increasing future short-term rates would be interested in liquidating their
position in face of potential capital losses (Veronesi, 2010). Yet another reason as

to why forecasting future short-term rates is paramount would be the importance of

!Ben Bernanke’s speech before the Economic Club of New York, New York, March 20, 2006.



discount rates in financial instruments and derivatives pricing, which would benefit from

a better understanding of the term structure (Sangvinatsos, 2010).

Campbell and Shiller (1991) represents the main reference on the topic. The
authors introduce a series of instruments that test some of the yield curve relationships
implied by the EH on US data and prove that the EH does not work well in practice.
Our study purports to apply the methodology developed by Campbell and Shiller (1991)
on a more recent dataset for Italy, Sweden, Germany and the US. Although we use a
relative small number observations, our analysis has the merit to test the EH for an
extensive combination of maturities between the long-term and short-term bond. In
addition, while studies of the term structure are common for the US and Germany, there
are not many for other countries, and, to the best of our knowledge, our paper could be
one of the first, if not the first, to test the EH on Italian and Swedish data. Briefly, we
find that the EH does not work well in our data, except for Italy and Germany wherein
we get more encouraging results for some selected pairs of maturities. However, we
find that an overreaction model of the term structure explains the results we have in
Sweden and in the US well.

The remainder of the thesis is organized as follows. In the first section, we briefly
introduce an overview of the sovereign debt markets in the countries considered in the
study. We primarily focus on the main descriptive statistics and analyze the liquidity of
these markets. In the second section, we analyze the theoretical framework that states
the main implications of the Expectation Hypothesis and review the main literature
on the argument. In this section, we thoroughly discuss the aforementioned Campbell
and Shiller (1991). In the third section, we assess the data used for the empirical
part of our study and we run some econometric tests regarding the quality and the
significance of this data. In the fourth section, we present the econometric techniques
as well as regressions adopted in this paper and explain the economic intuition behind
these. Once again a rather large part of the text is devoted to Campbell and Shiller’s
methodology, as this is the backbone of our analysis. In the fifth section, we explain
the empirical results of this paper. In this part, we focus on describing the coefficients
we obtain with the different regressions and we provide a detailed comparison of these
results in two samples, one aggregate and one which does not include observations from
during and after the financial crisis. In the sixth section, we then try to explain the
theoretical reasons as to why the EH fails. In this part, we pay deeper attention to

the overreaction model, which is thoroughly described in Campbell and Shiller (1991)



and Hardouvelis (1994). In the seventh section, we briefly summarize the limits of our
study and methodology used to test the theory. The final part of the paper consists of

a brief conclusion and some general remarks.

1 Government Debt Markets Overview

1.1 Main Facts

The fixed-income markets have, especially recently, been at the center of the discus-
sion in financial economics. The reason underpinning such focus on the topic is the
impressive growth in size and complexity that has characterized these markets in re-
cent years. This extensive development has been primarily seen in the markets of
fixed-income derivatives, e.g. mortgage-backed securities and asset backed securities.
Furthermore, as under the definition of fixed income securities fall very complex and
diverse instruments, many authors tried to assess to what extent these different in-
struments are correlated and to analyze the effect of this correlation within different
markets (Veronesi, 2010). Moreover, a good understanding of the functioning of these
is vital, given the importance of the role they cover in the economic environment. As
a matter of fact, they answer different needs such as matching demand and supply of
capital or easing the investment of surpluses, and providing short and medium term
financing (Sveriges Riksbank, 2012b).

The fixed-income markets were historically dominated by the US. Nowadays,
this market is still the largest, having outstanding securities for more than $38,137
billion (Securities Industry and Financial Markets Association, 2012). However, it has
gradually lost importance, given the development that has characterized new markets
around the world. This fact is mainly due to the role assumed by some foreign countries
as reference entities for fixed-income pricing (Veronesi, 2010). Undoubtedly, one of the
markets that has become more and more important in this respect is the European one.
Its structure, however, is still somewhat different from the US market, given that each
member of the European Union has its own domestic debt marketplace. Nonetheless,
recently, with the centralization of the role of the EU in these countries’ policies, this
market started also to act as a unique entity (Association for Financial Markets in
Europe, 2012).



One of the most important fixed-income markets is the government debt market,
which has become an even more discussed argument recently, as the economic crisis has
brought the fiscal situation of western economies to deteriorate and led to a significant
deterioration in these economies’ public finances (Becker et al., 2010). The government
debt market consists of the universe of debt instruments directly issued by central gov-
ernments to finance their public operations. In this regard, the American sovereign
debt is the biggest among those considered in this study, with an amount of $16,432
billion at the end of 2012. On the same date, the Italian government debt amounted to
€1,998 billion , Germany’s to €2,129 billion, and Sweden’s to €137.06 billion (DataS-
tream). Providing data regarding the amount of debt is useful for understanding the
size of these markets, but not so much for describing the ability of a country to grow
through this source of financing. This purpose is well fulfilled by the Public Debt to
GDP ratio. In this respect, during year 2012 Italy registered a ratio of almost 126%.
Conversely, Germany and Sweden’s average 2012 ratios were the lowest, with 80.5%
and 37.9% respectively. The US, on the other hand, had a Public Debt to GDP ratio of
almost 107.18%. In Figure 1, we report the trend of yearly Public Debt to GDP Ratio
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Figure 1: Debt to GDP Ratio

(DataStream). What is worth noticing is the increasing trend that has characterized all
these ratios from 1998 onward. The only exception is Sweden, which has been able to
decrease this figure, both through an increase in its GDP and a reduction in the amount

of debt outstanding. It is important to see the sharp hike in public indebtedness after



2007 for the other three nations. This follows the large fiscal stimulus put in place
after the financial crisis. This increase is evident for the US, which adopted an exten-
sive fiscal policy in order to stimulate economic growth. Additionally, also Germany
and Italy experienced a deterioration in their ratios. In Italy, the sharpest increase has
been registered in the last three years, in conjunction with the sovereign debt crisis that
has involved Europe. Undoubtedly, this country faces problems in growing through its
public spending. In the case of Germany, however, the trend has been slightly different:
it increased soon after 2007, but in the past three years the economy started growing

again and Germany was able to reduce this figure significantly.

We then decided to focus on the average term to maturity of government debt,
which is simply the average number of years that are needed by a country to repay its
outstanding debt. It is important to report this, as it can well describe the structure
of the public debt and the mechanism through which central banks regulate their fiscal
policy. The US has an average term to maturity of 4.9 years?, which means that among
the countries we analyze, it has the highest ability to roll over its debt and is able to
lower its effective government interest rate. On the other hand, the country is more
exposed to fluctuation of market interest rates. Sweden has a term to maturity very
similar to the US, with 5.2 years. Also in this case, this is a sign of the fact that
these countries are less exposed to roll over risk and so can afford to issue debt with a
shorter maturity. Germany and Italy have an average term to maturity of 5.94 and 7.2
respectively (OECD, 2010). In particular, Italy, for which the opposite argument with
respect to US and Sweden is true, has the longest the term to maturity with respect to
other countries (Becker et al., 2010).

1.2 Liquidity and Efficiency

In bond markets, efficiency is as important an element as size for understanding how
they function. It is therefore interesting to assess how efficient and liquid these markets
are (The World Bank, 2006). Normally, the secondary markets for government bonds
are considered to be the most liquid among the totality of fixed-income markets. The
reason why this is true can be linked to the role held by government securities. These
are often used as collateral and, given the relative low credit risk by which they are

characterized, are usually issued in large amounts (Sarr and Lybek, 2002). Further-

2This data is taken from OECD Statistics Library, and is data as of 2010.



more, if a market is adequately liquid, it can properly reach its objectives, i.e. risk
diversification, control on the issuers and allocation of resources to the most productive

processes (The World Bank, 2006).

There are different measures to rate the level of efficiency for these entities, but
for our study we decided to use the Bond Turnover Ratio. This figure, which is defined
as the ratio between the values of bonds traded and the average amount of securities
outstanding in a specific year, is a measure of the liquidity characterizing secondary
markets. The higher the ratio, the more liquid is the market considered. We have
collected the government debt turnover for year 2012* and computed the ratio using as

denominator the amount of debt outstanding at the end of 2012%.

Country ~ Amount Outs. (in bil.)  Debt/GDP Ratio (%) Avg. Term to Mat. (in years) Bond Turn. Ratio
Us $16432 107,5 4,90 8,21
Ttaly €1989 126 7,20 0,41
Germany  €2129 80,5 5,94 2,88
Sweden  €137,06 37,9 5,20 23,6

Table 1: Government Bond Markets

We found that in 2012 Sweden showed an extremely liquid market, with a ratio of
23.6. Following are the US with a ratio of 8.21, Germany with 2.88, and Italy with 0.41.
The striking difference between the Swedish markets and the others may be probably
due to the fact that the Scandinavian country has a relative safe economy, which foreign
investors consider to be better hedged against macroeconomic shocks. Next is the US,
whose market is one of most liquid as it shows a ratio of more than 8 units. This can
be linked to the fact that US government securities have been considered for many
years as those which better resembled risk-free securities. Given the role they play
as benchmark treasuries for most countries on a worldwide scale, they are among the
most traded bonds in the government securities secondary market. Among the EMU
countries, Germany has one of the most liquid markets. This is somehow due to the
fact that the German bund is the reference government security for those who want
to invest in the Euro market. However, being part of a larger monetary union, the

German market is dependent on the fate of the other economies that are members of

3For Germany we use 2011 data, given that we could not find any reliable data source for 2012
Debt Turnover.

4The data is taken from different sources, namely Riksbank, SIFMA, Banca d’Italia, and Finance
Agency of Federal Republic of Germany.
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EMU and this fact could be at the base of the lower level of liquidity registered with
respect to Sweden and the US. Lastly, Italy shows a very low ratio, which indicates a

poor liquidity level with respect to those considered in this study.

For our paper, it is important to understand that if bond markets are efficient
and so extremely liquid, there ought be a similar foresight of the expected rates among
investors. This assumption, along with the fact that investors should be indifferent
between choosing long-term or short term securities, would make forward rates unbiased
proxies for the expected future rates, which in turn would make significant the test of

EH (Bierwag and Grove, 1967).

2 Literature Review

2.1 Notation

Before we start testing the EH, it is convenient to write down the notation that will
be used throughout this paper. As in this document we use mainly continuous-time
models, we introduce all the variables, formulas and notation in continuous time. We
begin analyzing a zero coupon bonds and their notation. First, we derive the relationship
between the log price and log yield of such securities, which pay only the face value at
maturity. At time ¢, the price Pt(") of zero coupon bond that pays n years from now is

obtained discounting for n periods the face value with the spot n-year rate yt(n). From

this relation is easy to derive the equivalent log-price p§”>

P = 100e 4"

Pt(n) _ e_yt(mn
100
n = —yn

If one buys this bond at time ¢ and sells it at time ¢ 4+ m, this strategy generates

a log holding period return rﬁzt +m Which is generally unknown at time ¢

e = i — i)

It is possible to combine bonds so as to guarantee a fixed interest rate on an investment
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to be made in the future. This interest rate is commonly referred to as the forward
rate. The forward on an investment agreed upon today t to be made at time ¢t + m

until £ + n, where m < n is given by

f =
n—m

or alternatively

2.2 The Expectation Hypothesis

The Expectation Hypothesis is the most popular theory regarding the structure of the
yield curve. Various authors test different implications that follow from its main char-
acterization; however, a clear and thorough explanation of the diverse equations derived
from the EH is oftentimes lacking. In this subsection, we present a brief description of
two of the term structure relations implied by the EH that are tested in the remaining
part of the paper. The EH states that long-term rates are the average of current and

expected future short-term rates

= i (47 + T+ i)

=1

k—1
ny" = my™ +mE (Z yfﬁ%) k=n/m (2.1)

where k is an integer. We can rewrite 2.1 so as to define the current short-term

rate using log price and log holding period return

k—1
my™ = ny" —mE (Zﬁ%) k=n/m (2.2)
=1

my" = E(diﬁ) — "
m 1 n
yt( )= E]Et (Tt(—Zter) (2.3)

The above equation states that the yield on a short-term bond m must be equal
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to the expected return on a long-term bond over the life of the short-term bond. All
the above definitions purportedly neglect the existence of a log risk premium for conve-
nience. However, an alternative version of the EH states that the risk premium exists

and is constant over time.

2.3 Campbell and Shiller’s Milestone

In one of the most important papers on the topic, Campbell and Shiller (1991) present
evidence against the EH. They study a sample of data on the US market from 1952 to
1987 using monthly observations of the zero curve provided by McCulloch (1975). These
are yields on pure zero coupon bonds that have been obtained by applying the cubic
spline methodology. Their main finding is that yield spreads do not predict movements
in future long-term rates as implied by the EH. In fact, with few exceptions, the forecasts
of the short-term changes in the future long-term rates go in the opposite direction.
Nonetheless, they find that the term spread contains information useful to forecast
changes in future short-term rates and that the forecast power of the term structure
to predict such rates improves along the horizon. Without delving into analyses of
time-varying risk premia, they hypothesize that a failure of the EH might be due to an
overreaction model of the yield spreads. If this were the case, the difference between long
and short rates would behave accordingly to the EH, but the magnitude of the spread

between the two rates would be bigger than the one implied by rational expectations.

2.4 Past Research and Evidence

Though there is a general consensus regarding the poor performance of the Expectation
Hypothesis in the US, as shown by Campbell and Shiller (1991), in other countries
the results seem to vary according to the different samples considered. Many authors
evaluated the performance of this theory on various markets, e.g. Germany, United
Kingdom, Ireland, Switzerland, and France, but, as far as we know, there are very few

papers concerning Italy or Sweden.

One major reference in the field is represented by Fama and Bliss (1987) that
investigates the information contained in forward rates regarding future interest rates
and current expected returns on bonds. The authors use different datasets for their

regressions. These samples range from January 1964 to December 1984 for the forward
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spot spreads and from January 1965 to December 1985 for the term premiums and for
the one-year changes in the one-year spot rate. They find that one-year expected returns
on US Treasuries with maturities of up to 5 years change through time and explain
that this variation could be linked to a reward for risk, but that this varies according
to business cycles. Secondly, they show that forward rates have very little power in
predicting near term changes in interest rates, but this predictive force increases along
the forecast horizon. Furthermore, they affirm that this power is due to a mean-

reverting tendency of interest rates.

The findings of Campbell and Shiller (1991) seem to be confirmed in other pa-
pers, and, to this extent, many authors try to give different explanations for the failure
of the EH. Different studies identified actions of the central banks as the main variable
underpinning such a poor performance of the EH. In the case of US, for example, it has
been argued that the Fed, in determining short-term rates, brings these to behave like
a random walk and this would inevitably affect the ability to determine any predictable
variation in the term structure (Mankiw and Miron, 1986; Rudebusch, 1995). Tzavalis
and Wickens (1997) try to give a rational explanation of the reasons at the base of the
well functioning of EH in the long run with respect to a poor performance of the theory
on a short-term horizon. They test the EH on a sample of monthly observations, from
January 1970 to February 1991. They hypothesize two main causes for this failure.
First, they theorize that long-term rates are determined by a risk premium term along
with information embedded in short-term rates. Second, they consider the existence of
an overreaction factor of long-term rates to short-term rates. However, they conclude
that an empirical failure of the EH is mainly due to the presence of a risk premium,
but this is far less significant as a determinant of current rates than the news regarding
future short-term rates. In a recent working paper of the ECB, Guidolin and Thornton
(2008) calculate theoretical forecasts of the future short-term rates and use an approx-
imation of the Nelson-Siegel forward curve to estimate the yield curve (Diebold and
Li, 2006). They demonstrate that the theoretical forecast implied by the EH is not far
from the term structure forecasts, using a sample of monthly observations in the period
January 1970 - December 2003. They also find the unpredictability of future short-term
rates to be the main reason as to why the spread between long and short rates is not a

good estimator for the future short-term rate.

However, in countries other than the US, many authors found evidence support-

ing the empirical success of the EH. In a study regarding the G7 countries, Hardouvelis
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(1994) gives substantial credit to the well functioning of the theory in all the nations, but
the US. The author takes different samples for each country from the oldest quarterly
observation available to June 1992, and shows how long-term interest rates in France
and Italy move in the correct direction according to the EH, whereas in the other G7
countries the counterintuitive movements might be explained by white noise deviation
of the long-term rate from the one predicted by the EH. This explanation, however,
does not work for the US, where the author explains this contrasting result in light of an
overreaction of the long-term rates to the future short-term rates predicted by the EH,
following the reasoning proposed by Campbell and Shiller (1991). In a paper on the
UK market, Cuthbertson (1996) finds some evidence in favor of the EH. Through the
Campbell and Shiller’s methodology, applied on a weekly dataset, from January 1981
to February 1992, the author notices how the EH seems to work properly according to
the Perfect Foresight Spread regression, which shows significant and coherent results
in most cases. However, Cuthbertson (1996) finds more conflicting evidence when he
uses the VAR methodology. Overall, he finds more evidence supporting the validity of
the theory in the UK. Boero and Torricelli (1997) test the EH on German data in the
period from February 1985 to December 1994 and find evidence that seems to confirm
the validity of the theory in this country. Their test of the EH is developed through
two different approaches. First, they use the more “classical” method of finding a cor-
respondence between the term spread and the expected change in short-term interest
rates. Secondly, they take the spread between the forward rate and the spot rate and
test it as a predictor for changes in future spot rates. For both methods, they find
strong results supporting the validity of the EH. The only evidence against the EH is
justified by the influence of the central bank on German monetary policy, especially for
the 3-month rate. In another study, Cuthbertson and Bredin (2000) test the EH on the
Irish market, following the approach undertaken by Campbell and Shiller (1991). The
authors use monthly observations of the zero-coupon curve from the period 1984-1997.
They apply the VAR methodology on the Irish market and find that in this case the
EH cannot generally be rejected (apart from the combination 3M-1M). By adopting the
other methods tested by Campbell and Shiller (1991), i.e. Perfect Foresight Spread,
Theoretical Spread and Correlation Ratio, they also find significative support to the
EH for short-term maturities. Longstaff (2000) tests the EH at the very short end of
the term structure. The author uses daily observations of government repo rates with
maturities that range from overnight to 3 months in the period 21 May 1991 - 15 Oc-
tober 1999. Longstaff (2000) shows that term premia are very small and statistically

15



insignificant for weekly and monthly rates. Additionally, he finds that the test is also
consistent with the pure version of EH, as the hypothesis of nil term premia in repo
rates cannot be rejected for almost any of the maturities. Bataa et al. (2006) extend
the study of Bekaert and Hodrick (2002) in testing the EH theory on the UK market.
They test the theory on different pairs of maturities for the period January 1979 - May
2004 and compare their results with previous studies on the UK. What emerges from
their findings is that the EH is very dependent on both the maturity pair taken into

consideration and the sample in which the EH is tested.

Authors Sample Country Evidence
Campbell&Shiller (1991) Jan. 1952 - Feb. 1987  US Strong rejection of EH
Fama&Bliss (1987) Jan. 1964 - Dec. 1985 US Rejection of EH
Mankiw&Miron (1986) Jan. 1959 - Feb. 1979  US Mild rejection of EH
Tzavalis& Wickens (1997) Jan. 1970 - Feb. 1991  US Strong rejection of EH
Guidolin&Thornton (2008) Jan 1970 - Dec. 2003 Us Mild rejection of EH
Hardouvelis (1994) Until Jun. 1992 G7 countries EH depends on countries
Cuthbertson (1996) Jan. 1981 - Feb. 1992 UK Mild support of EH
Boero& Torricelli (1997) Feb. 1985 - Dec. 1994  Germany Strong support of EH
Cuthbertson&Bredin (2000) Jan. 1984 - Oct. 1997 Ireland Strong support of EH
Longstaff (2000) May 1991 - Oct. 1999  US Strong support of EH
Baata et al. (2006) Jan. 1979 - May 2004 UK EH depends on countries and samples

Table 2: Literature Review

2.5 Contribution to Research

As already mentioned, the EH has been thoroughly examined from Fama and Bliss
(1987) onward. Research provides contrasting evidence and it is difficult to find a
univocal consensus on the performance of the theory, whose validity tests bring sub-
stantially controversial results among the different countries considered. However, the
vast majority of the studies we analyzed, apart from Campbell and Shiller (1991), fails
to offer an empirical analysis based on an exhaustive range of maturities and mainly fo-
cuses on a specific part of the term structure (Cuthbertson and Bredin, 2000; Boero and
Torricelli, 1997; Cuthbertson, 1996; Guidolin and Thornton, 2008). Besides, we could
not find any significant test of the theory for the last decade, as the longest datasets
analyzed reached the early 2000s at most.

16



With this paper, our intention is to present an additional empirical test of the
EH. However, we decide to analyze the performance of this theory in a sample of four
different countries, in which we include Sweden and Italy. As far as we know, no previous
studies have been conducted on the Scandinavian country, and, for what concerns Italy,
a detailed and specific analysis of this argument is lacking. Furthermore, we test four
different methodologies, with a special focus on Campbell and Shiller (1991), in order
to be able to derive a general conclusion regarding the performance of EH in these
nations. In order to be as exhaustive as possible and to be able to assess properly the
theory, we focus on a more complete range of monthly maturities, from 1 month to 10
years. In this respect, we are able to provide a deeper analysis of the term structure,
and to observe in which part of the curve the EH performs better. In addition, another
interesting feature of our study is the dataset we use to test the theory. As a matter of
fact, we decide to evaluate the EH on two different samples; one that ranges from 2000
to 2012, and the other from 2000 to 2007. The reason behind this particular choice is

to see if the EH was affected by the recent financial crisis.

3 Data

3.1 Data Sources

We test the EH on a set of four countries, namely Italy, Sweden, Germany and the
United States. The data spans the zero-coupon yield curve for each country month by
month up to 10 years. The term structure, obtained as such, is observed through time.
The data is downloaded from DataStream, which in turn uses the term structure built
by Intercapital (ICAP). This curve is constructed by taking into consideration yields
from the cash, future, bond and swap markets. Quite generally, to derive the curves

the linear interpolation or cubic spline method are used.

Country Time Window # of Observations Methodology
[taly Feb. 2000 to Jun. 2011 137 Linear Interpolation
Sweden Feb. 2000 to Feb. 2013 157 Linear Interpolation
Germany Mar. 2000 to Jul. 2011 137 Linear Interpolation

United States Mar. 2000 to Mar. 2013 157 Cubic Spline

Table 3: Data Overview
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Figure 2 shows the term structure of each country. It can be noted how these
curves exhibit similar patterns, as these states were somehow exposed to the same
shocks in the economy. Signs of the last financial crisis are evident in all the yield
curves and are shown by the spike in short-term rates from 2007 to 2008. It is also
interesting to notice how in this period the term structures had a tendency to invert,
as short-term rates were somewhat higher than long-term rates. From the figure, we
can also trace some early signs of the European sovereign debt crisis, since we can see
that the interest rates in Italy as well as Germany were rising in the last months of
our sample. The depression of interest rates from 2010 onward is probably due to the

Quantitative Easing programs of the Fed.
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3.2 Descriptive Statistics

In this section we present some descriptive statistics about our data. As it would be
cumbersome to report statistics for every maturity of the term-structure, we decide to
focus on only a few of them, namely 1, 12, 60, and 120 months. Table 4 reports the
mean, standard deviation, minimum, first, second, third quartile and maximum of each
series. At first glance, we can see how the US present the biggest swings in the yield
curve. For each time series, in the US we observe the biggest difference between the
first and third quartile and the largest standard deviation. Another interesting point
is that Italy’s and Germany’s term structures behaved very much alike from 2000 to
2011 according to these statistics. As opposed to the current situation, interest rates
in Italy were also on average just few basis points higher than in Germany. In the next

subsection, we test our time series for unit roots.

Mean Std. Dev. Min 25th Median 75th Max
1 month 2,821 1,423 0,389 2,120 2,737 4,047 5,135

E 12 months 3,078 1,284 1,086 2,142 2,905 4,236 5418
= Syears 3791 0953 1788 3048 3,773 4562 5731

10 years 4,331 0,826 2,427 3,629 4,290 4,866 6,016
Z lmonth 2741 1351 0338 1,800 2388 4,019 50641
A 12 months 3,013 1,333 0,730 1,987 2839 4309 5,397
§ 5vears 3,800 1237 1525 2851 3995 4,802 6,281
@ 10 years 4,302 1,167 2,062 3437 4,353 5,162 6,577
2 lmonth 2817 1428 0397 2,121 2717 4080 5239
Z 12 months 3,063 1,276 1,066 2,156 2,861 4,312 5,372
5 5vears 3,765 0,944 1,903 2,929 3,731 4,499 5723
d 10years 4310 0814 2604 3597 4308 4802 6,007

1 month 2468 2212 0,186 0279 1,830 4,493 7,022
o 12 months 2,692 2,095 0,307 0,636 2,271 4,496 7,626

D years 3,806 1,692 0,751 2,569 3,896 5,073 7,826
10 years 4,536 1,420 1,648 3,621 4,733 5,393 7,945

Table 4: Descriptive Statistics
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3.3 Preliminary Unit-root Tests

The VAR methodology that we use in this paper is based on the assumption that the
change in the short-term interest rate Ayt(m) and the term spread St(n’m) are cointegrated
CI(1,1). In fact, if these time series do not converge to a long-run equilibrium the VAR
regression cannot be applied. To test for cointegration, we first check that the series
are integrated of order 1 and then perform the Engle-Granger test. Unit-root tests
for the individual time series are carried out by implementing the Augmented Dickey-
Fuller test (ADF) (Dickey and Fuller, 1979). This procedure is based on the following

regression

Y =C+ dYr—1 + 1Ay 1 + 02 Ayo + ... + Ay + &

In this case, we test the null hypothesis of nonstationarity Hy : ¢ = 1 against
the alternative Hy : ¢ < 1. We test different specifications of the regression, with a
number of lags from 1 up to 10, and we pick the one with the lowest Akaike Information
Criterion so as to ensure that there is no serial correlation in the residuals. We first
consider the evidence relating to the change in short-term rates. As to Italy, Germany
and Sweden the test unanimously rejects the null hypothesis of unit root and thus we
do not report the relative statistics. Conversely, in the US we fail to reject the null
hypothesis. Figure 3 plots the first difference of the level of interest rates for different
maturities. A graphical inspection of Ayt(m) reveals that there is a structural break in
the data, which in turn is the reason for the apparent nonstationarity of the time series,
given that the ADF is known not to cope well with this kind of data. In addition, the
fact that we do not have many observations is likely to further reduce the power of our
test. A methodology that fares better with this data is the Philips-Perron test (PP),
which revises the ADF in order to have a reliable test in the presence of structural
breaks in the time series (Phillips, 1987; Phillips and Perron, 1988). Table 5 shows the
t-stats for both the tests: as we can see, the PP allows us to reject the hypothesis that

the first difference in interest rate levels is nonstationary.

If we are positive that interest rate levels are 1(1), we are less sure about the
stationarity of the term spread. Table 6 contains the ADF statistics which all share a
common critical value at a 5% significance level of -2.88. Since this is a one-tailed test,
the more negative our statistic, the stronger the rejection of the null hypothesis. As we

can see from the table, we cannot always reject the null hypothesis of nonstationarity,
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Figure 3: Change in Short-term Rates in the US

in particular at the short and long ends of the yield curve. Alas, in this case the PP
does not provide better results since we do not observe any structural break in the data.
This is potentially a problem for our VAR analysis, since the stationarity of time series
is the underlying assumption which allows us to run the regressions. However, as noted
earlier, the relatively small number of observations strongly reduces the power of our
test and may be the cause of the non rejection of the null hypothesis of nonstationarity.
Therefore, we still proceed with our analysis even though we advise the reader to look

at the results cum grano salis.

The final test on our data consists of performing the Engle-Granger cointegration
test (EG) between the changes in short-term rates and the term spread (Engle and
Granger, 1987). The basic idea behind this method is that if the two series move
together, i.e. they are cointegrated, a linear combination of the two is stationary.
Hence, to test this hypothesis we can regress one series on the other and assess the
stationarity of the residuals. Formally, if we define a linear combination v of the time

series y and x such that
y—pr = u

then we could test the stationarity of u performing an ADF or PP test. Unfortunately,
we do not observe u, but we need to estimate it, for instance, through OLS regression. In

this case, we can then apply the stationarity tests on the residuals from the regression.
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In Sweden, Germany and Italy, results from the Engle-Granger procedure reveal that
the term spread and changes in short-term rates are undoubtedly cointegrated, as the
p-values are well below 1% for every pair of maturities. On the other hand, if we apply
the ADF variant of the EG two-step procedure on US data, we find that most pairs
of maturities are not cointegrated. Nonetheless, by looking at a plot of the residuals
from the EG regression, which is not shown here, we can see in most cases there are
structural breaks in the data. Hence, we decide to apply the Philips-Perron unit-root
test on the residuals, which strongly rejects the null hypothesis of non-stationarity in
every case. All in all, we are confident that our data is suitable for the application of

the VAR methodology and thus we proceed with our analysis.

4 Methodology

4.1 The Term Spread and Forward-spot Spread Regressions

We start this section with a description of the first regression that we perform in our
study. As predicted by the EH, the slope of the yield curve and the future long-term
rates should be positively related. To see this, we start from equation 2.3 in which we

multiply both sides by m for convenience

myt(m) = E (Tt(ﬁgm-m)
my" = E (piiinm)> -
my™ = ny™ — (n—m)E <y§i;m)>
(m _ M m) n—mE< (n—m>>
Yt n Ye n t+m
Subtracting %yﬁn) from both sides yields
(n) =M ) _ M (m) n—mE<(n_m)>_n—m(n)
Yy o Yy o Ye '+ n Yt+m n Y
_ m
E( (n m)> P () ( (n) _ (m)>
Yirm Y n—m Yt Yt

By defining a variable s\"™ = —m ( () _ yfm)> the last equation leads to the

n—m
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following regression, which is equivalent to the first regression in Campbell and Shiller

(1991)
(n—m) _ (n)

Ytrm — Y =at BSEn’m) + € (4.1)

If the EH is true then S must be equal to one, whereas « should be either equal to

nil or the opposite of the risk premium, depending on the version of the EH considered

(Boero and Torricelli, 1997). The meaning of this equation is that if the yield of the

long-term bond rises over the life of the short-term bond, this gives a capital loss to the

holders of this instrument. In order for them to be indifferent between the long and

short-term bond, the longer-term security must give them a higher yield (Campbell and
Shiller, 1991).

Instead of using the term spread to test the EH, an alternative method adopts
the forward-spot spread. The EH implies that forward rates are unbiased predictors of
future short rates (Boero and Torricelli, 1997)

E, (ygfyzb—m> = ft(nim’n) + ¢

where ¢ is a constant risk premium. By subtracting the short-term yield ytm)

from both sides of the above equation and removing expectations we get the following

regression
W= = ak B (T ) e (42)

This is similar to one of the equations tested in Boero and Torricelli (1997), with
the difference that in our case m is set to 12 months as opposed to 1, and identical to
the main regression in Fama and Bliss (1987). If the EH is true, we would expect the
slope coefficient to be equal to one and the intercept to the risk premium. On the other

hand, the pure version of the EH states that the intercepts should be nil.

4.2 Perfect Foresight Spread and VAR

A second test carried out by Campbell and Shiller (1991) is derived by rearranging
Equation (2.2). The authors define the so-called Perfect Foresight Spread (PFS) ™™
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gmm = gemm (4.3)

k—1
o =y = R YR (WD) —u™ k=n/m
1=0
k—1
S = (R 3w o™ k=n/m (44
=0

This is the spread that would be obtained if market participants had perfect
foresight of future interest rates. From another standpoint, Equation 4.4 says that the
slope of the term structure should amount to the average of the future change in short-
term rates. To test this hypothesis the authors regress the PF'S onto the actual spread
and a constant. The slope coefficient of this regression should be one if the EH were
true

ST — o 4 B e (4.5)

This regression has the disadvantage that it uses overlapping observations and
therefore OLS standard errors tend to be too small. In order to attain unbiased standard
errors, the authors used the correction suggested by Hansen and Hodrick (1980), which
in this case implies that we should adjust by n—m—1 overlapping observations. Another
drawback of this methodology is that to obtain the PFS we lose n — m observations
at the end of the sample period. Given that we do not have many observations, this
can cause serious inference problem particularly for large values of n —m, which mostly
happens at the long-end of the yield curve. In addition, the Hansen-Hodrick correction
does not work too well when n —m — 1 is large relative to the sample size (Bataa et al.,
2006). Finally, the independent variable is serially correlated and correlated with the
dependent variable (Bataa et al., 2006; Campbell et al., 1996) which can cause inference

problems as well.

In order to overcome the problems from the OLS regression method, Campbell
and Shiller (1988) propose a VAR methodology to evaluate present value models that is
suitable for a test of the EH. First, they define an information subset Y; that is used to
form an optimal forecast of future increases in short-term rates. This subset is composed
of Ayl™ = ygf,)n — 4™ and the spread itself S, which are assumed to be stationary
[(1). This information subset can be represented by a p-order VAR and rewritten as a

first-order VAR using the companion form z; = Az;_; + u;. The companion matrix has
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the following representation (Jondeau, 1997; Campbell and Shiller, 1988)

[ 1 2 p 1 2 p ]
ayp; ap ayp Qo Q79 19
1 0 0
: : 0
0 1 0
A= 1 2 P 1 2 p
Qo1 Q91 ... Qg1 GQgy Uyy - (i
1 - 0
0
0 1 0

The vector z has 2p elements: Ay™ and p — 1 lags and S"™and p — 1 lags.

Next, they define two vectors, g e h, such that ¢'z;, = St(n’m) and h'z; = Ayﬁm) . Both

vectors have 2p zero elements, except for the first element of h and the p + 1-st element

of g which equal one. According to this formulation, Campbell and Shiller (1991) shows
that the PFS S,"™ can be written as

S, = WAL = (m/n) (I — A™) (I — A™) 7 (I - A) " (4.6)

S;(n’m) is called the “theoretical spread”. It can be shown that if the EH were

true, then S = ¢'z, = S,"™ . The researchers analyze the historical behavior of the

actual and theoretical spread by comparing the correlation and the ratio of standard

deviations of the two variables, which should both equal one if the EH were true. It is

also possible to regress the theoretical spread onto the actual spread. The coefficients

resulting from this procedure in theory should be equivalent to the ones from equation
4.5 (Campbell and Shiller, 1988, 1991; Jondeau, 1997).

5 Empirical Results

5.1 Evidence from 2000 onward

Table 8 and 9 show the slope regression coefficients from equation 4.1. As we can see,
the results are quite different from Campbell and Shiller’s. They find that a higher term

spread is not associated with an increasing long-term yield. Conversely, our results seem
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to indicate that at least in this regard the EH works. For almost any pair of maturities
when the spread is large, the yield of the long-term bond rises over the life of the
short-term bond. Exceptions to this general statement are mainly found when m and
n are low, or when n = 120. With respect to the US results, we also find a different
pattern of the coefficients. In Campbell and Shiller (1991) these become increasingly
negative with the horizon, whereas our results show a hump pattern. The ability of the
spread to forecast movements of the longer-term yield improves along the horizon up
to one or two years and worsens afterwards. Interestingly, this observed pattern in the
coefficients seems to be quite persistent in every country but Sweden. Figure 4 plots
the slope coefficients from equation 4.1 for m = 1, 3, 12, 24. As we can see, the hump
pattern is rather consistent for Italy, Germany and the US, whereas is not evident for
Sweden. Table 8 and 9 also report Hansen-Hodrick standard errors in parentheses. We
can see how these generally increase with the maturity of the short-term bond m, since
we correct for an increasing number of overlapping observations. As we can see from
the p-values in the table, the majority of the coefficients is not statistically different
from zero. The main exceptions are found when n is either 9 or 12. In addition, Figure
5 plots the opposite of the intercept coefficients from the regression. If we believe in the
pure version of the EH, these should all be zero, whereas the standard EH only implies
that these are equal to the opposite of a constant risk premium. As we can see, the
intercepts considerably differ according to the pair of maturities. Since these numbers
should in theory reflect the risk premium, we can expect the pattern that we observe
in the figure as investors probably require higher risk premia for longer investment

horizons.

In order to test for the validity of the EH, we perform a Wald test on the regres-
sion coefficients. In particular, we test the null hypothesis Hy: a=0 and [=1.
The Wald statistic is distributed according to a chi-squared distribution with two de-
grees of freedom W ~ X2 (2), which implies a 5% rejection statistic of 5.99. As we can
see in Tables 10 and 11, the EH is vastly rejected. However, it appears that the EH
sometimes works when m is between 2 and 6 months and n between 6 and 36. This is
true for Germany and Italy, whereas it is not for US and Sweden, wherein the EH is

almost never confirmed.

After having considered evidence from the term spread regression, we present
evidence regarding the forward-spot spread. For the sake of brevity, we consider just a

few couples of maturities. Table 7 shows the empirical results from running Equation
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Figure 4: Slope Coeflicients - Term Spread Regression

The figure plots the columns of Table 8 and 9 for m equal to 1, 3, 12 and 24. Diamonds in the figure

indicate that we can reject the null Hy : § = 0.

4.2. According to this specification, the EH fares pretty well in all sample when n is
set to either 24 or 36. In these instances, the slope coefficients are somewhat close to,
and never statistically different from unity in all samples but Sweden’s. However, the
intercepts are vastly significantly different from zero, which invalidates the pure EH.
As for the rest of the evidence, when n is either equal to 48 or 60, the Wald test rejects
the null that # equals 1 in all samples but Sweden’s. Therefore, for these maturities
we have a sounding failure of the EH. Our evidence is rather distant from what Boero
and Torricelli (1997), which almost never rejects the EH according to this metric, and
more in line with Fama and Bliss (1987), even though in our study the magnitudes of
the coefficients are considerably bigger. In the US is also astonishing the power of our

regression, which improves along the horizon up to almost 90% in the five-year case.
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Figure 5: Intercept Coefficients - Term Spread Regression

The figure plots the intercepts from Equation 4.1 for m equal to 1, 3, 12 and 24. Diamonds in the
figure indicate that we can reject the null Hy : § = 0.

This dwarfs the still meaningful 48% obtained in Fama and Bliss (1987).

Next, we run the regression of the PFS on the actual spread. Table 12 and 13
and Figure 6 show the slope coefficients when running regression 4.5. From the table
we can conclude that a rejection of the EH is granted mostly at the very short-end of
the term structure, whilst the rest of the evidence from the regression is somewhat in
favor of the EH. This is generally very true for intermediate maturities. In the US the
results are more dubious, as the coefficients are considerably larger than one. This is in
stark contrast to Campbell and Shiller’s coefficients, which are usually well under unity.
As to the forecast power of the term structure for changes in short-term rates, we find

that this steadily improves up to 2/3 years and then declines. This is also in contrast
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The figure plots the columns of Table 12 and 13 for m equal to 1, 3, 12 and 24. Diamonds in the figure
indicate that we can reject the null Hy : 8 = 1.

to the “U-shaped” pattern found using the US data (Campbell and Shiller, 1991), as in

this case we find a hump pattern.
Finally, we present evidence on our data regarding the VAR specification, where
p, i.e. the number of lags to be included in the VAR, is set to 4 as in the original
study of Campbell and Shiller. The regression coefficients in Table 14 and 15 should
be the same as in Table 12 and 13. However, for large n they differ quite drastically
probably because the sample used to construct the PFS has fewer observations than
the VAR sample (Campbell and Shiller, 1991). Most slope coefficients differ from one
at traditional statistical level, even though it looks like that the EH is economically

valid when n and m are relatively low. Even in these cases, however, formal statistical
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tests would lead to a rejection of the EH, as the VAR model produces extremely low
standard errors (Cuthbertson and Bredin, 2000; Campbell and Shiller, 1991). It is hence
worthwhile to compare the historical behaviors of the two time series. Table 16 and 17
report the correlation coefficient and standard deviation ratio o (S;(n’m)) /o (St(n’m))
between the theoretical and actual spread. The correlation between the two time series
usually improves with the maturity of the long-term bond, as this, for all countries, is
closer to one when n = 120. All the samples, but the US’ and Sweden’s, point to a
strong rejection of the EH for low n and m, as the correlations are considerably small.
Among the countries analyzed, US data lends the strongest support in favor of the EH.
As to the standard deviation ratios, we note how these are generally below one. This
implies that the theoretical spread is less volatile than the actual. Exceptions to this

finding are found for intermediate maturities.

Figure 7 plots the theoretical versus the actual spread for some pairs of m and
n, namely, from top-left to bottom-right, (1,12) (3,12) (1,120) and (3,120). At first
sight, it is evident that VAR spread and actual spread look pretty much alike for low
n. This is somehow striking since the correlation coefficient resulted to be lower in this
case. Obviously, the different standard deviations between the time series seem to be
the reason for this divergence. In addition, in these specific instances, the series move
better together for higher m. Among the different samples, the US seems to be the one

in which the theoretical spread best approximates the actual.

5.2 FEvidence from 2000 to 2007

The sample we have been using so far includes observations throughout the recent
financial crisis in which the yield curve is often downward sloping. In order to test
the EH in a more standard setting, we perform the tests from the previous section
in a reduced sample, from February 2000 to February 2007. For what concerns such
sample, we present evidence just for some selected pairs of maturities. Table 18 presents
evidence for Campbell and Shiller’s first regression on the reduced sample. In this case,
the performance of the EH considerably varies from country to country. However,
Germany and Italy have somewhat positive results when m equals 1 or 3 months and
n is equal or below 12 months. In these instances the spread forecasts movements in
the short-rates roughly as it is predicted by the EH. Conversely, when m is set to 12

months and n is larger as well, the EH seems to fail since most coefficients are negative.
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Figure 7: Theoretical vs. Actual Spread

Each subplot draws the time series respectively for the following combination of n and m (1,12) (3,12)
(1,120) (3,120)

As to Swedish data, we have a sound rejection of the EH for every pairs of maturities,
as most regression coefficients are significantly far from one. Lastly, the regression on
US data shows that at the short end of the curve an increase in the spread is followed
by a subsequent hike in short-term rates in a way that is still not consistent with the
EH given that the slope coefficients are extremely high. Nonetheless, the long end of

the term structure shows the same patterns found previously for the other countries.

Table 19 shows the results from the second regression in Campbell and Shiller
(1991) performed on the small sample. Again, we find a relatively strong support of
the EH in Italy as well as in Germany. Excluding the maturity pair (12,24), in Italy
we find coefficients in the range 0.78 — 1.36 and 0.66 — 1.66 in Germany. In many
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cases, asymptotic inference implies that we cannot reject the null hypothesis that the
coefficients are not different from one, even though for both countries the EH does not
work too well on the long end of the curve. Overall, evidence supporting the EH seems
weaker in Sweden and even more so in the US, where most coefficients are far away from
one. Interestingly, while in Sweden the slope of the yield curve is on average bigger than
the expected changes in future short-term rates, which amount to the perfect foresight
spread, the opposite seems to be true in the US - the slope coefficients are under unity
for Sweden and above for the US.

Table 20 contains the slope coefficients resulting from the VAR regression method-
ology. Once more, we deem that the EH fares relatively well in Italy and Germany for
short to medium maturities. When n is lower than or equal to 12, we find that the beta
coefficients of the VAR regression range from 0.89 to 1.08 for Italy, and from 0.87 to
1.09 for Germany. Albeit these coefficients are mostly significantly different from one
according to asymptotic inference, they are economically close to one and suggest that
EH performs well in this part of the term structure. The long-term end of the curve,
however, still points to a resounding failure of the EH, as the coefficients are decisively
far from one. In line with the results from the PFS regression, tests of the EH in US as
well as in Sweden do not lend any support in favor of the theory since most coefficients

are economically and statistically different from one.

5.3 Combined Evidence

Although it is difficult to reconcile the results from the aforementioned methodologies
and samples, we try in this section to draw a few general conclusions on the validity
of the Expectation Hypothesis. First, by looking at evidence from the full and reduced
samples, it is obvious that the financial crisis may have caused some artificial patterns
which we do not observe when only looking at the period before 2008. Hence, we advise
the reader to interpret the results while bearing in mind that the last couple of years

may have biased our conclusions.

Second, as opposed to Campbell and Shiller’s earlier findings, the EH has at
least the merit of predicting the sign of the changes in longer-term bond. For almost
every couple of maturities, results from the first regression show that, whenever the
spread between the long-term and short-term bond is positive, the price of the long-

term bond falls over the life of the short-term bond. In other words, investors, who
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hold the long-term security and are subject to an expected capital loss, are in fact
compensated by a higher current yield on this security with respect to the short-term
one. Exceptions to this statement are generally found when n is equal to ten years,
as in this case the slope coefficients from the first regression are negative. As to the
performance of the theory according to this first test, we can note how, when n is
between 12 and 24 months and m between 1 and 3, we have the best results both in the
sample and the subsample, as the coefficients are not statistically far from one. All in
all, when considering results for all countries, Germany and Italy seem to be the ones
where the EH works best in the abovementioned range of maturities. In the Swedish
dataset, while the full sample regression is promising, the outcome in the subsample
is quite disappointing as we cannot see any pattern in favor of the EH. As to the US,
we cannot find any significant support in favor of the EH. Nonetheless, it is striking
to notice the stark difference between Campbell and Shiller’s results and ours, as the
sign and magnitude of the regression coefficients differ quite dramatically in the two

samples.

With respect to our second test of the EH, namely the perfect foresight spread
regression, we find once again the best support of the EH for Italy and Germany, consid-
ering both the full and small samples, in the previously mentioned range of maturities.
Sweden and the US present a more contrasting evidence, as the coefficients are further
away from one. However, we cannot help but notice how the slope coefficients in this re-
gression are generally bigger than the ones found in Campbell and Shiller (1991), which
are mostly closer to zero and sometimes even negative. Our findings are in line with
previous studies on some European countries that show similar numbers (Cuthbertson
and Bredin, 2000; Boero and Torricelli, 1997). It also interesting to see how the US
have the largest slope coefficients, which means that the realized changes in short-term

rates are bigger than the ones expected by market participants.

Finally, the evidence from the VAR regression generally confirms what we have
found with the PF'S regression with exceptions on the long-term part of the yield curve,
since the samples used in the regression tend to sizeably differ for large n. Conversely,
a comparison of the historical behaviors of the two time series reveals quite surpris-
ing results. In Italy and Germany, intermediate maturities, which show good results
according to our previous metrics, do not constitute evidence in favor of the EH, as
correlation coefficients and standard deviation ratios are not that close to one. On the

other hand, this study yields far better results for Sweden and especially the US, whose
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correlation coefficients are close to one across the board and whose volatility ratios are
around unity at least for intermediate values of n. As noted before, a visual inspection
of Figure 7 confirms that the VAR and actual spread move well together in the US
when n is not too large. Overall, we do not find enough evidence to validate the EH
for all maturities. We do find, however, that when n is between 12 and 24 months, the
EH seems to work. In the next section, we examine some of the reasons which could

explain a failure of the EH.

6 The Economics of the EH Failure

Failures of the previous tests are generally considered to be due to either time-varying
risk premia or overreaction models of the yield curve (Tzavalis and Wickens, 1997;
Campbell and Shiller, 1991). We first consider some of the results that an overreaction
model can imply and then compare them with evidence from our methodology. As
noted by Campbell and Shiller (1991), an alternative model to equation 4.3 could be

the following, where we also allow for a constant log risk premium

Smm) — pRSM ™ 4 ¢ (6.1)

This model implies that, when the perfect foresight spread is regressed onto
the actual spread, the slope coefficient is given by 1/k. In addition, the correlation
coefficients between the two series should be equal to one and the ratio of the standard
deviations to 1/k. We can look at the results from the VAR methodology to see if
the model fits our data. It is clear that this model does not work well for either
Italy or Germany. The correlation coefficients are usually far from one for every pair of
maturities and the standard deviation ratios do not approach the slope coefficients, as it
is implied by the above theoretical model. However, this specification seems to perform
quite well in Sweden as well as in the US. The correlation coefficients between the
theoretical and actual spread are usually around one for almost every pair of maturities.
Besides, there is a striking correspondence between the slope coefficients from the VAR
regression and the standard deviation ratios. The only difference between Sweden and
the US is that the former shows evidence that implies a value of k higher than one,
whereas in the latter the opposite is true. Therefore, it looks like the term spread is

larger than the realized sum of the changes in future short-term rates in Sweden, whilst
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it is smaller in the US. Then if the spread amounts to expectations of future interest
rates, we could say that markets participants expected such changes to be bigger in
Sweden (overreaction) and smaller in the US (underreaction). This is an interesting
result, since Campbell and Shiller (1991) reached the opposite conclusion for the US.
However, the slope coefficients are larger than one in both our sample and subsample,
which suggests that this singularity is not due to the particular time window considered
in our study. A possible explanation for this is perhaps that in our sample the US had
the biggest swings in interest rates, which were difficult to forecast ahead of time.
Visually, the US shifts quite rapidly from a period of high interest rates, the dot-com
bubble, to a period of very low interest rates before the financial crisis, and then again
from high interest rates during the financial crisis to historic lows nowadays. Looking at
the plots from Figure 2 it is evident how such changes are somewhat outright compared
to the other countries’. If we assume that investors could not completely foresee such
swings, especially very much ahead into the future, and consider that the term spread
should reflect the expectations of these changes, then it is possible to argue that this
is the reason behind a flatter slope than the one implied by rational expectations. In
other words, markets underestimated the changes in the interest rates. Economically,
this makes sense, for instance, to the extent that the financial crisis and the Fed’s
intervention were not easy to divine. It is worth considering why this overreaction
theory seems to work in the US and Sweden, and not in Italy and Germany. Loosely
speaking, if we imagine that the risk premium is mainly driven by perception of the
riskiness of a country and not by the likes of volatility or inflation, then we can see
how countries in the Eurozone must award their investors with a premium. Neither
the US nor Sweden’s solvency has ever been questioned in the sample, whereas there
were some doubts in the Euro countries as the ECB did not guarantee the debt of these
governments. However, as easy as this argument is easy to make about Italy, it is harder
to see how investors can worry about the solvency of German debt. Another hypothesis,
perhaps, is that there is a consistent liquidity premium in Italy and Germany, as these

countries have low debt turnover ratios compared to US and Sweden.

No matter where it comes from, but as long as there is a time-changing risk
premium that biases our regressions, we cannot recover the true role of expectations.
If this varies across time and is correlated with the RHS variables in the regressions,
these will suffer from an omitted variable bias. In such a case, it would be interesting

to look at the role played by the risk premium in the determination of current interest
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rates and compare it with the ability of rational expectations to explain the shape of
the term structure. Another factor that could invalidate empirical tests of the EH, in
particular at the very short end of the yield curve, could be actions of central banks.
For instance, it has been suggested that the Fed stabilizes short-term rates, which in
turn causes these rates to move like a random walk and eliminates any predictable
variation (Mankiw and Miron, 1986; Rudebusch, 1995). Interestingly, in the sample we
find that the Fed’s action is not limited to the short-end of the term structure. The
quantitative easing programs devised by Ben Bernanke to stimulate the economy in the
US might also have made impossible for investors to forecast long-term rates, which
could be a reason for the failure of the EH. Finally, a poor performance of the EH may
be explained by the presence of transaction costs or market imperfections. The fact
that the EH is rejected at the short end of the spectrum could be consistent with the
notion that noise traders drive the market away from any equilibrium to make a profit.
Conversely, a failure of the EH for large n/m could be explained by the fact that this
ratio is approximately equal to the number of times that an investor has to roll over
the short-term bond m to obtain the equivalent yield of the long-term bond n, which

in presence of transaction costs may invalidate the EH (Bataa et al., 2006).

7 Limitations

One of the first concerns regarding our paper is about the data. Most studies focus on
zero curves which are interpolated through methodologies which produce very smooth
yield curves, such as, for instance, those introduced by Svensson (1994) or Nelson and
Siegel (1987). If there is not a stark difference between the spot curves produced
by such methods and our data, which is obtained by linear interpolation, a graphical
inspection of the forward curves would probably reveal that our forward curves are
moderately jagged. This may be, in principle, an important difference as many of the
implications tested in this paper have as driving force the forward rates. Ez-ante, it is
difficult to establish which kind of data is to be preferred. On the one hand, the more
“artificial rates” produced by the abovementioned methods might have better theoretical
properties. On the other, however, they may be further away, in comparison to the data

we use, from the actual rates observed in the market.

Another problem we encounter in developing our analysis is the relative small

number of observations in our samples. As a matter of fact, we only have around 140
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observations for each country, apart from Sweden whose sample is slightly larger. The
effect of a small sample can be noticed especially at the long-end of the term structure,
where we have the smallest number of observations when we have to perform the PFS
regression. As a consequence, some of the traditional statistical tests, which rely on
asymptotic inference, may be badly biased in our study, as the number of observations
is relatively low. Nonetheless, the size of our sample is in line with some of the previous
studies, e.g. Cuthbertson and Bredin (2000) and Boero and Torricelli (1997).

Finally, as pointed out before, our sample has the disadvantage of including
data during the recent financial crisis. In this period, among the others, the abnormal
behaviors of market participants and the heavy market intervention of central banks
and regulators might have caused some artificial patterns in the term structure, which

in turn could bias our results.

Conclusion

In this thesis, we have provided some further insights on the validity of the Expectation
Hypothesis. By contrasting evidence from different countries and taking into consider-
ation a time window rarely studied in previous papers, we present interesting results
regarding the behaviors of the whole term structure. In this respect, we believe our
study is particularly relevant in the context of the present literature, since it considers
the entirety of the yield curve and chooses not to focus only on few selected maturities

as it is done almost unanimously by previous authors.

All in all, our evidence lends support in favor of the EH for just a few pairs of
maturities at the center of the term structure and in particular for Italy and Germany.
However, as far as Sweden and the US are concerned, our results point to a failure of
the EH. We consider different explanations for the failure of the EH and find that the
overreaction theory fits incredibly well both Sweden and the US, whereas we hypothesize
that a time varying risk premium makes the EH fail in the case of both Italy and

Germany.

Going back to the previously cited Bernanke’s speech, our findings may pose a
puzzle for the current course of action undertaken by central banks. For instance, in the
US, as long as yields are driven by expectations, we would not expect that expansionary

monetary policies serve as stimulus for the economic activity. On the contrary, in light
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of our analysis, such policies, if implemented, have better chance to lead to a higher
aggregated output in Germany as well as in Italy. We find this to be rather fascinating
since the US is presently using monetary instruments far more aggressively than its

European counterparts.

Finally, an apparent failure of the EH does not imply that the term structure
does not contain valuable information regarding future short-term rates. For example,
the R? from the forward-spot spread regression explains up to ca. 90% of the variation
in the change in the short-term rate and thus suggests that the forward-spot spread
should be taken into consideration by monetary policy makers. In addition, even though
the regression coefficients are often different from what the EH states, they are also
frequently economically and statistically different from zero. If rational expectations of
future short-term rates are not the whole story behind the formation of current rates,

they still are an important part of the story.
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Appendix

Table 5: Unit-root tests for Ayém) in the US

m

1 2 3 4 6 12 24 60
ADF -248 -253 -250 -2.19 -2.06 -2.12 -2.60 -3.57
PP -1454 -1423 -13.75 -12.92 -11.32 -10.86 -11.12 -13.21

Critical value at a 5% significan level is -2.88
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Table 7: Forward-spot spread Regression

(a) Ttaly
Fomzm 3 Wald — R2
(12, 24) -0,789" 1,260° 0,143 0,191
(24,36) -1,8277° 1,721"" 2253 0,323
(36, 48) -2,723° 2,054 18,344 0,510
(48, 60) -3,652"" 2,300 17,866 0,757
(b) Sweden
n=12n) 3 Wald R2

) -1,148" 1,399 0,552 0,284
( ) -2,448™" 1,714™" 4,858 0,416
(36, 48) -2,924™" 1,484 2984 0,450
( ) -3,176™" 14147 1,552 0,519

(¢) Germany

Q 15} Wald R2
(12,24) -0,753" 1,229° 0,130 0,201

ft(n712,n)

(24, 36) -1,8007" 11,7317 2927 0,345
(36, 48) -2,6817" 2,0557" 17,919 0,518
(48, 60) -3,6907" 2,349"" 19,914 0,779
(d) US
=12n) g 3 Wald ~ R2
(12,24) -1,0907 0,865 0,081 0,158
(12, 36) -2,800"" 1,461 1,462 0,393
(12, 48) -4,370"" 1,938™" 15,040 0,710
(12, 60) -4,954" 2,047 138,256 0,895

The first two column in each table reports respectively intercept and slope coefficients from equation
5.2 in the text. The third column reports the Wald statistics which test the null hyopthesis 5 = 1. For
this test, the critical value at a 5% significance level is 3.84. The fourth column reports the r-squared
of each regression. * * * indicates statistical significance at 1%, *x at 5%, * at 10%
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