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INTRODUCTION 
 
This doctoral thesis is focused on testing market efficiency in interest rate 

and foreign exchange markets. On one hand, different testing methodologies are 
applied and their effectiveness is assessed. On the other hand, the efficiency of 
money and currency markets is assessed, both for the euro area and for Central 
and Eastern European (CEE) countries. Market efficiency has been often 
debated during the last 40 years in financial economics, and the debate gained 
renewed attention during the last global financial crisis. There are many reasons 
why the efficiency of financial market is an important subject.  

The first reason of why market efficiency is important (not only in financial 
markets) comes from the fact that prices should help to avoid misallocation of 
resources. If the main objective of markets is to allow buyers and sellers to meet 
and exchange assets, then the mechanism that governs price setting is 
fundamental in making the markets work efficiently, without waste of resources. 

Market prices are often used not only to allocate resources efficiently, but 
also to extract information about the economy, and the quality of the information 
is dependent on the efficiency of the market (i.e. the quality of prices).  

Besides the information quality contained in prices, the possibility for 
investors to use superior information and to gain positive return from securities 
prices on a consistent basis has been subject of discussion, while also being a 
part of the Efficient Market Hypothesis (EMH) debate. 

Market efficiency is extremely relevant also from a purely theoretical point of 
view. Many of the arbitrage conditions upon which equilibrium relationships in 
financial markets are extracted are based on EMH. 

Section 1 is dedicated to a review of the academic debate around EMH. 
Section 1.1 starts with the seminal contribution by Fama (1970) and illustrates 
how the EMH debate has evolved during the last 40 years, explaining the main 
contributions, particularly in the equity markets research. Section 1.2 looks into 
the empirical applications to interest rates and foreign exchange markets. This 
sets the stage for the analysis of five articles that form the core of the thesis, and 
that are described in Sections 2.1 to 2.5.  

The five different applications have brought to the two following general 
conclusions. First, the choice of testing methodology is crucial in assessing the 
efficiency of a market. In particular, methodologies that take into account 
varying risk premium, tend to perform better than other, simpler methodologies. 
Second, arbitrage relationships, which should hold in case the efficient market 
hypothesis holds, often do not hold in the markets analyzed in the thesis. The 
effects of the recent global financial crisis on market efficiency and measuring 
methodologies have also been analyzed and assessed in some of the articles. 

Together with the main question about the degree of efficiency (or non-
efficiency) of financial markets, the five articles of the thesis are united by other 
common themes or specifications, partly already mentioned above. The first 
aspect to highlight is that the thesis covers two main markets, the interest rate 
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market and the foreign exchange market. The bulk of literature on market 
efficiency focuses on equity markets, but the information carried by both the 
interest rate market and the foreign exchange market has also been explored in 
the last two decades. Two seminal works on information contained in the bond 
market are Cochrane & Piazzesi (2005) and Ang & Piazzesi (2003).  

The first and second article of the thesis focus on the interest rate market. 
Namely, what kind of information about the future path of interest rates can be 
extracted from money market rates, or, in other words, what financial markets 
expect from monetary policy authorities in terms of the base rate. The question 
is relevant and has been widely analyzed because, on one hand, financial market 
participants use expected interest rates in deciding their investment strategies, 
and on the other hand, central banks need to know the expected interest rates to 
understand how their policy is perceived and understood. For example, during 
the first ten years of operation of the European Central Bank (ECB), a lot of 
attention was dedicated to the ability of the newly established ECB to 
communicate its policy to market participants (see e.g. Wilhelmsen & Zaghini 
(2005), Perez-Quiros & Sicilia (2002), Bernoth & von Hagen (2004)). The 
current analysis focuses on the euro money market in the pre-crisis period.  

When the global financial crisis erupted in 2007, the focus of financial 
market participants, monetary authorities and the academic community shifted to 
the effects of the crisis on the global economy in general, and on global financial 
markets in particular. Inevitably, this has influenced the evolution of the thesis. 
The financial crisis started within a particular and relatively small sector in one 
country, the sub-prime mortgage sector in the USA, but spread to the entire 
global economy in a very short time. The rapid spread of the crisis underscores 
the need to understand the way in which crises propagate. The link between 
information, interest rates and foreign exchange markets, and transmission of 
shocks has been explored in the articles reproduced in Appendixes 3, 4 and 5 of 
the thesis. A more extensive discussion is given in the following sections but, in 
summary, it can be said that the financial crisis had a disrupting effect on the 
information content of asset prices. For the two markets analyzed here, while 
their role as information channels being questionable in ‘normal’ times, with the 
arrival of the crisis this role is further reduced. Some signals of a crisis arriving 
can be extracted, but there is still much work to do on this subject, particularly in 
terms of finding models of asset price behaviour that would be satisfactory in 
both low- and high-risk aversion environment. 

The regional element is also a distinctive feature of the thesis. Most of the 
existing literature on market efficiency in money markets focuses on the biggest 
and most liquid markets, in particular markets in the USA. The clear advantage 
of this approach is that theories can be tested empirically under the very 
favourable conditions of high liquidity and long history of data. One of the 
contributions of the thesis is to focus on markets that are less developed and 
liquid in order to try to understand how much information is contained in (and/or 
can be extracted from) less explored and less liquid markets.  
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The European Central Bank policies have been carefully monitored by 
financial market participants, considering the size of the European economy and 
the growing relevance of the euro currency in global trade and financial markets. 
This brings to relevance the question of how much information about the future 
path of interest rates the euro money market contains. This aspect is discussed in 
the first and second article.  

With the eruption of the global financial crisis, the question of transmission 
of disruption across markets also becomes extremely important. The 
convergence of Central and Eastern European countries toward Western 
European economies began with the collapse of the Soviet system, but the road 
has been far from smooth. In the first part of the 2000s, the process was in an 
acceleration phase, with new countries joining the European Union and with the 
first adoption of the euro by a country from the former Eastern Block in 2007 
(Slovenia). The global financial crisis gave rise to new issues concerning the 
convergence process, and some of them are tackled in the thesis. In particular, 
the scope has been widened from the functioning of euro money markets to the 
linkage between euro and local money markets, and the role of both money 
markets and currency markets in the transmission of the financial crisis. 

In all five articles of the thesis, a link between time dimension, risk aversion 
and market efficiency emerges, and it is addressed in different ways. The theme 
(and measure) of risk premium will be recurrent across all five articles in the 
thesis. As explained in more detail in Section 2, when trying to measure the 
efficiency of financial markets, the presence and nature of the risk premium 
must be accounted for. In the different articles not only the nature (and change) 
of the risk premium is analyzed, but also the problems related to its 
measurement from a methodological point of view are addressed.   

The first two articles are dedicated to information contained in the euro area 
money markets. The third and fourth article focus on the efficiency of the 
foreign exchange markets in Central and Eastern Europe. The last article 
considers money markets and foreign exchange markets in Eastern Europe, 
while paying more attention to their role in the transmission of the crisis.   

 
The main objective of the doctoral thesis is the analysis of the Efficient 

Market Hypothesis. The subject of market efficiency has become again 
extremely important during the recent global financial crisis. The high volatility 
of asset prices and the sharp decrease in liquidity in financial markets during the 
crisis has caused renewed interest, both among the academic community and 
practitioners, in market efficiency, in particular the assumption that prices are 
formed on the basis of all information available. The doctoral thesis first reports 
the main research issues, followed by the results of research and novelty of the 
thesis. 
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The research questions are as follows. 
1. The first two articles assess the efficiency of the euro area money 

market. This is particularly relevant for the euro area because of the 
short history of the European Central Bank. In the first article, a 
comparison between different money market instruments is drawn with 
the objective to assess the relative efficiency of these instruments. 

2. The first two articles address also the methodology for testing 
efficiency. In particular, whether, the choice of the testing methodology 
is relevant in the rejection or acceptance of the hypothesis, as often found 
in literature. Furthermore, alternative testing methodologies are explored. 

3. The thesis assesses also the efficiency of the foreign exchange markets, 
both in terms of the Covered Interest Parity (CIP) and the Uncovered 
Interest Parity (UIP) for some of the Central and Eastern European 
Countries. In assessing the efficiency of these markets, two other 
research issues are covered too. 

4. First, the degree of convergence of different CEE countries is assessed.  
5. Second, the effects of the recent global financial crisis on these arbitrage 

relationships are analyzed.  
6. The last research question, tackled in the fifth article, again concerns the 

crisis on CEE countries, but this time with the objective of finding 
indicators of the arrival of the crisis, and the possible internal and 
external factors in the unwinding of the crisis.  

 
The main results and novelties of the thesis are summarized in the following. 
1. In the first article, a comparison of different money market instruments is 

drawn for the first time (according to the author’s knowledge) for the 
euro area, and the ability to extract information from the prices of these 
instruments is assessed. The main finding is that the Euribor and the 
Libor rates can be considered the instruments carrying a higher degree of 
information on future monetary policy decisions of the European Central 
Bank. 

2. As for the second research question, the novelty of the first two articles 
lies in the employment of rolling regressions and the Kalman Filter in 
testing the Efficient Market Hypothesis on the euro area money markets. 
Both methodologies reveal the presence of the time varying risk 
premium, and, most interestingly, in the second article the direct link 
between the time varying risk premium and the economic cycle is 
assessed. 

3. The research question of the efficiency of foreign exchange markets 
provides contradicting results depending on the arbitrage relationship 
used. In particular, while the Covered Interest Parity has been empirically 
confirmed (at least before the eruption of the global financial crisis), the 
opposite has been found for the Uncovered Interest Parity. 
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4. The degree of convergence of CEE countries was different before the 
global financial crisis, and this difference is captured when testing the 
CIP and the UIP. In particular, UIP and CIP both show that the Czech 
Republic and Hungary were at a more advanced degree of convergence 
before the crisis than other CEE countries analyzed in the thesis, such as 
Romania or Croatia.  

5. In the third and fourth articles, CIP and UIP are tested for the first time 
(according to the author’s knowledge) for CEE countries. including in the 
sample also the recent global financial crisis, and the effect of the crisis 
are assessed. Two results can be highlighted here. First, the crisis did not 
leave any country or market unaffected. Second, and more interestingly, 
the CIP analysis reveals that countries in the CEE have responded very 
differently to the crisis. While the Czech Republic has behaved more as a 
safe haven country, some others (Poland and Hungary) demonstrate a 
deviation from CIP that was not only significant in size, but also 
persistent over time.  

6. The last article of the thesis measures, for the first time, the exchange 
market pressure (EMP) and the interest rate market pressure (IMP) for 
three CEE countries (the Czech Republic, Hungary and Poland), and uses 
panel data methodology in order to detect whether some internal or 
external factors are linked to the arrival of the crisis. The main finding is 
that relevant factors can be found only for the exchange market pressure, 
and that these factors are primarily linked to the banking sector. 

 
 
The following articles have been published in the course of research. 
 
Filipozzi, F. (2009). Market-Based Measures of Monetary Policy 

Expectations and Their Evolution since the Introduction of the Euro. Economic 
Notes, 38(3), 137–167. 

Filipozzi, F. (2011). Modelling the Time-Varying Risk Premium by Using 
the Kalman Filter: the Euro Money Market Case. Professor Wladislav Milo 
(ed.). FindEcon Monograph Series: Advanced in Financial Market Analysis. 
Poland: Lodz University Press. 

Filipozzi, F.; Staehr, K. [Forthcoming]. Covered Interest Parity and the 
Global Financial Crisis in Four Central and Eastern European Countries. Eastern 
European Economics. 

Filipozzi, F.; Staehr, K. [Forthcoming]. Uncovered Interest Parity in Central 
and Eastern Europe: Convergence and the Global Financial Crisis. Discussions 
on Estonian Economic Policy . Berlin: Berliner Wissenschafts-Verlag. 

Filipozzi, F.; Harkmann, K. (2010). The Financial Crisis in Central and 
Eastern Europe: the Measures and Determinants of the Exchange Market 
Pressure Index and the Money Market Pressure Index. Research in Economics 
and Business: Central and Eastern Europe, 2. 



11 
 

 
Author’s contribution 
 
Article 3. The author of this thesis organized the collection of the data, took 

active part in the definition of the empirical methods, and ran the empirical 
analysis. The author also participated in the discussion of the results. 

Article 4. The author of this thesis organized the collection of the data, took 
active part in the definition of the empirical methods, and ran the empirical 
analysis. The author also participated in the discussion of the results.  

Article 5. The author of this thesis took active part in the collection of the 
data, discussion of the methodology employed in the research, and formulation 
of the conclusions of the research. 

 
  



12 
 

Overview of the approval of research results 
 
Article 1. A preliminary version of the article was presented at the “Doctoral 

Summer School 2008”, organized by the University of Tartu and the Tallinn 
University of Technology in Väimela, Estonia, in July 2008. 

Article 2. The results of the article were presented by the author at the 
conference “Forecasting financial markets and economic decision-making 
2009”, organized by the University of Lodz in May 2009. 

Article 3. A preliminary version of the article was presented by the author at 
the “Doctoral Summer School 2011”, organized by the Doctoral School in 
Economics and Innovation in Viinistu, Estonia, in July 2011. 

Article 5. The results of the article were presented by the author at the 
conference “Economies of Central and Eastern Europe: Convergence, 
Opportunities and Challenges”, held in Tallinn in June 2010. The results of the 
research were presented also by the co-author at the “Doctoral Summer School 
2010”, organized by the Doctoral School in Economics and Innovation in 
Viinistu, Estonia, in July 2011. 

 
Acknowledgments 
 
The project has been done under the supervision of Prof. Karsten Staehr, 

whom I would like to express my sincere gratitude. His constant support, 
guidance and vision, and the numerous intellectually challenging discussions 
with him have made the completion of the project not only possible, but also 
more fruitful and enjoyable. 

I would also like to thank Prof. Listra and other professors, staff and doctoral 
students at the Tallinn University of Technology, and colleagues at the Bank of 
Estonia, for their help and insight during the discussion of the articles. I am 
particularly grateful to my co-author Kersti Harkmann for fruitful cooperation. 

Finally, I want to thank my family and friends. I would like to express my 
greatest gratitude to my children Mait, Bruno, Livia, Theodor and to my wife 
Marilin. Without the support, understanding, patience and love received during 
these years, the completion of this project would have been impossible. 
 

 

  



13 
 

1. THE EFFICIENT MARKET HYPOTHESIS 
 
In this section, the Efficient Market Hypothesis literature is reviewed and the 

ground for the discussion on the results of the doctoral thesis is prepared. The 
concept of market efficiency is analyzed, and the empirical evidence on 
efficiency of financial markets is reviewed. As explained by Yen and Lee 
(2008), it is the stock market that has been in the focus of empirical evidence on 
the Efficient Market Hypothesis, because it is often the first capital market to 
develop in emerging economies, and therefore the relevance of information is 
considered higher in that market. From this comes the choice of dedicating, at 
first, attention to the evidence in equity markets. In Section 1.2 the focus moves 
to fixed income and money markets (markets analyzed in the doctoral thesis), 
and finally to the foreign exchange market. 

 
1.1. The concept of the Efficient Market Hypothesis 

 
The starting point is the seminal article written by Fama in 1970. In that 

article, Fama holds that a market is efficient if “prices always ‘fully reflect’ 
available information” (Fama 1970, p. 383). While the concept is apparently 
simple and straightforward, there is an ongoing discussion on the interpretation 
and practical implications of the market efficiency concept. Just to give a hint on 
how wide the spectrum of opinion about this subject is, while the New Palgrave 
dictionary of economics (2008) dedicates a whole chapter to the Efficient 
Market Hypothesis written by Andrew Lo, Guerrien and Gun, in their extensive 
review of the literature on the subject, conclude that “Only ideological reasons – 
efficiency is a very sensitive question in economies – can explain why scholars 
continue to refer to this meaningless ‘hypothesis’” (Guerrien & Gun 2011, p. 
19).  

The main point of discussion is around the meaning of ‘fully reflect’ in the 
definition of market efficiency. This was already acknowledged by Fama in his 
1970 paper. Fama states that one way to test market efficiency is to measure if 
the market price of a given security corresponds to its equilibrium price, or 
(equivalently) if the expected extra return (adjusted for risk) from investing in 
this security is equal to zero. This comes from the hypothesis or assumption that 
if the (risk adjusted) extra return is positive, then investors will use this profit 
opportunity and will drive the security price quickly up to a level where the extra 
return disappear. The absence of excess return possibilities has been defined by 
Fama as a ‘fair game’ assumption. 

One of the main building blocks of the Efficient Market Hypothesis is the 
rational expectations hypothesis. Rational expectations hypothesis has been first 
formulated by John F. Muth (Muth 1961), and it is based on the idea that the 
realized prices of a security depends at least partly on the buyers and sellers 
expectations about what the price will be. In the contest of the EMH, assuming 
rational expectations is equivalent to say that investors, when deciding their 
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investments, will form expectations on future prices using all the available 
information. If this is the case for all investors, the price today will be change 
immediately in order to incorporate all information about the future, therefore no 
excess return will be left.      

The empirical version of the Efficient Market Hypothesis entails one 
important issue. Namely, in order to test if excess return exists, it is necessary to 
know the equilibrium price of the security. In other words, a model that would 
allow us to measure the ‘right price’ of the security is needed. This means that 
tests on the market efficiency hypothesis are, in fact, tests on two 
contemporaneous hypotheses: market efficiency and equilibrium model validity. 
If the test fails, it is not possible to assess whether the equilibrium model is 
wrong or whether the market is inefficient. This problem is known as the joint 
hypothesis problem, as pointed out by Jensen (1978).  

Fama (1970) also defines three forms of market efficiency: weak, semi-strong 
and strong, and recaps the results of the empirical evidence on these three forms 
of market efficiency. The distinction between the three forms resides in the set 
of information contained in securities prices. As regards the weak form of 
efficiency, it is assumed that only past information is contained in prices. In the 
semi-strong form of efficiency, prices adjust instantly to present public 
information. In the strong version of market efficiency also private information 
is reflected in the prices. The general conclusion by Fama is that the first two 
forms of market efficiency are confirmed by the empirical evidence, while 
conclusions on the third form are not unanimous; i.e. corporate insiders seem to 
be able to use their information in order to have positive excess return.  

Fama article does not per se contain any new insights on the market 
efficiency theory, but it is considered a watershed because it defines 
systematically what market efficiency is, and classifies systematically the 
empirical evidence on the subject at that time, which is strongly in favour of the 
Efficient Market Hypothesis. It can be said that with Fama’s article the concept 
of market efficiency becomes the main paradigm as regards the behaviour of 
financial markets.  

This happened not only because the evidence against it was not strong or 
widespread enough, but also because the Efficient Market Hypothesis could be 
seen as in line with, or as an additional piece of, theory in a broader academic 
environment, where the so-called new classical economics were in the centre of 
academic research, and in particular the notion of rationality of economic agents. 
The idea that rational agents quickly drive prices to their equilibrium values was 
perfectly in line with the new classical macroeconomics paradigm (see Guerrien 
& Gun 2011). 

As noted by Jensen (1978), after a paradigm has become widely accepted, 
according to Kuhn’s theory of scientific revolution, the emergence of evidence 
against it is initially discharged, and only when a sufficient amount of dispersed 
evidence emerges, the belief on the validity of the paradigm starts to vacillate. 
The literature in the 1970s and 1980s on the subject casts increasing doubts on 
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the validity of EMH. Jensen (1978) attempts to collect a more systematic body 
of evidence against EMH. In particular, the main problems emerging during this 
period are related to the joint hypothesis test. The evidence presented by Jensen 
shows that following earnings or dividends, it is possible to gain abnormal (even 
if small) excess return, and it is not clear if this is because the asset pricing 
model used in different articles is incorrect, or if the market is inefficient. 

Another milestone in the path of contestation of the Efficient Market 
Hypothesis was presented by Shiller in 1981, bringing up the so-called excess 
volatility puzzle. If the price of a stock is the present value of the cash flows 
coming from the stock (i.e. projected future dividends), then, assuming that in 
the future dividends and discount rates will have the same degree of volatility as 
observed in the past, the realized volatility of stock prices is much higher than 
the volatility of their ‘true value’. In other words, in order to explain the 
volatility of stock prices it is necessary either to assume that valuation of claims 
on stocks changes dramatically, or that the model used to find the ‘fair’, or 
‘right’, value of the stock is wrong. As Shiller pointed out later (2003), it seemed 
that prices changed without any fundamental reason. 

Given mounting disagreement on the validity of the Efficient Market 
Hypothesis, and in particular the observation that it is not only equity markets 
that have, on average, higher volatility than can be fundamentally explained, but 
also sharp intraday movements seem to be caused by hoarding behaviour, a new 
branch of research emerged, gaining more and more popularity in the last twenty 
years. In modelling the changes in financial asset prices, behavioural finance 
tries to also incorporate the behavioural peculiarities observed in human beings. 

Today, the question of market efficiency, and even more importantly, of the 
possibility of testing market efficiency, is still open. In 2003, Shiller and 
Mankiel published independently two papers in the same year (2003), trying to 
summarize the status of the Efficient Market Hypothesis in financial economics, 
and reached rather opposite conclusions. Mankiel (2003, p. 60) claims: 

 
I conclude that our stock markets are far more efficient and far less 
predictable than some recent academic papers would have us believe. 
Moreover, the evidence is overwhelming that whatever anomalous 
behavior of stock prices may exist, it does not create a portfolio trading 
opportunity that enables investors to earn extraordinary risk adjusted 
returns.   

 
 Shiller (2003, p. 101) states: 

 
We should not expect market efficiency to be so egregiously wrong that 
immediate profits should be continually available. But market efficiency 
can be egregiously wrong in other senses. For example, efficient markets 
theory may lead to drastically incorrect interpretations of events such as 
major stock market bubbles.    
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The recent global financial crisis has reinvigorated the debate on the 
efficiency of financial markets, in part because many markets that were 
considered liquid and transparent have seen sharp prices changes and sudden 
decrease of liquidity. As Ball (2009) and Brown (2011) point out, the belief in 
market efficiency has made many economists, investors and regulators become 
confident that market prices are the ‘right prices’ that reflect all available 
information, and therefore should not be subject to the above-described 
phenomena (sharp drops, disappearance of liquidity, etc.). Both authors use the 
argument, set out already in Mankiel (2003), that the problem lies with the 
interpretation of the Efficient Market Hypothesis. While regulators and 
legislators expect markets to be rightly priced at any moment, EMH only states 
that no excess return can be generated from available information in a systematic 
way, not that price bubbles will never happen.  

The question is therefore still open, and it seems that most of the 
disagreement comes from the definition of EMH. If efficiency is measured in 
terms of possibility of implementing consistently profitable strategies (the ‘fair 
game’ hypothesis), then evidence supports the Efficient Market Hypothesis. On 
the other hand, when efficiency is measured in terms of ‘correctness’ of 
securities prices, then evidence is more against the hypothesis. The latter concept 
is more demanding. If in efficient markets prices were always ‘correct’, then no 
bubbles or sharp changes in prices would happen (unless due to sharp changes in 
fundamental values of securities). According to the ‘fair game’ approach, 
bubbles or sharp changes in prices are still compatible with market efficiency 
until they cannot be systematically used to generate profitable strategies. 

 
1.2. The Efficient Market Hypothesis in interest rate and foreign 
exchange markets 

 
Most of the empirical evidence outlined above comes from research on stock 

markets. The details of findings in the stock market are outside the scope of this 
thesis, and are not discussed here. What is important here is to analyze the 
peculiarities of empirical literature on interest rate markets, in particular in bond 
markets.  

Since the beginning of the 1970s, the test of EMH has usually been 
conducted in conjunction with the test of the expectation hypothesis (Sargent 
1972, Hamburger & Platt 1975). The yield curve of a given issuer represents the 
annual yield to maturity, as expected by market participants when investing in 
bonds issued by the same issuer for different maturities. Given that the only 
difference in the yields on the term structure is given by the length of 
investment, the arbitrage argument implies that yields on longer bonds must be 
the compounded sum of returns of short-term bonds from today to the maturity 
of the given issue. The level of future short-term rates implied by the current 
term structure is the forward rates.  
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The main focus of empirical literature on bond markets is on the expectation 
hypothesis, which links forward rates with future realized spot rates. The 
expectation hypothesis is linked to the Efficient Market Hypothesis because, if 
the test fails, i.e. future realized short-term rates and forward rates differ 
systematically, the arbitrage argument does not hold and it is possible to 
construct a portfolio of forward rates that will give a positive return in a 
‘systematic way’.  

One of the first contributions on this subject emerged at the beginning of the 
1970s. Hamburger & Platt (1975) focus on the treasury bills market and find that 
future realized short-term rates differ significantly from the forward rates, while 
forward rates do not significantly differ from the short-term rates at the present 
time. Both findings are against the expectation hypothesis, but not necessarily 
against EMH. The authors test the weak form of EMH, showing that past rates 
are not relevant for forecasting future realized rates, and also that errors in 
forecasting that are done using forward rates are equal to changes in actual short-
term rates plus a constant (interpreted as liquidity premium). These findings 
seem to point to the fact that present information is fully used in forming 
expectations. The semi-strong form of EMH is tested by using monetary and 
income variables in order to forecast future short-term rates, as an alternative to 
the forward rates. The latter provides a better forecast, therefore the treasury 
bills market appears to be efficient. 

Another important contribution on EMH in fixed income markets has been 
made by Fama & Bliss (1987). They try to answer two questions. First, if 
forward rates are a good predictor of the future realized rate. They look at longer 
rates (one to five years) than did Hamburger & Platt (1975), and find that the 
forecasting ability is dependent on time, and more precisely that expected term 
premiums are time-varying. This is, again, against the pure expectation 
hypothesis (as in Hamburger and Platt), but brings up the idea of a time-varying 
risk premium, which will be in focus in articles published later (for example 
Cochrane & Piazzesi 2005, Piazzesi & Swanson 2008), and also in this doctoral 
thesis.  

The other question tackled by Fama and Bliss concerns the information 
contained in long-term bonds. In particular, they observe that forward rates 
extracted from the prices of long-term bonds are able to predict up to 48% of 
future short-term rates, and Fama and Bliss attribute this to the mean reverse 
tendency of short-term rates. This is one of the relevant evidences against EMH, 
because actual forward rates give a sign of the future direction of short-term 
rates, therefore a strategy that bets on lower (higher) interest rates in the future 
when forwards are above (below) their historical average has a positive expected 
return.   

Another step in the same field has been made by Campbell & Shiller (1991). 
They generalize the results in Fama & Bliss (1987). In particular, the relation 
between short-term and long-term rates is generalized as follows: when the 
difference between short-term and long-term rates is large, then short-term rates 
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tend to increase (which is in accordance with the pure expectation theory), while 
long-term rates tend to decrease (which is against the pure expectation 
hypothesis). The conclusion of their paper is particularly relevant for the 
direction taken by researches in this field in the 1990s and 2000s. The authors 
state that deviations from the expectation theory can be attributed either to 
wrong estimation of future short-term rates by market participants (i.e. EMH 
does not hold), or by a time-varying risk premium (i.e. the model used to 
describe expectations is not complete). This is shortly the joint hypothesis 
testing problem that was highlighted in the previous section. The literature of the 
following two decades focuses on the second aspect, trying to improve the 
modelling strategy of expectations in order to account for changes in the risk 
premium and changes in expectations formation. 

An example of this development is provided by Cochrane & Piazzesi (2005). 
Their analysis of excess returns (which should not be predictable according to 
the expectation theory) suggests that there is a single factor, common to all 
maturities, which can predict the excess return, and this factor is time-varying 
and countercyclical. The direct link to macroeconomic variables is not tested in 
the paper, but the fact that there is a common risk premium term is important in 
two ways. First, it shows how to enrich the modelling strategy of the term 
structure, and second, the concept of risk premium tending to increase in 
worsening economic conditions and to decrease in better times is important in 
the following literature, and also in this thesis. 

Other relevant literature for the thesis is discussed in Sections 2.1 and 2.2. 
There is yet another important remark by Piazzesi & Swanson (2008). Their 
article is in line with the ones described above, but focuses on the FED fund 
futures contract, which is directly linked to the article presented in Section 2.1. 
In the introduction, Piazzesi & Swanson (2008, p. 678) write: 

 
Throughout this paper, we will often use the label “risk premia” to refer 
to “predictable returns in excess of the risk-free rate.” This use of 
language should not be interpreted as taking a particular stance on the 
structural interpretation of our results. The existing literature has 
proposed several appealing explanations for why excess returns on these 
contracts might be predictable. Some of these explanations are based on 
the utility function of investors: for example, investors may exhibit risk 
aversion which varies over the business cycle, or care about the slow-
moving, cyclical consumption of items like housing. Other explanations 
are based on beliefs that do not satisfy the rational expectations 
assumption, for example because of learning or for psychological 
reasons. It is not easy to make the case for just one of these explanations: 
beliefs and other preference parameters often can often not be identified 
separately. We therefore set aside these issues as beyond the scope of the 
present paper.  

 
The citation is important from a methodological point of view. The authors 

state that the presence of predictable return is not an issue for their research, and 
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they limit the scope of the paper on the best modelling of the risk premium. In 
some sense, the issue of market efficiency is set aside, and the joint hypothesis 
test problem is implicitly solved in pointing to the modelling strategy as the 
solution, not to the ‘non rationality’ of investors.  

Turning to foreign exchange markets, the main discussion of market 
efficiency has regarded the uncovered interest parity (UIP) and the forward 
premium anomaly (see Froot & Thaler 1990 for an early survey and Olmo & 
Pilbeam 2011 for a more recent review of the evidence). Given capital mobility 
and freely floating exchange rates, the no arbitrage condition already discussed 
above for the fixed income market should, in principle, hold also for the 
currency markets. After the collapse of the Bretton Woods system in 1971, the 
efficiency of currency markets under floating exchange regimes gained the 
attention of researchers. From that time on, the main focus of market efficiency 
has been on the forward premium puzzle (sometimes also called ‘simple 
efficiency’): in an efficient market, forward rates should be a ‘good’ predictor of 
realized spot rates, i.e. forward rates should on average not differ from the future 
realized spot rates. The empirical evidence has shown that not only this is not 
true, but, even more difficult to explain, the difference between forward and 
today spot rates (forward premium) is negatively correlated with the change of 
spot rates (Boothe & Longworth 1986).  

The same puzzle has regularly appeared in the testing of uncovered interest 
parity. Following the same line of reasoning, the change in spot exchange rates 
in a given period should correspond to the interest rates differential between two 
countries, and, in particular, a positive interest differential should lead to a 
depreciation of the currency with higher interest rates, as an arbitrage 
opportunity would otherwise emerge.  

Boothe & Longworth (1986) review the empirical findings on the forward 
premium at that time. They present three main ways how the problem had been 
addressed at that time. First, the existence of risk premiums could explain the 
anomalous behaviour of forward rates. Second, the econometric methods used to 
test the forward premium could be incorrect. Third, the relation between forward 
and realized spot rate cannot be profitably implemented, therefore foreign 
exchange markets could be still efficient. The presence of transaction costs and 
of margin requirements (for strategies implemented using derivatives) are 
highlighted as the main impediment to profitable implementation of theoretically 
profitable strategies. The main findings suggest that the forward premium 
anomaly is largely unexplained. The forward premium anomaly has generated 
profitable strategies, risk premiums are present, but their ability to explain the 
puzzle is not convincing and a lot of work remains on the econometric side. 

Olmo & Pilbeam (2011) review the most recent empirical evidence on the 
uncovered interest parity, and their general conclusion is not much different 
from the one by Booth and Longworth: the anomaly is still largely unexplained. 
The profitability of trading strategies based on the uncovered interest parity 
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violation has not been explored further recently (an exception is Burnside et al. 
2006).  

As regards the uncovered interest parity, attempts to solve the puzzle has 
gone in the direction of accounting for the volatility persistence in the foreign 
exchange markets (Baillie & Bollerslev 2000), adding additional variables in 
empirical tests (Pilbeam & Olmo 2011), or allowing for non-linearities in the 
relation between interest rates and changes in exchange rates (Sarno et al. 2006). 
While these adjustments help in improving the empirical tests and in 
understanding the puzzle, the forward premium anomaly still seems to be far 
from reach. Tests on the profitability of the forward bias have been less 
common, the main recent example being done by Burnside et al. (2006). They 
find that even if trading strategies give positive results in theory, the frictions 
arising from actual implementation of the strategies, like bid offer spreads or 
size limits, make the strategies not profitable in practice. 

The above discussion suggests that UIP violation is a serious problem in 
terms of foreign market efficiency theory, and this puzzle is still unsolved. But 
the forward premium anomaly does not seem to generate systematically 
profitable strategies; therefore the foreign exchange market seems to be efficient 
from the ‘fair game’ perspective. 
 
 

2. RESULTS 
 

In this section the five articles reproduced in Appendixes 1 to 5 are discussed 
briefly. The first two articles focus on the information contained in the euro area 
money markets. The third and fourth articles are devoted to the interest parity 
relations, covered interest parity (CIP) and uncovered interest parity (UIP) are 
tested for some CEE countries. The last article focuses on crisis indicators 
extracted from both interest rate and foreign exchange markets for three Eastern 
European countries. Together with the description of the analysis conducted and 
the results of each article, their link to EMH is also explained.   

   
2.1. Market-based measures of monetary policy expectations and 
their evolution since the introduction of the euro 
 

The first article analyzes monetary policy expectations in the euro area. 
When the ECB started to operate in 1999, market participants and researches 
have focused on two issues. First, the attention has been drawn to the ability of 
the new central bank to communicate its decisions to market participants. 
Second, and strictly related to the first subject, the focus is on how many of the 
monetary policy future decisions are already priced in money market 
instruments. The article presented here contributes to this stream of research in 
two ways. 
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With the creation of a new currency, new money markets have been created 
(or developed from previously existing euro area local money markets). 
Expectations on future monetary policy decisions, relevant for all market 
participants, can be derived from different markets and they most probably differ 
among themselves. The question which market can be considered the ‘most 
efficient’ for reading monetary policy expectations has been already tackled for 
the US market (Gürkaynak et al. 2007), but not for the euro area money market.  

In order to run comparisons between markets, it has been assumed that the 
expectation hypothesis holds. This means that the model of forming expectations 
used in the article is ‘correct’, meaning that all investors form expectations as 
the model foresees. This is the way in which the joint hypothesis testing problem 
has been assumed away. If the model is correct, and when applying different 
money market instruments to the same ‘correct’ model, then the ability of 
different instruments to price monetary policy future path can be compared.  

The expectation hypothesis, and in particular the link between observed spot 
interest rates and forward rates, has been derived through a no arbitrage 
condition, and has brought to a testable equation. The derivation of the equation 
is described in detail in the article in Appendix 1. The basic idea is that the spot 
short-term rate realized after m months from today has been regressed, using 
OLS, on the forward rate observed today with the settlement date in m months, 
m being the ‘distance’ of the forwards. If the expectation hypothesis is correct, 
the expectation today (measured by the forward rate) should match the realized 
rate in the future (measured by the realized spot short term arte), i.e. the left and 
right side of the estimated equation should be ‘on average’ equal. This means 
that the slope coefficient of the regression (β) should be equal to one, the 
constant (α) should be equal to zero, and the residuals should have zero expected 
value and should be uncorrelated. As elaborated in Section 1.2, the empirical 
results of this test have not been encouraging (e.g. Hamburger & Platt 1975, 
Gürkaynak et al. 2007) and different reasons for this failure have been analyzed. 
In the first part of the article, the assumption that this model is ‘correct’ gives us 
the possibility to avoid this discussion and to focus on the comparison of 
different instruments. If the model is ‘correct’, a money market is ‘more 
efficient’ when the coefficients, estimated using the model, are closer to the 
value implied by the theory. This means not only that the constant α is closer to 
zero and the slope β is closer to one, but also that the regression should have 
higher R2 and a less volatile error term.  

The second question addressed in the article is the dynamics of monetary 
policy expectations, in particular how the market participants’ ability to predict 
the ECB’s monetary policy actions have changed during the first decade of the 
ECB’s operations. Considering that the ECB has a short history and that its 
monetary policy influences a wide economic area, the changes in perception of 
the central bank ability to communicate its decisions to the market participants 
has been a relevant question for both policy makers and investors. The question 
was addressed already a few years after the ECB started to operate, and some 
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mixed answers have been provided. Some studies find that the ECB has been 
able to communicate to the market in a credible way, so the ability of market 
participants to predict the actions of the ECB has been as good as for other 
central banks with a longer history (Bernoth & von Hagen 2004, Perez-Quiros & 
Sicilia 2002). Some studies, on the other hand, find the ECB to be less 
predictable than its peers (Ross 2002). 

Four money market instruments have been used for the comparison in the 
first part of the article, all of them with a one-month maturity: the Libor forward 
rate, the Euribor forward rate, the Bubill (German treasury bills) forward rate 
and the Eonia one-month futures. The first three rates are forwards calculated 
from the Libor, Euribor and Bubills spot curves, while the last one is a quoted 
rate. These were the main money market instruments used in the euro area from 
the beginning of 1999 to July 2007, just before the global financial crisis. Some 
of the instruments were not traded in 1999, so for some of the regressions the 
sample was shorter. 

A total of 24 separate regressions were run for each instrument and also for 
each forward distance. The number of regressions comes from the number of 
financial instruments (4) and the 6 different distances (m takes value from one to 
six) of forwards/futures used for each instrument. Different distances are used 
because it is expected for the monetary policy to be less predictable, the longer is 
the forecast horizon. Estimations were affected by autocorrelation of order 1 in 
the residuals, therefore the estimations were rerun by adding an AR(1) term for 
the residuals.  

The results of the regressions showed some common elements across all 
instruments. In particular, the more distant the forecast, the higher is the risk 
premium (the absolute value of α increases with the increase in distance). This 
result is in line with results in other studies (Piazzesi & Swanson 2008, 
Gürkaynak et al. 2007). Also, the coefficient β is close to one for the first two 
forwards and decreases substantially with the increase of the distance. In light of 
the discussion on the Efficient Market Hypothesis, while the increase in α can be 
explained in terms of a higher risk premium, it is more difficult to accommodate 
the fact that β decreases without relaxing the efficiency hypothesis (or, 
alternatively, the model misspecification). Leaving this aspect aside, the 
comparison of different instruments showed that Libor and Euribor forwards 
‘behaved better’ than Eonia futures and Bubill forwards. Bubill forwards showed 
higher volatility in the residuals and lower R2, while for Eonia futures the β 
coefficients showed, for all maturities, values more distant from one. For both 
instruments the problem lies with low liquidity, in particular for Eonia futures, 
which have a much shorter history. 

If Euribor and Libor forwards ‘behave better’ than the other two instruments, 
the Libor has been used for trying to answer the second question of the article, 
namely how the perception of the ECB policy changed during the first nine years 
of its operation. The regressions have been run, incorporating the dynamics 
through the estimation of equations on different sub-samples, performing rolling 
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regressions on 3, 4 and 5 years windows. An improvement in communication 
and understanding of ECB policies would be confirmed by decreasing values of 
α (lower risk premium), values of β being closer to one and increasing R2 of the 
estimations (as well as the lower variability of the residuals). The focus of the 
analysis is on the first two forwards; for longer forwards the error made in the 
prediction is probably caused more by ‘unexpected events’, therefore it is likely 
that it is not linked to market efficiency or communication issues. The results 
confirm that the first years of operation were a learning process for the ECB and 
that market participants have improved the forecasting ability of the central bank 
policy. In particular, β for the first two forwards has become closer to one, and 
also the R2 of the regressions has increased. The signal from the risk premium is 
not so clear, but in this case the presence of a time-varying risk premium, not 
modelled in this article, but considered in the article presented in Section 2.2, 
seems to be the main cause for the somewhat unclear result from α coefficients. 
While the results are in line with previous studies, their robustness is not 
guaranteed. Two comments should be made here. First, the sample is short, and 
rolling regressions show that there is a certain dependence of the results on the 
sample chosen. For example, regressions results are strongly affected by the 
period of 2000-2001, when interest rates increased quickly. Previous studies 
(e.g. Piazzesi & Swanson 2008) show that those risk premiums are generally 
time-varying, while in this article they are taken to be constant (measured by α).  

The last comment brings us back to the general picture, the question of 
market efficiency. The first article of the thesis is based on the hypothesis of 
market efficiency in order to make a relative assessment of different markets, as 
done by other authors (Gürkaynak et al. 2007 for the US money market). The 
results reported in the second part of the article indicate that the hypothesis about 
the  ‘correctness’ of the model is restrictive in the sense that risk premiums seem 
to vary over time, but this does not necessarily hinder the results on relative 
performance of different instruments obtained in the first part of the article.   

 
2.2. Modelling time-varying risk premium by using the Kalman filter: 
the euro money market case 

 
The second article addresses the problems emerging from the restrictive 

assumption in the previous article, namely that risk premiums are assumed to be 
constant over time. As explained above, if the market is efficient, then 
forecasting errors should not be systematic; otherwise it would be possible to use 
the systematic errors for a profitable investment strategy. If the expectation 
hypothesis, as formulated in the first article, is rejected, it can simply be because 
the model used for testing is not correct (the joint hypothesis testing problem). 
The first alternatives to the expectation hypothesis are derived from other 
possible explanations for the shape of the term structure offered in literature, i.e. 
liquidity preference and preferred habitat. Both suggest that, together with 
expectations, there are other components determining the shape of the term 
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structure. Keeping the distinction between different causes of deviation from the 
expectation hypothesis aside, these deviations have been summarized by using 
the single term risk premium. In this branch of literature it can be said that risk 
premium stands for everything added or subtracted from the pure expectations of 
future rates. 

In the previous article, this was captured by the constant term α. In the 
current article, a more flexible specification of the risk premium is investigated. 
In the previous article, most of the analysis on the dynamics of coefficients 
focused on the first two forwards, i.e. within a two-month period of forecast. As 
already found in other studies on short-term structures of interest rates (e.g. 
Piazzesi & Swanson 2008), the term premium tends to increase in absolute value 
with the distance of the forward analyzed, i.e. with the distance of the forecast. 
This is an indication that in order to improve the ability of the model in 
describing how expectations are formed, it must be taken into account that the 
more distant the forward is, the higher is the uncertainty. 

In this article one-month forward rates derived from Euribor rates are used, 
for a period of almost ten years, from the beginning of 1999 to June 2008, 
monthly data. The equation used in the previous article is estimated using a 
slightly longer sample, and the results obtained are largely in line with the 
results obtained before. In particular, the residuals of the regressions are serially 
correlated of order one. In this case, the correction for the serial correlation is 
done by adding the one period lag term of the dependent variable on the right-
hand side of the equation. The new estimations show that lagged variables 
coefficients are statistically significant, α is not statistically different from zero 
and β is below one. This means that the lag term captures the entire (time-
varying) risk premium, making the fixed part α insignificant. This can be 
interpreted as a confirmation that modelling risk premium as fixed is too 
restrictive. 

In the article two modelling strategies are employed in order to account for 
the time-varying risk premium. Given that previous studies (Cochrane & 
Piazzesi 2005, Piazzesi & Swanson 2008) found a direct link between risk 
premium and economic cycle for the US fixed income and money markets, an 
indicator of business cycle is added to equation. While Piazzesi & Swanson 
(2008) use the unemployment rate in US, in Europe this variable is extremely 
sticky, arguably due to the different legal structure of the job market. In the 
article the euro area economic confidence indicator compiled by the European 
Commission is used. The estimations show that the coefficient of the economic 
cycle indicators is statistically significant, the sign is positive, as expected (better 
economic environment caused realized rates to be higher than expected rates), 
and the absolute size of the coefficient increases with the increase of the forecast 
horizon. Coefficient α remains insignificant and β is still much lower than one.  

If the previous results confirm that the risk premium is time-varying and 
linked to the business cycle, the dynamics of the risk premium can be better 
analyzed when estimated directly and not modelled with a business cycle proxy. 
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This gives the advantage of not imposing any a priori view on the nature of the 
risk premium, and gives the opportunity to extract it directly from the financial 
instruments’ time series. This is done by employing the Kalman filter technique. 
In particular, the pure expectation model, as described in the previous section, 
has been modified in order to allow changes through time of the risk premium. A 
state space representation of the relation between short-term rates realized after 
m periods from today and forward rates observed today with the settlement date 
after m periods has been specified, α being the state variable. This means that α 
is allowed to change through time, and that its value in each period is extracted 
directly from the data using the Kalman filter. The only assumption made is that 
α has random walk behaviour.  

While the values of β are similar to the ones obtained with the OLS 
estimation (remaining statistically lower than one), interesting considerations 
can be done looking at the dynamics of the risk premium. In particular, while the 
risk premium remains stable for the first two forwards, the size of the risk 
premium for more distant forwards is similar to the OLS estimation, but its 
variability increases with the distance. When adding the economic indicator to 
the state space specification, it is possible to distinguish between a business 
cycle risk premium and a pure risk premium. The pure risk premium appears to 
be more stable than the business cycle risk premium. 

Considering again the perspective of the Efficient Market Hypothesis, the 
general idea of the article was to see if the rejection of the expectation 
hypothesis in the euro area money markets is due to the model specification used 
in the first article, or if using a different specification (and in particular allowing 
time-varying risk premium) could bring the results in line with the expectation 
hypothesis prescriptions. 

 Two main conclusions can be drawn. First, the model specified in the article 
is able to capture the expectation formation better than the standard model 
defined in the previous article. In particular, the state space representation allows 
to take into account the time variation of the risk premium, both in the 
component linked to the business cycle and in the component of pure risk 
premium.  

The other important conclusion is that also in this ‘better specified’ model the 
efficiency of the market has been rejected, because β is found to be statistically 
lower than one. This means that forward rates tend to underestimate consistently 
the realized rates. This raises the possibility that the model employed here is still 
not well specified, either because the risk premium should be defined differently 
or because there are other components in the expectation formation not 
considered in the model.  
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2.3. Covered interest parity and the global financial crisis in four 
Central and Eastern European countries 

 
In the third and fourth article of the thesis, the focus was on the interest rate 

parity relations between the euro area and Central and Eastern European 
countries. Two main points of interest are, on one hand, the fact that covered 
interest parity (CIP) and uncovered interest parity (UIP) are some of the key 
assumptions in international economics. They rest on the idea that returns on 
domestic and foreign assets are equalized by arbitrage; therefore their test can 
provide information as to whether these markets function so that all the gains 
from trade are exploited, i.e. whether the markets are efficient. On the other 
hand, the analysis of CEE countries and the inclusion of the recent global 
financial crisis in the sample can help to gain insight on the convergence of these 
countries towards the euro area, and the effects of the crisis both on the 
convergence process and the arbitrage relations. 

The third article focuses on CIP. The relation is assessed for four countries 
(the Czech Republic, Hungary, Poland and Romania) for the period between 
2004 and the end of 2011, using monthly data. First, the deviations from CIP are 
calculated as the difference between the annualized forward premium (capital 
gain which the investor attains if the forward rate differs from the spot rate) and 
the spread between the domestic and foreign interest rates. In literature, the 
empirical validity of CIP is typically confirmed in case markets are deep and 
financial markets are not affected by major turbulence or disruption. Latest tests 
including the global financial crisis found instead persistent deviations of CIP. 

The graphical analysis shows some interesting results. Prior to the outbreak 
of the global financial crisis, the Czech Republic, Hungary and Poland had only 
small deviations from CIP, fluctuating around zero and with modest variation, 
while in the case of Romania the deviations were very large, probably due to the 
slower speed of integration into the European economic structure of the 
Romanian economy. In the period around the outbreak of the global financial 
crisis, the four countries exhibited very diverging developments. In the Czech 
Republic deviations from CIP were small, suggesting that investors saw 
investment in the Czech koruna as entailing a small risk, essentially a ‘safe 
haven’ currency. In Hungary and Poland, the global financial crisis led to the 
opening of large and negative deviations from CIP. Both central banks 
intervened in order to help the domestic banking sector, in particular to ensure 
liquidity in the FX swap markets. While in Poland the deviations from CIP were 
reduced, signalling a gradual return to normality, in Hungary the deviations 
increased again in 2010-2011. In Romania the global financial crisis led to a 
very large negative deviation from CIP which lasted half a year, but in a context 
of general rejection of CIP also before the crisis. 

In the second part of the article, possible causes of CIP deviations are 
investigated in regression analyses by using two explanatory variables that 
capture the riskiness of investment in different markets. The first variable is the 
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VIX index, the volatility of US equities calculated from options on the S&P500 
index over the next month. This is a proxy of the global level of risk aversion, 
and a higher value of the variable indicates increased risks. The other variable is 
the CDS spread for five-year government bonds in each of the four countries. An 
increase in the spread implies higher perceived riskiness of the country’s bonds; 
therefore the CDS spread can be taken as a proxy of local or country-specific 
financial market risk. 

Before proceeding, the global component, VIX, is removed from the measure 
of local risks, CDS, in order to obtain the variation in CDS that cannot be 
explained by global developments, or the ‘pure’ local component of market risk. 

The CIP deviation is then regressed on the two indicators of global and local 
risk (all variables demeaned) by using OLS, separately for the four countries. 
The interest rate spread is also included in the regression as a control variable in 
case interest rate differentials do not feed into the forward premium one-to-one.  

The results confirm the graphical analysis, namely that the differences 
between countries are striking. The Czech Republic stands out as a country for 
which global risks are of little importance (or even associated with a lower risk 
premium), and the constant risk component is negligible. This is the picture of 
an advanced economy, which may even be seen as a safe haven as long as global 
risk developments do not spill over to local risks. The results for Hungary and 
Poland are very similar, as in their cases the risk premium in the CIP condition 
increases when both global and country-specific risks increase. Romania stands 
out because deviations from CIP are extremely large and apparently unrelated to 
global or local risk factors. The overall picture is one of an emerging economy, 
where the pricing of forward exchange is very volatile and unrelated to risks.  

In terms of market efficiency, CIP is considered as one of the fundamental 
arbitrage conditions in international economics, and it is often confirmed also in 
empirical tests. This is, among other things, due to the fact that both interest 
rates and foreign exchange levels are agreed upon at the beginning of the 
investment period. The results of the paper do not confirm the Efficient Market 
Hypothesis, at least in the period and for the countries analyzed here. The main 
contribution of the article is that the causes of EMH violation are outlined and 
analyzed, and the differences between the countries are explained. While the 
absence of a deep and integrated financial market is the main cause for rejection 
for Romania, the time varying risk aversion (both global and local) is the main 
cause for rejection for Poland and Hungary. The effect of risk on CIP is, of 
course, amplified in the global financial crisis; it can be reversed or at least 
tamed by intervention by central banks and governments (as in Poland for 
example). The Czech Republic stands out as an example of how even sudden 
adverse events (global financial crisis) do not affect the EMH owing to deep 
financial markets and sound policies.  
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2.4. Uncovered interest parity in Central and Eastern Europe: 
convergence and the global financial crisis 

 
The fourth article of the doctoral thesis tackles the same questions as the 

previous article (namely, no arbitrage possibilities between domestic and foreign 
assets, convergence of CEE countries towards Western Europe and the effects of 
the global financial crisis on convergence and arbitrage relations), but focuses on 
the uncovered interest parity. The first objective is to check how the UIP relation 
has been working for the countries with a floating exchange rate regime. The 
second objective is to see if and how the recent global financial crisis has 
changed the UIP relation for the region. Five countries are analyzed in the article 
– Hungary, the Czech Republic, Poland, Romania and Croatia – and they have 
been chosen because of having operated under a floating exchange rate regime 
during the period considered. The sample of the analysis covers the period 
between the launch of the euro (1999) and the end of 2010.  

As described in Section 1.2, most of the analysis of efficiency in this market 
concerns the forward premium anomaly, or the empirical disconnection between 
the changes in nominal exchange rates and the level of interest rates 
differentials. In theory, a positive interest differential should lead to a 
depreciation of the currency with higher interest rates, as an arbitrage 
opportunity would otherwise emerge. Empirical tests not only usually reject the 
arbitrage condition, but often the opposite is found: higher interest rates bring to 
an appreciation of the currency (in nominal terms). 

In the article, UIP is tested by running a regression between the monthly 
changes of the nominal exchange rate between the local currencies of these five 
countries and the euro (dependent variable) and the differential between local 
three-month interbank offered rates and the three-months Euribor (independent 
variable). For UIP to hold, the constant (α) of the regression should be equal to 
zero and the slope (β) equal to one.  

 As stated above, UIP is usually rejected. The causes for rejection can differ: 
from the existence of transaction costs or low liquidity of the market to 
information costs.  

On one hand, all these impediments to the UIP relationship do not justify the 
frequency and degree of rejection of UIP. Empirical results indicate not only that 
β is different from one, but that it is often negative. On the other hand, the 
rejection of UIP does not necessarily mean that markets are inefficient. As for 
the usual joint hypothesis problem, it could also be the case that the model used 
is incomplete or at least partly incorrect. 

At first instance, the usual UIP estimation is run with OLS. The results are in 
line with the previous literature: UIP is generally rejected, the explanatory power 
of the regression is very low, and β coefficients are not statistically different 
from zero.  

Given these first results, two issues are explored. First, the influence of the 
global financial crisis on the UIP relationship is analyzed. Using rolling 
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regressions of the basic UIP relation, with a window of a five-year span, it is 
observed that for three of the countries analyzed (Hungary, the Czech Republic 
and Romania) there is a remarkable change in the R2 of the regressions of around 
20% to 30% before the global financial crisis, which drops to nearly zero when 
the period from 2008 on enters the sample. At the same time, the value of the 
parameters α and β are quite volatile, confirming what found in previous 
literature, namely that estimation results are instable and sensitive to changes in 
the sample. 

As sometimes claimed in literature, the problem does not lie with UIP, but 
with the way how it is empirically specified (the joint hypothesis testing 
problem). In this case, a different specification can help improve the results. 
Two improvements to the model have been tried. The first arises from the 
observation that UIP tends to hold better when the interest rate differential is 
higher (i.e. the arbitrage opportunity are more profitable), as pointed out by e.g. 
Froot & Thaler (1990) and Lothiana & Wu (2011). This observation can be 
incorporated in the model by using two explanatory variables. The series of 
interest rates differentials have been split into two series, one with only a low 
level of the differential (and zero otherwise) and another with only a high level 
of the differential for a higher level of interest rates. If UIP holds better in higher 
spreads environment, the β of the second explanatory variable should be closer 
to one. Two non-linear specifications of the model have been also tested, but not 
reported in the article. 

The other change to the model is in line with what analyzed in the previous 
articles. Namely, the risk aversion is not constant over time, and when it is high, 
it can disrupt an otherwise functioning arbitrage relationship, such as UIP. This 
is accounted in the model by adding a VIX (the implied volatility calculated 
from options on S&P 500 equity index, often used as an indication of the level 
of risk aversion in financial markets) term on the right-hand side of the equation. 

The results of the modified models are not very encouraging. Accounting for 
different interest rates regimes and different risk aversion regimes does not bring 
to any substantial change in UIP parameters or explanatory power. The only 
result worth to comment is that the risk aversion coefficient is generally 
statistically significant, confirming the results obtained in the previous articles 
that in modelling financial relationship, the time-varying risk premium must be 
taken accounted for.  

The results of the article are generally in line with previous literature, namely 
that UIP is empirically broadly rejected. This holds also for the five Central and 
Eastern European countries for the period considered here. The modifications of 
the base model explored (high and low interest rates regimes, risk aversion) do 
not change the substance of the results. Overall, it seems also that if the global 
financial crisis had any impact, it was on the side of disrupting the UIP relation 
even further.    

In terms of market efficiency, a question arises whether the UIP rejection is a 
clear sign of foreign exchange markets being inefficient. Foreign exchange 
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market is considered one of the most liquid markets, thanks to both its size and 
number of participants. Also, the results illustrated in the previous section would 
suggest that foreign exchange markets are either efficient (Czech Republic) or 
the cause of inefficiency can be detected (Poland and Hungary). This makes the 
degree of unanimous and continuous rejection of UIP in literature extremely 
puzzling. The usual explanations justifying the rejection of arbitrage conditions 
(transaction and information costs, illiquidity etc.) do not seem strong enough to 
justify such a strong rejection of UIP. A better specification of UIP relation, 
together with an improvement in econometric methods, seems the most 
promising way towards a solution to the puzzle. The attempts made in the article 
have shown that different interest rate spreads regimes and time varying risk 
premiums exhibit substantial explanatory power, but the picture is not uniform 
across the countries and UIP is still rejected. 

   
2.5. The financial crisis in Central and Eastern Europe: the measures 
and determinants of the exchange market pressure index and the 
money market pressure index 

 
The last article of the thesis discusses how the global financial crisis has 

affected the formation of exchange rates and interest rates in three major Central 
and Eastern European countries: Poland, Hungary and the Czech Republic. In 
the article, two measures of pressure on these two markets are constructed and 
discussed. Also, the two measures of pressure are regressed on several different 
explanatory variables to understand the impact of both internal and external 
factors on these measures and their role and effects on the development of the 
crisis.  

There is a more than thirty years long stream of research that tries to define 
measures and understand currency crises and their determinants (one of the first 
contributions being Krugman 1979). This branch of literature has been 
progressively broadened to encompass also other types of crises. Moreover, the 
focus has moved to the linkages between different financial markets and 
financial institutions, and to the transmission of financial crises. The recent 
global financial crisis has increased interest in currency crises further. 

Taking literature on global financial crises as the starting point, the article 
contributes in different ways. First of all, most of the research on the causes, 
spread and consequences of financial crises focuses on Latin American or Asian 
economies, while few have considered Central and Eastern European countries. 
Second, the focus of the article is more on the ability to build measures of 
fragility, i.e. the vulnerability of individual countries to external contagion.  

In literature, the attempts to explain how crises arrive and propagate have 
been grouped in three generations. The first-generation models point to weak 
economic fundamentals, for example too expansive fiscal and monetary policies 
or weak external position of a country (Krugman 1979, Flood & Garber 1984). 
The second-generation models try to incorporate changes in market sentiment 
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and investor expectations (Obstfeldt 1994, Belker & Setzer 2004). The third-
generation models consider the institutional framework, and also the role of 
financial institutions and the banking sector (Krugman 1998, Kaminski & 
Reinhart 1999, Vaugirard 2007). 

The common characteristic of all these models is that they try to find causes 
of crisis and contagion, and to highlight what to look for in order to forecast the 
arrival of a crisis. This article aims to compact some of the information analyzed 
by the three generations of crisis models in two numerical measures of pressure. 
The two measures used are the exchange market pressure (EMP) and the interest 
market pressure (IMP). These indexes are constructed for the three CEE 
countries analyzed (the Czech Republic, Poland and Hungary) between February 
2001 and September 2009. 

The EMP index is more commonly used in literature than the IMP index 
(Girton & Roper 1977, Eichengreen et al. 1996, Bird & Mandilaras 2006). The 
version used in this article is the composition of the change in nominal exchange 
rates, the change in nominal short-term rates and the change in international 
reserves (the latter being with a negative sign). The weight of each variable is 
the inverse of its standard deviation, which ensures that the most volatile 
component does not dominate the index. A positive high value of the index is a 
signal of a higher probability of the arrival of a crisis. 

The IMP appeared in literature recently (Hagen & Ho 2007), and indicates 
crisis emerging from the interest rate channel. In the version calculated in the 
article, two components are used: the change in the ratio of central bank funds 
on total bank deposits and the change in the nominal interest rate. As for EMP, a 
higher value of the index points to a higher probability of a crisis. 

The graphical analysis of the EMP and IMP indexes shows that between 
summer 2007 and autumn 2008 both measures of pressure reach their peak for 
the sample considered here. The timing of the arrival of the global financial 
crisis is different for the three countries, but none of them remained untouched. 
Furthermore, the jump in the two indexes (in particular in EMP) is bigger for 
Poland and Hungary than it is for the Czech Republic. This is in line with what 
found in the previous article, namely that the crisis affected the Czech Republic 
less negatively than Hungary and Poland.    

The other objective of the article is to measure if and how the measures of 
foreign exchange or interest rate market pressure are related to other economic 
variables. This is done by running regressions with IMP and EMP as dependent 
variables against nine independent variables. These variables can be clustered 
into four groups as banking sector variables (the difference between the local 
and euro area three-month interbank interest rates, the ratio between the net 
foreign liabilities and assets of a bank, and the change in domestic credit), real 
economy related variables (the consumer price index, local stock market return, 
growth in the ratio between M2 and foreign reserves), fiscal variables (the 
growth rate of government borrowing) and external balance variables (REER 
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and decline in exports). The choice of variables is, in part, guided by the results 
of previous researches. 

Three sets of regressions are run. Firstly, panel regressions to study the 
relationship between IMP and EMP and the nine variables listed above, under 
both random and fixed effect hypothesis. Second, panel logit regressions are run, 
using the same independent variables but binary versions of EMP and IMP, 
which take value of one, if the original EMP and IMP is above a certain 
threshold and zero otherwise. Third, a distinction is made between variables that 
indicate growing vulnerability of the economies to exchange rate and interest 
rate crisis, and variables that move contemporaneously with crisis indicators. 

The first two sets of regressions indicate that, of the four groups of variables 
used in the analysis, the one related to the banking sector is the more influential. 
This is also in line with what found in the article reproduced in Section 2.3, 
namely that deviations from CIP have been lasting for longer in countries where 
the authorities were forced to intervene directly in the FX swap market, which 
became illiquid during and after the crisis and caused problems of hedging the 
currency exposure of local banks. Credit growth and the level of foreign 
liabilities of the banking sector seem to be strongly related with the emergence 
of pressures on the exchange rate and, to a lesser extent, on the interest rate. The 
fiscal situation exhibits a negative sign in the EMP regression, probably because 
the creation of deficits has rather been a reaction to the crisis than a cause. The 
economic situation and the external balance are found to be not relevant. 

The third set of regressions confirms the role of the banking sector in 
explaining the increase in exchange rate market pressure. The government role is 
also clarified: the government borrowing variable is not significant when it 
enters the equation as a lagged variable, while having a negative sign when it 
enters as a contemporaneous variable. The increase in government borrowing 
was not a factor in causing a crisis, but it was a supportive factor when taming 
the effects of the crisis.  

Comparing results of the analysis of IMP and EMP, all the regressions show 
that the EMP relation with some of the fundamental variables is easily captured, 
while any link between the money market pressure and the variables employed 
here seems to be hard to capture. The difficulty to find significant explanatory 
variables to IMP could be due to the fact that, in floating exchange rate regimes, 
the nominal exchange rate is the major shock absorber, while short-term interest 
rates are mainly controlled by central banks and are not allowed to change 
abruptly.  

In terms of market efficiency, the results of the article show that it is possible 
to extract signals on incoming crisis from the two market pressure indicators 
constructed. Efficient markets should be characterized by prices that already 
contain all available information, which is not the case if there are variables that 
are able to at least partially forecast the arrival of a financial crisis. In particular, 
it was found in the article that variables linked to the banking sector where able 
to explain future levels of EMP. This can be another signal of possible 
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inefficiency of the foreign exchange markets, in line with what found in Sections 
2.3 and 2.4, but the subject must be explored further. 

 

CONCLUSIONS 
 
The objective of the thesis and the five articles presented in the introduction 

and reported in the appendixes was to test the Efficient Market Hypothesis in 
interest rate and foreign exchange markets in the euro area and in Central and 
Eastern European markets.  

The first two articles focused on the money markets in the euro area, and the 
main conclusion for the analysis conducted was that the detection of market 
efficiency is very much dependent on the methodology employed. In particular, 
more simple versions of EMH tests, which do not account for the presence of 
time varying risk premiums, usually reject the hypothesis. The rejection of EMH 
is less straightforward when the methodology that is employed to test it allows 
for risk premiums to change through time. In the second article, the correlation 
between risk premium and economic cycle indicators was detected, and the 
utilization of a Kalman filter methodology showed promising results. 
Nevertheless, EMH was not confirmed by the analysis conducted in the first two 
articles. 

In the other three articles of the thesis the attention shifted to EMH tests in 
the interest rate and foreign exchange markets, focusing on Central and Eastern 
European countries. Together with the validity of EMH, also the degree of 
convergence of the financial markets of these countries towards Western Europe 
and the effect of the global financial crisis on EMH were analyzed.   

The third and fourth article focused on the interest parity relations, CIP and 
UIP. Both relations were found to hold if EMH holds. While CIP is generally 
confirmed by empirical tests, UIP is, on the contrary, generally rejected. In the 
third article, CIP analysis showed interesting results. First, for the countries with 
a higher degree of convergence and deeper financial markets (the Czech 
Republic, Hungary and Poland) CIP was holding before the crisis, while that 
was not the case with Romania. Second, the effect of the crisis was found to be 
different for the countries in question. While the Czech Republic was not 
affected by it (looking more like a safe haven country), in Poland and Hungary 
the effect of the crisis on CIP was significant and lasting, signalling that besides 
deep financial markets also sound policies are important for keeping arbitrage 
conditions to perform also under stress scenarios. 

The fourth article was devoted to UIP, and in this case results for the CEE 
countries were more in line with previous empirical studies, namely a complete 
rejection of UIP. When time varying risk aversion indicators were included in 
the test (in line with what was done in the first and second article), they proved 
to be significant, but not enough to make UIP accepted. UIP rejection therefore 
seemed to be not due to testing methodology issues only, but probably also due 
to rejection of EMH. 
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The last article considers measures of market pressure and their ability to 
signal a potential crisis. When applying these measures to CEE countries over 
the last decade, the main finding was that the global financial crisis reached the 
countries through the interest rate as well as the foreign exchange channel (both 
EMP and IMP peaked between summer 2007 and autumn 2008), but the impact 
was not equal for all countries, and it was possible to find significant 
explanatory variables for EMP only (mainly linked to the banking sector).  

 
To sum up, the empirical validity of EMH is highly dependent on the markets 

and countries analyzed, on the sample covered and, last but not least, on the 
methodology used for the tests. The analysis conducted in the five articles of the 
thesis showed that the time varying risk premium must be accounted for when 
testing EMH. This is particularly true when turbulent periods, such as the recent 
global financial crisis, are added to the sample. CIP and UIP tests also showed 
that EMH holds better for countries with deep financial sectors and between 
more integrated markets. Nevertheless, particularly as regards UIP, it is difficult 
to attribute the EMH rejection only to transaction costs or flaws in empirical 
methodology.   
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��
�e�:�@�
�<���
�M��9fcc2>:�P�
��)��	A���.�������������5�)88	7	�
7���
���
��R�6�7���8�)*K����	7��3

��
7���
��S:�gXhiWXYh]UXYZ�\]XYX̂i:�j9N>���*��6A����M��k�:�=
	��������M��9NCCN>:�Pk	����=6�������
��R
��������������@���
��5�3�K	��l��)����	�?S:�min]io�U[�_̂UXÙ ]̂�phVq]ia:�rs:�2CtdtN2��*�Q�M��*�:�R
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��������	����	����	��	���	���� !"#$%	&'%	(")*$ +,�-%	.'	, #	/$+$01%	2'	�334'	567789:;	57<=<=	>?@8A=B	CD	EDF	GHIJKHLDM	N	OPQRPSTHKU	SV	WQSTSXPQYB	Z9@	[@<\<?9B	]8\7<8̂8@	_7?̀ 	a\\bcddeeeBf8AA?ggB9?7\ae8=\879B8@6d_h:6A\;d78i8A?da\̀d:67789:;jZk:7<=<=jZk̀ ?@8A=jZk[@Bb@_��!!"l�$%	.'	�334'	mhAh9:8	?_	nh;̀ 89\	57<=8=	<9	[̀ 87g<9g	>h7f8\=B	o?e	[h7A;	p878	\a8	qrstuvw	xstyzy{	|z{ysu}~	W�KS�DHT	�DTRKHI	�HT��	�SK�PTJ	GH�DK	�DKPDY�	�?B	���B	&,01-"�"!%	�'&'	, #	�1��1 %	�'	����'	�8	�7<g<9=	?_	mh9f<9g	nh9<:=c	>?@8A=�	�h:\=�	h9@	mh9f	]8g6Ah\<?9B	�9c	]B	�A899	o6iih7@	�[@B��	�PTHTQPHI	�HK�DRY	HT�	�PTHTQPHI	�KPYDY�	bbB	�k�����B	5h̀ i7<@g8�	>h==Bc	�h\<?9hA	m678h6	?_	[:?9?̀ <:	]8=8h7:a�	�9:B&,0�1%	�'�'	, #	.$ #1 ,%	('	���¡'	n8\\;	57<̀8	h9@	5768A	n69<=à 89\c	¢8==?9=	_7?̀ 	\a8	>8£<:h9	¤8ih:A8B	NXDKPQHT	WQSTSXPQ	¥DLPDF�	¦?AB	§̈�	�?B	Z�	bbB	��k©��ªB&,!�$00%	.'/'«'	, #	¬,)�­)�­%	®'�'	�33�'	[£bA?7<9g	\a8	̄=8	?_	[£:ah9g8	>h7f8\	n78==678	h9@	]> 	̄¤8̂<h\<?9	�9@<:h\?7	_?7	[h7A;	ph79<9g	°;=\8̀	�[p°�	<9	\a8	±°[±�²�	]8g<?9B	O³�́	��YPTDYY	µ	WQSTSXPQY	¥DLPDF�	¦?AB	�§�	�?B	Z�	bbB	���kB& $)*	¶,�"1 ,0	�, ·	̧&¶�¹'	�33�'	�E�	�PTHTQPHI	�RHºPIPRU	¥D�SKR	»¼¼½¾»¼¼¿B	]8\7<8̂8@	_7?̀ 	a\\bcddeeeB:9iB:Àd̀<7h9@hZd8£b?7\d=<\8=deeeB:9iB:Àd89dÁ9h9:<hAÂ=\hi<A<\;d_=Â78b?7\=d_=7ÂZkk§�Zkk�d�°]ÂZkk§�Zkk�Bb@_&1�!$��"%	�'%	Ã$!$ �"%	Ã'	, #	/1�+" "%	¶'	���Ä'	pah\	5h6=8@	\a8	±=<h9	567789:;	h9@	ÅzysyÆzsu	Çtz}z}~	ÈstÉ	ÊÊË	ÌÍ	ÈÎuzÆv	ÏÍÐsÉÍÑ	E�W¥	�SK�PTJ	GH�DK�	�?B	̈§��B¬$-"�ÒÓÔÕÖ� �%	�'	, #	¬$��,Ò",)*$%	('	���Ä'	�8	¤8\87̀<9h9\=	?_	mh9f<9g	57<=8=	<9	¤8̂8A?b<9g	h9@	¤8̂8A?b8@	5?69\7<8=B	×��	�RHØ	GH�DKY�	¦?AB	�ª�	�?B	��	bbB	§���k�B¬1� +�!)*%	/'%	�10#Ù,Ú %	Û'	, #	Ü,0#Ý!%	/'Þ'	���ß'	567789:;	57<=8=	h9@	5?AAhb=8=B	�KSS�PTJY	GH�DKY	ST	WQSTSXPQ	NQRPLPRU�	¦?AB	Z̈�	�?B	Z�	bbB	Z���Z��B¬� Ò$­%	.'%	«�­%	/'%	�1  à0$ Õá$�-1!"001%	�'	, #	.,��" %	Ü'	�33â'	[̀ b<7<:hA	>?@8AA<9g	?_	5?9\hg<?9c	]8̂<8e	?_	>8\a?@?A?g<8=B	×��	�SK�PTJ	GH�DK�	�?B	k�d�§B	(")*$ Ò�$$ %	�'%	/1!$%	�'	, #	�­ã01! %	&'	���ß'	[£:ah9g8	>h7f8\	>h;a8̀c	�8	±9\8:8@89\=	h9@	±ä87̀h\a=	?_	°b8:6Ah\<̂8	±\\h:f=B	WQSTSXPQ	GSIPQU�	¦?AB	�k�	�?B	Z��	bbB	Z�����ZB(")*$ Ò�$$ %	�'%	/1!$%	�'	, #	�­ã01! %	&'	���¡'	5?9\hg<?6=	567789:;	57<=8=B	E�W¥	�SK�PTJ	GH�DK�	�?B	ª̈§�B	«011#%	/'Ã'	, #	.,�"1 %	¶'Ã'	���Ä'	n87=b8:\<̂8=	?9	\a8	]8:89\	567789:;	57<=<=	¢<\87h\678B	E�W¥	�SK�PTJ	GH�DK�	�?B	̈�§kB«011#%	/'Ã'	, #	�,�+$�%	Ã'.'	��Äâ'	�?A@	>?98\<Àh\<?9	h9@	�?A@	¤<=:<bA<98B	CD	åS�KTHI	SV	GSIPRPQHI	WQSTSXU�	¦?AB	�Z�	�?B	��	bbB	�k��k�B�"��1 %	®'	, #	/1ã$�%	¬'	��44'	±	>?98\h7;	>?@8A	?_	[£:ah9g8	>h7f8\	n78==678	±bbA<8@	\?	\a8	n?=\eh7	5h9h@<h9	[£b87<89:8B	NXDKPQHT	WQSTSXPQ	¥DLPDF�	¦?AB	̈��	�?B	��	bbB	ª���ª�§B�1��1 %	�'	��ÄÄ'	mh9f<9g	nh9<:=	h9@	m6=<98==	5;:A8=B	æçVSK�	WQSTSXPQ	GH�DKY�	¦?AB	�k�	�?B	��	bbB	�ª�©§�B	��, Ò$�%	&'%	á�, Ò+%	�'	, #	è, Ò%	&'	�333'	±	m<̂h7<h\8	5h6=hA<\;	i8\e889	°\?:f	n7<:8=	h9@	[£:ah9g8	]h\8=c	[̂<@89:8	_7?̀ 	]8:89\	±=<h9	�A6B	CD	é�HKRDKIU	¥DLPDF	SV	WQSTSXPQY	HT�	�PTHTQD�	¦?AB	�k�	�?B	��	bbB	�����ª�Bá,Ò$ %	ê'%	á1%	ë'ÕÖ'	�334'	>?98;	>h7f8\	n78==678	h9@	\a8	¤8\87̀<9h9\=	?_	mh9f<9g	57<=8=B	åS�KTHI	SV	�STDU�	�KD�PR	HT�	�HT�PTJ�	¦?AB	���	�?B	ª�	bbB	�k����k̈ B̈á,"0$%	«'	, #	Ã1 1%	2'	�33Ä'	567789:;	57<=<=	5?9\hg<?9	h9@	\a8	�@89\<Á:h\<?9	?_	ì7h9=̀<==<?9	5ah998A=B	×TRDKTHRPSTHI	¥DLPDF	SV	WQSTSXPQY	HT�	�PTHTQD�	¦?AB	���	�?B	��	bbB	ª�Z©ª§§B	Û �$� ,�"1 ,0	«" , )",0	2�,�"!�")!	í×��î	ï5¤ðB	�>��	¤8:8̀i87	�33�B



������������	
��

��

��
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KOKKUVÕTE  
 

Intressi ja valuutaturgude efektiivsus euroalal ning Kesk- ja Ida-
Euroopas  

Käesolev doktoritöö keskendub turu efektiivsuse testimisele intressi- ja 
valuutaturgudel. Kasutades erinevaid testimismeetodeid on ühelt poolt antud 
hinnang erinevatele meetoditele, ühtlasi on aga hinnatud ka euroala ja Kesk- ja 
Ida-Euroopa riikide intressi- ja valuutaturgude efektiivsust. Doktoritöö esimene 
ja teine artikkel keskenduvad intressiturule ja täpsemalt sellele, millist 
informatsiooni tuleviku rahaturu intressi muutuste kohta võib saada  rahaturu 
intressimääradest käesoleval hetkel, ehk teiste sõnadega, millised on 
finantsturgudel osalejate ootused keskpankade kehtestavate tulevaste 
baasintresside kohta.  

Läbiviidud analüüsi peamiseks järelduseks on see, et hinnang turu 
efektiivsusele  sõltub oluliselt kasutatud metoodikast. See ilmneb selgelt turu 
efektiivsuse hüpoteesi (EMH) testide lihtsamate versioonide puhul, milles ei 
sisaldu ajas muutuvad riskipreemiad, ja mis tavaliselt turu efektiivsuse hüpoteesi  
ümber lükkavad. Kui aga kasutatud metoodika võtab arvesse riskipreemiate ajas 
muutumise võimalikkust, siis on hüpoteesi ümberlükkamine vähem tõenäoline. 
Teises artiklis ongi toodud välja riskipreemiate ja majandustsükli indikaatorite 
korrelatsioon ning kasutades Kalmani filtri metoodikat saadud lootusandvaid 
tulemusi. Sellest hoolimata ei saa öelda, et turu efektiivsuse hüpoteesi saaks 
nende kahe artikli sisuks olevatele analüüside tulemustele tuginedes kinnitada.   

Doktoritöö kolmanda, neljanda ja viienda artikli aineks ei ole mitte ainult 
intressi-, vaid ka valuutaturud, rõhuasetusega Kesk- ja Ida-Euroopa riikide 
turgudele. Analüüsides turu efektiivsuse hüpoteesi kehtivust on ühtlasi 
vaadeldud ja analüüsitud nende riikide finantsturgude konvergentsi Lääne-
Euroopa suunas. Analüüsi on kaasatud ka äsjase ülimaailmse finantskriisi mõju 
Kesk- ja Ida-Euroopa turgude efektiivsusele. Kolmas ja neljas artikkel vaatlevad 
nii katmata (UIP) kui kaetud (CIP) intressipariteete. Teooria kohaselt peavad 
mõlemad pariteedid paika vaid intressi- ja valuutaturgude efektiivsuse korral. 
Eelnevates uurimustes on kaetud intressipariteet saanud reeglina empiirilise 
kinnituse, katmata intressipariteet on seevastu tavaliselt ümber lükatud. 
Kolmanda artikli CIP analüüs näitab huvitavaid tulemusi. Esiteks, enne kriisi 
pidas kaetud intressipariteet paika nendes riikides, kus finantsturud olid oma 
arengus kaugemale jõudnud ja konvergents Lääne-Euroopa suunas edenenud 
(Tšehhi, Ungari ja Poola), Rumeenias aga CIP paika ei pidanud. Teiseks selgus, 
et ülemaailmne finantskriis on mõjutanud erinevaid riike erinevalt. Kui Tšehhi 
Vabariigile polnud kriisi mõju kuigi tuntav (jättes mulje pigem “safe haven“ 
riigist), siis Poolas ja Ungaris on kriisi tagajärjed kaetud intressipariteedile olnud 
märkimisväärsed ja püsivad, millest saab järeldada,  et arbitraaži tingimuste  
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toimimiseks  ka stressi olukorras on lisaks finantsturgude arenguastmele oluline 
usaldusväärne majanduspoliitika.  

Neljas artikkel käsitleb katmata intressipariteeti ja siin on saadud tulemused 
rohkem kooskõlas varasemate empiiriliste uuringutega - nimelt kinnitab analüüs 
UIP ümberlükkamist. Kui testitud võrrandile on lisatud ajas muutuva 
riskikartlikkuse näitajad (nii nagu seda tehti ka esimeses ja teises artiklis), siis 
hoolimata sellest, et need indikaatorid on osutunud statistiliselt olulisteks, pole 
katmata intressipariteedi hüpotees siiski kinnitust leidnud. Seega ei pruugi UIP 
ümberlükkamine olla tingitud mitte üksnes testimismeetoditest lähtuvatest 
probleemidest, vaid tõenäoliselt ka turu efektiivsuse puudumise tõttu. 

Viimases artiklis vaadeldakse turu surve näitajaid ja nende võimet 
signaliseerida potentsiaalset kriisi. Uurinud neid näitajaid mõnedes Kesk- ja Ida-
Euroopa riikides viimase kümnendi lõikes nii intressiturul (IMP) kui 
valuutaturul (EMP), võib peamise järeldusena tuua välja asjaolu, et globaalne 
finantskriis jõudis nendesse riikidesse nii intressi- kui valuutaturgude kaudu (nii 
IMP kui EMP jõudsid oma haripunkti 2007. aasta suve ja 2008. aasta sügise 
vahel), kuid kriisi mõju ei olnud kõigis riikides samasugune. Lisaks võis leida 
statistiliselt olulisi selgitavaid muutujaid ainult EMP jaoks (peamiselt seotud 
pangandussektoriga). 

Kokkuvõtteks võib öelda, et turu efektiivsuse hüpoteesi empiiriline kehtivus 
varieerub suuresti, sõltudes vaadeldud turgudest ja riikidest, valitud perioodist ja 
samuti valitud testimismeetoditest. Viies artiklis läbi viidud analüüsid näitasid, 
et turu efektiivsuse hüpoteesi testimisel tuleb võtta arvesse ajas muutuvat 
riskipreemiat. See kehtib eriti siis, kui vaadeldava perioodi sisse jääb rahutu ja 
ebastabiilne periood nagu näiteks hiljutine ülemaailmne finantskriis. Kaetud ja 
katmata intressipariteetide empiirilised testid näitasid ka seda, et turu 
efektiivsuse hüpotees peab paremini paika riikide puhul, kus finantssektor on 
rohkem arenenud ja turgudevaheline integreeritus tugevam. Siiski tuleb nentida, 
et eriti katmata intressipariteedi puhul ei saa turu efektiivsuse hüpoteesi 
ümberlükkamist põhjendada üksnes ebakorrektse empiirilise metoodika või 
kõrgete tehingukuludega. 
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ABSTRACT 
 

The efficiency of interest rate and foreign exchange markets in the 
euro area and Central and Eastern Europe 

This doctoral thesis is focused on testing market efficiency in interest rate 
and foreign exchange markets. On one hand, different testing methodologies are 
applied and their effectiveness is assessed. On the other hand, the efficiency of 
money and currency markets is assessed, both for the euro area and for Central 
and Eastern European (CEE) countries.  

The first and second articles of the thesis focus on the interest rate market. 
Namely, what kind of information about the future path of interest rates can be 
extracted from money market rates, or, in other words, what financial markets 
expect from monetary policy authorities in terms of the base rate.  

The main conclusion for the analysis conducted is that the detection of 
market efficiency is very much dependent on the methodology employed. In 
particular, more simple versions of Efficient Market Hypothesis (EMH) tests, 
which do not account for the presence of time varying risk premiums, usually 
reject the hypothesis. The rejection of EMH is less straightforward when the 
methodology that is employed to test it allows for risk premiums to change 
through time. In the second article, the correlation between risk premium and 
economic cycle indicators is detected, and the utilization of a Kalman Filter 
methodology shows promising results. Nevertheless, EMH is not confirmed by 
the analysis conducted in the first two articles. 

In the other three articles of the thesis, the attention shifts to EMH tests in the 
interest rate and foreign exchange markets, focusing on Central and Eastern 
European countries. Together with the validity of EMH, also the degree of 
convergence of the financial markets of these countries towards Western Europe 
and the effect of the global financial crisis on EMH are analyzed.   

The third and fourth articles focus on the interest parity relations, the Covered 
Interest Parity (CIP) and the Uncovered Interest Parity (UIP). Both relations are 
found to hold if EMH holds. While CIP is generally confirmed by empirical 
tests, UIP is, on the contrary, generally rejected. In the third article, a CIP 
analysis shows interesting results. First, for the countries with a higher degree of 
convergence and deeper financial markets (the Czech Republic, Hungary and 
Poland), CIP was holding before the crisis, while that was not the case with 
Romania. Second, the effect of the crisis has been found to be different for the 
countries in question. While the Czech Republic has not been affected by it 
(looking more like a safe haven country), in Poland and Hungary the effect of 
the crisis on CIP has been significant and lasting, signalling that besides deep 
financial markets also sound policies are important for keeping arbitrage 
conditions to perform also under stress scenarios. 



182 
 

The fourth article is devoted to UIP, and in this case results for the CEE 
countries are more in line with previous empirical studies, namely a complete 
rejection of UIP. When time varying risk aversion indicators are included in the 
test (in line with what has been done in the first and second articles), they proved 
to be significant, but not enough to make UIP accepted. The rejection of UIP 
therefore seems to be not due to testing methodology issues only, but probably 
also due to the rejection of EMH. 

The last article considers measures of market pressure and their ability to 
signal a potential crisis. When applying these measures to CEE countries over 
the last decade, the main finding is that the global financial crisis reached these 
countries through the interest rate as well as the foreign exchange channels (both 
EMP and IMP peaked between summer 2007 and autumn 2008), but the impact 
is not equal for all countries, and it is possible to find significant explanatory 
variables for EMP only (mainly linked to the banking sector). 

To sum up, the empirical validity of EMH is highly dependent on the markets 
and countries analyzed, on the sample covered and, last but not least, on the 
methodology used for the tests. The analysis conducted in the five articles of the 
thesis shows that the time varying risk premium must be accounted for when 
testing EMH. This is particularly true when turbulent periods, such as the recent 
global financial crisis, are added to the sample. CIP and UIP tests also show that 
EMH holds better for countries with deep financial sectors and between more 
integrated markets. Nevertheless, particularly as regards UIP, it is difficult to 
attribute the EMH rejection only to transaction costs or flaws in empirical 
methodology.   
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