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INTRODUCTION

Since the establishment of the European Monetary Union and the introduction of the single cur-
rency, sovereign bond yields have widely converged until the second half of the year 2008. Af-
ter that moment, and precisely after the Lehman Brother’s bankruptcy, occurred in September
2008, the intensification of the international financial crisis led sovereign yield differentials to
diverge and in some cases to rise dramatically. This has been particularly true for some “mar-
ginal” countries like for example Greece, which spread over the German Bund, passed from the
pre-crisis average of 30 bps to 270 bps during the first months of the financial turmoil. The
same experience has been lived progressively also by other nations such as Ireland, Portugal,
Spain and Italy.

As a result of the persistent increase of government debt and deficit levels, at the beginning of
the 2010, the fear of a sovereign debt crisis has started to be felt among investors with particular
reference to the Eurozone countries. This, in turn, together with the high cost of borrowing for
national states, the high level of bond yields and in addition a rush of downgrading actions has
increased the threatening of the latter’s difficulty to access capital markets and to sustain their
internal fiscal situation.

For the Euro-area countries, the fact to be part of monetary union without a single common fis-
cal policy has contributed to the worsening of the crisis and to put pressure on the entire eco-
nomic and political establishment.

The fact that European banks owned a large amount of sovereign debt and the fact that national
government were, at the same time, even more oppressed from their sovereign risk has than en-
dangered the collapse risk of national and banking systems and, all at worse, the downfall of the
Euro.

This has pushed the European institutions to intervene by establishing the European Financial
Stability Facility (EFSF).

In this context a precious role has been played from the European Central Bank (ECB), which
acted through non-standard monetary policy operations in order to restore the financial and
macro-economic equilibrium within the Euro-area.

Some observers have interpreted the widening of government bond spreads as a kind of diversi-
fication and re-evaluation of the sovereign risk among EMU countries, thing that before the cri-

sis explosion didn’t exists.
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This can lead to some questions: is the widening of sovereign spreads indeed explained by the
different investors’ perception of countries’ credit risk or fiscal fundamentals? Or the higher
differentials can be caused by more general factors like the liquidity risk or the international
risk perception? And then, from which of this three elements derives the contagion effect
among Eurozone countries? Who influences who?

In order to give an answer to these questions, this dissertation provides an analysis of the main
determinants of sovereign bond spreads over the long term. The study has been conducted on
four European countries which are France, Germany, Italy and Spain over a sample interval that
covers both the pre and post-crisis periods; from December 2003 to January 2012.

The used indicators have been chosen in order to address countries credit risk, liquidity risk and
the international risk perception.

Largely following the existent literature these measure have been proxyed as follows:

e Credit risk: government debt and budget balance as share of the GDP, CDS spreads over

Germany;

e Liquidity risk: countries’ gross volume of issued securities and the bid-ask spread of

sovereign bonds;

e International risk aversion: the Chicago Board of Options Volatility Index (VIX) and the
spread between the US AAA corporate bonds and the US 10-year government bonds.
The latter measure has been considered to address the changing preferences of interna-

tional investors from the Eurozone sovereign securities towards the US bonds.

Moreover, this research looks also to the impact of the countries’ internal politics and to the
importance of rating evaluations as influential elements in the movements of sovereign bond
yields. In addition, giving that the ECB’s role has acquired even more importance during the
sovereign debt crisis, a particular attention has been paid also on its announcements and actions.
These latter three elements have been caught by the construction of general and country-

specific dummy variables.
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To conduce the present analysis has been chosen a Vector Autoregressive model (VAR), which
is considered to be one of the best methods to proxy the economy’s behaviour and to shed lights
on the causality connections among the studied variables.

The software used for the estimation is Gretl and, in addition, some mathematical-statistics op-

erations have been made using R.

This dissertation is structured as follows.

The first chapter, which is divided in three sections, provides the historical description of the
current crisis by evidencing which have been the main causes and the principal actors involved,;
the second part is about the literature on the crisis transmission across countries while the third
section talks about the literature on the determinates of sovereign bond yields and spreads.

The second chapter is dedicated to the role played from the European Central Bank in the crisis
context.

The third part deals with a brief description of sovereign securities relative to the four studied
countries and in the second part gives a short perspective of the historical evolution of govern-
ment bond yields and spreads during time.

Finally, the fourth chapter is dedicated to the VAR model and to the empirical analysis. This
section provides the review of the existing studies on this topic, the data and variables descrip-

tion and then the empirical model, methodology and the results’ discussion.
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CHAPTER 1

The international crisis, contagion and sovereign spreads
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1. The international crisis, contagion and sovereign spreads

The economic financial crisis exploded in 2008 is still heavily affecting many countries of the

world.

From the financial side, the turmoil has passed to the economic and real sectors of countries,
letting the world experiencing liquidity and credit distress, sharp increases in unemployment,
deep rises in oil and food prices, financial distrust, drop of the international production and
GDP, and so on.

The first signals of instability, occurred during the summer of 2007, have been followed by the
recession burst which took place after the Lehman Brothers’ bankruptcy in September 2008.
Soon the US-based financial turmoil became a generalized economic depression spreading to

the European Union.

Between 2010 and 2011 the crisis has been broaden to the countries’ public financial sectors,

with particular effect on the Eurozone members.

The most common indicators used in relation to the European sovereign debt crisis are the bond
yield spreads, which have reached more or less higher levels relatively to changes in some in-
fluencing measures which are commonly recognized as credit risk, liquidity risk and interna-
tional risk perception. There may be a contagion effect among EMU countries behind the wide
spreading of domestic or even international shocks.

This chapter presents, in the first section, a brief historical summary of the current economic-
financial crisis, with the aim to clarify which have been the main causes of its explosion and ex-
tension. The second part introduces contagion and its fostering elements, while in section num-
ber three are displayed the main determinants of sovereign bond spreads, with particular refer-

ence to the EMU countries.
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1.1 The economic-financial crisis: an historical perspective

The economic recession that today is affecting the entire world has been originated from a fi-
nancial crisis which took place in the USA at the early stage of the year 2008, generated from
the subprime crisis. Along with this, the rapid increase in the raw materials and commodity
prices, the high level of unemployment as well as the liquidity and credit reduction with the
subsequent distrust of the stock markets have contribute to the sharp and rapid extension of the
economic decline and to its wide spreading to the public finances and sovereign debts. However

it is possible to say that the causes of this recession have to be searched some years earlier.

Until 1971 the world financial system had worked under the Bretton Woods Treaty which stipu-
lated for each member state the obligation to tie the respective currency exchange rate to the
U.S. Dollar and the convertibility of the latter to gold. The removal of the convertibility to gold
operated in 1971, when Richard Nixon inaugurated the free-floating currency system known as
“fiat money”. This system allowed the liquidity growth which, along with the creation of new
financial instruments and the improvement of the means of communications, brought the finan-

cial world to gain even more importance at an international level.

During the 1980°s, the financial deregulation’ promoted in the USA firstly by President Carter
and then by Reagan, was soon adopted in the UK and in many other European countries be-
tween the 1985 and 1990. This led to the liberalization and privatization of banks, financial
funds and retirement accounts, the restrictions on the international capital flows were abolished
and the central banks became independent from the respective national governments. These ef-
fects have been followed by a series of other events such as, for example, the growth of the in-
ternational trade, the production outsourcing and the increase in the labour flexibility, which

contributed to a great development of the international financial investments and capital flows.

In the USA, the restrictive monetary policy promoted by the FED’s governor Volcker?, the sta-
ble purchasing power of wages, the increased labour productivity and the low level of inflation
favoured the liquidity growth and the accessibility to the credit market. With the aim to protect

! The financial deregulation can be described as the reduction or removal of rules across markets. This means that
economic and financial activities are guided almost exclusively by the so called “Invisible Hand” instead of the
state government intervention. The US deregulation led to freer financial markets pushing banks and financial in-
stitutes to pursue greater efficiency and profits by making high risky operations.

2 Paul Volker is a US economist who has been the FED’s chairmen from August 1979 to August 1987.
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the economy from the dramatic events of 9/11, the FED, under the presidency of Alan Green-

span®, started a campaign of interest rates reduction that lasted until 2004.

In few years the American economy became a debt-based economy distinguished by the fact
that people of every kind, families, enterprises and also speculators, were encouraged to get
easy money for loans at low rates. This practice is well known as the “subprime-lending”, char-
acterized by loans at low interest rates for the first years with a sharp increase during the further
ones and the indiscriminate concession of credit, even to subjects that normally would have

been considered bad-debtors without credentials.

The subprime mortgage system was based on the expectation of ever increasing prices in the
real estate markets. These contracts required the payment of only interests without principal for
the first one or two years. During this period of time debtors tried to sell the house, repay the
loan and take a profit from them.

It seemed that everyone was gaining from this, on the one hand, for banks and financial insti-
tutes it was a good way to make profits on the credit concession, on the other hand, borrowers
could improve their living standards replacing their incomes with loans which (initially) were
easily refundable. As already said, the major part of the subprime loans were headed for the real
estate industry and, thanks to these “favourable” credit conditions, also the poorest had been

able to buy their own property house.

The insolvency risk incidental to these subprime mortgages was clearly very high, so, to limit
their exposure, and, at the same time, to make even more profits, the American banks started to
securitized/collateralized the financial assets that had already been issued. In this way the finan-
cial institutes were able to split the risk worldwide and to offer profitable investment instru-
ments like ABS* (Asset Backed Security) or CDO® (Collateralized Debt Obligation). These
“toxic assets”® had been sold not only in the USA but also in other financial institutions all over

® Alan Greenspan followed Volcker as governor of the FED. His mandate started in 1987 and ended in 2006, it has
been the longest in the history of the American Institution. Greenspan is considered one of the persons blamed for
the financial crisis.

* An Asset Backed Security is a financial instrument similar to a common obligation bond which is issued against
securitization operations. With an ABS a company spins off some of its assets, “wraps” them and sells them in the
market using a SVP (Special Purpose Vehicle), with the aim to generate more liquidity.

® A Collateralized Debt Obligation is a fixed rate security guaranteed from a debt portfolio composed by a pool of
instruments like bond obligations and other bonds.

® The name “toxic asset” was coined at the beginning of the economic-financial crisis in relation to ABS, CDO and
CDS. In particular an asset can be defined toxic when it becomes illiquid and difficult to sell due to the high possi-
bility to lose money
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the world, thereby polluting the global financial system. The record value of outstanding “toxic
assets” was reached in 2006 with an amount of 2.7 Billions of Dollars’. In this context, besides
ABS and CDO, another type of instrument started to gain importance: the CDS (Credit Default
Swap). Sold by an insurance company, a CDS represents a kind of insurance policy against the

counterpart’s risk of insolvency; the higher the risk, the greater the CDS premium.

As long as borrowers were able to pay their loans, everything was going well, and between
years 2001 and 2005, the trading of subprime loans grew from 145 to 635 Billions of Dollars®.
Things started to get worse when the FED, in order to contain the speculative bubble in the real
estate and to drain the liquidity, started to increase the interest rates which, in two years,
jumped from 1,5% to 5,25% (2005-2007)°. At this point, even more persons begun to face

problems with their mortgage payments becoming thus insolvents.

In July 2007 the economic crisis exploded when the financial institutes Bear Stearns and BPS

started to frozen their sub-prime investment funds due to their value dissolution.

While first there was enough liquidity to boost the consumption and to borrow money at con-
venient conditions, at the beginning of the year 2008 liquidity was very scarce, people didn’t

have money as well as banks.

Even more persons started to offer for sale their house due to the difficulty or inability to repay
the mortgage. The so called “housing bubble” begun to get bigger and bigger, causing the house
prices to drop deeply (-15% in 2008)™, while subprime investment funds, hold by financial in-
stitutes, started to lose their value.

At this point the “toxic” nature of ABS, CDO and CDS started to emerge fostering an inter-
bank trust crisis. There were basically two reasons for this: 1) relying on the AAA rating re-
leased by agencies on the fact that house mortgages have historically low insolvency, all finan-
cial institutions of the world had well accepted to negotiate these profitable instruments. 2)
There was no transparency in the sale of these toxic assets. Considered that they could be easily
sold on the market, the American banks (soon followed by others in the world) started to issue
them for far higher notional than the existing estate guarantee. In the common awareness of this

malpractice, as soon as the crisis broke up, banks started to refuse toxic assets as a guarantee in

" Source: www.ilsole24ore.it
8 Source: www.ilsole24ore.it
° Source: www.ilsole24ore.it
10 source:; www.intermarketandmore.finanza.com
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the inter-bank market, thus blocking the whole inter-banking system; loans between banks were

stopped due to the lack of mutual trust among all counterparts.

Several American financial institutes were at a loss and in September 2008 the financial bank
Lehman Brothers declared its bankruptcy oppressed by a debt of 613 Billions of Dollars™, soon
followed by others like the insurance company AIG and the banks Merrill Lynch, Fannie Mae
and Freddie Mac, which differently from Lehman Brothers have been bailed out from the US

Treasury.

The liquidity crisis known with the expression “credit crunch” was already irreversible; banks
wanted to safeguard their solvability and so it became almost “impossible” and very expensive

to get loans both for families and for enterprises.

In this way the overall international economy stopped sharply and the “American financial cri-
sis” became a global crisis affecting also the real economy. The commodity and raw material
prices increased as well as the unemployment rate; the stock prices collapsed and the major in-
dustries like for example the automotive ones had been forced to a deep reorganization in order
to cope with the economic recession’?. The great productivity slack caused by the investments
and consumption decrease, let governments fear also about the deflation risk*.

At this point central banks and governments intervened to contain the crisis’ effects by financ-
ing and nationalizing financial institutes and leading industries to avoid their default as well as
by injecting a great amount of liquidity in their economic systems. Costs connected to the crisis
started to grow quickly causing the increase of the central government’s public debts. In May
2009 the crisis’ fiscal costs amounted to the 6,3% of the global 2008 GDP and the financial
needs of the most developed countries of the world summed to 10thousand Billions of Dol-

lars'®,

Liquidity problems had been faced also by several European banks, first of all by the British
Northern Rock in 2007; the bank announced its difficulty to access the liquidity on the inter-

banking system and for this reason the impossibility to repay its clients. The Northern Rock has

' Source: Il Sole 24 Ore

12 The automotive industry lived a period of deep reorganization; historical brands like for example General Mo-
tors went bankrupt and others such as Fiat-Chrysler-Opel merged.

3 The deflation risk is represented by a persistent decline in prices. This can lead to a vicious circle causing bad
economic consequences like the fall of profits, the closure of business activities, unemployment, scarce public re-
sources and increasing default on loans.

 Source: www.imf.org
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been then nationalized from the British Central Bank which did the same with Bradford &
Bingley. In 2008 other financial institutes had the same destiny; it was the case of the Franco-
Belgian Dexia and the Belgian-Dutch Fortis, which have been partially nationalized, and that of
the German Hypo Real Estate which has been bailed out from the German Government.

In the European Union the recession exploded in the sovereign debts crisis, with particular ref-
erence to those countries characterized by high levels of public debt and deficit and by the in-

crease of the sovereign bond yields and CDS spreads.

The first nations to be affected have been the weakest ones, which are also known as PIIGS

(Portugal, Ireland, Italy, Greece and Spain).

Initially it has been the Greece turn. At the end of 2009 President George Papandreou® an-
nounced that the country was risking the default due to the scarce transparency and the bad

management of its public finances®®, corruption and tax evasion.

In 2010 it has been the case of Ireland, which between 1995 and 2008 experienced a great and
rapid economic growth. The so called “Celtic Tiger”'’, has been touched from the crisis be-
tween the years 2007 and 2008 due to the incidence of two kinds of factors. The first one was
indirect and connected with a great financial growth occurred between 1995 and 2008, the sec-
ond factor, on the other hand, was direct and has been the Irish property bubble burst between
2007 and 2008 which, in turn, caused the Irish bank crisis.

In 2009, the recession affected also Spain, fostered by the housing bubble explosion, the bank-
ruptcy of important corporations as well as by the relentless unemployment rate and growth.

At the beginning of the 2011 also Portugal has been touched form the economic-financial crisis

because of the proximity to Spain and also due to its weak economic growth.

Finally Italy started to have problems, in particular, connected with the great amount of its pub-
lic debt and also to the uncertainty climate evoked by the bad reputation of its political system
in respect to the ability to take decisions in order to restore the internal productivity and eco-

nomic growth.

1> George Papandreou has been the Greek Prime Minister from October 2009 to November 2011.

18 Whit the aim to respect the Maastricht parameters in order to enter the EMU, Greece falsified its macroeconomic
and financial data.

17 «Celtic Tiger” was the nickname for Ireland during its boom period from 1995 to 2008.
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The crisis transmission from the private financial sector to the public one can be explained
through two mutual reasons. The first one is related to the recovery action plans promoted by
national governments in order to “save” their financial institutes. In this case, central govern-
ments, spent large amounts of public money to restore trust in financial markets, in particular
after the Lehman Brothers’ bankruptcy. The result of this state intervention has been a public
debt enlargement, which in some cases, like for example the Irish one, has been unsustainable.
The second reason is, in turn, related to the banks’ willingness to eliminate toxic assets from
their portfolios. To do this, financial institutes used to draw on the liquidity stock injected by
the ECB using low rated assets as guarantee and investing, at the same time, in sovereign

bonds, which in turn weren’t considered risky.

Consequently, whereas toxic assets have been transferred to the Euro-system, sovereign bonds
have been passed to private banks. When the sovereign bond crisis exploded also sovereign
bonds became risky and banks faced again liquidity problems. This dangerous vicious cycle ex-
plains the existing mutual link that contributed to the diffusion and evolution of the crisis from
the private to the public sector and which can undermine the long term economic growth and
stability.

This global negative situation pushed governments to jointly respond to the crisis. In the USA,
the FED started an operation of interest rates reduction and, in addition, invested a large amount
of money to rebuy toxic assets in order to “clean” financial markets. At the same time, president

Obama started a state help campaign to sustain consumers and industries.

In the European Union, on the other hand, it has been enacted the European Financial Stability
Facility (EFSF) with the aim to give financial support to countries with problems in refinancing
their own debt. Simultaneously, the ECB intervened by purchasing government bonds from the
secondary market as well as by promoted a liquidity injection program to sustain and restore the
solvability of the European banking system.

Today, the recession is still affecting a large number of European countries, whereas in the

USA it is possible to see some signs of economic upturn.

Finally, there are two main (historical) theories which can provide a solution for the current
global crisis. The first one follows the idea of John Maynard Keynes®® which affirms that dur-

18 John Maynard Keynes was a British economist. His is considered one of the world’s most important and famous
economists of the XX century.
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ing depression times, the state government should heavily invest its money into the public and
private sectors, in order to sustain consumption and to reduce unemployment. The second one,
on the other hand, has been promoted by Friedrich von Hayek'® who argued that austerity and

restrictive policies should be the best practices to solve and overcome an economic crisis.

19 Friedrich von Hayek was an Austrian economist and philosopher known for his support to classical liberalism.
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1.2 International crisis transmissions: which are main the causes?

Contagion refers to the rise in correlation between markets, caused by the spread of shocks
from one county to the others (Colombo and Lossani, 2009). These shifts in cross-country link-
ages are usually observed through co-movements in macroeconomic and financial indicators
such as capital flows, assets returns, volatility, interest and exchange rates, government spreads
and so on (Forbes and Rigobon, 2000) (Dornbusch, Park and Claessens, 2000). Contagion can
occur for two order of reasons: one related to countries fundamentals and the other to investor’s

behavior (Colombo and Lossani, 2009).

Fundamental-based-contagion

Fundamental-based-contagion refers to the transmission of global (local) macroeconomic
shocks due to the presence of real and financial linkages between countries. There are three
kinds of shocks that can trigger international crisis and contagion: common global shocks, trade
links and financial links.

e Common global shocks consist in negative events which have repercussions on different
countries, leading to the international diffusion of an adverse situation. It is possible to
recognize three main common shocks: the increase of international interest rates, the

variation in commodity prices and the appreciation of the US Dollar.

The first type of shock is represented by the rise of international interest rates and, in
particular, of the US ones. In fact, a persistent increase of the US interest rate can create
problems to all those countries whose debt or financial liabilities are denominated in US
Dollars (Colombo and Lossani, 2009). International liquidity plays a crucial role in situ-
ations like this, as it can become one of the main factors triggering global recessions,
especially for those countries which have the same currency denomination. In particular,
crises are less frequent when liquidity is abundantly present across markets and, thus,
sovereign spreads are rather low. On the other hand, the liquidity deterioration can cause
the flight of capital flows to other, more liquid markets. This phenomenon that is known
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as fly-to-liquidity can adversely affect crisis countries exacerbating their probability of
default.

The second order of shocks refers to changes in commodity prices. When the latter ones
experience a sudden and rapid increase, countries importing these kinds of goods are
likely to face crisis phenomena. It is the case of the last oil crisis occurred between years
2007 and 2008. On the other hand, a decrease of commaodity prices can cause problems
to exporters and, in particular, to those countries which are highly dependent from these
types of exportations (for example the underdeveloped ones). Finally the appreciation of
the US Dollar can be another way through which crisis can be transmitted. This kind of
shock matters for countries who have fixed their exchange rate to the US one in order to
stabilize their own currency. A Dollar appreciation can lead to a deterioration of their

export-performances incentivizing, at the same time, importations of foreign goods.

Trade links can facilitate the spread of crisis across countries. Commercial relationships
can be direct of even indirect. In the first case, for example, countries trade directly be-
tween them and, if one experiences, for example, a currency deterioration, any of its ma-
jor commercial partners can face internal problems like a decline of asset prices, a re-
duction in exportations to the crisis country and also the possibility to be hit from specu-
lative attacks due to the worsening in trade accounts (Dornbusch et al., 2000). On the
other hand, when there exists an indirect commercial relation, countries trade between
them in third markets. When two or more economic systems compete in the same third
market, devaluation in one of them can decrease the export-competitiveness of the oth-
ers causing massive currency depreciation, higher than that expected by a worsening in
fundamentals. This, in turn, lead operators to have negative expectations on cross-

countries competitive devaluation, thus causing sudden and huge capital outflows.

Financial links. As it is possible to see for the current global crisis, the intensification of
financial integration between countries is likely to be one of the most important chan-
nels for transmitting contagion. If one country experiences a distress in its financial sys-
tem, this can have negative repercussions on its partners determining the co-movement

of asset prices, exchange rates, sovereign spreads, and so on. By contrast, nations which
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are not financially integrated are immune from contagion. Moreover, turmoil transmis-
sions can occur between countries linked by indirect relations. This case is represented
by the so-called “common creditor” theory (Kaminsky and Schmuckler, 2000), (Colom-
bo and Lossani, 2009). In fact, if the country, that provides credit to other separate fi-
nancial systems, experiences some problems, like, for example, a liquidity crisis, these
would be automatically reflected to its partners. This because, to solve its liquidity diffi-
culties, the credit provider could require the advanced reimbursement of the loans took
out in the other countries which in this way would face, in turn, credit and liquidity

problems as well as asset prices reductions.

In relation to what it has been write above, it is important to say that this kind of co-movements
constitute contagion only if during crisis periods the correlation between countries and markets
increases more significantly than during tranquil times. If, for example, two countries are locat-
ed in the same geographical region and are closely linked between them by commercial and fi-
nancial relations, it is possible to expect that, if a negative shock hits the first economic system,
also the second one could experience adverse internal repercussions. In this case, transmission
may occur only due to the physical proximity of the two countries, not constituting, for this rea-
son, contagion but only the continuation and the intensification of a cross-market interdepend-

ence that exists also during non-crisis periods (Forbes and Rigobon, 2002)%.

Investors’ behavior

Rational or irrational investor’s behavior is an element that often allows the international
spreading of economic and financial shocks. It is possible to identify three kinds of agent’s be-
havior. The first connected to rational investors and information asymmetries, the second relat-
ed to the creation of multiple equilibriums and the last one to changes in the international finan-
cial systems (Dornbusch et al., 2000).

e Information asymmetries are one of the main causes of cross-counties contagion. Inves-

tors are imperfectly informed and, for this reason, have their own expectations. Rational

% Forbes and Rigobon, instead of “contagion”, talk about “shift-contagion” which clarifies “...that con-
tagion arises from a shift in cross-market linkages, and it also avoids taking a stance on how this shift
occurs” (“Measuring Contagion: Conceptual and Empirical Issues”, 2000).
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operators may presume that if a country faces a crisis, probably also other similar coun-
tries would experience the same adverse situation. Generally, this common thought, lead
investors to withdraw their assets even from counties that, actually, don’t present such a
vulnerable internal situation, making, in this way, a crisis to become contagious. So, in
absence of better information at their disposal, individuals used to make decisions look-
ing at some standard indicators which aren’t always able to reflect the real conditions of
a country. Moreover, investors could decide on the basis of what other (presumably)
more informed operators do. This way of behaving has been largely studied.

In particular it is supposed that financial investors are divided into informed and uni-
formed ones, and that the information gathering has a high fixed cost. In the presence of
these conditions, it could be very expensive and difficult for uninformed investors to
collect useful information. For this motivation, they could consider advantageous to
herd the behavior of informed individuals. Therefore, if informed investors decide to
pull out assets from one country, uninformed ones are likely to follow the same behav-
ior, producing massive capital outflows. Herding behavior is likely to increase over time
as the cost and quantity of information to be gathering increase, as well as the number of

operators and countries involved.

Herding contagion has gained relevance during these last decades. This for two princi-
pal reasons: firstly the financial deregulation has led to an increased number of possible
investing markets and, secondly, the rising importance of current economic systems has
contributed to expand the amount of financial resources and instruments. Therefore, as
costs connected to the reduction of information asymmetries have considerably increase,
with respect to the number of investing markets and investors, it is possible to presume
that investors’ herd behavior could represent one of the most important channels of con-

tagion.

Shifts in market expectations and confidence could be another fostering element for con-
tagion between countries. More precisely the presence of multiple equilibrium can lead
individuals to change their strategies. In this case contagion occurs when the incidence
of an adverse condition to one country, let another one to jump to a negative equilibri-

um. An example of adverse condition can be represented by political factors and inter-
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dependencies. In particular, political and trade agreements constitute a cross-country

linkage through which a crisis situation can be transmitted.

New rules of the game and bail-out possibilities represent the finals factors influencing
the investors’ behavior across financial markets. Crisis costs can be reduced thanks to
rescue operations conducted by national or supranational organizations which use a pool
of finite resources. When financial helps are used a lot and thus become scarce, inves-
tors could have the perception that the next operation to sustain a crisis country would
only be the bail-out. This may produce a panic situation among operators who, in turn,
are pushed to act in order to generate or exacerbate the crisis with the aim to benefit
from the bail-out before its depletion. In this way international crisis are likely to spread

rapidly across countries.

Investors’ behavior can matter also when operators feel the perception that the “rules of
the game are changed”. It is the case in which individuals feel the probability that sover-
eign states are likely to become defaulters to the international financial community. This
would lead investors to reevaluate the risk connected to some specific nations and, in
addition, to act in order to withdraw their assets from these countries generating, in this

way, financial and currency problems (fly-to-quality).
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1.3 Sovereign bond spreads: credit risk, liquidity and international risk aversion

The term sovereign spread is referred to the difference between government bond yields with
the same maturity. In general, this differential is computed in relation to a benchmark security
which is normally represented by a high-rated bond. In most cases, in the context of the EMU,
sovereign spreads are relative to the German Bund, which is rated AAA and is thus considered
to be one of the safest securities among Euro-area sovereigns. Another common way to indicate

spreads is to use the Euro Swap rate as benchmark.

What is measured by sovereign yield differentials is, on one hand, the financial risk associate to
the investment in government bonds and, on the other hand, the credit or default risk related to
the sovereign debt issuers. For this, the higher is the spread, the greater is the risk associated to

a country.

Sovereign bond differentials have been largely studied during these last decades, with particular
interest on which are their determinants. From the introduction of the common currency in Eu-
rope it is possible to identify three main elements influencing government yield spreads: coun-

ty’s credit risk, market’s liquidity risk and international risk perception.

Credit risk

Named also default risk, is an idiosyncratic, county-specific variable which can be represented
by the probability of default, that is, in this case, the possibility associated to the capacity of a
state to repay its sovereign debt. There are two main interrelated elements concerning credit

risk:

e domestic fiscal fundamentals, which are macroeconomic measures like for example the
level of public debt, budget deficit/surplus, growth and GDP, current account balance,
inflation rate, etc., which are directly connected with the state’s economic policy;

e default record, which, in turn, represents the state’s historical reputation in terms of

credit rating.
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In relation to domestic fiscal fundamentals, the public debt and the budget balance®* are the

principal variables that are assumed to drive market’s perception about country’s credit risk
(Barrios et al., 2009). As it is possible to see from the graphs below (Graphs n.1 and n.2), a
worsening in these two indicators is associated with increasing bond yields. Also the current
account balance usually matters as fiscal fundamental. In particular, countries with a high ex-
ternal current account deficit can face negative consequences in their public budget. The deficit
restoration can lead, in fact, to difficulties in financing the public debt, this because it implies
fiscal interventions like disinflation which in turn brings decline in the tax revenues, low levels

of growth and so less financial resources for the state (see Graph n.3) (Barrios et al., 2009).

Graph n.1: 10-Year Euro Sovereign Bond Yields and Government Debt-to-GDP
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Source: author’s elaboration on Eurostat data

21 A better way to observe the public debt and budget balance is to express them in percentage of GDP. In this way
these indicators are likely to measure the financial and economic robustness of a country, as it is also provided by
the European Growth and Stability Pact.
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Graph n.2: 10 Year Euro Sovereign Bond Yield and Budget Balance (% GDP)
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Graph n.3: 10 Year Sovereign Bond Yield and Current Account Balance (% GDP)
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Even sovereign credit ratings are important synthetic indicators associated to the country’s de-

fault risk. These are elaborated from specialized agencies — the most important are Moody’s,
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Standard & Poor’s and Fitch — on the basis of some domestic fundamentals like the amount of
external debt or the industrialization grade, taking also into account if the considered county has
experienced some default events in its recent history. Sovereign ratings and sovereign spreads
are strictly correlated between them and are both influenced from fundamentals variations. A
worsening (improvement) in fundamentals generally causes an increase (decrease) of the
spread’s level which in turn can be ensued by a rating reduction (upgrading). For this reason it
is possible to presume the existence of an interdependent relation between spreads and ratings
(Reisen and von Maltzan, 1999). In addition, besides interdependencies, other authors argue the
possibility that a rating variation, for a specific sovereign bond yield, can have negative (or pos-
itive) effects also on other financial markets, evidencing in this way a possible contagion result
(Kaminsky and Schmukler, 2002).

Finally, another way to capture the default risk associated to a sovereign bond issuer is repre-
sented by Credit Default Swaps (CDS). A Credit Default Swap is a financial credit derivative
used as an insurance against the risk that a sovereign government could experience a negative
credit event. CDS are high risky speculative instruments negotiated on non-regulated markets
which measure the capacity of a government to repay the obligation contracted through the
emission of sovereign debt. The higher is the insolvency risk, the greater will be the CDS cost.
According to the International Swap and Derivatives Association (ISDA) the main credit events
against which a CDS gives its protection are: the failure to pay, restructuring and repudia-

tion/moratorium.

Liquidity risk

Liquidity risk responds to the impossibility for a debt security to be sold at fair price, with low

transaction costs and in short time.

Liquidity is an exogenous factor which has a great influence on sovereign bond yields, especial-
ly during times of market uncertainty (Beber et al., 2006). When a bond is illiquid, additionally
to its yield, investors require a higher liquidity risk premium. For this reason, the liquidity asso-
ciated to sovereign issues is a variable that inversely affects spreads. In equilibrium more liquid
securities guarantee a lower yield for investors, this thanks to the ease in trading bonds at min-

imum price changes and at lower transaction costs. Variations in liquidity can depend on differ-
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ent factors that normally are represented by the market depth (measured in terms of trading vol-
ume), the trading intensity, the amount of outstanding bonds and the efficiency of the secondary
market (Codogno et al., 2003). Furthermore, other liquidity variables are bond issuing volumes
(as an indicator of the market dimensions), the possibility for investors to access liquid futures
markets and hedging instruments as well as the government issuing policy (Barrios et al.,
2009). Finally the liquidity risk is strictly connected with credit risk; in particular, a greater
credit risk can amplify the impact of the liquidity risk. This means that when a sovereign issuer
is affected by a greater default risk the liquidity associated to its debt securities is very low
causing in this way an increase in bond yields. The liquidity deterioration in turn is likely to ex-
acerbate the probability of default, especially for those countries which are highly dependent

from short-term debt refinancing operations.

International risk aversion

The international appetite for risk can be defined as the willingness of investors to take on risk.
When a subject decides to invest, normally it takes into account two things: the return and the
risk associated to its investment. The higher is the return the grater is the risk that the investor
has to bear. People modify their risk-return preferences continuously, and, in times of high
market uncertainty, their risk appetite is likely to decrease due to a higher risk aversion. This
generally leads to a flight-to-quality and flight-to-liquidity phenomena that is the investor’s

portfolio rebalancing respectively towards safer and more liquid securities (Beber et al., 2006).

The existing studies confirm that international risk represents a common exogenous determi-
nant of sovereign bond spreads. In particular, this factor is usually expressed through some fi-
nancial indicators like the Chicago Board Options Exchange Volatility Index (VIX). The VIX
represents the implied volatility of the S&P 500 index options and it is assumed to be a key

measure for the world’s investors’ sentiment.
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Graph n.4: Volatility Index (VIX)
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CHAPTER 2

The European Central Bank and the sovereign debt crisis
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2. The European Central Bank and the sovereign debt crisis

The European Central Bank is the center of a large network which includes the central banks of

all the European Union member states.

Particularly, the ECB has a fundamental role in relation to the European Monetary Union, in

fact, it was created in conjunction with the introduction of the single currency in 1999.

During time, the role of the ECB has changed very much enclosing, beside its traditional mis-
sion, also other unconventional purposes in order to maintain and solve some critical situations

caused by the current international crisis.

These alternative operations are represented by the Long Term Financial Operations, known al-
so as LTRO, and by the implementation of direct actions in the sovereign bonds’ market,
named Outright Monetary Operations (OMTSs), with the aim to safeguard the common currency

survival.

In this respect, it is possible to cite the emblematic phrase pronounced by the ECB’s President
Mario Draghi on the 26™ July 2012%*;

“Within our mandate, the ECB is ready to do whatever it takes to

preserve the Euro. And believe me, it will be enough”

This chapter presents the role assumed by the ECB in the context of the international crisis.

The first part is dedicated to a brief picture of the ECB and of its fundamental tasks, while in
the second section is described the ECB’s role in the crisis context and the two principal uncon-

ventional measures carried out to restore the financial stability among EMU countries®®.

22 Source: www.ech.int
% The most part of the information included in this chapter have been gathered from lecture “BCE e gestione della
crisi sovrana” delivered by Dott. Mauro Grande on the 10™ December 2012 at the Ca’Foscari University of Venice.
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2.1 A picture of the European Central Bank

The European Central Bank (ECB), is one of the seven institutions of the European Union. It
was created in 1998 as the Central Bank of the Euro-System. It has the commitment to define
and implement the monetary policy of the 17 EU countries which are part of the Eurozone, that

is one of the most important and large currency unions of the world.
The first element that characterizes the ECB is given by its central role in the Euro context.

According with this characteristic, the ECB is comparable to the American FED with the only

difference that in the USA the centralization level is higher than the European one.

The FED, in fact, was created after the Great Recession, occurred in 1929, with the aim to
strengthen the central banks’ role. This, in turn, has ensured the system to born with a high de-
gree of centralized control which is surely greater than that exerted by the ECB in Europe. This
is, in some way, due to the fact that the ECB has been created ex novo in conjunction with the

introduction of the common currency while, the other national central banks already existed.

The second thing that typifies the ECB is the uniqueness of its primary objective which is to
maintain the Euro’s purchasing power and prices stability within the Euro-area. This task is
pursued by the ECB’s monetary policy and it is considered to be reached when the Harmonized
Index of Consumer Prices does not exceed the 2% over the medium term. Differently from oth-
er central bank this represents a single aim for the ECB, while all the other objectives are con-

sidered subordinates to that.

With regards to the other activities carried out from the ECB it is possible to include a range of
assignments that are all linked to its principal mandate like: the payment system management,
the statistics production, the international representation, the banknotes issuance, the implemen-

tation of foreign exchange operations and so on.

Moreover, the ECB contributes to the Eurozone banking supervision and to the safeguard of the
Euro-system financial equilibrium through its participation to the European Financial Stability
Facility (EFSF), established during May 2010 from the 27 EU member states.

So as provided by the Amsterdam Treaty, the ECB’s headquarter is located in Germany, in the

city of Frankfurt; its President is Mario Draghi who is also the Bank of Italy’s Governor.
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2.2 The ECB in the crisis context

The role played from the ECB has changed very much in the course of time and in particular
during the current crisis. Its position has largely increased in importance and its activities have

been carried out through unconventional instruments of monetary policy.

During the first phase of the crisis, when the principal subjects to be involved were national
banks and financial institutes (2008-2010), the ECB’s role was limited to injecting liquidity in

the inter-banking system, with the purpose to contain the distrust among banks.

Even though the liquidity injection is considered one of the typical activities carried out from

the ECB, in the crisis context, these operations have been made through non-standard methods.

In fact, while during normal times the ECB’s liquidity allocation system is based on floating
rates and provides different restrictive conditions, during the crisis, the ECB has committed to
supply all the required liquidity to the banking system at a determined fixed-rate without impos-

ing any limit.

Even if the first part of the international depression has seen some important and unusual
changes in the behavior of the European Central Bank, it is during the second period of the fi-
nancial turmoil, started from the year 2010, that it is possible to notice the most relevant chang-

es in the role played from this institution.

This second moment is that related to the spread of the crisis from the private financial sector to
the public one, evolving in this way into the sovereign debt crisis. Among European countries,
the first nations to suffer from their own sovereign risk have been (and still are) Greece, Ireland,

Portugal, Spain and Italy.

However, before to look at the innovative position covered from the ECB, it could be useful to
make some assumptions related to a set of distress elements which could have been managed in

a better way during the pre-crisis period.
These elements are referred to macro-economic and/or financial imbalances.

When the Euro was created, (and thus the ECB as the Central Bank for the Europe’s single cur-

rency), it was common awareness that some Euro-area countries could have experienced some
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financial and macro-economic difficulties particularly related to the deep structural differences

among them.

In absence of the corrective instruments that were available before the Euro introduction (like
for example the depreciation of the exchange rates), to cope with macro-economic imbalances,
like for example the lack of competitiveness between countries, there has been created the Sta-
bility and Growth Pact (SGP). The latter is an agreement which has the aim to maintain and fa-
cilitate the stability of the Economic and Monetary Union (EMU). However, the SGP hasn’t
had the expected results and, in addition, has been largely criticized to be insufficiently flexible

and to prevent growth.

The ECB’s role in this context was only to advise countries to implement remedial actions
against internal imbalanced situations. However, not even this type of intervention has been
sufficient to prevent or solve countries’ instabilities which were not only of a macro-economic

nature, but also financial.

Financial imbalances are normally associated to credit phenomenon, such as an excessive inter-
nal credit growth which, in some nations has been fostered by the (too) low level of interest
rates. This has been observed especially in countries like Ireland, Spain and Italy.

Although the ECB was aware of the financial problems affecting some European countries, dif-
ferently from macro-economic imbalances, there were no institutional solutions for financial

shortages.

This is the reason why the ECB has started to adopt a set of unconventional instruments of
monetary policy, strengthening its proper supervisory role towards every single EMU country
and becoming thus one of the central and fundamental protagonists of the political debate on

the possible solutions for the sovereign debt crisis.

The ECB, in fact, has always supported the idea to create a more coherent supervisory frame-
work across the Euro-system, in particular through the creation of the European Systematic
Risk Board (ESRB) and the establishment of the three European Supervisory Authorities
(ESAS).

One of the most important results of the political debate has been that to entrust the ECB with a

role in the financial regulatory and supervisory architecture within the Euro-area.
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The two main reasons which have led up to this are:

e The restoration of a certain degree of equilibrium and trust among the inter-
banking system.

e The stabilization of sovereign spreads.

For what concerns the first task, it is possible to say that during the second part of the current
crisis, the refinancing problems of the banking and financial systems have become even more
generalized. As a consequence of the increased sovereign risk among EMU countries, the diffi-
culties relative to the credit supply were present not only in relation to short-term operations but
also to the long term ones. The fundamental problem is given by the fact that banking systems
(banking risk) and national states (sovereign risk) are strictly correlated between them. If, for
example, a national bank goes bankrupt, the only subject which can guarantee for its solvability
is its relative government. This connection explains why during the most critical moment of the
sovereign debt crisis, some national banks like those of Italy and Spain have had serious liquidi-
ty difficulties both in the short and in the long term, due to the high cost of refinancing opera-

tions.

In this context the ECB has intervened to restore the financial stability of the inter-banking sys-
tem and to provide the necessary liquidity to crisis banks and governments by acting through
the Long Term Financial Operation (LTRO) plan.

The LTRO consists in a liquidity auction through which the ECB loans money to the applicant
Eurozone banks at facilitated conditions. Loans are offered at low interest rates with a monthly
frequency and have a duration range that goes from three months to three years. The guarantee
asked by the ECB, which is commonly known as “collateral”, is composed by the sovereign

bonds of the Euro-area member states.

The most recent and celeb LTROs have occurred between the end of the year 2011 and the be-

ginning of the 2012 and have supplied the Euro-systems’ banks with about 1000 Billions of Eu-
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ro at a 1% interest rate?*. These operations have been carried out in two tranches, and precisely

on:

e the 22" December 2011, when 523 European banks have participated to the liquidity
auction applying for 489.19 Billions of Euro, maturity date on the 29" January 2015 and
the possibility to use also banks’ portfolios as collateral®;

e the 29" February 2012, when 800 banks have participated to the liquidity auction ap-

plying for 529.53 Billions of Euro (maturity date on the 26™ February 2015)%.

The LTROs have two important implications:

1. Restoring the banking systems’ liquidity: as already said, the international crisis has
led to a diffuse distrust among banks which, as a consequence, have stopped the liquidi-
ty exchange between them. With this type of intervention, the ECB becomes the inter-

mediary of the Eurozone inter-banking system.

2. Reduce sovereign bond yields: the possibility to use sovereign debt as collateral to the

loans increases the demand for government bonds and lower yields.

Basically, it is possible to say that the liquidity injections provided by LTROs have been used
from countries characterized by high levels of sovereign risk like Italy and Spain. These nations
have considered this liquidity as a kind of “insurance” against the possibility to incur future dif-
ficulties in the credit collection. On the other hand, for countries which are not affected by sov-
ereign risk such as Germany, the liquidity injection has been used to buy foreign government

bonds; for example, some German banks have acquired Italian securities.

This governance choice promoted by the ECB’s President Mario Draghi has been willingly
welcomed from the entire Euro-zone political and economic systems to have removed the threat

24 Source: www.borsaitaliana.it
% Source: www.borsaitaliana.it
% Source: www.borsaitaliana.it
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of a huge-sized banking crisis. On the other hand, these operations have not been sufficient to
the complete the recovery plan of the Euro-area; this because their positive value has been lim-

ited only to the short-term.

The second type of ECB’s intervention is represented by the so-called Outright Monetary
Transaction (OMT) which is part of a program that has been announced by the Governing
Council of the ECB on July 2012.

These OMTs are operations conducted in secondary bond markets with the aim to guarantee the
Euro survival through the acquisition of sovereign bonds relative to those countries affected by

greater levels of sovereign risk like in particular Italy and Spain.

The measures adopted in this context are headed to the removal of the collapse risk relative to
the banking system which is strictly connected to the national sovereign risk. The management
of this sovereign-banking risk is crucial because from the single national bank it could spread
also to higher and more dangerous levels. In fact, at a certain point of the crisis, the collapse

risk has threatened also the downfall of the single currency system.

The most brilliant decision from a political point of view has been that to subordinate the acti-
vation of these OMTs to a “conditionality” that provides the respect of some internal conditions
for the beneficiary national governments. In particular, each recipient country would be com-
mitted to the realization of internal rebalancing measures in order to maintain and improve its
solvability condition. The ECB’s help-mechanisms are short term operations with a maturity

range that goes from one to four years and are unlimited in quantitative terms.

The final task of OMTSs is to bring bond yields, over the long term, under a determined thresh-
old in order to provide investors with confidence in the Euro and in the Euro-area sovereign se-

curities.

The above described ECB’s initiatives connected to the sovereign debt resolution have not been
easily accepted from some Euro-area nations like Germany, which, for several times, has stab at
the possibility that these interventions could produce common inflation risks in the long term.
In addition, the second threat felt is connected to the moral hazard. This in the sense that while,
on the one hand, the ECB’s mediation can help some crisis countries; on the other hand, this

can cause some incentives removal for other nations. So, there is a large and intensive debate on
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this topic which sees on the one side Germany asking for more intransigent settings additionally
guaranteed from the technical assistance of the International Monetary Fund and on the other
side Rome and Madrid which prefer to be submitted to softer conditions negotiated and not im-

posed by creditors.

To conclude it is possible to say that even though the ECB’s role have largely improved during
time and in particular during the current crisis, its initiatives, even if preciously useful, aren’t

still sufficient to solve the financial problems of many Euro-system sovereign countries.
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CHAPTER 3

Eurozone sovereign bonds and spreads: a brief overview
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3. Eurozone sovereign bonds and spreads: a brief overview

Each country, through its Economic and Finance Ministry, issues periodically debt securities in
order to finance its public debt and deficit. Government debt securities differ among them de-

pending on maturities, returns and the way in which interests are paid.

The yield on sovereign bonds represents the risk associated to the specific security in terms of
investment and, at the same time, the riskiness of the issuing country in terms of solvability. In
line with this, especially during the recent financial crisis, the spread between government bond

yields has become an important measure used to evaluate countries risk variations.

While during the pre-crisis period sovereign spreads have largely converged to low levels, after
September 2008, yield differentials started to diverge. This discrepancy could be seen particu-

larly between low-rated and high-rated nations.

This chapter is composed by two sections. In the first part are briefly described the main gov-
ernment bonds of France, Germany, Italy and Spain, while in the second section is presented an
historical perspective of sovereign yields and spreads relative to the same countries.

As the states studied in this thesis are France, Germany, Italy and Spain, from here on, the focus

will be only in their respect.
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3.1. Eurozone sovereign bonds

Sovereign bonds are public debt securities issued by a national government with the aim to get
resources to finance its public debt and budget deficit. On the other hand, for investors, bonds
are instruments through which they loan money to a national state, for a certain period of time,

in exchange for the payment of an interest rate on the lent capital.

The greatest share of the European bond market is constituted by government bond debt (60%),
while the remaining part is dominated by corporate bonds (29%) and Asset Backed Securities
(11%). With the Euro introduction, individual or institutional investors can invest in sovereign
bonds issued by EMU members without incur in further exchange rate risk. Between these two
categories, the greatest share of bonds market participants is represented by institutional hold-
ers, such as banks, pension funds and other financial institutions. On the other hand, individuals
who directly invest in the Euro-bond market are only a small percentage which amount at less
than 5%.

French sovereign Bonds - OATSs

The management of the French public debt and Treasury is under the responsibility of the

Agence France Trésor, which is a Department of the French Finance Ministry.

The government debt composition is constituted by three categories of standardized bonds:
OATSs, BTAN and BTF, which differs between them only in terms of maturity.

OATSs (Obligations Assimilables du Trésor) are long terms securities, whit a maturity that goes

from seven to fifty years and are considered to be the French reference bonds.

The major part of these securities is nominal fixed-rate and provides the capital repayment in a
lump sum at maturity while interests are paid annually for all the life of the bond. OATS can be
also inflation indexed (OAT/i or OAT/ei). These kinds of bonds are protected against the
French (OAT/i) and the European inflation (OAT/ei), are fixed-rate and pay the coupon once a
year. For OAT/i the principal is linked to the French consumer price index, whereas, OATs Eu-
roi are linked to the Euro-zone Harmonized Index of Consumer Prices (HICP). The French
treasury issues also zero-coupon and floating rate bonds named respectively Capitalization
OATs and OATs TEC 10. For what concerns OATs TEC 10, these are bonds pegged to the
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constant ten year maturity rate. On the other hand, zero-coupon OATS are principal certificates
which have been created from nominal fixed-rate OATs and have been separated into the cou-

pon and the principal amount.

Generally, for these bonds, the maturity and coupon payment dates are fixed respectively on the
25" of the month.

Graph n. 5: 10 year French OATSs yield
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Source: Bloomberg

The second category of government securities is represented by BTANs (Bons du Tresor a In-
térest Annuelsl). These are medium-term Treasury notes with a maturity of two or five years
and interests paid annually. The principal and interest payment dates are fixed on 12" of the

month.

Finally, there are BTF (Bons du Trésor a Taux Fixe et a Intérest Precompté). These are dis-
counted Treasury Bills which serves as cash management instruments and have a maturity that
is less than or equal to one year. According to a specific quarterly calendar which is published

in
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advance, every Monday, the French Treasury issues a three 3 months, a semi-annual and one

annual BTF by auction.

Table n.1: Summary of French Government securities

Security Maturity | Remuneration Interest rates Redemption

at par value at maturi-
OAT S ty; at par value at ma-
OATI/i fggme;:;) annual coupon | auction flxe(rie;?t:eétigxed turity adjusted for the
OAT/ei y French or European
inflation
floating-rate
from 7 to . pegged to the at par value at maturi-
OAT TEC 10 50 years annual coupon auction constant 10 year ty
maturity rate
20r5 . . at par value at maturi-
BTAN years annual coupon | auction fixed-rate ty
less or . discounted at at par value at maturi-
BTF equal to Zero-coupon auction .
issuance ty
one year

Source: French Financial Agency

German sovereign bonds — Bunds

The German government bond market is considered to be one of the most liquid, well-
structured and safer of the entire Euro-area. It is divided into capital market and money market
instruments with different maturities ranging from three months to thirty years.

In relation to capital market securities, it is possible to recognize three categories of debt in-

struments: Bunds, Bobls and Schaetze.

German Bunds (Bundesanleihen) are long term federal bonds with a maturity range that goes
from four to thirty years. These securities pay interests once a year weather the principal is re-
paid in a lump sum at maturity. In comparison with the other EMU countries, German Bunds
are seen as the safest debt securities and, for this reason, are traditionally used as benchmark in

Pag. 41



Sovereign Bond Crisis: Fundamental Contagion

the calculation of sovereign spreads. In addition, ten and thirty years Bunds are strippable, this

means that the principal and interests are traded separately.

Graph n.6: 10 year German Bund yield
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The other two categories of capital bonds are represented by Bobls and Schaetze. Bobls (Bun-
desobligationen) are medium-term federal notes with maturity of five years whereas Schaetze
are short-term Treasury notes whit two years maturity. For both these securities the coupon

payment is provided annually and the principal is paid at par at maturity.

The German Financial Agency issues also Bubills which are Treasury discounted papers rela-
tive to the money market segment. These are zero-coupon bonds with a maturity of six and
twelve months paying interests in the form of a discount while the principal is paid at maturity

at par value.

Furthermore, like other countries, Germany issues inflation-linked federal bonds and notes.
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Inflation-indexed ten year Bund/ei and five year Bobl/ei pay an inflation-adjusted interest
which is computed on the basis of the European Harmonized Index of Consumer Prices (HICP),

the redemption is paid at par value depending on the development of the European inflation.

Table n.2: Summary of German government securities

Security | Maturity Remuneration | Issuance | Interest rates Redemption
at par value at maturity; at

Bund 10 and 30 annual counon auction fixed-rate; par value at maturity ad-

Bund/ei years P fixed real rate justed for the European
inflation

Bobls 5 years annual coupon auction fixed-rate at par value t maturit
Bobls/ei y P P y
Schaetze 2 years annual coupon auction fixed-rate at par value at maturity
Bubills 6 and 12 zero-coupon auction dis_counted at at par value at maturity

months issuance

Source: German Financial Agency

Italian sovereign bonds - BTP

Italian government bonds are issued by the Ministry of Economy and Finance and can be divid-
ed into five categories: BTP, BTP Euroi, BOT, CCT/CCTeu and CTZ.

BTPs (Buoni Poliennali del Tesoro) are long term Treasury bonds issued with maturities of
three, five, ten, fifteen or thirty years. BTPs are largely appreciated as liquid securities and are
usually considered as the Italian reference bonds. For what concerns interests, BTPs provide the
payment of a fixed coupon twice a year (every six months), while the principal is repaid at ma-

turity.

BTPs can also be indexed for the Euro area inflation. This type of bonds is known as BTPs/ei
notes and has a maturity of five, ten, fifteen or thirty years. Bonds’ principals and coupons,
which are paid every six months, take into account the Euro-zone inflation rates so as computed
by the Eurostat’s Harmonized Index of Consumer Prices (HICP). Inflation indexed BTPs pay a

Pag. 43



Sovereign Bond Crisis: Fundamental Contagion

steady real interest twice a year providing protection against rises in the Eurozone inflation.
Moreover, starting from the 17" December 2012 BTPs and BTPs/ei are both strippable.

Graph n.7: 10 years BTP yield
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Source: Bloomberg

In addition to BTPs, the Italian Treasury issues CCTs (Certificati di Credito del Tesoro). These
are medium-term floating rate Treasury certificates with a maturity of five years. Interests are
paid twice a year and are indexed to the six months BOT. Besides CCTs there are also CCTs/eu

which have the same characteristics of CCTs but are indexed to the six months EURIBOR.

Other Italian securities are BOTs (Buoni Ordinari del Tesoro) and CTZs (Certificati del Tesoro
Zero Coupon). BOTSs are short term Treasury Bills with a standard maturity of three, six or
twelve months. On the other hand, CTZ have a maximum maturity of twenty-four months and
are issued at a discounted price. Both BOTs and CTZs are zero coupon bonds; this means that

they do not pay periodical coupon interests.
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Table n.3: Summary of Italian government securities

Security Maturity Remuneration | Issuance | Interest rate Redemption

3,5, 10, 15, semi-annual . . .
BTP 30 years coupon auction fixed-rate at par value at maturity
. . single payment at maturity
. | 5,10,15,30 | semi-annual re- . fixed real- ;
BTP/ei years al coupon auction rate adjusted _for th_e European
inflation
CCT semi-annual . . .
CCT/eu 5 years coupon auction | floating-rate at par value at maturity
. discounted at :
CTz 24 months zero-coupon auction issuance at par value at maturity
3,6,12
months or discounted at
BOT flexible to a Zero-coupon auction . at par value at maturity
. issuance
maximum of
12 months

Source: Italian Treasury Department

Spanish sovereign bonds — Bonos

The Spanish Treasury issues two kind of sovereign bonds: Bonos (Obligaciones de Estado) and
“Letras del Tesoro™.

For what concerns Bonos, these are government securities with a maturity range that goes from
two to thirty years. Bonos are issued by competitive auction and are interest-bearing bonds

which pay an annual coupon.

The second category of Spanish debt securities are “Letras del Tesoro”. Letras are short-term
fixed income Treasury Bills with maturities of three, six, nine and twelve months. These securi-
ties are issued by auction at a discounted price and, differently from Bonos, pay all interests at

maturity.
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Graph n.8: 10 year Bonos yield
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Table n.4: Summary of Spanish government securities

Security Maturity Remuneration Issuance Interest rate Redemption
2,3,5,10, 15, . . at par value at
Bonos 30 years annual coupon auction fixed-rate maturity
Letras del 3,6,9,12 Zero-coupon auction dls_counted at | atpar va!ue at
Tesoro months issuance maturity

Source: Spanish Treasury Ministry
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3.2. Historical evolution of sovereign yields and spreads

Excluding some initial widening during the years 2000 and 2001%', after the introduction of the
common currency in Europe (January 1999), sovereign bond yields have largely converged un-
til the explosion of the international financial crisis.

As it is confirmed from the graph below, government bond yields have had a similar trend until
the second half of the year 2008. After that moment, which is ascribable to the Lehman Broth-
ers’ bankruptcy, sovereign yields have started to diverge. In particular, graph n.10 shows clear-
ly that between the end of the year 2009 and the beginning of the year 2010, when the financial
turmoil has evolved into the sovereign debt crisis, there has been a sharp separation between the

yields on low-rated (Italy and Spain) and high-rated (France and Germany) bonds.

Graph n.10: Sovereign 10 year bond yields 2003-2012
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Source: Bloomberg

27 After the Euro introduction, the initial reversal in sovereign bond yields can be ascribed to two events occurred
during years 2000 and 2001. The first one has been the burst of the dot-com bubble, while the second one has been
the terrorist attack of the 11" September which has caused an increase of uncertainty among financial markets.
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Looking at the spreads between bonds and the Euro Swap with the same maturity® it is possible

to conclude the same things.

Graph n. 10: Sovereign bond spreads (2003-2012)
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Source: author’s elaboration on Bloomberg data

In particular, after a common increase occurred after September 2008, the aftermath of the cri-
sis has seen a divergence between sovereign spreads. While, on one side, the Italian and Span-
ish yield differentials have substantially increased, denoting in this way a rise of the respective
riskiness, on the other side, the French and German differentials have remained relatively stable

at a low level.

The highest peak of over 500 basis points has been reached from the Spanish spread during
summer 2012. In that period, and more precisely on the 27" of June, the Spanish government
required financial assistance to the Euro-area member states due to its difficulty to sustain the
internal economic and financial situation. That request had been welcomed from the Eurogroup

in order to safeguard the financial stability of the entire Euro-zone.

% Spreads are calculated as the difference between the yield on 10 year government bonds and the Euro Swap with
the same maturity. The choice to use the Euro Swap as benchmark instead of the German Bund has been made in
order to include also Germany in this research.
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For what concerns Italy, the spread has touched its maximum at the end of the year 2011 with a
level over 470 bps. In this case, the rapid increase of the yield differential has been the conse-
quence of the political instability occurred at the end of the 2011. In particular on the 6™ of No-
vember the Prime Minister Silvio Berlusconi resigned from his position in favor of a technical
government presided by Mario Monti. After this event, the Italian spread has experienced a re-

duction until the end of the year and is than increased again during the first months of the 2012.

Anyway, from the graph it is possible to say that the Spanish and Italian spreads follow the

same trend and this could be seen as a contagion signal.

In relation to France and Germany, their respective spreads have remained quite stable. Only
the French differential has experienced a sudden rise at the end of the 2011. However, its great-
est point has been touched during January 2012 after the downgrading from AAA to AA+ oper-
ated by the rating agency Standard & Poor’s.
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CHAPTER 4

The empirical model, methodology and results
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4. The empirical model, methodology and results

The aim of this research is to detect which are the main common determinants of the euro-area
government bond spreads, in order to study the principal contagion channels of the European
sovereign debt crisis. The analysis has been conducted through a VAR model which is consid-

ered to be one of the best methods to proxy the economy’s behavior (Leeper and Zha, 2003).

The studied countries are France, Germany, Italy and Spain, over a range of time which in-

cludes both the pre and post-crisis periods (from January 2003 to December 2012).

Through the VAR estimation sovereign spreads have been related to a set of explanatory varia-
bles. The latter ones have been chosen in order to catch credit risk, liquidity risk and the inter-
national risk aversion. In the regression have been included also three different dummy varia-

bles on rating, politics and on the ECB’s announcements and actions.

This chapter is divided in four sections; the first one presents the description of the literature
that has been examined in order to develop this research. The second section is relative to the
analytical description of the dataset and of the included variables, the third part introduces the
empirical model and the implemented methodology that have been used and, finally, the last

section analyzes the obtained results.
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4.1 Literature review

The determinants of sovereign bond spreads and the contagion between countries are topics
which have been largely studied among academics and researchers. The existing literature on
this theme is very wide and quite homogeneous in finding that there are three principal ele-
ments influencing yield differentials: credit risk, liquidity risk and international risk aversion.

For what concerns spreads, these are generally calculated as differences over the German Bund

(usually considered as benchmark).

In less frequent cases, especially when Germany is included between the analyzed countries,
yield differentials are computed in respect to the Euro-swap rate which is used as an alternative
ideal proxy for the risk-free bond. The latter case is represented by studies carried out by au-
thors like Bai, Julliard and Yuan (2012), or Beber, Brandt and Kavajecz (2006) or Fontana and
Scheicher (2010) or also Caceres, Guzzo and Segoviano (2010).

In relation to credit risk, for EMU and European countries, the attention has been concentrated
on the fiscal position of each studied nation, addressed by government levels of debt and deficit

as percentage of the GDP. Several authors point to a substantial impact of these variables.

Using a Seemingly Unrelated Regression (SUR), Codogno, Favero and Missale (2003), find
that for their sample countries (Austria, Belgium, Finland, France, Greece, Ireland, Italy, the
Netherlands, Portugal and Spain) fiscal fundamentals, proxied by the level of public debt to
GDP, matter only for Italy and Spain whereas, for the other nations, the international risk aver-

sion seem to be more relevant.

The same importance of credit risk has been catch from Bai, Julliard and Yuan (2012) through
the implementation of an S-VAR model. They study the variation of sovereign bond spreads
relative to Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, the Netherlands,
Portugal and Spain, with the aim to provide evidence on which are the main EMU contagion
channels. Their findings reveal that even if liquidity is a non-trivial element and is highly corre-
lated with credit risk, contagion among Euro-area countries is principally driven by the funda-

mental default risk, which, in this case, is associated to sovereign CDS spreads.

The role of fiscal fundamentals seem to be crucial especially for peripheral countries as it has

been pointed out by Caporin, Pelizzon, Ravazzolo and Rigobon (2012) which use the CDS
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spreads for the principal Euro-zone countries (France, Germany, Greece, Ireland, Italy, Portu-

gal, Spain and the UK) in order to analyze the determinants of sovereign risk contagion.

Also Caceres, Guzzo and Segoviano (2010) find, using a GARCH model, that low-rated, high
debt countries, are strictly affected from the public debt rise and/or from the budget balance de-
terioration. On the other hand, more stable nations are principally influenced from the interna-

tional risk aversion.

Moreover, Manganelli and Wolswijk (2009) find, through a panel regression, that Euro-area
government spreads (Austria, Belgium, Finland, France, Germany, Ireland, Italy, the Nether-
lands, Portugal and Spain) are affected both from credit and liquidity risk, even though the

principal influence is provided by the level of short-term interest rates.

Also Favero (2013), studies the co-movement of sovereign spreads in Europe using a G-VAR
model. In his assumption local fiscal fundamentals and global market appetite for risk represent
the main determinants of sovereign spreads. In this case he finds that fluctuations in yield dif-
ferentials are related to the expectations concerning to the probability that one or more EMU

nations would exit from the Euro-area.

Another paper which provides evidence for the importance of the default risk is the one of Atti-
nasi, Checherita and Nickel (2009). They use a dynamic panel regression addressing credit risk
through the expected values of the government budget balance and debt for ten European coun-
tries (Austria, Belgium, Finland, France, Greece, Ireland, Italy, the Netherlands, Portugal and
Spain). Their main finding is that during periods of heightened uncertainty, the expected deteri-
oration of the fiscal deficit and debt could have a great relevance in shaping investors’ expecta-
tions and thus sovereign bond yields. Furthermore, they proxy credit risk through a dummy var-

iable on banks’ rescue announcements and find that also these elements are influential.

Finally, Favero and Missale (2011) use a G-VAR model and find that the default risk is one of
the main determinants of the Eurozone yield spreads while liquidity plays a non-trivial but mar-

ginal role.

In relation to liquidity, this element, seem to be (almost always) prevailed by credit risk, even if
they are strictly correlated (Bai et al., 2012). Compared with other papers which emphasize the
importance of credit quality, other different authors point to the relevance of the liquidity risk
channel. An example is given by the study carried out from Beber, Brandt and Kavajecz (2006)

in which is found that liquidity factors play a crucial role in explaining movements of govern-
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ment bond spreads, especially during periods of heightened uncertainty and particularly after

the introduction of the common currency in Europe.

One of the most important common elements affecting sovereign spreads is, then, the interna-
tional risk aversion. The major parts of the examined analysis underline the relevance of this
variable in the determination of yield differentials. Codogno et al. (2003), find that besides
countries credit risk, changes in the international risk aversion have a great influential power on
European bond yields. The same conclusions are reached from Manganelli and Wolwsijk
(2009), Attinasi et al. (2009), Caceres et al. (2010), Barrios et al. (2009), Favero and Missale
(2011) and many others. The principal measures used to address changes of the international
market’s sentiment are related to the US bond market. Anyway, in some cases are being also
used Euro-specific risk indicators like, for example, the volatility index for the Eurostoxx50
(Caporin et al., 2012).

In conclusion, what has emerged from the analyzed literature is that Euro-area sovereign
spreads are principally driven by the credit risk (especially for high-debt and low-rated coun-
tries) and by the international risk perception. Liquidity is a non-trivial element, particularly
during period of market distress; nevertheless it generally plays a minor role in the definition of

sovereign yields and in the wide spreading of contagion between countries.
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4.2 Data and variables’ description

The countries included in this study are France, Germany, Italy and Spain. The total dataset is
composed by 34 monthly variables (4.080 observations) covering a sample period that goes

from January 2003 to December 2012,

The dependent variables are represented by the sovereign spreads relative to France, Germany,
Italy and Spain expressed as differences between the yield on 10-year government bonds for

each country and the Euro-dominated Swap rate with the same maturity.

According with the existing literature, the Euro Swap rate has been chosen because it represents
an ideal and appreciate measure for the risk-free rate and, moreover, it provides an homogene-

ous benchmark across EMU member states (Fontana and Scheicher, 2010), (Bai et al., 2012).

Explanatory variables have been selected in order to capture county’s credit risk, market’s li-

quidity risk and the international risk aversion.

Credit risk variables

In this research, the default risk is proxyed by countries’ levels of public debt-to-GDP, budget
balance-to-GDP?° (deficit or surplus) and by sovereign CDS spreads relative to Germany with

five years maturity.

e Government debt-to-GDP

The choice to use debt and budget variables expressed as percentage of the GDP instead as ab-
solute values has been made because the GDP ratio, in this case, is likely to represent an index
for the financial and economic robustness of countries and has, for this reason, a better explana-

tory power.

% Time series relative to government debt-to-GDP and budget balance-to GDP have been downloaded in quarterly
frequency. To obtain monthly observations, data have been interpolated using a cubic interpolation spline. These
calculations have been made through R Statistics Software, and are possible to find in the Appendix at page 81.

Pag. 55



Sovereign Bond Crisis: Fundamental Contagion

Graph n.9: Government Debt-to-GDP for France, Germany, Italy and Spain
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Source: author’s elaboration on Eurostat data

Graph n.9 shows the evolution of the public debt to GDP for France, Germany, Italy and Spain.
As it is possible to see the highest debt is the Italian one, which has a mean value of 112% and a
maximum of 128%. The lowest ratio is the one of Spain with a mean of 51% and peak at 78%,
followed by France and Germany which trend is more or less the same until 2008 and then dif-
fers with a slightly higher percentage for the French debt. Respectively their mean and maxi-

mum values are 72% and 91% for France and 71% and 82% for Germany*.

What is striking is the debts’ trend during the pre and post-crisis periods. While from 2003 to
2008 debt values have had a rather stable movement, after the second half of the 2008 their ten-

dency has changed for all countries to higher increasing levels.

% As already mentioned at the beginning of this section, the data relative to credit risk (a part from CDS) have
been interpolated in order to obtain monthly observation. For this reason, the obtained results are approximate val-
ues.
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e Government budget balance-to-GDP

Graph n.10 shows the government budget balance expressed as percentage of the GDP. Briefly,
this indicator represents the difference between government revenues (taxes and other levies)
and public spending. If expenditures exceed incomes there will be budget deficit, while, on the

other hand, if revenues are higher than spending there will be a surplus.

Graph n.10: Government budget balance-to-GDP for France Germany, Italy and Spain
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Source: author’s elaboration on Eurostat data

In respect to the studied countries, observations for the budget balance show a quite pronounced
fluctuating trend, more tended to deficit values. Also in this case, it is possible to notice, a sort
of break in the aftermath of the 2008, with an overall deterioration of this indicator for all coun-

tries.!

A public debt increase as well as a deterioration of the budget balance (government expenditure
higher than revenues) should lead to the surge of bond spreads; for this reason in the VAR out-

put these two indicators are expected to have respectively a positive and a negative sign.

3! See footnote n.30.
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e 5-year CDS spreads

In relation to the CDS spread, looking at the graph below (Graph n.11), it is possible to distin-
guish a period of deep convergence between the years 2003 and 2008, when these indicators as-
sumed very low values denoting, in this way, that the risk associated to the respective sovereign
bond was very low and very similar to that of German Bunds, (considered as benchmark). In
the end of the year 2008, CDS spreads, as well as sovereign bond differentials have started to
increase and to diverge between them. In particular, the highest levels have been reached from
Italy and Spain with peaks of 460 bps and 490 bps respectively. For what concerns France, the

growth has been more restrained reaching its maximum level at 118 bps.

Graph n.11: 5-year sovereign CDS spread relative to Germany
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Source: author’s elaboration on Bloomberg data

A widening of the sovereign CDS spread is associated to a higher risk for the relative govern-

ment bond, thus, the coefficient related to this indicator should have a positive sign.

In the literature, the most common variables used to measure the credit or default risk are repre-
sented by country’s fiscal fundamentals like the public debt and deficit as share of the GDP
(Codogno et al., 2003). Some authors, rather than historical data use expected observations in

order to capture the perceived risk variation among investors towards the sustainability of a
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country’s fiscal policy (Attinasi et al. , 2009), (Favero, 2013). Other studies include also data on
the current account deficit as share of GDP (Barrios et al., 2009), credit ratings (Manganelli and
Wolswijk, 2009) and dummy variables on fiscal announcements (Attinasi et al., 2009) or on
common and country-specific shocks (Kohonen, 2012). In addition, another important used in-
dicator is represented by the CDS spread (Bai et al., 2012), (Caporin et al., 2012), (Beber et al,
2006), or by the CDS price (Attinasi et al, 2009).

Liquidity risk variables

With respect to liquidity, in this analysis, the selected indicators are the gross volume of issued
bonds and the bonds bid-ask spread for each country. These measures are in line with those uti-
lized from academics and researchers which typically use data such as sovereign bonds’ bid-ask

spread, trading volume, turnover ratios>2and trading intensity*® (Codogno et al., 2003).

In the current model there have been included only two variables addressing liquidity due to the

difficulty in source other correct and complete time series covering the entire analyzed period.

e Gross volume of issued debt securities

The gross volume of issued bonds represents the market size of sovereign debt securities; its re-
duction suggests a drop of the relative market’s liquidity which in turn should lead to higher
yield differentials. Each considered time series includes the total gross volume of debt securi-

ties, at all maturities, issued by every single analyzed country.

As it is possible to see from graph n.12, Italy and France have on average the most liquid bond

markets, followed by Germany and Spain.

%2 The turnover ratio expresses the frequency with which the market turns over and is calculated by dividing the
bond’s trading volume to the total amount of outstanding securities (Codogno et al, 2003)

% The trading intensity represents the number of trading transactions which took place over a certain period of time
(Codogno et al., 2003).
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Graph n.12: Governments’ gross issues of debt securities
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Source: European Central Bank

A notable thing in the graph is a peak for the German time series, correspondent to the end of
the year 2010. This particular evidence could be imputed to the creation of “bad banks” oc-
curred in Germany during that period, which has caused the debt’s transfer from some financial
institutions to the community®. The most consistent operations have been those connected to
the bailout of banks like the Hypo Real Estate and West LB, which have weigh on the public

accounts for more than 120 Billions of Euro.

A reduction of the bonds’ issued volume should suggest a decrease of the bonds market dimen-
sions and thus a liquidity drop. For this reason, in the empirical model, this variable is expected
to have a negative coefficient, in way of reflect that a low level of liquidity is generally associ-

ated to higher yield differentials.

e Bonds bid-ask spreads

The bonds bid-ask spread can be described as the difference between the highest price a buyer

is willing to offer for a security and the lowest price a seller is disposed to sell the same.

% Source: http://archivio-radiocor.ilsole24ore.com
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Graph n.13: Sovereign bonds bid-ask spreads
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Source: author’s elaboration on Bloomberg data

A higher bid-ask spread means that the liquidity associated to a sovereign bond has dried up. In
this case the sovereign bond spread should increase; therefore also this variable is expected to

have a positive sign in reference to its relative country.

Looking at the above graph it is possible to say that bid-ask spreads have remained stable at low
levels during all the period from January 2003 to the end of the year 2012. After 2010, it is easy
to see a changing tendency on the rise in particular for Spain and Italy which present the highest
differentials between their bonds’ bid and ask prices. The highest level has been reached from
the Italian bid-ask spread at the end of the 2011. This peak relates to a moment of great political
distress for Italy, correspondent to the resign of the Prime Minister Silvio Berlusconi from its

position in favor of a technical government presided by Mario Monti.

On the other hand, German and French differentials have remained quite low and restrained.

International risk aversion variables

The third analyzed element is the impact of the international risk aversion on sovereign spreads.

Following the existing literature, this indicator is proxyed by the Chicago Board Options Ex-
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change Volatility Index (V1X). Furthermore, another variable that has been taken into account
is the spread between the yield on AAA US corporate bonds and the yield on 10-year US gov-
ernment bonds which has been used to capture shifts in investors’ preferences from the Europe-

an towards the US bond market.

e The Volatility Index (VIX)
Graph n.14: The Volatility Index (VIX)
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Source: Chicago Board Options Exchange

The Volatility Index expresses the implied volatility of the S&P 500 index options and it is as-
sumed to be a key measure for the world’s investors’ sentiment. As increases in the internation-
al level of risk aversion should lead to a rise in sovereign bond yields, the expected sign associ-

ated to this variable is positive.

o “Fly-to-safety” — spread between AAA US Corporate bonds and US Treasury bonds

Another indicator that has been taken into account is the spread between the yield on US AAA
corporate bonds and the yield on 10-year US government bonds. This variable has been used to
capture shifts in investors’ preferences from the European towards the US bond market. A
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tightening of this differential should suggest an increased risk appetite pointed towards US
bonds and thus a fly-to-safety effect from the European to the US securities. To reflect this as-

sumption, in the model, the sign of this indicator should be negative.

Graph n.15: “Fly-to-safety” — spread between US AAA corporate bonds and US Treasury
bonds
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The VIX and the spread between US AAA corporate bonds and US Treasury bonds are very
used, among the existing studies, to address the international markets’ sentiment (Codogno et
al., 2003, Attinasi et al. 2009; Caporin et al., 2009; Beber et al., 2009). Other common alterna-
tive indicators for the international risk perception are then the spread between BBB/Baa and
AAA US corporate bonds (Favero, 2013), (Barrios et al., 2009), the Volatility Index for the Eu-
rostoxx50 (VSTOXX) (Caporin et.al. 2012, Beber et al. 2006), and finally also the Index of
Global Risk Aversion (IGRA) (Caceres et al., 2010).
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Dummy variables

Finally, the VAR system includes two country-specific dummy variables on politics and rating
events. In the first case each 1 has been assigned to relevant political announcements or circum-
stances, whereas in the second case number 1 corresponds to negative announcements or down-
grading actions implemented by the three main rating agencies Moody’s, Standard & Poor’s

and Fitch.

This study considers also the role played by the ECB. In line with this it has been created a third

common dummy on ECB announcements and actions®.

% The composition of each dummy variable is available with description in the Appendix at page 113.
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4.3. The empirical model and methodology

This research has been implemented through a simple VAR model on 5 lag. It has been adopted
the following specification for a system of four equations in order to explain the spread between
the 10-year sovereign bond yield over the Euro Swap rate with the same maturity for France,
Germany, Italy and Spain.

5
Y, = &, + Z ®,(dY,_;) + D5(dPD,) + b, (dBB,) + by(dCDSsprd,) + do(dVOL,)

=1

+ @10(dBIDASK,) + &1, (dUSsprd,) + @1,(VIX)¢ + P13(Dporitics)

+ @14(Drating) + P15(Dpce) + &

Spread FR;
Spread GE;
Spread IT,
Spread SP;

Spread’t. = d(Govt bond yieldg — Euro Swap rate;)

The equation above represents the matrix notation for the adopted VAR(5). Y:denotes a (4X1)
vector of time series which are relative to the dependent variables. On the other hand, each @
indicates a (4X4) coefficient matrix which is multiplied for every single vector of differenced
(d) explanatory time series. As the variables addressing risk aversion are represented by two
single time series which are common for each dependent variable, &;; and @, are not matrices
but (4X1) coefficient vectors, additionally, the same thing is valid for the dummy variable on
the ECB announcements (@ys). For what concerns &, it represents a vector of white noise pro-

cesses with zero mean and o2 variance.
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The choice to use this type of model has been made because VAR systems are considered one
of the best methods to capture the economy’s behavior and the causality between economic in-
dicators (Leeper and Zha, 2003).

The VAR approach was originally proposed by Christopher Sims in 1980 as an alternative to
simultaneous equations models (SEM). Conceptually VAR processes correspond to the multi-
variate generalization of autoregressive models (AR). A VAR process is, thus, a dynamic sys-
tem in which each dependent variable is regressed on a set of deterministic variables on its own

lags (p) and on those relative to the other variables included.

In the present research it has been used a VAR model on 5 lags. The number of lags has been
chosen looking at the minimizing value for the Akaike Information Criterion (AIC), which for
monthly time series, tends to produce the most accurate structural estimation (Kilian and
Ivanov, 2001). Normally, across the existing literature on similar studies, VAR processes con-
sider only 1 lag. Thus, in this case, the AIC suggestion to include a higher number of lags could
be owing to the large number of used explanatory variables which could have produced spuri-

ous results.

The necessary condition of VAR processes is the stationarity of the autoregressive representa-

tion which is verified if and only if all the coefficients are in modulus less than one: |p;| <1.

In this research the presence of unit roots has been verified through the Augmented Dickey-
Fuller test (ADF) which has the following hypothesis system:

{Ho: ¢ = 1 (presence of unit roots)
Hi: @ <1 (absence of unit roots)

A first ADF test has been implemented on the non-transformed variables and has revealed their
non-stationarity with the only exception for the VIX time series. Thus, with the aim to respect

the stationarity condition, variables have been transformed into their first differences:

d_x=(x — x¢_1)
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As it was expected, the ADF test conducted on the differentiated time series has confirmed the

absence of unit roots®®.

Moreover, the empirical estimation has been made using the Newey-West estimator (HAC).
The inclusion of this estimator has the purpose to adjust standard errors for heteroskedasticity
and serial correlation.

*® The outputs of the ADF tests are available in the Appendix at page 106.
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4.4 Empirical results

Table n. 5% reports the results of the VAR(5) estimation.

Spread France Spread Germany Spread Italy Spread Spain
Influence Coeff. P-value Influence Coeff. P-value Influence Coeff. P-value Influence Coeff. P-value
- *k
gg;g 0.1303 g'gﬁs** IT(-5) 03726 | 0.0206**
' - - *k
. 4y | 01877 | glonpgres GE(-4) | (0.883) | 0.0163%* CE(4) | (0882) ) 0.0302
Sovereign 0.1990 - - o FR(-1) (-1.002) | 0.0179
FR(-1) 0.0129 GE(-5) | (-0.453) | 0.0145 FR(-3) | (-0.940) | 0.0029 "
Spreads R (-0.400) e - FR(-3) (-0.826) | 0.0063
(3 |7 0.0090 FR(-4) | 067183 | 0.0127 ” . .
Py | 0558 | 07gme SP(-4) (-0.226) | 0.0436
| - | | *kk
sp(s) | (0159 | (oagens SP(-5) (-0.574) | 0.0014
Public GE 4.9081 0.0347** GE 44451 | 0.0117* - - - - - -
Debt/GDP : : : :
Budget
Balance GOP GE 2.8865 0.0498** - - - - - - - - -
IT (-0.193) | 0.0008***
CDS spread R 03920 | 0.0315% IT (-0.177) | 0.0127** IT 04920 | 0.0050%** Sp 05825 | 2.93e-05 ***
S;f'é’t;" (-0.185) | 0.0078%** (-0.169) | 0.0060%** (0.392) | 0.0197** (-0.423) 0.0120%*
VIX 0.3870 0.0017%** 0.30383 | 0.0257** 04555 | 0.0301%* 0.6074 0.0078 **
Bid-Ask ! IT (2179) | 0.0357** IT 49006 | 0.0201%* sp 7.3885 0.0459%*
Spread Bond sp 7.5501 | 1.90e-05*** SP 4.2337 | 0.0157** SP 11.286 | 0.0093%** IT (-41281) | 0.0550%*
Bond
Issuance - - - - - - - - - GE 0.4937 0.0037***
Volume
':F’,ﬁﬂ“t:g GE (-9.414) 0.0368** - - - GE (-23.09) | 0.0397** GE (-26.39) 0.0160%*
Dummy IT 9.1747 | 0.0050%** IT 6.1969 | 0.0093%** IT 14.898 | 0.0483**
Rating sp 45607 | 0.0199%* sp 9.6470 | 0.0121%* sp 26188 | 0.0059%** SP 29.2629 | 0.0006%**
Dummy BCE - - - - - - - - - - - -
R-squared 0.823418 0.682050 0.917948 0.919479
R’ﬁgé ‘l’f:ref | 0.683273 0.429708 0.852827 0.855573
Durbin- 2.425030 2343724 2.430829 2.254380
Watson
P-value(F) 2.64e-66 4.99e-28 1.89e-95 3.36e-53

¥ It is possible to find the complete table including also standard errors in the Appendix at pag 118.
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Table n. 5 reports the results of the VAR(5) estimation.

Through this model, sovereign spreads have been simultaneously related to their own past val-
ues (until lag 5) and with a set of explanatory variables addressing credit risk, liquidity risk and
the international risk perception®. In order to give a clearer explanation, the results are ana-

lyzed by dividing the explanatory variables in groups.

e Lagged values of sovereign spreads

Table n. 5/a: Relation between sovereign spreads and their past values

Spread France Spread Germany Spread Italy Spread Spain

Influence Coeff. P-value Influence Coeff. P-value Influence Coeff. P-value Influence Coeff. P-value

IT(-1) 0.1303 | 0.0190**
03 01677 | oot IT(-5) 0.3726 | 0.0206**

GE(-4 -0.8829) | 0.0302**
1T(-4) 0.1990 | 0.0026%** GE(-4) (-0.8834) | 0.0163** 4 ¢ )
Sovereign FR(-1) (-1.0029) | 0.0179**
Spreads FR(-1) | (-0.4000) | 0.0129** GE(-5) | (-0.453) | 0.0145** FR(-3) (-0.9402) | 0.0029*** FRL3) (0s261) | 0006+
FR(-3) | (-0.5568) | 0.0090%*** FR(-4) 0.6718 | 0.0127** ' ) -
spea) | (01557) | 0.0079mer SP(-4) (-0.2260) | 0.0436
sp(s) | (01613) | 00486+ SP(-5) (-0.5742) | 0.001***

..... fly-to-quality

----- contagion

The relation between the dependent variables and their own past values is useful to shed lights

on the cross-countries contagious relations as well as on the presence of fly-to-quality effects.

From the table above it is possible to observe that all sovereign spreads are influenced by their
domestic and foreign lagged values. As it was expected, the German spread is the only one to
depend exclusively by its own historical level. This suggests that Germany has the safest posi-

tion among the sample countries.

On the other hand, looking at the other nations, it is possible to notice some contagion and fly-
to-quality effects which are respectively marked by red and blue characters. The greatest evi-

dence is provided by Italy and Spain.

% See section 4.2. for the data and variables description.

Pag. 69



Sovereign Bond Crisis: Fundamental Contagion

The Spanish spread is negatively related to the past spreads of Germany and France suggesting
in this way that to a decrease of the French and German differentials would correspond a rise of
the Spanish one. This relation denotes a fly-to-quality effect from the riskier Spanish bonds to-
wards the safer French and German securities.

On the other hand, another significant indicator for Spain is the Italian spread on 5 lags. The
positive sign of the coefficient reveals the possible existence of a contagious relationship be-
tween these two countries. Basing on this indicator, a worsening of the Italian crisis situation

could have negative repercussions on the sovereign Spanish differential.

With respect to the Italian spread it is possible to recognize, even in this case, a fly-to-quality
effect towards German Bunds and French OATs. However, the relation with France is charac-
terized also by a positive coefficient which can be interpreted as a contagion sign. The same
thing can be found even in the regression relative to the French spread which, in turn, presents a

positive connection with the Italian lagged differential.

e Credit risk

Table n. 5/b: Credit risk

Spread France Spread Germany Spread Italy Spread Spain

Influence

Coeff.

P-value

Influence

Coeff.

P-value

Influence

Coeff.

P-value

Influence

Coeff.

P-value

Public
Debt/GDP

GE

4.9081

0.0347**

GE

4.4451

0.0117**

Budget
Balan-
ce/GDP

GE

2.8865

0.0498**

CDS spread

IT
FR

(-0.1931)
0.3920

0.008***
0.0315**

(-0.1776)

0.0127**

0.4920

0.005***

SP

0.5825

2.93e-05***

The variables used to proxy credit risk are the public debt and the budget balance as share of the
GDP and the CDS spread over Germany. The first two indicators represent the internal fiscal

position of each country, whereas the third one denotes the pure country-specific default risk.

Surprisingly the public debt and the budget balance are not significant for Italy and Spain, while
seem to matter for Germany and France. In particular, looking at the data, the German spread
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results to react positively to the deterioration of its own domestic debt, while, on the other hand,

France seem to be subjected to the German fiscal position.

For what concerns the CDS spreads, it is possible to notice a relevant domestic significance for
France, Italy and Spain. This means that the sovereign bond differentials of these three nations
are strongly related to their probability of default (PD). CDS spreads and government bond
spreads capture quite the same information, the only difference is that, while bond spreads are
assumed to include also liquidity and international risks, the CDS differential represents exclu-
sively the default risk associated to a country; for these reason it is considered to be a good in-
dicator in the approximation of the countries’ PD. In addition, from the table above it is possi-
ble to see that the Italian CDS spread has a significant relation with the sovereign spreads of

France and Germany.

e Liquidity risk

Table n. 5/c: Liquidity risk

Spread France Spread Germany Spread Italy Spread Spain

Influence

Coeff.

P-value

Influence

Coeff.

P-value

Influence

Coeff.

P-value

Influence

Coeff.

P-value

Bonds Bid-

Ask
Spread

SP

7.5501

1.90e-5***

IT
SP

(-2.1793)
4.2337

0.0357**
0.0157**

IT
SP

4.9006
11.286

0.0201**
0.009 ***

SP
IT

7.3885
(-4.1281)

0.0459**
0.0550**

Bond
Issuance
Volume

Liquidity seem to play a role only through sovereign bid-ask spreads and, more precisely,
through those relative to Italy and Spain. In particular a higher bid-ask spread should suggest
that the liquidity associated to sovereign bonds has dried up leading to higher yields in equilib-
rium. This type of relation can be observed for the Italian and Spanish yield spreads which are

both characterized by a positive relation with their domestic bid-ask differentials.

This means that when the Italian and Spanish bonds become more illiquid (and thus more diffi-
cult to be sold and traded), their bid-ask spreads widen and consequently their respective bond
yields tend to rise.
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For what concerns the minus sign relative to the Italian bid-ask spread for Germany and Spain,

this is difficult to interpret and requires, therefore, further and deeper studies as the correlation

between the Italian and Spanish levels of liquidity is very high.

Finally, for what concerns France, it is influenced only by the Spanish liquidity in a positive

Sense.

e International risk perception

Table n. 5/d: international risk perception

Spread France Spread Germany Spread Italy Spread Spain

Coeff. P-value Coeff. P-value Coeff. P-value Coeff. P-value
"'fly to safety" (-0.1855) 0.007*** (-0.1694) 0.006*** (-0.39212) 0.0197** (-0.4231) 0.0120**
VIX 0.3870 0.001*** 0.30383 0.0257** 0.4555 0.0301** 0.6074 0.007***

Among all the included explanatory variables, those related to the international risk perception
are the most influencing ones. The Volatility index (VIX) has a great significance for all the
studied spreads. This indicates that yield differentials are commonly related to fluctuations of

the international risk aversion.

The coefficients’ signs are all coherent with the assumption that higher levels of perceived risk
produce higher government bond yields. Turning to the spread of US AAA corporate bonds
over US Treasury bonds, this is meant (in this research) to capture shifts in investors’ prefer-
ences toward US securities. In fact, a tightening of the above mentioned spread signifies that
there is a larger demand of US bonds (corporate and government). According to the present re-
sults, this can be interpreted as a fly-to-safety phenomenon from the European towards the safer
US securities. As for the VIX, even this indicator is significant for all the analyzed countries

and is consistent with the assumption of a fly-to-safety effect.
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e Dummy variables

Table n. 5/e: Dummy variables

Spread France Spread Germany Spread Italy Spread Spain
Influence Coeff. P-value Influence Coeff. P-value Influence Coeff. P-value Influence Coeff. P-value
'gﬂﬂ:gg’ GE (-9.4141) | 0.0368** GE (-23.09) | 0.0397** GE (-26.39) | 0.0160**
Dummy IT 9.1747 | 0.0050%** IT 6.1969 | 0.0093*** IT 14.898 | 0.0483**
Rating sp 45607 | 0.0199%* sp 9.6470 | 0.0121* sp 26.188 | 0.0059%** SP 29.2629 | 0.0006™*
Dummy
BCE

The significance of the dummy variables is limited to the ones concerning rating and politics,

while that relative to the ECB’s announcements is never significant.

As the table shows, the internal political situation of Germany seems to play a crucial role for

all the other countries. This result is coherent with the concrete; Germany is one of the most in-

fluent countries in/of the Euro-area, thus, it is not surprising that its internal politics has reper-

cussions on the other nations.

As one of the main things which is considered to be problematic for Italy is the bad reputation

of its political system, it was expected the relevance of the domestic dummy on politics for the

Italian spread. The absence of significance for this variable could be justified by the fact that

the information gathered from this dummy has already been captured from the time series of the

Italian bid-ask spread, giving that (as it has already been said) it is largely influenced by the in-

ternal political happenings. Graph n. 16 shows this relation, which is particularly true during the

last part of the analyzed period.
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Graph n. 16: relation between the Italian bonds bid-ask spread and the internal politics
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Source: Gretl

For what concerns sovereign ratings, only the Italian and Spanish variables are significant both
in a domestic and foreign sense. Sovereign ratings can be considered as credit quality indica-
tors; it is not coincidence that the only values significant are those relative to Italy and Spain
which are low-rated countries. As it is possible to see from the table above Italian and Spanish
ratings influence also Germany and France, while the only country to be affected exclusively by

its own credit rating is Spain.

The principal difference that has been found in comparison with the other existing studies is the
non-significance of the fiscal position for high-debt and low-rated countries (Italy and Spain).
Normally similar researches on this topic have, in fact, found that both debt and deficit levels

matter in the determination of sovereign spreads, especially for most-crisis affected nations.

In addition, for what concerns liquidity, differently from other papers, in the present disserta-
tion, the volume of issued government bonds has not produced any substantial result in the ex-
planation of sovereign spreads. By contrast, other studies like for example the one conducted by
Attinasi et al. (2009), has found a great importance of this indicator with respect to bonds dif-

ferentials.
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The same paper, in addition, points to the relevance of banks’ rescue packages announcements
in shaping the investors’ behavior in relation to EMU countries. In this research, the dummy
variable on the ECB announcements and actions, aims to gather the same information but, con-
trarily to the above mentioned paper, this is never significant.

e Statistical effectiveness of outcomes

To conclude, it is possible to evaluate the obtained results by looking at some important indica-
tors like the R-squared and the adjusted R-squared. The R-squared is a coefficient of determina-
tion and it is used to verify how well the observed results are reproduced by the statistical mod-
el. In our case, every equation included in the VAR model shows a high R-squared, indicating,
in this way, the effectiveness of the obtained outcomes with respect to reality. Anyway, is more
worthwhile to look at the values assumed by the adjusted R-squared, this because the coeffi-
cient of determination tends to increase spuriously as the number of explanatory variables in-
creases. The adjusted R-squared is corrected for this behavior and is thus a more suitable refer-

ence value.

As it was expected, for the reason explained above, the values associated to the adjusted R-
squared are lower than those evidenced by the simple R-squared. However it is possible to af-
firm that they are still high and that, for this reason, the model replicates well the real condi-

tions of the economy in relation to the sovereign debt crisis for the studied countries.

Table n. 5/f; Statistical outcomes’ effectiveness

R-squared

Spread France Spread Germany

0.823418

0.682050

Spread Italy

0.917948

Spread Spain

0.919479

Adjusted
R-squared

0.683273

0.429708

0.852827

0.855573

Durbin-Watson

2.425030

2.343724

2.430829

2.254380

P-value(F)

2.64e-66

4.99e-28

1.89e-95

3.36e-53
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After the values assumed by the coefficient of determination, it is useful to look also to those
relative to the Durbin-Watson and to the F-statistic tests. The Durbin-Watson test is a statistic
which has the aim to detect the presence of autocorrelation in the residuals. Its statistical value
is always comprised between 0 and 4, while a value equal or near 2 indicates the absence of au-
tocorrelation among residuals. In our case the DW statistic has a value that is a little higher than
2, which, in any case, can be considered acceptable with the hypothesis of no autocorrelation in

the residuals.

Finally the p-value of the F-test suggests in each case that all the coefficients are simultaneous-

ly different from zero.

With respect to the estimated model it is possible to say that sovereign bond spreads are all in-
fluenced by both credit and liquidity risk, especially with reference to the Italian and Spanish
variables. The international risk aversion and the fly-to-safety phenomenon towards the US

bond market seem to have the highest importance for all the studied countries.

Among these, it is possible to notice a series of fly-to-quality effects from the riskier low-rated
securities towards the safer bonds of Germany and France.

Surprisingly, the fiscal position of low-rated countries like Italy and Spain has not resulted to be
significant while the German one seems to be relevant both for its own domestic spread and for

the French one.

On the other hand, by contrast, an important role seems to be played from the CDS spread, es-
pecially for Italy, Spain and also France. This result signifies that all these countries are con-

cerned with their domestic and also foreign (France and Germany) default risk.

For what concerns liquidity, this is explained only through the bid-ask spreads of Italy and
Spain, while the volume of issued securities is never relevant. In particular a higher bid-ask
spread signifies a lower level of liquidity in the bonds’ market and a consequent higher yield
differential in equilibrium. This indicator matters especially for Italy and Spain, however, it
would require further studies due the fact that the Italian and Spanish levels of liquidity are

highly correlated between them.

With respect to sovereign ratings, the only ones to matter are those relative to Italy and Spain,

which are significant for each nation in the study. This can be interpreted as a contagion sign. In
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fact, it is possible to say that contagion between sovereign nations is principally driven by those

two countries, which, in addition, are the most crisis-affected and low-rated nations.

On the other hand, for what concerns the political framework, Germany is the only one to be in-
fluent for all the other countries and, if we consider the weigh that it exerts in the European

context, it is surely possible to affirm that this result reflects the reality of facts.

It is possible to conclude that this study is in line with the analyzed literature in finding that the
principal elements affecting sovereign spreads are credit risk and the international risk percep-
tion while, with respect to liquidity it plays a non-trivial but minor role.

For what concerns contagion, the most relevant transmission channels are represented firstly by
credit and secondly by liquidity. Even the investors’ behavior plays a crucial role; it is not by
chance that the two variables addressing the international risk aversion and the “fly-to-safety”

phenomenon have resulted to be the most significant ones.

Low-rated countries’ variables seem to have the major impact among the sample nations while,
on the other hand, from the political side Germany is the most influential one. A surprisingly
thing is the absence of significance related to the ECB’s announcements and actions, anyway,
knowing that the ECB’ interventions have had effects only over the short-term; this can be jus-

tified as a result*®.

*° See chapter 2.
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CONCLUSIONS

After the Lehman Brothers’ bankruptcy occurred in September 2008, the intensification of the
international financial crisis has led to a serious widening of the Eurozone sovereign bond
spreads. From the public side, things got worse during the first months of the year 2010 when
the financial turmoil evolved into the sovereign debt crisis. In this context even more attention
has been paid on the evolution and on the main determinants of sovereign bond yields and

spreads in order to shed lights on the main causes of contagion between countries.

In line with the other existing studies on this topic, this dissertation finds that sovereign yield
spreads relative to the analyzed countries (France, Germany, Italy and Spain) are principally
concerned about high levels of credit and liquidity risk, as well as of international risk percep-
tion. The measures utilized to address countries’ creditworthiness (public debt and budget bal-
ance as share of the GDP) haven’t, surprisingly, shown significance in the determination of the
studied spreads, with the only exception for the German fiscal fundamentals which seem to
matter as for its domestic yield differential as well as for the French one. By contrast, the pure
default risk proxyed by the CDS spread has revealed to be largely significant between the ana-

lyzed countries.

Also the liquidity of sovereign bond markets has played a role in the determination of govern-
ment spreads, with particular relation to the Italian and Spanish indicators.

Furthermore, in line with the existing literature, this study finds that the international risk aver-
sion as well as the variation of investors’ preferences towards the safer US bonds market are

among the most influential factors for sovereign yield spreads.

Finally, this research has looked also to the role played from sovereign ratings, politics and to
the ECB’s announcements and actions. The obtained results have evidenced the role played
from the Italian and Spanish ratings and by the German political framework in the determina-
tion of sovereign spreads. By contrast, with surprise, the ECB’s role has not emerged as influ-

ential.

For what concerns the cross-countries contagion it is possible to say that this is certainly deter-

mined from the credit and liquidity channels. Even the investors’ behavior plays a crucial role;
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it is not by chance that the two variables addressing the international risk aversion and the “fly-

to-safety” phenomenon have resulted to be the most significant ones.

This could be explained by the fact that investors are imperfectly informed and, for this reason,
have their own expectations. Rational operators may presume that if a country faces a crisis,
probably also other similar nations would experience the same adverse situation. Generally, this
common thought, lead operators to withdraw their assets even from those counties that, actual-
ly, don’t present such a vulnerable internal situation (like Germany and France), generating
therefore contagion.
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APPENDIX
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e Cubic spline interpolation

The variables relative to countries’ government debt and budget balance expressed as share of
the GDP have been downloaded from the Eurostat website in a quarterly frequency. In order to
obtain monthly observations, it has been used a cubic spline interpolation which has been im-
plemented through the statistical software R.

Shown below, it is possible to find the adopted procedure.

Government debt-to-GDP

France
> #Due to shortness motivations, the data importation process will be omitted.

>x<-c(1,4,7,10,13,16,19,22,25,28,31,34,37,40,43,46,49,52,55,58,61,64,67,70,73,76,79,82,85,88,91,94,97,100,
103,106,109,112,115,118)

>y<-¢(60.7,62.9,63.5,63.3,64.0,65.3,65.0,65.2,66.0,66.4,66.2,66.8,66.6,65.9,65.8,64.1,65.3,66.3,65.6,64.2,65.8,
66.2, 66.8,68.2,71.5,75.5,77.7,79.2,81.3,83.7,81.9,82.3,84.3,86.0,85.3,86.0,89.2,91.0,89.9,88.8)

> spline(x,y,method="natural",xmin=1,xmax=120,ties=mean)

Sx

[1] 1 2 3456 7 8 9101112 13 14 15 16 17 18

[19] 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

[37] 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

[55] 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72

[73] 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90

[91] 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108
[109] 109110111112 113114115116117 118 119120

Sy

[1] 60.70000 61.53982 62.29977 62.90000 63.28124 63.46665 63.50000 63.43153
[9] 63.33734 63.30000 63.38894 63.62104 64.00000 64.50159 64.98963 65.30000
[17] 65.32323 65.16859 65.00000 64.94993 65.02491 65.20000 65.44741 65.72806
[25] 66.00000 66.22338 66.36656 66.40000 66.31834 66.21310 66.20000 66.35511
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[33] 66.59586 66.80000 66.86862 66.79606 66.60000 66.31487 66.04213 65.90000
[41] 65.94598 65.99468 65.80000 65.21974 64.52731 64.10000 64.20839 64.69609
[49] 65.30000 65.79856 66.13647 66.30000 66.27516 66.04692 65.60000 64.97118
[57] 64.40548 64.20000 64.54384 65.19413 65.80000 66.09790 66.17355 66.20000
[65] 66.31642 66.52648 66.80000 67.12531 67.56496 68.20000 69.08973 70.20628
[73] 71.50000 72.90465 74.28769 75.50000 76.43241 77.13555 77.70000 78.20644
[81] 78.69602 79.20000 79.75665 80.43223 81.30000 82.35586 83.28619 83.70000
[89] 83.35324 82.58967 81.90000 81.66822 81.85142 82.30000 82.88500 83.56019
[97] 84.30000 85.05474 85.67819 86.00000 85.91827 85.60485 85.30000 85.21291
[105] 85.42835 86.00000 86.93749 88.07433 89.20000 90.12602 90.75211 91.00000
[113] 90.83619 90.40613 89.90000 89.46994 89.11595 88.80000 88.49039 88.18078

#Graph

> x1<-0;x2<-120;y1<-0;y2<-100
> plot(c(x1,x2),c(y1,y2),type="n",xlab="observations",ylab="Debt_France")
> points(x,y,col="blue",pch=19)

> lines(spline(x,y,n=1000,xmin=1,xmax=132),col="red")
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Germany

>x<-c(1,4,7,10,13,16,19,22,25,28,31,34,37,40,43,46,49,52,55,58,61,64,67,70,73,76,79,82,85,88,91,94,97,100,
103,106,109,112,115,118)

>y<-c(62.2,62.9,63.7,64.4,66.1,66.0,66.5,66.2,67.5,67.8,68.5,68.5,68.7,68.8,68.9,68.0,67.3,67.3,65.6,65.2,65.5,
66.3, 65.9,66.8,68.9,72.9,73.9,74.5,74.5,75.2,75.2,82.5,81.3,81.1,80.9,80.5,81.1,82.4,81.7,81.0)

> spline(x,y,method="natural",xmin=1,xmax=120,ties=mean)

Sx

[11 1 23 456 7 8 9101112 13 14 15 16 17 18

[19] 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

[37] 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

[55] 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72

[73]1 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90

[91] 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108

[109] 109110111112 113114115116 117 118 119 120

Sy

[1] 62.20000 62.41443 62.64304 62.90000 63.18903 63.47192 63.70000 63.85539
[9] 64.04337 64.40000 64.99682 65.64720 66.10000 66.18698 66.07154 66.00000
[17] 66.14417 66.37777 66.50000 66.38450 66.20258 66.20000 66.54007 67.05635
[25] 67.50000 67.69228 67.73497 67.80000 68.00934 68.28524 68.50000 68.56294
[33] 68.53147 68.50000 68.53889 68.62222 68.70000 68.73705 68.75743 68.80000
[41] 68.88327 68.94434 68.90000 68.69285 68.36889 68.00000 67.65646 67.40231
[49] 67.30000 67.36648 67.43668 67.30000 66.82206 66.17321 65.60000 65.28973
[57] 65.19271 65.20000 65.23012 65.31149 65.50000 65.81571 66.13540 66.30000
[65] 66.21073 66.00988 65.90000 66.03394 66.36581 66.80000 67.28312 67.93058
(73] 68.90000 70.25951 71.71929 72.90000 73.53068 73.77376 73.90000 74.11406
[81] 74.35606 74.50000 74.47234 74.40941 74.50000 74.84473 75.19149 75.20000

[89] 74.73023 74.44315 75.20000 77.49732 80.37294 82.50000 82.92862 82.21692
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[97] 81.30000 80.90670 80.94084 81.10000 81.14089 81.05676 80.90000 80.72234
[105] 80.57286 80.50000 80.54754 80.74068 81.10000 81.60974 82.10887 82.40000

[113] 82.34682 82.05719 81.70000 81.41037 81.18829 81.00000 80.81734 80.63467

>#Graph

> x1<-0;x2<-120;y1<-0;y2<-100

> plot(c(x1,x2),c(y1,y2),type="n",xlab="observations",ylab="Debt_Germany")
> points(x,y,col="blue",pch=19)

> lines(spline(x,y,n=1000,xmin=1,xmax=132),col="red")

100
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80
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60
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Debt_German
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0 20 40 60 80 100 120

observations

Italy

>x<-c(1,4,7,10,13,16,19,22,25,28,31,34,37,40,43,46,49,52,55,58,61,64,67,70,73,76,79,82,85,88,91,94,97,100,
103,106,109,112,115,118)

>y<-c(107.6,107.9,108.5,104.1,107.1,108.7,108.1,103.7,107.5,109.9,108.3,105.7,108.0,109.6,108.7,106.3,107.1,
107.0,105.7,103.3,105.8,105.2,104.7,106.1,112.2,114.3,117.4,116.4,118.4,119.3,119.9,119.2,120.1,121.7,119.9,1
20.7,123.7,126.0,127.3,127.9)
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> spline(x,y,method="natural",xmin=1,xmax=120,ties=mean)

Sx

[11 1 23 456 7 8 91011 12 13 14 15 16 17 18

[19] 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

[37] 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

[55] 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72

[73] 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90

[91] 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108

[109] 109110111112 113114115116 117 118 119 120

Sy

[1] 107.6000 107.5257 107.5822 107.9000 108.4903 108.8859 108.5000 107.0166
[9] 105.2037 104.1000 104.4358 105.7067 107.1000 107.9811 108.4287 108.7000
[17] 108.9437 108.8748 108.1000 106.4516 104.6647 103.7000 104.2277 105.7554
[25] 107.5000 108.8152 109.6024 109.9000 109.7485 109.1977 108.3000 107.1687
[33]106.1621 105.7000 106.0620 106.9686 108.0000 108.8091 109.3377 109.6000
[41] 109.6016 109.3140 108.7000 107.7882 106.8694 106.3000 106.3196 106.7009
[49] 107.1000 107.2483 107.1788 107.0000 106.7763 106.3951 105.7000 104.6504
[57] 103.6703 103.3000 103.8779 104.9348 105.8000 105.9752 105.6533 105.2000
[65] 104.9066 104.7668 104.7000 104.6985 105.0462 106.1000 108.0366 110.3115
[73]112.2000 113.1995 113.6966 114.3000 115.4171 116.6501 117.4000 117.2767
[81] 116.7253 116.4000 116.7726 117.5858 118.4000 118.8811 119.1168 119.3000
[89] 119.5659 119.8175 119.9000 119.7183 119.4169 119.2000 119.2348 119.5407
[97] 120.1000 120.8424 121.4869 121.7000 121.2771 120.5300 119.9000 119.7382
[105] 120.0373 120.7000 121.6218 122.6689 123.7000 124.6005 125.3614 126.0000

[113] 126.5318 126.9635 127.3000 127.5503 127.7402 127.9000 128.0548 128.2095
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># Graph

> x1<-0;x2<-120;y1<-0;y2<-150

> plot(c(x1,x2),c(y1,y2),type="n",xlab="observations",ylab="Debt_Italy")
> points(x,y,col="blue",pch=19)

> lines(spline(x,y,n=1000,xmin=1,xmax=132),col="red")
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Spain

>x<-c(1,4,7,10,13,16,19,22,25,28,31,34,37,40,43,46,49,52,55,58,61,64,67,70,73,76,79,82,85,88,91,94,97,100,
103,106,109,112,115,118)

>y<-c(51.3,51.4,49.7,48.8,48.7,48.1,46.7,46.3,46.0,44.8,43.7,43.2,42.3,41.0,40.7,39.7,39.6,39.1,37.7,36.3,35.5,
36.0,36.9,40.2,43.5,47.5,50.2,53.9,55.7,57.8,58.9,61.5,65.1,66.7,66.7,69.3,73.0,76.0,77.4,78.0)

> spline(x,y,method="natural",xmin=1,xmax=120,ties=mean)

Sx

[1] 1 23 456 7 8 9101112 13 14 15 16 17 18

[19] 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
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[37] 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
[55] 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
[73] 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
[91] 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108

[109] 109110111112 113114 115116 117 118 119 120

Sy

[1] 51.30000 51.48836 51.56045 51.40000 50.94034 50.31322 49.70000 49.24658
[9] 48.95704 48.80000 48.74002 48.72530 48.70000 48.61188 48.42323 48.10000
[17] 47.63470 47.12621 46.70000 46.44933 46.33860 46.30000 46.26797 46.18604
[25] 46.00000 45.67508 45.25427 44.80000 44.36874 43.99317 43.70000 43.50180
[33] 43.35453 43.20000 42.98703 42.69242 42.30000 41.81676 41.34245 41.00000
[41] 40.86444 40.81925 40.70000 40.39583 40.01017 39.70000 39.57816 39.58082
[49] 39.60000 39.54338 39.38136 39.10000 38.69645 38.21225 37.70000 37.20414
[57] 36.73632 36.30000 35.90922 35.62026 35.50000 35.58492 35.79004 36.00000
[65] 36.15109 36.38623 36.90000 37.81814 38.99097 40.20000 41.28748 42.33877
(73] 43.50000 44.85787 46.26136 47.50000 48.44029 49.25654 50.20000 51.43280
[81] 52.76062 53.90000 54.65442 55.17506 55.70000 56.39765 57.15767 57.80000
[89] 58.20682 58.50909 58.90000 59.53433 60.41337 61.50000 62.73733 63.98928
[97] 65.10000 65.93858 66.47395 66.70000 66.65651 66.56679 66.70000 67.25759
[105] 68.17002 69.30000 70.52423 71.77535 73.00000 74.14551 75.16193 76.00000

[113] 76.62708 77.07695 77.40000 77.64246 77.83397 78.00000 78.16178 78.32357

>#Graph

> x1<-0;x2<-120;y1<-0;y2<-100

> plot(c(x1,x2),c(y1,y2),type="n",xlab="observations",ylab="Debt_Spain")
> points(x,y,col="blue",pch=19)

> lines(spline(x,y,n=1000,xmin=1,xmax=132),col="red")
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Government budget balance-to-GDP

France

>x<-c(1,4,7,10,13,16,19,22,25,28,31,34,37,40,43,46,49,52,55,58,61,64,67,70,73,76,79,82,85,88,91,94,97,100,
103,106,109,112,115,118)

>y<-c(-7.97,-3.32,-5.49,0.17,-7.69,-2.54,-5.55,1.04,-7.57,-1.94,-4.24,1.62,-5.66,-0.50,-5.13,1.48,-6.50,-
0.09,-5.06,0.40,-6.02,-0.40,-5.22,-1.83,-11.14,-6.11,-9.98,-3.26,-11.33,-5.63,-7.89,-3.74,-9.49,-4.01,-
5.83,-1.66,0.45,-0.09,-3.65,-1.92)

> spline(x,y,method="natural",xmin=1,xmax=120,ties=mean)

Sx

[1] 1 2 3 45 6 7 8 9101112 13 14 15 16 17 18

[19] 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
[37] 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

[55] 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
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[73] 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
[91] 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108
[109] 109 110111112 113 114 115 116 117 118 119 120

Sy

[1] -7.97000000 -5.61006447 -3.85758059 -3.32000000 -4.24991530
[6] -5.48048286 -5.49000000 -3.38101506 -0.75308055 0.17000000
[11] -2.02676518 -5.52312085 -7.69000000 -6.73599829 -4.22036198
[16] -2.54000000 -3.31664908 -5.07135717 -5.55000000 -3.31962760
[21] -0.23198713 1.04000000 -1.24335902 -5.08884247 -7.57000000
[26] -6.66323262 -3.95634671 -1.94000000 -2.33815496 -3.80799293
[31] -4.24000000 -2.27155497 0.47239250 1.62000000 -0.36451407
[36] -3.67268817 -5.66000000 -4.54298136 -1.98238056 -0.50000000
[41] -1.78022715 -4.15778960 -5.13000000 -3.08055450 0.06131673
[46] 1.48000000 -0.66755487 -4.33414400 -6.50000000 -5.11922602
[51] -2.04140739 -0.09000000 -1.19331884 -3.69911534 -5.06000000
[56] -3.57305417 -0.91324238 0.40000000 -1.30409413 -4.30161885
[61] -6.02000000 -4.72464341 -2.03287483 -0.40000000 -1.49659151
[66] -3.85428926 -5.22000000 -4.11824983 -2.18404223 -1.83000000
[71] -4.60818695 -8.62843073 -11.14000000 -10.28085424 -7.74371632
[76] -6.11000000 -7.12913685 -9.22262989 -9.98000000 -7.84741317
[81] -4.69761595 -3.26000000 -5.33121045 -8.97690630 -11.33000000
[86] -10.39996724 -7.70253663 -5.63000000 -5.86373540 -7.24146570
[91] -7.89000000 -6.56620228 -4.54715612 -3.74000000 -5.37886290
[96] -8.00583575 -9.49000000 -8.37575354 -5.90876013 -4.01000000
[101] -4.04108592 -5.12616077 -5.83000000 -5.10101391 -3.42215233
[106] -1.66000000 -0.49633994 0.12625159 0.45000000 0.63785514
[111] 0.53566450 -0.09000000 -1.33211765 -2.72187255 -3.65000000

[116] -3.66827342 -2.97261874 -1.92000000 -0.80788726 0.30422549
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>#Graph

> x1<-0;x2<-120;y1<--15;y2<-15
> plot(c(x1,x2),c(y1,y2),type="n",xlab="observations" ylab="Budget Balance_France")
> points(x,y,col="blue",pch=19)

> lines(spline(x,y,n=1000,xmin=1,xmax=132),col="red")
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>x<-c(1,4,7,10,13,16,19,22,25,28,31,34,37,40,43,46,49,52,55,58,61,64,67,70,73,76,79,82,85,88,91,94,97,100,
103,106,109,112,115,118)

> y<-c(-5.78,-2.36,-5.27,-3.22,-5.97,-2.53,-4.36,-2.24,-4.96,-2.60,-3.76,-2.09,-3.67,-0.37,-2.13,-0.51,
-1.15,2.05,-0.61,-0.65,-0.81,1.76,-0.56,-0.68,-1.66,-1.21,-4.90,-4.36,-5.04,-1.03,-8.62,-1.86,-1.72,1.11, -
1.62,-0.77,-0.07,-2.90,-1.88,0.90)

> spline(x,y,method="natural",xmin=1,xmax=120,ties=mean)

Sx

[1] 1 23456 7 8 9101112 13 14 15 16 17 18
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[19] 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
[37] 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
[55] 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
[73] 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
[91] 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108

[109] 109110111 112113114 115116117 118 119 120

Sy

[1] -5.78000000 -3.99233506 -2.69041883 -2.36000000 -3.23552302 -4.54621530
[7] -5.27000000 -4.73742472 -3.68953479 -3.22000000 -4.04292625 -5.35416404
[13] -5.97000000 -5.10383323 -3.55751274 -2.53000000 -2.84285193 -3.80800722
[19] -4.36000000 -3.77994423 -2.73527320 -2.24000000 -2.96626003 -4.21867777
[25] -4.96000000 -4.48094158 -3.38408979 -2.60000000 -2.77515882 -3.41977787
[31] -3.76000000 -3.27657128 -2.46865058 -2.09000000 -2.62040792 -3.44376795
[37] -3.67000000 -2.72401926 -1.29072205 -0.37000000 -0.64499653 -1.53186235
[43] -2.13000000 -1.81006870 -1.02775446 -0.51000000 -0.73695091 -1.20156426
[49] -1.15000000 -0.10953507 1.26808557 2.05000000 1.59583194 0.43514789
[55] -0.61000000 -0.93305196 -0.78941787 -0.65000000 -0.83177225 -1.03599494
[61] -0.81000000 0.10569652 1.19784207 1.76000000 1.31676396 0.31684888
[67] -0.56000000 -0.82015976 -0.71449683 -0.68000000 -1.01612493 -1.47219488
[73] -1.66000000 -1.35719237 -1.00487180 -1.21000000 -2.34473521 -3.84202164
[79] -4.90000000 -4.97386679 -4.54704164 -4.36000000 -4.87164949 -5.41462660
[85] -5.04000000 -3.24731302 -1.33000752 -1.03000000 -3.39909844 -6.72867667
[91] -8.62000000 -7.42184878 -4.47306358 -1.86000000 -1.10683977 -1.48906902
[97] -1.72000000 -0.89264400 0.38119150 1.11000000 0.60852688 -0.58347478
[103] -1.62000000 -1.85627835 -1.45247758 -0.77000000 -0.14822829 0.16153326
[109] -0.07000000 -0.94599366 -2.06513694 -2.90000000 -3.05113041 -2.63098549

[115] -1.88000000 -1.00355878 -0.06684703 0.90000000 1.87186957 2.84373915
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>#Graph
> x1<-0;%x2<-120;y1<--10;y2<-10

> plot(c(x1,x2),c(y1,y2),type="n",xlab="observations",ylab="Budget Balance_Germany")
> points(x,y,col="blue",pch=19)

> lines(spline(x,y,n=1000,xmin=1,xmax=132),col="red")
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Italy

>x<-c(1,4,7,10,13,16,19,22,25,28,31,34,37,40,43,46,49,52,55,58,61,64,67,70,73,76,79,82,85,88,91,94,97,100,
103,106,109,112,115,118)

>y<-c(-7.76,1.25,-5.28,-3.07,-7.82,-0.37,-3.93,-2.50,-8.47,-2.41,-2.97,-4.34,-5.93,0.21,-1.77,-6.10,-
5.70,2.23,-0.36,-2.66,-5.94,-1.35,-1.35,-2.20,-9.45,-3.15,-4.10,-4.97,-7.58,-2.56,-3.33,-4.04,-6.92,-3.19,-
2.54,-2.68,-7.03,-2.37,-1.76,-2.30)

> spline(x,y,method="natural",xmin=1,xmax=120,ties=mean)

Sx

[1]1 1 23 456 7 8 9101112 13 14 15 16 17 18
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[19] 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
[37] 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
[55] 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
[73] 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
[91] 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108

[109] 109110111 112113114 115116117 118 119 120

Sy

[1] -7.7600000 -3.2732970 0.1008788 1.2500000 -0.4014889 -3.2812565
[7] -5.2800000 -4.9614883 -3.5817786 -3.0700000 -4.6807060 -6.9701476
[13] -7.8200000 -5.8460581 -2.6005941 -0.3700000 -0.7480247 -2.5578463
[19] -3.9300000 -3.5792504 -2.5572798 -2.5000000 -4.4505293 -7.0808123
[25] -8.4700000 -7.3056693 -4.7091005 -2.4100000 -1.7075343 -2.1787114
[31] -2.9700000 -3.4356751 -3.7612389 -4.3400000 -5.3579134 -6.1715183
[37] -5.9300000 -4.1315602 -1.6704659 0.2100000 0.5737840 -0.2862479
[43] -1.7700000 -3.3565387 -4.8415794 -6.1000000 -6.9487405 -6.9729900
[49] -5.7000000 -2.9681291 0.1398357 2.2300000 2.3227383 1.0954992
[55] -0.3600000 -1.2291204 -1.8055362 -2.6600000 -4.1166271 -5.5129841
[61] -5.9400000 -4.8232599 -2.9269720 -1.3500000 -0.8884813 -1.1276466
[67] -1.3500000 -1.1142964 -1.0842936 -2.2000000 -4.9432219 -7.9629568
[73] -9.4500000 -8.2072604 -5.4861013 -3.1500000 -2.5814404 -3.2389342
[79] -4.1000000 -4.4121633 -4.5029768 -4.9700000 -6.1506471 -7.3417512
[85] -7.5800000 -6.2582112 -4.1937221 -2.5600000 -2.2102119 -2.7163235
[91] -3.3300000 -3.5142745 -3.5776507 -4.0400000 -5.1952826 -6.4338144
[97] -6.9200000 -6.1027431 -4.5689436 -3.1900000 -2.6093004 -2.5581892
[103] -2.5400000 -2.2419072 -2.0864479 -2.6800000 -4.3330708 -6.1726859
[109] -7.0300000 -6.1195132 -4.1891050 -2.3700000 -1.5292469 -1.4771906

[115] -1.7600000 -2.0060918 -2.1728735 -2.3000000 -2.4205174 -2.5410347
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>#Graph

> x1<-0;%x2<-120;y1<--15;y2<-15

> plot(c(x1,x2),c(y1,y2),type="n",xlab="observations",ylab="Budget Balance_Italy")
> points(x,y,col="blue",pch=19)

> lines(spline(x,y,n=1000,xmin=1,xmax=132),col="red")
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Spain

>x<-c(1,4,7,10,13,16,19,22,25,28,31,34,37,40,43,46,49,52,55,58,61,64,67,70,73,76,79,82,85,88,91,94,97,100,
103,106,109,112,115,118)

>y<-c(0.71,-2.27,1.12,-0.89,0.88,-1.70,2.14,-1.63,2.30,-0.44,3.49,-0.07,4.33,0.93,3.82,0.64,4.31,-
0.06,6.22,-2.26,1.35,-5.36,-2.44,-11.08,-5.70,-14.03,-9.96,-14.69,-6.95,-11.08,-7.65,-12.71,-6.07,-
11.01,-7.08,-14.28,-5.42,-11.58,-7.98,-8.60)

> spline(x,y,method="natural",xmin=1,xmax=120,ties=mean)
Sx

[1] 1 23 456 7 8 9101112 13 14 15 16 17 18
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[19] 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
[37] 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
[55] 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
[73] 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
[91] 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108

[109] 109110111 112113114 115116117 118 119 120

Sy

[1] 0.71000000 -0.93588839 -2.09236048 -2.27000000 -1.23288101
[6] 0.24096095 1.12000000 0.71481984 -0.29555741 -0.89000000
[11] -0.38639834 0.54126867 0.88000000 -0.01033759 -1.27840617
[16] -1.70000000 -0.50336241 1.27346711 2.14000000 1.12415759
[21] -0.67249931 -1.63000000 -0.66289758 1.17615975 2.30000000
[26] 1.64187717 0.21674919 -0.44000000 0.68612965 2.52610274
[31] 3.49000000 2.53249313 0.78661764 -0.07000000 1.07945338

[36] 3.10853781 4.33000000 3.59932297 1.94293484 0.93000000

[41]
(46]
(51]
(56]
(61]
(66]

[71]

1.62510659

0.64000000

0.67075752

4.03354638

1.35000000

-2.79290800

-9.78379332

3.07453766

1.79352032

-0.06000000

0.27872778

-0.43787064

-2.44000000

-7.01233891

3.82000000

3.59684125

1.98417788

-2.26000000

-3.45967972

-5.11410575

-5.70000000

2.89913957

4.31000000

4.95790645

-1.68391893

-5.36000000

-8.91720679 -11.08000000

-7.82442469 -11.53640054

1.33335898

2.83863101

6.22000000

0.36273798

-4.58570961

[76] -14.03000000 -13.38147089 -11.19576262 -9.96000000 -11.34154360
[81] -13.72869711 -14.69000000 -12.61791026 -9.20056004 -6.95000000
[86] -7.59163016 -9.70424792 -11.08000000 -10.21260612 -8.40207791

[91] -7.65000000 -9.25238981 -11.68299599 -12.71000000 -10.88005687

[96] -7.85371591 -6.07000000 -7.16960492 -9.59991813 -11.01000000
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[101] -9.84411603 -7.72735229 -7.08000000 -9.43800503 -12.79993195
[106] -14.28000000 -11.98682682 -8.00662362 -5.42000000 -6.37246547
[111] -9.26912913 -11.58000000 -11.45220020 -9.74130430 -7.98000000

[116] -7.36317818 -7.73454254 -8.60000000 -9.54780631 -10.49561261

>#Graph

> x1<-0;%x2<-120;y1<--15;y2<-15

> plot(c(x1,x2),c(y1,y2),type="n",xlab="observations",ylab="Budget Balance_Spain")
> points(x,y,col="blue",pch=19)

> lines(spline(x,y,n=1000,xmin=1,xmax=132),col="red")
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e Summary statistics

In this section are reported the selected variable’s summary statistics.

France

Spread OAT/Euro Swap (basis points)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
-0.439750 -7.60000 -36.5000 81.0000
Standard Deviation C.V. Skewness Ex. kurtosis
26.4570 60.1637 1.37583 1.54167

Public Debt-to-GDP (% of the GDP)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
72.7225 66.4632 60.7000 91.0000
Standard Deviation C.V. Skewness Ex. kurtosis
9.61579 0.132226 0.638099 -1.25574
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Budget Balance-to-GDP (%o of the GDP)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
-3.99655 -3.98317 -11.3300 1.62000
Standard Deviation C.V. Skewness EX. kurtosis
2.96683 0.742349 -0.277628 -0.447254

CDS Spread (basis points)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
17.3944 0.0625000 -10.0000 118.565
Standard Deviation C.V. Skewness Ex. kurtosis
31.3368 1.80155 1.74200 1.92285

Gross Volume of Issued Securities (Billions of Euro)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
38.4327 35.0205 2.80000 69.4410
Standard Deviation C.V. Skewness Ex. kurtosis
14.6264 0.380571 0.142927 -0.747595
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Bonds Bid-Ask Spread (basis points)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
0.841667 0.750000 0.400000 2.20000
Standard Deviation C.V. Skewness Ex. kurtosis
0.426946 0.507263 1.30050 0.923446
Germany
Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
-27.9089 -24.7000 -78.8500 -6.85000
Standard Deviation C.V. Skewness Ex. kurtosis
16.0534 0.575206 -0.842507 0.122783
Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
71.2070 68.5157 62.2000 82.9286
Standard Deviation C.V. Skewness Ex. kurtosis
6.40133 0.0898974 0.624200 -1.11981
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Budget Balance-to-GDP (%o of the GDP)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
-2.08506 -1.85813 -8.62000 2.84374
Standard Deviation C.V. Skewness Ex. kurtosis
2.13928 1.02601 -0.276964 -0.102849

Gross Volume of Issued Securities (Billions of Euro)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
24.7800 23.2065 9.71700 122.964
Standard Deviation C.V. Skewness Ex. kurtosis
12.9026 0.520685 4.04265 26.5576

Bonds Bid-Ask Spread (basis points)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
0.631667 0.700000 0.100000 1.30000
Standard Deviation C.V. Skewness Ex. kurtosis
0.314625 0.498087 0.496145 -0.535614
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Italy

Spread BTP/Euro Swap (basis points)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
80.7553 10.5100 -13.8500 472.900
Standard Deviation C.V. Skewness Ex. kurtosis
123.179 1.52534 1.66184 1.65695

Public Debt-to-GDP (% of the GDP)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
112.398 108.845 103.300 128.209
Standard Deviation C.V. Skewness Ex. kurtosis
7.38062 0.0656653 0.681331 -0.909938

Budget Balance

-to-GDP (% of the GDP)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
-3.60305 -3.30563 -9.45000 2.32274
Standard Deviation C.V. Skewness Ex. kurtosis
2.40917 0.668648 -0.0772908 -0.277015
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CDS Spread (basis points)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
83.5538 9.56700 1.50000 460.318
Standard Deviation C.V. Skewness Ex. kurtosis
118.908 1.42313 1.59906 1.44672

Gross Volume of Issued Securities (Billions of Euro)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
37.2261 37.6956 4.00000 59.0456
Standard Deviation C.V. Skewness Ex. kurtosis
11.6985 0.314254 -0.796002 0.868914

Bonds Bid-Ask Spread (basis points)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
1.61083 1.40000 0.300000 15.8000
Standard Deviation C.V. Skewness Ex. kurtosis
1.42427 0.884180 8.42934 80.6953
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Spain

Spread Bonos/Euro Swap (basis points)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
72.3752 -7.00000 -30.9500 514.440
Standard Deviation C.V. Skewness Ex. kurtosis
138.731 1.91683 1.55879 1.37992
Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
51.1001 47.8674 35.5000 78.3236
Standard Deviation C.V. Skewness Ex. kurtosis
12.5251 0.245110 0.800323 -0.491701
Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
-3.86585 -2.17618 -14.6900 6.22000
Standard Deviation C.V. Skewness Ex. kurtosis
5.64886 1.46122 -0.224501 -1.33096
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CDS Spread (basis points)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
85.8994 8.12500 -6.57478 496.882
Standard Deviation C.V. Skewness Ex. kurtosis
127.733 1.48701 1.43082 0.982439

Gross Volume of Issued Securities (Billions of Euro)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
10.9398 8.55400 1.65500 27.9030
Standard Deviation C.V. Skewness Ex. kurtosis
6.99348 0.639273 0.612558 -0.895903

Bonds Bid-Ask Spread (basis points)

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
1.48167 0.600000 0.100000 9.60000
Standard Deviation C.V. Skewness Ex. kurtosis
1.87733 1.26704 2.27490 4.84571
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International risk perception

“Fly-to-safety”

Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
151.483 161.500 64.0000 268.000
Standard Deviation C.V. Skewness Ex. kurtosis
50.3967 0.332688 0.0158688 -0.702845
VIX
Sample: Jan 2003-Dec 2012 120 valid observations
Mean Median Minimum Maximum
20.9018 18.3300 10.4200 59.8900
Standard Deviation C.V. Skewness Ex. kurtosis
9.13694 0.437138 1.78187 3.78035
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e Stationarity tests

In this section are reported the outputs of the Augmented Dikey Fuller tests which have been
implemented to verify the stationarity of the selected variables. The null hypothesis of the ADF

test provides the presence of unit roots and thus the non-stationarity of the time series.

France

ADF test — Spread OAT/Euro Swap

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.8678 p-value= 8.678e-007

ADF test - Government debt-to-GDP

HO: ¢=1; presence of unit roots

variable differenced variable

p-value=0.3611 p-value= 0.0007447

ADF test — Government budget balance-to-GDP

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.2409 p-value= 0.007816
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ADF test — CDS spread

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.7128 p-value= 7.281e-005

ADF test — Gross volume of issued securities

HO: ¢=1; presence of unit roots

variable differenced variable

p-value=0.6104 p-value=0.1243

ADF - Bonds bid-ask spread

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.3962 p-value= 0.001488

Germany

ADF test — Spread Bund/Euro Swap

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.1951 p-value= 1.304e-007
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ADF test — Government debt-to-GDP

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.9499 p-value= 2.047e-008

ADF test — Government Budget balance-to-GDP

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.4545 p-value= 0.01568

ADF test — Gross volume of issued securities

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.614 p-value= 7.855e-005

ADF test — Bonds bid-ask spread

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.8202 p-value= 4.511e-008
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Italy

ADF test — Spread BTP/Euro Swap

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.8622 p-value= 0.01458

ADF test — Government debt-to-GDP

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.7103 p-value= 3.853e-005

ADF test — Government budget balance-to-GDP

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.3707 p-value= 5.655e-022

ADF test — CDS spread

HO: ¢=1; presence of unit roots

variable differenced variable

p-value=0.9991 p-value= 3.485e-005
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ADF test — Gross volume of issued securities

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.6985 p-value= 0.001157

ADF test — Bonds bid-ask spread

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.9227 p-value= 8.959e-006

Spain

ADF test — Spread Bonos/Euro Swap

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.9999 p-value= 0.01006

ADF test — Government debt-to-GDP

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.5749 p-value= 4.243e-009
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ADF test — Government budget balance-to-GDP

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.1524 p-value= 0.07898

ADF test — CDS spread

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.9648 p-value= 0.02983

ADF test — Gross volume of issued securities

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.6873 p-value=0.01387

ADF test — Bonds bid-ask spread

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.2486 p-value= 0.005065
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International risk perception

ADF test —“Fly-to-safety”

HO: ¢=1; presence of unit roots

variable differenced variable

p-value= 0.389 p-value=0.00613

ADF test - VIX

HO: ¢=1; presence of unit roots

variable

p-value=0.07081
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e Dummy variables’ description

In this section it is possible to find the detailed description of the dummy variables’ content.

France

Dummy Rating Dummy Politics
Date Event Date Event
S&P downgrades . ,
Jan-2012 France from AAAto | May 2007 Begins the Sarkozy’s

A A+ government

BPS and Bear Stearns
start to frozen their
subprime investment
founds

Moody’s downgrades
Nov-2012 France from Aaa to Aug-2007
Aal

The French govern-
Jun-2007 ment gives financial
support to Dexia bank

Lehman Brother’s

Sep-2008 bankruptcy
Negative macro-
economic variables

Jan-2009 and US unemploy-
ment on the rise

Dec 2010 Europea_n Stability
Mechanism
Sarkozy announces

Aug-2011 measures to cut the
public debt

Mar-2012 Sign of the Fiscal
Compact

May-2012 Begins the Hollande’s

government

Pag. 113



Sovereign Bond Crisis: Fundamental Contagion

Germany

Dummy Rating

Dummy Politics

Date

Event

Date

Event

Jul-2012

Moody’s modifies the
outlook on the Ger-
man rating from sta-
ble to negative

Nov-2005

Begin of the Merkel’s
government

Aug-2007

BPS and Bear Stearns
start to frozen their
subprime investment
founds

Set-2008

Lehman Brother’s
bankruptcy

Jan-2009

Negative macro-
economic variables
and US unemploy-
ment on the rise

Dec-2010

European Stability
Mechanism

Aug-2011

Germany criticizes the
ECB to the acquisition
of EMU sovereign
bonds

Mar-2012

Sign of the Fiscal
Compact
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1\
Dummy Rating Dummy Politics
Date Event Date Event
BPS and Bear Stearns
S&P downgrades lIta- start to frozen their
Jul-2004 ly from AA to AA- Aug-2007 subprime investment
founds
S&P modifies the
Aug-2005 Italian rating’s out- Jan-2008 Downfall of Prodi’s
look from stable to government
negative
e S&P downgrades
Italy from AA- to
Oct-2006 A.+; Apr-2008 Begin p,f the 11l Ber-
e Fitch downgrades lusconi’s government
Italy from AA to
AA-
S&P modifies the out-
look on the Italian rat- Lehman Brother’s
May-2011 ing from stable to Sep-2008 bankruptcy
negative
Negative macro-
S&P downgrades the economic variables
Sep-2011 Italy from A+ to A Jan-2009 and US unemploy-
ment on the rise
Moody’s downgrades -
Oct-2011 the Italy to A2 with | Dec-2010 European Stability
. Mechanism
negative outlook
e S&P downgrades
gFI?WWZBBB+; ECB’s acquisition of
Jan-2012 * Moody s down- Aug-2011 Italian sovereign
grades the Italy bonds
from A2 to A3 with
negative outlook
e Moody’s down- . .
. Begin of the Monti’s
May-2012 g;a;ﬁ(ess 26 Italian Nov-2011 government
e Moody’s down- Monti: “no to the Eu-
Jul-2012 grades Italy from Jul-2012 ropean Financial Sta-
A3 to Baa2 bility Facility”
Dec-2012 End of the Monti’s
government
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Spain
Dummy Rating Dummy Politics
Date Event Date Event
S&P confirms the Begins the Zapatero’s
Nov-2005 AAA for the Spainsh | Mar-2004 g p
. government
rating
S&P donngrades st o fosen herr
Jan-2009 Spain from AAA to Aug-2007 R
subprime investment
AA+
founds
Fitch downgrades Zapatero’s POSE is
May 2010 Spain from AAA to Mar-2008 reconfirmed as the
AA+ first party
e Moody’s down-
grades Spain from
Aaa to Aal; Lehman Brother’s
Sep-2010 e S&P downgrades Sep-2008 bankruptcy
Spain frm AA+ to
AA
Moody’s downgrades elr\::i)gna(:%?cr?/:?iraot;les
Apr-2011 Spain from Aal to Jan-2009 and US unemploy-
Aa? )
ment on the rise
Moody’s downgrades
Spanish sovereign European Stability
Oct-2011 bonds from to Al Dec-2010 Mechanism
with negative outlook
, The government an-
Jun-2012 g/lc;?gilosgggngrades Sep-2011 nounces measures to
P cut the Spanish debt
e S&P downgrades
Spain to BBB; . .,
Oct-2012 e Moody’s confirms | Nov-2011 g’g\%;‘;rgfn?aloy s
the Baa3 with
negative outlook
Spain ask the financial
Jun-2012 intervention of the Eu-
ropean Union
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European Central Bank

Date Event
Dec-2005 The ECB reveals the exitence of financial im-
balances
The ECB reveals the investors’ undervaluation
Jun-2006 . L
of the Eurozone financial risks
Jan-2007 Trichet announces the instability of financial
markets
Aug-2007 International lack of liquidity
Jul-2008 The ECB increases the Interest rates
Sep-2008 Lehman Brothers’ bankruptcy
Oct-2008 The ECB sustains the _Eurozone liquidity and
reduces the interest rates
May-2009 The ECB |_ntrodyces new reflnar_1cmg opera-
tion with 1 year maturity
Jan-2010 The ECB suspends the €/$ swap
Apr-2010 Greek crisis
Jun-2010 The EFSF enters into force
i ECB, European Commission and FMI’s joined
Aug-2010 declaration about the Greek crisis
Nov-2010 Irish crisis
Dec-2010 European Stability Mechanism
Apr-2011 Portuguese crisis
Aug-2011 LTRO operation
Oct-2011 Eurozone Summit about the EFSF’s enlarge-
ment
Dec-2011 The ECB’s reduces the interest rates
Feb-2012 LTRO operation
Mar-2012 European leaders sign the Fiscal Compact
Jun-2012 Spanish crisis
Dec-2012 Draghi announces that the ECB will do any-

thing to save the Euro
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Websites

Central Banks:

www.ech.int (European Central Bank, ECB)
www.bangue-france.fr (French Central Bank)
www.bundesbank.de (German Central Bank)
www.bancaditalia.it (Italian Central Bank)
www.bde.es (Spanish Central Bank)

www.federalreserve.gov (US Central Bank, FED)

Treasury Financial Agencies:

www.aft.gouv.fr (French Treasury Financial Agency)
www.deutsche-finanzagentur.de (German Financial Agency)
www.dt.tesoro.it (Italian Treasury Department)

www.tesoro.es (Spanish Treasury Department)

Statistics Institutes:

http://epp.eurostat.ec.europe.eu (European Statistics Institute, Eurostat)
www.insee.fr (French Statistics Institute, INSEE)

www.destatis.de (German Statistics Institute, DESTATIS)

www.istat.it (Italian Statistics Institute, ISTAT)
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http://www.ecb.int/
http://www.banque-france.fr/
http://www.bundesbank.de/
http://www.bancaditalia.it/
http://www.bde.es/
http://www.federalreserve.gov/
http://www.aft.gouv.fr/
http://www.deutsche-finanzagentur.de/
http://www.dt.tesoro.it/
http://www.tesoro.es/
http://epp.eurostat.ec.europe.eu/
http://www.insee.fr/
http://www.destatis.de/
http://www.istat.it/
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www.ine.es (Spanish Statistics Institute, INE)

http://research.stlouisfed.org (Federal Reserve Economic Data, FRED)

Rating Agencies:
www.moodys.com (Moody’s)
www.standardandpoors.com (Standard & Poor’s)

www.fitchratings.com (Fitch)

International Institutions and Organizations

www.imf.org (International Monetary Found, IMF)

http://stats.oecd.org (Organization for the Economic Co-operation and Development)
http://ec.europe.eu (European Commission)

www.bis.org (Bank of International Settlements, BIS)

www.cboe.com (Chicago Board Options Exchange)

www.borsaitaliana.it (Italian Stock Exchange)

Newspapers

www.ilsole24ore.it (11 Sole 24 Ore)
http://archivio-radiocor.ilsole24ore.com
http://finanza-mercati.ilsole24ore.com
www.diritto24.ilsole24ore.com

www.larepubblica.it

Other financial websites

www.bloomberg.com
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http://research.stlouisfed.org/
http://www.moodys.com/
http://www.standardandpoors.com/
http://www.fitchratings.com/
http://www.imf.org/
http://stats.oecd.org/
http://ec.europe.eu/
http://www.bis.org/
http://www.cboe.com/
http://www.borsaitaliana.it/
http://www.ilsole24ore.it/
http://archivio-radiocor.ilsole24ore.com/
http://finanza-mercati.ilsole24ore.com/
http://www.diritto24.ilsole24ore.com/
http://www.larepubblica.it/
http://www.bloomberg.com/
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www.intermarketandmore.finanza.com
www.wallstreetitalia.com
www.finanzaonline.com

www.labanconota.it

Meetings and Conferences

Lecture: “BCE e gestione della crisi sovrana”, Dott. Mauro Grande — Director of the Directorate

General Financial Stability, delivered on the 10th December 2012 at the University Ca’Foscari

of Venice.
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