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Abstract

Although theintegration of European nations to create the European Union is the result
of years of progress, the establishment of the Eurozone, the group of nations using the
euro as a single currency, is a fairly new event in European history. While many
economies oyed relatively prosperous years in gdaly existence of the eurthe

global financial crisis in late 2008 and subsequent sovereign debt crises in several
member nations has the future of the Eurozone, and the continuing existence of the euro

as a currency, in doubt.

With investors concerned over several Eurozonemats 6 | evel s of debt, t}
government securities remains volatile. In several cases, external funding from the

European Central Bank and International Monetary Fund has been necessary to avoid

default in the face of rising yields on governmermusities. Greece, Ireland, and

Portugal have all received bailouts, and many believe that these are not the last countries

to require funding. Italy, Spain, France, and Belgium all have high levels of debt, and the

mar ket <cl ear |y s boofidesice abow thesrfulmress 6 | ack of

This study applies a reduced form model to the debt of these countries to derive an
implied probability of default for various durations of time, ranging from one to five
years. The results shavigh probabilities of defult for Greece, Portugal, Ireland, Italy,

and Spainalthoughin most caseprobabilitieshavedecreased since late 2011.
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Part I: History of the European Debt Crisis
Chapter 1: The Integration of Europe

The idea of integrating the European States into a union was born not out of diplomacy,

but rather out of war.

From 1939 to 1945, Wfld War Il ravaged the political, social, and economic foundations
of the European continent. When the dust settled ittheagllies who stood victorious,

but the cost forll of Europe was enormous. Determined never to let that destruction
happen again, calls for the unification of Europe grew louder and louder in the few years

following the fall of the Nazi army.

In his famous speech in Zurich, 1946, Winston Churchill called for the creation of a

single European Entity:

AYet all the while there is a remedy whic
adopted, would as if by a miracle transform the whole scene, and waaildw

years make all Europe, or the greater part of it, as free and as happy as

Switzerland is today. What is this sovereign remedy? It is-toaate the

European Family, or as much of it as we can, and provide it with a structure under

which it can dwell in peace, in safety and in freedom. We must build a kind of

United States of Europe. o

This idea, however, was easier said than done. The War had ravaged European industries
and created bitter rivalries between countrids.the Cold War settled ithe continent

became divided into Eastern and Western Europe. How, then, could unity prevail in a



continent filled with different countries ruled by different leaders, with unique economies

and vastly dissimilar cultures?

European Coal and Steel Community

The answer came through the one thing that the Western European countries had in
common: coal and steel. The European Coal and Steel Goilyrwas created in April
1951whenWestGermany, France, Italy, The Netherlands, Belgium, and Luxembourg
signed aragreement that would place these heavy industries under common

management. The idea was to promote open trade and transparency between the member
countries. Heavy industry was not just a common economic resohmgever;it was

also the fuebf war. Byagreeing to put these inslmies under common management;

France, West Germany, and the other four countaglsessentigt signed a peace treaty.

The European Coal and Steadi@munity would prove to be a great succeBsrough

the economic prosperitynd social change of the 1960s, the ECSC would hold strong,
and even expand into agricultural policy. While the integration had not yet reached the
political level as some leaders would have liked, the economic cooperation between the

six countriesvorkedwell, and the future of European cooperation seemed bright.

The next two decades would see aafjiexpansion in the community, naalled the
European Economic Community (EEC). Ireland, Denmark, and the United Kingdom
joined in 1973. Greece would become the tenth member of the EEC in 1981. Spain and

Portugal, each a new democracy following the fall of right wing dictates,sbg@mme

'Source: Eur aap a .ae UGl faThhcee OE U



members in 1986By the time the 1980s ended, the EEC had a total of 12 members, and

its influence covered a majority of Western Europe.

Maastricht Treaty and Birth of the Euro

Despite the expansion of members and influence of the EEC, some leadessilive
unsatisfied with the levadf integration of the Europeataeses. Among these leaders was
Jacques Delors, a French economist who would become the President of the EEC in
1985. Throughout his career in European Politics, including positions tEutopean
Commission and in the Department of Economics and Finance, Delors had always
pushed for a complete political and monetary union whose influence extended well
beyond the current economic agreement. His efforts would finally pay off in February

1992 with the signing of the Maastricht Treaty.

The Maastricht Treaty, upon its establishment in 1993, officially created the European
Union (EU) that we know todaylt initiated two major changes fortherintegratethe
European Sta. First, it estabihed a three pillar policy structure which defined the
powers and influences of the Union. These three pillars; the European Community,
Common Foreign and Security Policy, and Justice and Home Affaitie the duties

and responsibilities of the EU aadecoordinated between the national governments and
t he E Uéaional bagdiesathe European Commission, Parliament, and Court of
Justice. Some duties, such asmpetitionpolicy, are handled entirely by the
Commission, Parliament, and Court of Justof the EU, while other policies like

education and healthcare are entirely the responsibility of the national governments.



The Maastricht Treaty also officially established a timeline for the creation of a single

European cuency, to be called theuro. Before the single currency could be introduced,

however, it was necessary to ensure that all participating members were in suitable

economic standing. For this reason, the Maastricht Treaty set 1999 as the target date for
theadoption ofthewoand ai d out the Aconvergence criter
participating nation.The criteria, consisting of five requirements, were designed to

ensure price stability within tHeurozoné once the currency was released. Despite

heavy disagreement betwedne countries about the strictness of the requirements, the

following criteria were eventually agreed upon by the member states:

1. The annual budget deficit must not exceed
2. The cumulative public debt must not exceed 60% of GDP.
3. Annual inflation must be no more than 1.5% higher than the average of the three
best performing (lowest inflation) member states.
4. Nominal long term interest rates must be no more than 2% higher than that of the
three lowest inflation countries.
5. The ¢ o wmenhcy mudstshave joined the Exchange Rate Mechanism for at
least two consecutive years, and must not have devalued its currency at any point

during that time’®

With these criteria set, the next step was to create a central bank to control the monetary

policy of the European Union. The Maastricht Treaty laid the path for the creation of the

2 The Eurozone is the set of countries whose national currency is the euro.

% The Exchange Rate Mechanism was created in 1979 as a way of maintaining stable interest rates among
varied European Currencies. Member currencies originally must not have fluctuated more2tR&fo+

against a central rate, although the limit was lafgranded to as much as 15%.



European Monetary Institute (EMI), whose primary responsibilities was ensuring a safe
and smooth transition to the®. The EMI was officially created in 1994, andswa
eventually replaced in 1998 by the Eurap&entraBank (ECB). The ECB was to be
headquartered in Frankfurt, Germany, and would be led by Wim Duisenberg, a Dutch
economist. As the central banking institution of Eneozonethe ECBis an independent
body ands responsible for conducting the monetary policy of the euro. This includes
maintaining price stability, managing reserves, conducting foreign exchange operations,

and printing euro bills and coifls.

With the criteria define@dnd the central banking institution establishibd, time had

come to officially introduce the euro as the currency in the ®lith the exception of the
United Kingdom and Denmark, who had securedayttagreements to maintain their
national currenciegachmember state presented their case to the European Central
Bank, proving they had fulfilled the criteria for membership. Of the applying countries,
only Greece was denied entry into therozonen 1999. Greece would later be admitted

in 2001, havingonvinced the ECB that their economy was suitable for membership.
Today, the euro is the official currency of 17 of the 27 members of the EU, with several

member nations seeking entry into tgrozone

For the next seven years, the euro would run snipoffhe global economy wasrong
and membership in the EU continued to expand. The ECB in Frankfurt worked hard to
maintain a strong currency and limit inflation, mirroring the monetary policies that had

made the German Deutschmark a leading globaéoay. However,he global financial

* As a comparison, the mandate of the Federal Reserve of the United States, as set out in the Federal
Reserve Act, are maximum employment, stable prices, and moderate long term interest rates
(source:federalreserve.gov)



crisis would hit in late 2008haking the foundations ofdlglobal financial foundation.

Figure 1 belowshows the @ro/USD exchange rate from 20@012.

Figure 1: Euro vs. USD Exchange Rate200%2012

$1.60
$1.50
$1.40
$1.30
$1.20
$1.10
$1.00
$0.90
$0.80

USD/Euro Exchange Rate, 262012

(source: Bloomberg Finance L.P.)

— Exchange Rat¢

W

NSRS S I SR S I ¢
\/\0 \/\0 \/\0 \,\Q \/\Q \/\0 \,\0 S
AT AT AT AT AT A A

OV \”\ Q\ K

Though the euro would survive the crisis and remain a powerful currency, the fiscal

policies of a small Mediterranean nation would soon threaten the very existence of the

Eurozone

Chapter 2: The Greece Problem

On April 272010,the Standard and Poors (S&P) credit rating agency downgraded 10

yearand twoyear Greelbondsfrom BBB-t 0o
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Gr eec e 0s d ehdtcausoned that investorsnvere likely to only receive@d

of their original investment should the country default or undergo a debt restructuring.

The news sentwckwaves acresEurope and the world. Greek ty@arnoteyields

soaredo 13%, andfive year noteyields ro® t010.6%, worse than countries like Ecuador

(10.5%) and Ukraine (7.196).10 year yields increased to over 9%he spreadreek

bondsbetweerGe r man bonds, oftdmeedndind/ers¢g dnetntt e off r ik
grew to 6.%6, the higlest it had been in ovéive years® Indexes across Europe fell with

thenews. TheUKs FTSE 100 adr Gppedn® 66 %DAX index sl

during the tradinglay.

Just four days earlier, ofpril 23, the EUand the IMF, an international monetary reserve

with funds pooled from 187 member countresgr eed t o a 045 billion &
Greek government in an attempt sdullstantichse t he t
debt burden. When tleebtmarkets failed to react became clear that the small nation

would require much more money to avoid defaldight days later, on May 1, the EU

andil MF agreed to increase t hm,cinngehtapothe t o 0110
enactment o$everal harsh austerity measures for the coumfigh his hands tied, Greek

Finance Minister George Papandreou passed the measures, which included public sector

wage cuts, tax increases, and a fgeatr increase in ghpension retirement age. The bill

was submitted to Parliament on May 4.

Needless to say, the Greek public was not pleased with the @eviday 5 as

televisions and newspapers brought details of the proposedeng®f thousands of

" SourceBBC News
8 Source: Bloomberg Finance L.P.



Greekprotestersct o k t o t he streets of At henldée t he

rioters combded police officers and hurlegkplosives. A city bank erupted in flames
after a petrol bomb v&thrown inside, killing three workeesd injuring many more.
The rioters stormed to Syntagnquare, the location of tRarliamentbuilding, calling
t he count r y 0 sand demadding they ¢otndrduetieesrsd f the day,

three citizens lay dead, with dozens more injured. 107 arrests were made in total.

It was nowqguite apparent that the consequences of this debt crisis extended well beyond
the borders of the small nation in southwest Europe. But how couliititheountry of
Greece, the 32nidrgest economy in the world mpminalGDP, threaten to tearaivn

an entire continentdés financial system?

The Causes of the Greek Debt Crisis

The Greek debt crisis is the réisof years of deficit spendinfyieled by cheap debt.
However, the economy was not always in poor shapéact, after joining theEurozone

in 2001Greece was one of the fastest growing economies in theBetwveen 2001 and

2007, Greecebs economy grew atEurezoneaver age

average was just 1.94 per yeaJr0

In order to fuel its growth, Greece decided to enact maggiblic spending. This

included funding pensions, social benefits, fadkral salaries and benefits. The public

sector became the largest component of the Greek economy, with its output totaling 40%

® Source: World Bank
19 See Appendix C for Eurozone GDP growth rates

of



of t he c o'@reeceywdsisohGsbte the @04 Summer Olympics in Athens,

which required further public sector expenditures. In a country whose two largest
industries are shipping and tourism, governmental tax revenues were not able to fund this
high level of public speding. Compounding this ptdem was a lack a tax revenues.

Greece rankamong the worst countries in the world for tax evasion, with an estimated

015 bil |l i oimuncdleted onevaded saakss.y

With revenues not sufficient to fuel thespending, the country turned to tthebt
markets. Greedeenefittedfrom relatively low interest ratesver this perioga result of
investor confidence in the EurozonBetween 1999 ang009, the averagspread
between Greek and German 10 year bonds was just 50 basis Ja@bts.2 bedw shows

the yield spread between Greek and German 10 year bonds.

Figure 2: GreeceGermany Spread, 10 Year Bonds

GreeceGermany 10 Year Yield Sprea
(Source: Bloomberg Finance L.P.)
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With the ability to raise capital at a fairly cheap price, the Greek government fueled its

expanding economy and large public sector expenditures with heavy daisds.of

Between2001 and 2007, the Greek government ran an annual budget deficit %f &.69

GDP?!® This was still over the EU required level of 3% of GDP, but it was far from

critical levels. However, in 200@he deficit jumped t®.8% of GDP, andricreased to

15.8% of GDP in20090ver this time, gross government d

bil i on to al most 30 billion, a 100% increas

Figure 3: Greek Budget Deficit

Greek Budget Deficit as % of GDI

(source: Eurostat)

18
Q- 16
a
S 12 7 \
e 15(3) / Budget Deficit
© udget Defici
é 6 /\ /
o / N —
S 4 |
>
@ 2
0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

13 See Appendix B for budget deficit figures.
14 See Appendix D for gross government debt figures.
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Figure 4: Greek Gross Debt, Millions of Euros

Greek Gross Debt, Millions of Euros

(Source: Eurostat)
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While Greece continued to pile on debt and run large deficits, the EU took no action.
This wasnodt because wafs ibnedcia ufseer etnhcee , E Lh odwni edvnedr

truth behind Greeceds situation.

In early 2010, rumors surfaced that Greece hadalmxt its economic standing in order

to maintain its standingito the Eurozone. According to the criteria laid out in the
Maastricht Treaty, each member of the Eurozone is required to maintain a budget deficit
less than 3% GDP and government debt less 60% GDP. Under intense public

scrutiny, Papandreou released revisedistics for 2009, revealing that Greece had run a
budget deficit of 12.7% of GDP, more than double the originalhprted6%. Later

reports have the final total increased to 15@%DP, the worst in the Eurozone during

2000 The new figures al so s hoedbor3ededc ebGd | g mwme

11



in debt, roughly 12% of GDP. Both of these figures were not just among the highest in

the Eurozone, but alstmong the worsh the world.

Figure 5: Greek Debt as % of GDP

Greek Debt as % of GDF

(source: Bloomberg Finance L.P.)
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In February 2010 it was revealed that American investment banks Goldman Sachs and JP
Morgan,among several othéxmerican and international banks, received hundreds of

millions ofdollars in payments to help Greece hide its debt from the EU.

By the middleo2 0 1 0 , it had become clear that everyo

Greece was buried under a debt burden it cou

Preventing Contagion: theEuropean Financial Stability Facility

In late April 2010, the leaders of the ECB and the EU were becoming increasingly aware

of Greeceds mounting debt probl ems. At t hat

12



outstandinglebt, and a defautir even bankruptcwas starting to look like a realistic

possibility, especially aftethe S&P downgade of Greek bonds junk status.

The concern was not just about the wding ofGreecehowever Ho | di ng Gr eece s
toxic debt vereprimari y Eur opean b dilido & outsta@ing deth,e G300
Greekbanksh e | d 46 bilioy. 58%0 f t he r e masiheidibyfmandia? 4 0

institutions within the Eurozone, including 24.9% by Frebhahks and 14.3% by

German bank$®

A Greek defaultpr even worse bankruptcyould be devastating for the economies of

the EU. With so much exposure to Greek debt, Eurozone banks would be forced to write
off massive losses. As we have seen with the global crisis of 2008, banks often tighten
their credit policies during rough periodsyithg up lending and grinding economic

activity to a halt. In a year of fragile economic recovery, the last thing the EU could
afford was for its banks to take another major hit. GDP growth dEtinezone was

1.9% for 2010after a-4.3% growth in 2009°

Knowing this, theEU had very little tine to assemble a rescue package. On May 1, the

EU and | MF had increased their bailout to th
0$110 billion with hopes of cal mi n¥hilet he mar ke
this prevented an immediate default, it did little to ease the worries of the markets. When

yields continued to soar and stocks around the world plummnieteztiame clear that

somethingmuch more drastic was needed.

!5 Source: The Economist
16 See Appendix C for real GDP growth rate figures.
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On Friday May 7, leaders from acrdssrope gathered in Brussels for an emergency

meeting. A rescue package had to be assembled, and it had to be done that weeken

before the markets opened on Monday. Over the course of the weileendmmittee,

led by ECB president Jean Clad@iachet, regotiatedbehind closed doottse terms of

the package. With mere minutes to spare on Suyniday=uropean Financial Stability

Facility (EFSF) was created to shore up confidence in the EuroZdweepackage

included a t oihadilabledindg 50Dobitduomnries in dist
billion, U440 was guaranteed from the 27 men

bythe EUitselt’ The remaining 0250 billion was guar a

The goal of the EFSF was to restore investor demice in the EurozoneAlthough

Greece was certainly the center of attention at this time, the funds could be accessed by

any country who appliedlt was essentially a massive safety; metvay for funds tde

transferred immediatelfpr any future emergencies. While some stood firmly behind the
Maastricht-bd@rlkattydschiaos e, thatdwuteddfarlzsder s r eco

simply had to be avoided

Although the markets weigitially calmed by the news of the creation of tHeSE,the
effect would not last. Yieldsn Greek 10 yedrondsfell to 7.6%(down fromover 12%)
in the week following the announcement of the EH3Fthe trend wouldoon be

reversed. In the following months, thece of Greek debt fell lower and loweavith 10

" Source: European Voice
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year bondseaching a yield of 12.01% in December, @H3ispoints abovehat 0f10

yearGerman bond¥’®

In a combined EU/IMF audit in June, a second series of austerity measures were

recommended for the country. In order for Greecetoretetvee next 012 billio
bailout package, which it needed to avoid default, the government would have to adjust

its budget t o iloninhpublic gpendiny overdivgears.2 Thesd

austerity measures were also received poorly by thegalslitrade unions across the

country organized a 4Bour labor strike to protest the proposed bill. Despite the

resistance, the measures passed in Parliament two days later.

Greek Write Off

Over the next 12 mont hsnprovemert d@yead Greek lmodn o my s a
yields continued to soar, reaching 16% in July 2011. GDP contraction accelesittied,
the economyghrinking 5.5% in 2011 compared to 3.5% in 2010. There clearly was no

easy w& out of this crisis for Greece or the ECB.

18 Source: Bloomberg Finance L.P.
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Figure 6: Greek GDP Growth Rate

(source: Bloomberg Finance L.P.)
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increased to 53.5%, up from 50% that was agreed to inQulye again, the bailout was

contingent upno several budget cuts and other measures.

Today, many analysts question whether or not the Greek economy will be able to stay
afloat. Although the country has received billions in bailouts to avoid default and
bankruptcy, these funds are merely bandages, treating the symptoms of the crisis but no
addressing the root causes. Even with the strict budget cuts, the Greek economy remains
sluggish, and many analysts agree that only an economic upturn can preventifGreece

continuing default, or worse, removal from the euro in the fufflire

Debt Defaut vs. Debt Restructuring

The February 2012 agreement between private investors and the Greek government was
an example of debt restructuring. Debt restructuring occurs when creditors agree that
their money is not likely to be repaid, and are willing tekenconcessions to allow the

debtor a more practical arrangement for paying back their investmigmiscould

include increasing the maturity, lowering the coupon rate, or simply decreasing the
principalof securitiedy a certain percentagéhis is incontrast to a default, in which

case the debtor simply refuses (or is unable) to pay back the investment. There is no
negotiation in a default, and creditors have no say in how much of their investment they

will receive.

In this case, a debt restructugiwas the more beneficial option for all parties. For
investors, the impending restructuring was no surprise, and the ability to negotiate the

terms of the default is prefred to letting Greece decitew much to repay. For the EU,

20 5ource: Time.com
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the restructuring aids widespread contagion. Byorilyor ci ng pri vate inves
a haircut , o0bigldsses by dtherasevereigh @adions, which could have
initiated a domino effect. For Greece, a total default would have almost certainly resulted

in an exitfrom the eurd*

By negotiating a restructuring of debt, investors are taking big losses. However, these
negotiations avoid the worst case scenario, where huge losses spread across Europe and

the world, potentially triggering a much more serious and wréescrisis.

Current State of the Greek Economy

With the risk of understatement, it is safe to say that the Greek econonsersous

distress Greece again posted negative GDP growth in 2011, this time an estimated
6.05% decline.The budget deficit 2011 remained at 10.60% of GDP, the same level as
2010. Unemployment figures are not yet available for 2011, but most analysts agree the

figure has increased from the 12.55% unemployrpestedn 20107

In the face of extremely uncertain conditions, bb@d market has continued thearish
trend on Greek debt. The yield curve on 10 year Greek debt climbed throughout 2011,

finally reaching above 30% in Novembd&Zompounding this problem is the structure of

Greek debt . Of theg W3xDH4 ,bidlll4i8ormiild i @it sntad nud
year s. I n addition, 053 billion of loan rep
EU/ I MF bailout. I n total, Greece owes its c

2 Source: George Irvin, CNN.com
2 Estimates are taken from the Economic Forecasting Function of Bloomberg Finance L.P. They represent
an average value of estimates given from Bl oomber gos
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roughly 63% of its current &> With yields curently in the neighborhood of 36, it
is becoming incredibly expensive for Greece to raise funds on the debt markets, which
will continue to make paying off its debt very difficult to manage. Below is a graph of

the Geek yield curveon 10 yeabondsfor the past 24 mohs.

Figure 7: Greek 10 Year Yield Curve

Greek Yield Curve, 10 Year Bond

(source: Bloomberg Finance L.P.)
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But the European debt crisis would be much less serious if the story ended there. Indeed,
Greeceés not an isolated problem. As it turns out, several economies across Bweope
suffering from their own distinct, yet very sau® problemsand each threaten the

continuity of the Eurozone.

% Source: Debt Distribution Function, Bloomberg Finance L.P.
24 At the time this paper was completed, yields had dropped below 20% on news that Greece would be
receiving additional funds from the EFSF.
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Chapter 3: Ireland and Portugal

The End of the Celtic Tiger

In 2007, Ireland was on top of the world. After decades as one of the poorest economies

in Europe, the hardworking Irish finally had their day in the sun. Ireland joined the EU

at the time callethe EEC, in 1979 Following thesigning of theMaastricht Teay and

the creationoftheEuth e | ri sh economy exploded, giving
period which saw average annual GDP growth of 7% between 1996 and 2007, including

growth of 11.2% and 10.9% in 1996 and 1997, respectively.

The Celtic Tige was fueled by several factors: First, Irish banks were able to raise funds
cheaply, benefitting from low ECB interest rates. With this, lending increased, and
consumer spending rose dramatically. At the same tneland saw an iitux of
internationdbusiness activitya result of both time zone and language similarities to the
UK as well as extremely low corporate tax rates, averaging between 10 and 12.5%. The
increased economic activisaw the creation of a housing bubble, as consumers and
business snatched up cheap properties inntiet 1990sand saw them nearly triple in

value over the next decade. Between 1995 and 2007, Irish property values increased

192%, second highest in the world over that period behind only South Africa

Much like in tre United States, the gverty bubble would burst in 200Bringing the
Celtic Tiger years to a violent end and ushering in a devastating recegd#imm the

bubble burstlrish banks were forced to write off huge lossese st i mat ed ar ound

% See Appendix C for GDP growth rates.
% Source: The Economist
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billion.?” In September 2008he Irish government passed a bill that would allow the
government to guarantee to debts and deposits of six of its largest banks, Allied Irish
Bank, Bank of Ireland, Anglo Irish Bank, Irish Life and Permanent, Irish Nationwide
Building Society, and the Educational Building Society. The guarantee was for an
unlimited amount of funds,nal would continue for two years, though it would later be

extended for a third year.

In late 2009the Irish government revealed its plans to create theiNdtAsset
Management Agency (bddbMA)k,0 ¢ shsae ntwioaullldy serive |
bad | oans of Irish banks in an effort to fre

fromthebanks val ued ,dorjusti’s74 fII11iicom .

During thissame period, the Irish economy was experiencing the wrath of the global
financial crisis. In 09, GDP shrunk 7%nd unemployment nearly doubtl, rising from

6.1% to 11.8%.

27 source: Irish Times
28 5ource: The Irish Times

21



Figure 8: Irish GDP Growth

Irish GDP Growth, Quarter over Quarter
(source: Bloomberg Finance L.P.)
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Governmenexpendituresvere skyrocketingrom NAMA and the bank guaranteesile

the economy came screeching to a halt, limiting tax revenues. The result was a massive
increase in the budgdeficit. From 20002007, the Irish government averaged a 1.5%
budget surplus annuallyn P008,immediately following the collapse of the real estate
bubble the government rantaudget deficit of 7.3% of GDP. In 2009 the deficit jumped

to 14.2% GDP, second highest in the Eurozone only to Greece. By@dinment

support for Irish banks was 3266 GDP, andhe government was running a budget

deficit of 31.3% GDP?®

2 See Appendix B for budget deficit figures
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Figure 9: Irish Budget Deficit

Irish Budget Surplus/Deficit, % of GDF

(source: Bloomberg Finance L.P.)
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With the staggering increases in government deficits came a surge in publi¢rdebt.
2007,Irish public debt levels were 24.8% of GDP. By 2010, government debt had
increased t®2.5% of GDP. Inthe span of just 3 yeapgssgovernment debt had

grownf r om 047 bil |l i B06%irncreasal 144 billion, a

Figure 10: Irish Debt as % of GDP

Irish Debt as % of GDF
(Source: Eurostat)
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Irish Junk

Naturally, the debt markets were not happy w
debt had stayed relatively low through most of 2010, despite negative economic

conditions. However, the yieloh 10 year bondgsimpedover 8% in Octobeand

continued increasing % in November® Suddenly the deficit looked unstable, and the

EU began to worry if the Irfflsgovernment might soon go bust.

In November 2010 the EU/IMF agreed to its second badbanh EU member state, this

tmean U85 Dbillion agreement. This was the fi
t22.5 billion of 't he 0bRa2i.l50 uti | da minn gwofurladm ctohre
|l MF, 017.5 from | rish eofeoomteBUnandfitsmeciser and t he
states in the form of a loan. According the Jean Claude Junker, chairman of the
Eurogroup, 010 billion of the bailout woul d

for fAbanking conti ngencngtbesbyudget.tand G50 billion

Following the bailout, the yield on Irish 10 ydayndsreduced to roughly 8%, but the

effect would not last.Yields continued to increase throughout early 2011, reaching an

al-tmehi gh of 13.8% foll owi ng hdébteinte 2DR9, thisi ft h d o
time to Bal, of° Altcough S&Pyevér fowmgkaded Isish bonds ® .

junk status, it did downgrade the bonds five times since 2009 to a rating of BBB+.

Yields would only stay above 10% until early August, and Isvee dropped below 8%

amid improving investor confidence in the co

30 Source: Bloomberg Finance L.P.
31 Source: Bloomberg Finance L.P.
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Figurell: Irish Yield Curve 10 Year Bonds

Irish Yield Curve, 10 Year Bond

(Source: Bloomberg Finance L.P.)
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Portugal: The Third Victim

On May 16 2011, Portugal officially became thed victim of the European sovereign
debt crisis when the EU and | MF agreed to a
country out of default. In the course of one year, three countries had now received

bailout funds from the Eurozone. The crisis wpeeading like a wildfire.

Portugal s declining economic situation is d
victims, however. Whereas the decline of Greece and Ireland can be attribspedific

instancesoé conomi ¢ mMi smanagement |, Portugal 6s situ
Greecebs case, the debt <crisis was spawned ©b
ensuing scandal to cover it up. For Ireland, the crisis is the result of a shocking and

sudderend to 15 years of prosperity, compounded
bailout the banks that were hit worst by the crisis. In each case, the government simply
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spent much more than they could ever hope to pay, and when this was realized by the

marketsand the price of debt increased, a bailout was the only way to keep the

government from defaulting or going broké/ith Portugal, however, there is no one

event or person to point the finger at. Portugal simply became a victim of bond

speculation, andstweak economy was soon unable to sustain the rising prices of debt.

Portugal 0s

the countrydos GDP growt h

e ¢ 0 n 0 mthe bettesparboétieerpadechda. gSagce 2001, f o r

Bueozoneavarglyear.p er f or me d

Por t ug adrowth haSdnly exceedé@ds in one of these years, and has shrunk or

remained stagnant in 5 of the 11 years.

Figure 12: Portuguese GDP Growth

(source: Eurostgt

Portuguese GDP Growth, Year over Ye:
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In terms of GDP per capita, Portugal ranks among the worst in thedberzDespite

this, the country managed to keep its debt and budget deficits relatively under control.

32 Source: World Bank
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From20012 008, Por t ug a ldéfictwas 8.8% od GDF, stllwdrse ¢han
the Eurozone average of 2.1% of GDP but far from critical levels.idRugdbt was also

kept manageable, staying below 70% of GDP until 2008

Figurel3: Portuguese Debt as % of GDP

Portuguese Debt as % of GDI

(Source: Eurostat)
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As with most countries, Portugal was hit hard by the dlébancial crisis starting in late
2008. I n 2009, shreng2r9% urgesetonosy rebounaded im3Q10
albeit less thathe Eurozone average, growihgt% compared to the average of 2%s

a result of the economic loss&p r t u g alevw3% bebvbein 2098 and 2010, rising
to 93% of GDP* While these numbers are not strong, they are in stark contrast to

Greece and Ireland, whwere both clearlyn the midst of serious debt crises by 2010.

3 See Appendix B for budget deficit figures.
34 See Apendix A for Debt/GDP figures.
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Despite this fact, Portugal soon fell victim to thend marketsFrom 20012009, the
average Yyield of a 10 year Pagtiese notevas 4.3%, compared with an average yadld
4.03% on German 10 year npgemere 27 point spreadHowever, when the markets
reacted to the crises in Greece and Ireland, tiier affected Portugal. Yields rose
above 5% in May 2010, and by Septem&teodabove 6%. Over the course of the next
sevenmonthsyields rose above 9%The spread between Portuguese and German bonds

was now 5.859%°

The cause for this market reactismot entirely clear, although there has been much

speculation. Robert Fishman of the New York Times wrote in an April 2011 column,

fié In Greece and Ireland the verdict of the markets reflected deep and easily

i denti fiabl e e c o n ocnsiscsthproughly Hifferarst;ther€ or t ugal 6
was not a genui nteacecumudated dely is well betow theslaved é

of nations like Italy that have not been subject to such devastating assessments. Its

budget deficit is lower than that of several otBaropean countries and has been

falling quickly as a result of government

The markets had indeed been shaken by the debt crisis in Europe, and fear of contagion
was high. With an underperforming economy and rising levels of debt, confidence in

Portugasank, and yields shot skyward, followittwe rising levels o6Greece and Ireland.

By May 2011 yields hovered around 1Q%ndit became clear the Portugal could not
sustain its high borrowing costorried about a Portuguese defathe EU/IMFagreed

t o a 078 blFidhhanbelievedtlze ibdilautmias a result of the credit rating

% See Appendix F for long term interest rates.
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Figure 14: 24 Month Comparable Yield Curve

24 Month Comparable Yield Curve, 10 Year Bont

(source: Bloomberg Finance, L.P.)
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ability to pay its creditorsMoody 6 s downgraded Portuguese bon

causing jeldsto soar above 12%yYields fluctuated around 12% for the remadeér of
2011 until S&P downgraded Portuguese debt to junk status in January 2012. The
markets reacted strongly, pushing yields above 16% by the end of the rAdintiree
economic outl ook f

ratings agenciesurrentlyholda fAnegati veo
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Figure 15: Portuguese 10 Year Yield Curve

Portuguese Yield Curve, 10 Year Bonc

(source: Bloomberg Finance L.P.)
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The Portuguese bailoand rising cost of delig a frightening sign for the economy of the
Eurozone. The crisis had now claimed three victims, aisdé@oming evident that the
damagemay not yetbecompletely done. The markieésreacted harshly to countries
with high levels of debt, prompting four separate bailouts to avoidrgowvent defaults
With Greece, Ireland, and now Portugal all falling victim to this debt crgis will be

the next domino to fall?

Chapter 4: Who Else is at Risk?

When considering the European Sovereign Debt Crisis, analysts typically refer to the
problem area a8 P | |: Bd®ugal, Italy, Ireland, Greece, and Spakithough the
economies of these countriae vast different, each governmentdgnter stage in the
crisis, and each is a threat for future default on its debt. While Greece, Ireland, and
Portugal have all received bailouts from the EU/IMF, many believe that Italy and Spain
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could be next. Fothe purpose of this thesis, we will aisglude France and Belgiuras

potentialproblem countries, for reasons to be explained in the following paragraphs.

ltaly 3

In terms of net government debt, Italy is the most indebted country in the Eureatine

the country holdingl B4 trillionindebt.1 t al y6s debt <currently star
the second highest in the Eurozone behind only Grelacaddition,GDP growth for the

country has been small, growing just 0.4% in 2011, inclueb® growth in the fourth

guarter of 2011. These are compared to the Eurozone average GDP growth of 1.90% in

2011, including 0.7%rowth in the fourth quartentaly has bee successful in

maintaining stable deficit figures, however, as the government ran a deficit of 4.6% in

both 2010 and 2011Analysts expecthe deficit to decrease to 2.2% of GDP in 2012,

most likely due to harsh spending cuts enacted by the government.

Citing concerns over high levels of deB&P has downgraded Italidionds7 times

since 2008, including three separate downgrades in 2011. The debt currently stands at a

BBB+ rating,or medium investment grade Li kewi se, Moodyds has al
Italian debt 7 times since 2009, linding two downgrades in 2011 M q B&dP,yaiids

Fitch all currentihyh o | de qpaatiinve 6 economic outl ook for the

The downgrades and concerns over high levels of debt have caused yields on Italian debt
to soar. In late 2010, the average yield stood aroundVYigéds on10 year Italiarbonds

first started to increase in late 2010 amid fears of contagion. The g@itinued to hike

% Statistics in this section are taken from Bloomberg Finance, L.P.
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throughout 2011, rehing above 7% in November 2Q1However, markets have since

calmed, and theurrent yield on Italian 10 yeasondsis 4.926°.

Figure 16: Italian 10 Year Bond Yield Curve

(Source: Bloomberg L.P.)
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Spain®

Spain is aunique case among the problem countries of this crisis. For Spain,

overwhelming debt is not an exceptionalconcerhne countryods debt

of GDP, among the best in the

Eurozone.

far worse, havever. Spai has been in the midst of @amployment crisis since 2008,

when unemployment jumped to 11.38%, the worst in the Eurozone.

unemployment has increased to a staggering 21.65%, and Bloomberg projections have

the figure increasmto 23.75% by the end of 2012.

3" As of March 18'. Source: Bloomberg
38 Statistics in this section are taken from Bloomberg Finance, L.P.

Since then,
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Figure 17: Spanish Unemployment Rate
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As a result of this unemployment, GDP growth has been staghaning to .9% in

2008,and thergrowing at-3.7% in 2009. The economy has been slow to redower

the global crisisgrowing just 0.7% in 2011 compared to the EU average of 118%.

addition, forecasts have the economy growihgp in 2012 andst rising unemployment

Government spending has also beenadaiontrol since 2009. In 20GBe govenment

ran a deficit of 4.5% of GDP. The figure jumped to 11.20% of GDP 2009, the third worst

in the Eurozone behind Greece and Ireland. This figure drogligdatly to 9.30% in

2010 and remainesteadyin 2011, still among the worst in the Eurozone anty

slightly better thathat ofPortugal.
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Figure 18: Spanish Budget Surplus/Deficit, % of GDP

Spanish Budget Surplus/Deficit, % of GD
(Source: Eurostat)
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Although Spanish debt is only 61% GDP, some analysts are concerned about the
maturity of the debt The Spanish government owemajority of its obligations within
the next five years troublingfact given the high levels of unemployment and the

stagnant or negat GDP growth in recent years.

As a result, Spain has seendebt downgradedeveral timesn the past two years.
Moodyds downgraded Spanish debt t htoae
rating of A3, thdowestpossibleA rating. S&Phasdowngraded Spanigiebt four times
since 2010, including its latest downgrade in Jan@@f2. The current rating is A, or
upper medium gradeAll three credit agencies have issaéed inegat i veo

outlook for the country.
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As a result of the downgradagelds have increased over the past two yaacseasing
from around 4% in earl2010 to a high of over 6.5% in November 2011. Yields have

since decreased, and the current yield on Spanish 1Gyedsis 5.08/6°°,

Figure 19: Spanish Yield Curve, 10 Year Bonds

Spanish Yield Curve, 10 Year Bonc

(Source: Bloomberg Finance L.P.)
7%

JAWA!
~——\\

5% / -
S% /‘\// ——VYield
4% 7

4%

3%

«,\9 \\:\9 & Q:\,Q 4"\’0 (\:\,"’ ,\:\T' *:\,"’ & Q:\,"’ 4,'\,“’ NN
@'b @'b \0 (,)Qz éo o @fb @'b \0 (_)Q/ $O N

France*°

France is not included in the #API 1 GSoO
one of the biggest, most important economies in Europe, and although it has been
affected by the crisis, it is not nearly as large a threat to the Eurozone econtey as
APl I GSO countries. I included France

of its relatively large level of debt and potential spilloediectsin the debt markets.

39 As of March 12. Source: Bloomberg
“0 Statistics in this section are taken from Bloomberg Finance, L.P.
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France is the second most indebted country in the Eurozone byweehignent debt. Its
al. 3 tr il Iltraieanly ltaly. Theegbverdneebt tlebt currently stands at 85.5%
of GDP, and although this is half the levels of Greece and 40% lower than the levels of
Italy, it is still above the Eurozone average of 85.3%DP and is among the worst in

the EU.

Figure 20: French Debt as % of GDP

French Debt as % of GDF

(Source: Eurostat)
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The French economy remains relatively stable degpitegh levels of debt. The

count r y o6 sl1.5@Dir200ara grow an estimated 1.70% R011. The

budget deficit has been fairly high, around 7% of GDP for the past 3 years, although this
number is projected to decrease to 4.50% in 2012. Unemployment has also been high but

stable, maintaining a level around 9.5% in each of the past 3 years.

Despite its stable economic production, French debt has also been downgraded by S&P.
French bonds had been rated AAA B&P from 1992 until February 2011, when the

ratings agency decided ttowngradedhe debt tcAAAu. It was downgraded again in
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January2 012 t o AA+uU.

although all

Neit her

t hree

Moodyos nor

agencies have

The yields on 10 year Frenblondshave yet to see any real increases. Yields rose

slightly in the first quarter of 2011 following the S&P downgrade, but it was not a big

increase. Yields fetibo around 3% by the end of 2011, andrently stancground 2.8%

for 10 yearbonds

Figure 21: French Yield Curve, 10 Year Bonds

French Yield Curve, 10 Year Bonc
(Source: Bloomberg Finance L.P.)
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While France has yet to truly feel theathof the debt markets, its downgrade by S&P

and its consensus negative outlook show thattlaest is not completely clear. Much like

Spain, France has a majority of its debt due in the next five years, irgludin2 5 5

in interest payments due in 2002i t h

bi

F r a n cled debt,aimarket shoekwcauld

raise yields on French debt agpause serious issues for the couirtrthe near future

37

Fitch

i ssued a

~

n

n



Belgium®

Belgium, much like Portugal, could be a potentiaigdesral victim of the crisis.

Belgium is a small yet productive economy in northern Europe, and area that has thus far
been relatively unaffected to the crisis compared to the southern countries. With just

0326 billion in net government debt, Belgiunrdughly half as indebted as Spain and

has less than a quarter the debt of France. However, due to the size of the economy, debt

is currently 99.70% of GDP, the fifth highest figure in the Eurozone.

Economic growth was sluggish in 2011, growing just .90%,lower than the Eurozone
average of 1.90%. Government spending has been kept relatively low, increasing only

slightly to 4.10% of GDP in 2011.

Yields on Belgian 10 yedyondshave remained relatively low, averaging 4.15% over the
past 12 months. ¥lds reached a high in late November, soaring above 5.5%, but

quickly fell in the weeks followingand currently stand arou3ds%.

“1 Statistics in this section are taken from Bloomberg Finance, L.P.
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Figure 22: Belgian Yield Curve, 10 Year Bonds

Belgian Yield Curve, 10 Year Bonc

(source: Bloomberg Finance L.P.)
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Alt hough all three credit rating agencies ha

the country, the debt has o nDscenoer20dl) downgr ad
and has not been downgraded by S&P. Both agencies have the bonds at investment

grade

Much like France, Belgium remains far from the crisis levels of the PIIGS countries.
However, with high levels of debt maturing in the near future and slow economic growth,
a market shock could have serious implications. Should the cost of borrioaiegse
substantially for the small northern European country, a default would not be out of the

realm of possibility.
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Part Il: Implied Probability of Default

Chapter 1: The Economics of Sovereign Debt Markets

For traditional companies, there aeveral options for raising capital. A company can

take out a loan, issue bonds, or issue ownership in the company in the form of shares.
Each of these actions increases the right side of the balance sheet and is used to fuel
growth in assets or to meebligations. For governments, these options do not exist.

There is no equity for sovereign nations, and it would be impossible for a country to
receive a loan from a single source. dast, governments rely solely on government
securitiedo raiseoutsde capital. Thesgecurities are divided into threkfferent

categories based on maturity length. Securities that mature in one year or less are called
bills. Securities with a maturity between one and ten years fromsihne dsate are called

notes, ad thosewith a maturity longer than ten years are called bonds.

Thesebills, notes, and bondse issued by the government through an auction process.

The government announces the amount of capital they wish to raise, as well as the details

of the securit they are issuing; maturity date, coupon rate (for bonds), and purchase

limits. On the auction date, investors have two options for purchasing the securities:
competitive biddingor a noncompetitive bidding. Nowwompetitive bidders simply place

an orde for a given number of securities at the listed price. Competitive bidders,
however, place a bid for the securities and
government issues the securities through a reverse auction process, where the fgds for th
highest price (and therefore lowest yield) are given priority. Bids are fulbiifed

decreasing pricantil the amount of needed capital is reached, at which point the auction

40



ceases If the total amount of the bids exceeds the value of the secinatieg auctioned,
the auction is said to Wygposiive forehe gavdinsnent,i b e d .

as it shows high demand for the securjt@sshing prices upwards.

Government auctions are open to all investors, although there are mingguirements
for the amount of securities that must be purchased. Bids can be made by individual
investors, although in most cases the majority of the securities are purchased through
institutions. These institutions include private banks, insuranceamey funds, and

central banks.

Below is a chart showing the ownership of Greek bonds as of May 2011.

Figure 23: Ownership of Greek Debt

Ownership of Greek Debt

(source: Economist Online)

mECB

u IMF

m Bilateral Loans
B Greek Banks

m Greek norsbank Financial
Institutions

The ownership of Greek bonds is roughly split into thirds: Greek banks and financial
institutions hold roughly 29%; the public holds 35% through the ECB, IMF, and bailout

loans; and the market, including individual and international investors hold about 36%.
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Calculating Yield to Maturity

There are several differemteasures of bond yields. Th®st inclusive measure, and the
one | will be using exclusig in this paperisfiy i el d todNhena refer toithe y
yield of a security, it is the yield to maturity with which | am referrifithe formula for
calculating yield to maturity is aslfows:

"Ow

14

P W P W

C2
(@}

Where:

P=market price of security

n= number of periods until maturity

C= coupon paymer{toupon rate * par value)
FV= face value of securitypar value)
y=yield to maturity

Thus, the yields a product of thenarket price, par value, coupon rate, and maturity date
of the security.The yield is not actually a tangible part of a security. It is an implied
figure,a way of measuring theturnon that investment, and compléely driven by the

market price, copon, and maturity of the security.

If investors believe that Greece may default on its debt, then the bond will be viewed as
riskier, which will drive the market price down. Since the coupon payments and the face
value of the bonds are constant, the iexgblyield on that bond will increas@ hus, there

is an inverse relationship between bond prices and yields.
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Expensive Debt vs. Cheap Debt

Since the beginning of the debt crisis in Europe, falling prices of government securities
has been an observable pbenenon. As investors lose confidence in certain Eurozone
countries, they will demand a higher return on their risky itnaest. For example, a

Greek government bondaturingin April 2016 with a 4.59% coupon was quoted at

94.555 on September 1, 200Bhis means that a $100,000 par value bond would sell on
the market for $94,555. The yield at that price was 5.62%. Currently, that same bond is

quoted at 27.625, with a yield of 51.34%6

Like companiesgovernments do not raise any capital in the seecgndarkets. Thus the

current markeprice of a securityn the secondary marketii®t a direct concern for the
government.ltis,showever, a gauge o nriskindsgofthedr ket 6s vi e
security If 10 year Greekondsare selling at a yield aumd 18%, then it is safe to

assume that any new securities that the Greek government issues will also be sold at a

fairly high yield, or a lower price.

It is here that debt becomes expensive for governm&aigposehe Greek government

pl ans 100 miltioa theuwgh tlle auction of 10 yed&% couporbondswith a

0§10, 000 par value. Let 6 s @ seswepsnd thelpice mar k et
for noncompetitivebidsi s | i st e ldtheantire @auetiorbi®s0ld through ron

competitive bidsthe government will need to issue 10,527 bdodsise the necessary

U100 million

42 Data as of March 15, 2012
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Now | etds assume that the mar ket views Greek
competitive priceisét ed at 05, 500. For the Greek gove
million, it will now need to issue 18,182 bonds. This means that the government will be

paying interest on 7,655 more bonds, making new debt extremely expensive.

Chapter 6: Implied Probabili ty of Default Analysis

Literature Review

Although not widely studied, the implied probability of default is not a new concept. In
fact, Saini and Bates (1978) report that following the first oil shock in-1973, the

topic receivedncreasingattentionfrom scholars, bardes and investors alikeSeveral
models were designed and testing to figure out just how likely investments were to be
repaid. Many early models focused on discriminate arglygiere economic indicators

weretested to determine thigielevance to default probability.

This paper, however, focuses on a more quantifiable measurement of default probability.

In terms of defining a default probability, there is a large span of models with a range of
complexities to determine an exact pabbity of default for a sovereign nati@t a given

time. As Karmann and Maltriz (2010) point out, there are typically two main ways

default probability is assessed. The nmmhmonof these methods is country ratings.

While banks and journals often gisi ratings, the most widely used are those of credit
rating agencies |i ke Standard and Poorb6s or
countries based on how likely they are to default, with lower ratings meaning riskier

investmentsln his 2004 stdy, Sy ran a regression of lagged ratings ckargydebt
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crisis indicators, and found a significant dependency between ratings changes and debt

crises®

However, this is not the only way to deter mi
Investors ca monitor market trends to derive default probabilities from bond prices. The

market is a natural indicator of default risk; prices of bonds are a direct result of
investorso beliefs about their default risk.
looking at prices does not give us a clear default probability; it simply reflects the

markets view of the security. To generate a definable default probability, a model needs

to be created.

Karmann and Maltriz foceslon the comparison between ratingsl anarket based
models to determine a default probability. They créatsimplereduced forr{ market
model to predict one year defatdites based on market pricasd thercompared the
results of the simple market model to a ratings mdtdlheir findings show that the
market model, even in simplified form, significantly outperformed the ratings model in

predicting defaults of emerging countries.

More complex market models have also been developed. Xu and Nencioni (2000)
describe a model used by JP igan to calculate Implied Default Probability using
market prices.Their model, though based on a simple reduced form model, describes

default probability as a function of the Poisson Distribution. Berd, Marshal, and Wang

“Sy6s report uses a 3 month |lag between ratings chan
Reinhardt (2002) used longer lag times and found weaker significance between ratings and indicators.

“The tesuced foffrinvolves making assumptions reduce the model to a more basic form. See

next section for explanation.

“> The ratings model was created using historical default rates by rating category. For example, 41% of

bonds rated CCC or below by S&P defaulted between 1975 and 2006, sosthisadaas the probability of

default for countries in that category.
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(2003) of Lehman Brothers creaenodel using a decay factor and a time based hazard

rate to calculate default probabilities.
Default Probability Model

Given the findings of Karmann and Maltriz, | decided to create a siregdieced form

model to predict default probabilitie$iowever,in their design, the model testing only

one year probability of default rates. My intention is to analyze the prices of securities
with maturities ranging between one and five years to determine to probability of default

in that given period.

The basidorm of a reduced form model, as outlined by Karmann and Maltriz, is as

such:

Using a simple zero coupon boraahd under the assumption of risk neutrafitshe
current market price of a bondy Pis the expected payment & time t discounted using

therisk free rate

Equation 1 ”_D |F<Z [} ‘ <

Theexpected payment vall& can be defined as sum of two possible scenarios: default
or nondefault In anondefaultscenario, the bond will pay the promisadcontractual
paymentsBr. This is weighted by the probability of survival, or 1 minus the probability
of default (PoD). In default, the bond will pay some percentage of the promised

payments, known as the recovery rate (R&#Righted by the probability of defaultf the

“® Risk neutrality, in this case, is not an exceptional assumption. The creation of credit default swaps
makes default riskirtually completelydiversifiable (Karmann 2010).
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recovery rate is 50%, a bond will pay investors 50% of the promised payments in a
default scenarioBy inserting this new definition of the expected payments, we can

combine the two scenarios aaickate the following:

e w442 0ly ‘m B

However,the market price of this same bond could also be defined as the promised or

Fo g2 |4

Equation 2 ”_D

contractual payments of the bgrgl, discounted using the risk adjusted interest rate, or

the yield of the bond.

. Z « 4
Equation 3 ”_D || JI| |

By inserting eqation 2 into equation 3 and assuming all contractual payments to be 1, we

can simplify the formuland solve for the probability of default as shown below:

[ i.zd
||. F -T

Equation 4

Thus we are left witbthe probability of default as a function of only the yield of the bond
in question, the risk free ratand the recovery rate. This is, however, one equation with
two unknown variables. Recovery rate is not an observable variable until after a default

is realized, so the model requires us to estimate its value.

This estimation isi0 simple task. Some salars, like PoignarEng (1992) set the

recovey rate equal to zero. ThiBoweverjs anunrealisticassumptionas in almost
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every case a default does not mean 100% losses for inv&staghrbass (2000) used the
Moodyos hi st or i cratéof40%mnmhesonodaltTeis, tbogis overy
problematic, as recovery rates for sovereign nations and corporations are likely to be
quite different. Vrugt (2010) uses a recovery rate betweene@%when applying the
model to Greek bonds in 2010. For ourgmses, this range of recovery ragems

acceptable.
Assumptions

As mentioned before, this model operates under the assumption of risk neutrality. For
this reason, we are able to discount the expected value of the bond at the risk free rate.
The model ado assumes that the probability of default is a constant value over the period
tested”® Lastly, it is assumed that the recovery rate, like probability of defauiinés t
independent and is treated as a constéhe recovery rate is assumed to be 47%,
consistent with the 53% write off that was negotiated in the February 2012 debt
restructuring for Greecer-or the purposes of this model, the yield on German sovereign
bonds was used as the risk free rate. Whiis a subjective substitution, German bonds

are widely considered ttgold standard of stability in the Eurozdiie

" Karmann ad Maltriz outline a table of recovery rates for defaulting countries between 1998 and 2005,
with the lowest being Argentina in 2001 at a recovery rate of 30%. No other country was below 50%.
8 Andritzky (2004) reduced form models using both a time depermiebability of default and a simple
fixed probability of default to two defaulting countries, Argentina and Russia. His results show that the
complex, time dependent hazard rate did not outperform the fixed rate.

9 Source: CNN Money
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Methodology

The goal of this analysis is to determine market based probabilities of default over
different periods of time. To diis, the model was applied to bonds with 1, 2, 3, 4, and
5 year maturities. The predicted probability for a given default period is the probability
of default for that country over that same period of time. For example, if the model
predicts a 30% prolmlity of default for a country using three year bonds, the market

believes there is a 30% chance that country defaults at some point in the next three years.

In doing this, it is possible to be both forward and backward looking when analyzing
default prolabilities. Using current bond yields, it is possible to look at the present
probabilities of default for the countries in questions. However, these numbers are less
meaningful without context. For this reason, | also applied the model to average weekly
yields for each country, starting on Januaty2010 and running until week ending

March 23°. In cases where data was not available, the bonds were omitted from
analysis®® However, since there are currently no bonds offered for Greece between one
andfive years to maturity, | substituted six month bills and 10 year bonds for short term

and long term default probabilities, respectively.

*0 This happened oseveral instances, where various countries did not offer bonds of a given maturity.

49



Data and Analysis

The results of the analysis can be found below:

Table 1: Current Probabi lities of Default Excluding Greece Recovery Rate=47%

Yearsto S&P  Current | Current

Country | Maturity Rating YTM PoD
Germany 1 AAA  0.1410%

Italy 1 BBB+ 1.4616%| 2.4753%
Spain 1 A 1.6693%| 2.8617%
France 1 AA+  0.2668%| 0.2372%
Belgium 1 AA 0.5880%| 0.8415%
Portugal 1 BB 4.0324%| 7.2012%
Ireland 1 BBB+ 4.6365%| 8.2942%
Germany 2 AAA  0.2628%

Italy 2 BBB+ 2.4707%| 8.1504%
Spain 2 A 2.4535%| 8.0883%
France 2 AA+ 0.4610%| 0.7464%
Belgium 2 AA 1.3119%| 3.9176%
Portugal 2 BB 10.5593% 35.1151%
Ireland 2 BBB+ 4.7298%| 16.1256%
Germany 3 AAA  0.4230%

Italy 3 BBB+ 3.0284%| 14.1859%
Spain 3 A 3.2061%| 15.1137%
France 3 AA+  0.7872%| 2.0503%
Belgium 3 AA 1.6373%| 6.7497%
Portugal 3 BB 15.2138% 67.6146%
Ireland 3 BBB+ 5.0460%| 24.4344%
Germany 4 AAA  0.6558%

Italy 4 BBB+ 3.5439%| 20.5851%
Spain 4 A 3.5146%| 20.3879%
France 4 AA+  1.1373%| 3.5992%
Belgium 4 AA 1.9765%| 9.7088%
Portugal 4 BB 14.5768% 80.5628%
Ireland 4 BBB+ 12.8179%| 72.6821%
Germany 5 AAA  0.9531%

Italy 5 BBB+ 4.0944%| 27.4248%
Spain 5 A 4.0095%| 26.7388%
France 5 AA+  1.7551%| 7.4163%
Belgium 5 AA 2.3540%| 12.7638%
Portugal 5 BB 15.1119%| 95.7249%
Ireland 5 BBB+ 5.1066%| 35.3828%
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Table 2: Six Month and 10 Year Probabilities of Default for Greece, Recovery Rate=47%

Years to S&P Current Current
Country Maturity Rating YTM PoD

Germany| 6 months AAA 0.0707%
Greece 6 months SD 5.6980% 5.2348%
Germany 10 AAA 1.7940%
Greece 10 SD 20.2491% 158.8783%

As expected, long term probabilities of default are higher than short term probabilities.
Logically, this makes sense, as a country is more likely to default over a five year period

than it is ovelustthe next year.

The model shows that over a one year period, Ireland is the most likely to default, with a
probability calculated to be 8.29%. Howevailterone year period Portugal becomes the
most likely to defaultyith a 35% probability of default over two yearsnping up to a
95.7% probability of default over five years. Of the countries tested, the market has the
most faith in France, which is also consistent wihiatings from S&Pwhich are the

highest of the sample

Il n Greecebds c as e52% prbbabilitynaf deallt oyerthe daxtsik s  a

months; however this number jumps to well over 100% over a 10 year period.

As a comparison, | also ran the model on histd yields, starting in 2010. Black lines
indicate major crisis events, while rides indicate downgrades on long term debt by

Standard and Podrs The results can be found below:

I'ncludes downgrades in outlook, such as change
Finance L.P.
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Figure 24: Italy Probability of Default
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Figure 25: Spain Probability of Default
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Figure 26: France Probability of Default
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Figure 27: Belgium Probability of Default
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It can be seen that the probability of default curves for Italy, Spain, France, and Belgium

all have similar shapes, albeit with different magnitudes. Each of these cotetaias
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relatively low probability of default through May 20230here a sharp arease can be

noted in the days | eading up to the first
around 7% to close to 20% for five year bonds, is larger most likely due to its downgrade
by S&P leading up to the bailout. From here, the level rentainsistent for the most

part until the Portugal bailout in early May, 2011.

Starting around the middle of May, 2011, the probabilities of default for these four
countries begins a startling climb. Both Spain and Italy would be downgraded by S&P in
Septerber, and all four countrieseredowngraded in November. Finally, the

probability of default reached its peak for all of these countries in the week ending
November 25. For Italy, this was above 50% for 5 year bonds, and for Spain it was over
40%. Begjium reached a peak near 35% for five year bonds, while the market had more

confidence in France, whose level reached just 14% at its peak.

Since the end of November, the market has calmed a bit, and default probabilities have
lowered from their peak lev&l However, they are consistently higher than early 2010,

showing there is still concern in the market about these countries.

It is no surprise that the shapes of these default probability curves are similar for these
countries. While none of them expanced actual default in this time, the market was
clearly worried aboutheir ability to pay. Concerns about crisis contagion drove the
yields up on these bonds, and with rising yields cantieeasingprobabilities of default.

Whether or not these defésiwill be recognized is yet to be seen.
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Figure 28: Portugal Probability of Default
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Figure 29: Ireland Probability of Default
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Figure 30: Greece Probability of Default
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Clearly, the model is lesonsistent with Portugal, Ireland, and Greece. Portugal saw
(comparatively) low probabilities of default through the middle of 2011. However,
following its bailout in early May, probabil
two downgrades by S&Bt the end of 2011 and beginning of 2012, the probability of

default reached its high in late January, amid concerns of a possible second necessary

bailout for the struggling countryf. Current default probabilities have dipped slightly

since January, buemain extremely high for maturities over three years.

For Ireland the probabilityof default begaiits steady climb following the November
2010 bailout of the country. S&P downgraded the debt in the days leading up to the
bailout, and in the followingnonths the country was downgraded twice more. Default

probabilities finally reached a peak of close to 100% for five year bonds in the week
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endingJuly18, 201 1. This is perhaps a,wh@sponse t

downgraded Irish debt to jlrstatus on July 13°3

Since this time, Ireland has seen its debt downgraded again by S&P in late 2011.
However, the market has significantly calmed, and five year probabilities of default are
below 35%, much lower than Greece and Portugal and even calfeoso Spain and

Italy.

Greece is perhaps the most interesting case studied here. Like Ireland and Portugal, a
sharp increase can be noted at the time the country was first bailed out (May 2010).
However, the market has continued a bearish stanceask@ebt fromhat point on,

with the probabilityof defaultcontinually rising. Currentiythe probability of default,

even for just one yeais well above 100%, and it seems tlila¢ market is certain that

Greece will continue its financial difficultse
Model Problems and Revisions

While this model does a good job estimating default probabilities, there are several issues

that could be revised in the future. First is the estimation of recovery rate. Recovery rate

is only an observable variable-prg facto, and is extremely difficult to estimate. By
increasing the recovery rate to 60% from 47%9
increases from 27.4% to 36%. Clearly, this is an extremely important assumption, and

future research to better estite recovery rate could be beneficial for the model.

Second, while the model does an excellent job addressing probabilities of default-for non

defaulting countries, it is less effective for countries that are currently in a state of

Sfilreland Cut to Junk by Mo oBbyrberg.cans, 7/7BM01Beeks to Cont
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default. The best eraple of this is Greece, who has consistently maintained a default
probability well over 100% since the middle of 2011. Theoretically, this should be

impossible, but the model does not account for prior defaults, which is a potential flaw.

For future analgis, a more robust model may be able to mitigate the effects of these
errors. For example, the complex models developed by JP Morgan and Lehman Brothers
use time based hazard rates, which can account for countries entering and exiting states

of default.
Conclusion

The European Sovereign Debt Crisis is unlike any event the modern world has seen.
While the global crisis of late 2008 shook the foundations of the financial world, this debt
crisis has threatened to tear down the economy of an entire contatemg with it the

worl dés most cf With thieeacouatdes areadyrregjuiringyexternal aid to
keep afloatthe Eurozom economy isn extreme distressSeveral countries are burdened
with high levels of debt and slowing economiasd bad yields remain high Thus far,

the EU has emphasizedritaining the crisis and avoidirige spread to larger nations like
Italy, Spain, and France. However, the long term success of these efforts remains

undetermined.

The market has shown that the highels of debt and slowing economic growth shown
by Greece, Ireland, and Portugal & sBustainable in the long run. Even after bailout
packages from the EU and IMF, the probability of default for Greece and Portugal are

astonishingly high. Other pradohs countries like Italy and Spain also show high

54 Source: Market Oracle
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probabilities of default, an indication of a lack of confidence in the market. Whether or
not these defaults will occur is unknown, but one thing is for cegawvernmental

economics in the European Unics forever changed.
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Notes

As the crisis continues, this section is devoted to any current updates for the status of the

countries in question.

SpainOn March 30, the Spanish government offic
cuts forthe 2012 year, with sharp decreases in government ministry spending and an

increase in corporate taxes. Protests erupted the day before, with union workers

demonstrating on the streets of Madrid. The government hopes the cuts will decrease the

budget deit to 5.3% of GDP for the year.

Greece:On March 1%, the EU/IMF finalized the second Greek bailduto t al i ng G130
billion. The agreement was sealed when the
total. Greek Finance Minister Evangelos Veroaedaid following the announcement,

f"The crisis is not over, we have before us many difficult issues. We must get through

2012, which will be a difficult yeamve must get to 2013 which is the year for positive

growth. (But) we have different condition®."

Portugal: OrMarch 12, Deutsch Bank chief economist Thomas Mayer told reporters he
believes a second Portuguese bailoay occur latem 2012. iWith Portuguese bond
yields still in the double digits, this summer we will have a discussion abonééakefor
anew Portuguese prograiPortugal is still cutting spending to meet the terms of its

G678 billion bailout from |last year.

®ASpain announce6utlRi7nWall ptiedt dvarnald3¢30/2082i t
®f| MF rubber stamps 28 bBBCNeéws 8/15820R2 os for Greek bailo
iMayer Says Portugal BaBléomherny, 3I222012s May Start Againo
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Appendix A

Government Debt as % of GDP
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