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Abstract

Gray et al. (2007) propose a new model to measanalyze, and manage sovereign
credit risk based on the theory of contingent ctaiamalysis. We have thoroughly
investigated this new model to analyze whetherdditable trading strategy is possible
that would benefit active asset managers like Rob®¥¢e find that the model is best
suited for emerging markets with a considerable warhof debt denominated in a hard
foreign currency (like the US Dollar and the Eurdje give a detailed description to
implement the model with Bloomberg data and puplalailable data. We use a general,
up-to-date, quantitative approach that we applyhwdiily data to eight emerging
countries, also for the recent years. We confirm tight relationship with the risk
measure distance to distress and actual CDS dataeokight countries. The most
important input factor of the model is the FX vdigt (the volatility of the local
currency and US Dollar exchange rate). We testirtgadtrategies with 5 year CDS
contracts that are based on the distance to disaed the FX volatility. The trading
strategy that is based on the FX volatility is thest successful and has a statistical
significant positive average return. We find tha £X volatility has predictive power on
the future CDS spread which can be exploited ircess&ful trading strategies that profit
from the spillover effect between the currency neadnd the CDS market.
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Chapter 1

Introduction

In this chapter we provide background informatiom Bobeco and the department
Quantitative Strategies. Subsequently, the resedapib and its added value for Robeco,
the research questions, and the purpose of theeMpsiject are described. Finally, the
structure of this thesis is described.

1.1 Robeco

Robeco is an asset manager established in Rotteftthe@rNetherlands) in 1929 as the
“Rotterdamsche Beleggings Consortium” (Rotterdawestment Consortium). Robeco
successfully managed to grow since its founding ianthe mid 1970s it became the
largest supplier of investment funds in the Netalk as well as on the European
continent. Since 1990, Robeco closely cooperatetth wWie Dutch Rabobank which

ultimately led to the takeover of Robeco by the étaimk in 2001. After the takeover
Robeco maintained its own independent investmelitypwithin the Rabobank concern.

Robeco offers active investment products and sesuia their clients who consist of 50%
institutional clients (e.g. pension funds, centvahks) and 50% retail clients. As of 31
December 2009, Robeco has over 1600 employees andges around 135 billion Euros
in assets. Robeco has investment teams at thedfieel in Rotterdam and in Boston,

Hong Kong, New York, Paris, and Zurich. Institutdbrand professional clients are
served at offices located in Bahrain, Belgium, @hifrance, Germany, Hong Kong,
Japan, Luxemburg, the Netherlands, Singapore, S¢utka, Spain, Switzerland, and the
United States. Robeco has a banking license imN#tberlands and France from where
they can sell their products directly to retaikalis.

1.2 Quantitative Strategies

The analysis that is done by the department Qudivgt Strategies plays an important
role in Robeco’s investment decisions. The departn@@uantitative Strategies has an
advising role in Robeco’s investment decisions treddepartment also develops models
that automatically make investment decisions. Roblealds over 15 billion Euro in
portfolios that are completely driven by quantitatimodels. The key activities of
Quantitative Strategies are research and developofiguantitative forecasting models,
design and development of quantitative investmerategies, and knowledge sharing
with clients. Many of the 20 employees at QuantitaStrategies are PhD or CFA charter
holder. Quantitative Strategies applications arth ho developed and emerging markets
on equity, fixed income assets (credits and govenis), and currencies. The researchers
of the Quantitative Strategies department are apeed in one of these different asset



classes and they fruitfully cooperate as one tedmchwis extraordinary in the field of
asset management.

Quantitative models are developed with use of thgihty checked data of high quality.

The models consist of variables that make intuite@nomic sense and that are
combined to give more consistent results. The nsoded developed in consultation with
Robeco’s portfolio managers. The quantitative medeke not made more complicated
than necessary, must succeed an out-of-sampleatebtare validated with conservative
assumptions. The ultimate application of a quaimtgamodel is a quantitative strategy
which is the integration of the model within a folib construction algorithm or a risk

management model. One example of such a quanéitatrategy for the fixed income

asset class is the duration model that drives “atnente” which is one of the largest
Robeco funds.

1.3 Research topic

Robeco is interested in new quantitative modetigheasure and analyze the credit risk
of sovereign countries. Since the financial cri2008-2009 sovereign credit risk has
become more and more important and does not ondly dp emerging markets but to
developed markets as well. A thorough analysishef ¢reditworthiness of multiple
sovereigns could be a successful tool in the imrest decisions of Robeco. The analysis
could be used in different trading strategies fairgyle country or between countries by
making use of investment instruments like creditidi swaps (CDS) and credit spreads
on bonds that are issued by sovereign countriesigio exchange (FX) options, and FX
spot and forwards contracts. A promising new maoal@hake such an analysis is recently
proposed by Gray, Merton and Bodie (2007).

Gray et al. propose a new model to measure, anadywk manage sovereign credit risk
based on the theory of contingent claims analyS8A). The model uses the structure
and market value of the liabilities of a soveregmbined with information on interest
rates and foreign exchange rates as input to #veral risk measures of the sovereign.
With the new model one should be able to more ately and timely forecast the
nonlinear behavior of bond prices and credit spgehdn traditional models like the debt-
to-GDP ratio. Moreover, Gray et al. claim that tls& measures of the model have a very
tight relationship with actual CDS spread data. Titernational Monetary Fund (IMF)
and several central banks have successfully adapedchew model by Gray et al. to
manage sovereign credit risk. However, little i®wn about applications of the model to
trading strategies.



1.4 Research questions

Further research has to be done on developing ssfatdérading strategies based on the
model. Before we can develop such a strategy thdehitas to be studied in more detail
to obtain more practical intuition and a better enstanding of the advantages, the
disadvantages, and the dynamics of the model. Agholiterature shows only
applications of the model to emerging countries modto developed countries it is not
stated if the model can only be applied to emergimgntries. By studying the model in
more detail we can evaluate whether the model dicgble to developed countries or
not. Furthermore, research has to be done on Hatigal implementation of the model to
find out if we can obtain the same tight relatiapshith actual CDS data when we use
the input data that is available at Robeco. Thaslseus to the following three research
guestions concerning the sovereign CCA model:

1. To what extent is the model applicable to developmhtries?

2. How can we implement the model and confirm thettigthationship with actual
CDS data?

3. How can we develop a successful trading strateggdan the model?

The purpose of the Master project is to investighte model more specifically and to
analyze whether a profitable trading strategy issgme that would benefit asset
managers like Robeco.

1.5 Structure

This thesis answers the research questions ofréweops section and discusses sovereign
credit risk and the new sovereign CCA model by Gragl. It does so by first providing
the reader information on the background, the hjstand the application of sovereign
credit risk in Chapter 2. Chapter 3 explains theotly of the original CCA model on
corporations and which adjustments Gray et al. noadne CCA model in order to make
the theory applicable to sovereigns. Here, we disgcribe whether the new model is
applicable to developed markets and, if so, whatistchents are needed. Chapter 4
shows a practical implementation of the soverei@AGnodel for Brazil. In this chapter
we compare the results that we found with the tegtdm examples in literature to see if
we could obtain the same tight relationship withuat CDS data. We also select
variables of the sovereign CCA model that are psamgito use in trading strategies. In
Chapter 5 we test trading strategies that are basettie model for multiple countries.
Finally, Chapter 6 and 7 show the conclusions efrésearch and the follow up ideas,
respectively.






Chapter 2

Sovereign Credit Risk

In this chapter we put the new model by Gray et(2007) into context by providing
background information on sovereign credit risksEiwe give a definition of credit risk
and point out the difference between corporatesmvéreign credit risk. Second, we put
sovereign credit risk in a historical context ardtr@ss the sovereign credit crisis in
southern Europe that started end 2009. Finallydeseribe the application of sovereign
credit risk in fixed income markets. Here, we atiscuss the difficulties of measuring
and analyzing sovereign credit risk and give aftoierview of the different models that
are used for this purpose.

2.1 Definition

Financial institutions (FIs) like banks, insurancempanies, pension funds, and
investment funds can invest their capital in déf#r asset classes. They can namely
choose to invest in a wide variety of assets (oivdgves of assets) from corporations,
households and governments that need capital td their projects. The financial
institutions thus provide this capital by lendingte the corporate-, household-, and
public sector. When making their investment dedaisjdfinancial institutions basically
weight the expected return on the investment whth financial risk of the investment.
Table 2.1 shows various important types of finandsk and their definitions quoted
from Saunders and Cornett (2008).

Table2.1 Definition of various financial risks.
Type Definition
) The risk incurred by an FI when the maturities of its assets and liabilities are
Interest rate risk h
mismatched.

The risk incurred from assets and liabilities in an Fl's trading book due to changes in
interest rates, exchange rates, and other prices.

The risk that promised cash flows from loans and securities held by FIs may not be
paid in full.

The risk incurred by an FI as the result of activities related to its contingent assets and
liabilities held off the balance sheet.

The risk that exchange rate changes can affect the value of an FI's assets and
liabilities denominated in nondomestic currencies.

The risk that repayments to foreign lenders or investors may be interrupted because of
restrictions, intervention, or interference from foreign governments.

The risk incurred by an FI when its technological investments do not produce
anticipated cost savings.

The risk that existing technology, auditing, monitoring, and other support systems may
malfunction or break down.

The risk that a sudden surge in liability withdrawals may require an Fl to liquidate
assets in a very short period of time and at less than fair market prices.

The risk that an FI may not have enough capital to offset sudden decline in the value
of its assets.

Source: Saunders and Cornett (2008).

Market risk

Credit risk
Off-balance-sheet risk
Foreign exchange risk
Country or sovereign risk
Technology risk
Operational risk

Liquidity risk

Insolvency risk




The financial risk we focus on in this researchjgrbis sovereign credit risk, which is a
type of credit risk that applies to sovereign cost Sovereign credit risk applies when
investors lend capital to a country’s governmenmdm@only, this is done by buying

bonds that are issued by governments. Bonds atedetyacts which oblige the issuer to
pay interest and the principal at given date(gh&holder of the bond. Sovereign credit
risk is thus the risk that the government of a seigm country defaults on paying the full
amount of the debt contract at the contractualfindd date(s).

Governments of countries are not the only issuénsoods at financial markets. Also
corporations issue bonds and the credit risk thplies to these bonds is obviously called
corporate credit risk. But there are some importhfiérences between sovereign credit
risk and corporate credit risk that follow from ttgferent properties of countries and
corporations. These differences are pointed ouhénnext paragraph and are worth to
mention because they make sovereign credit risktlgible than corporate credit risk.

First of all, there are many more recorded defanfitsorporations than countries simply
due to the scale difference. Of course, there aapynmore corporations that possibly
could default than countries. Second, for techmeasons the consequences of default on
payment differ for corporations and countries. td#tely, creditors that are harmed by a
defaulting corporation could legally request fabankruptcy of the corporation in court.
There is no official organization that could admtar the bankruptcy of a country.
Finally, in contrary to corporations most countries/e the possibility to create money
instead of defaulting on payment by raising taxesting expenditures, or expanding the
debt stock.

The consequences of a country that defaults on ealrare in the field of debt
restructuring and difficulties in acquiring new dits. But why would a country default
on paying their debt in a stress situation whery tbeuld print money to make the
payment? The answer to this question is that taerdimits and drawbacks on printing
money because in the end someone has to carrp#te ¥Vhen a country pays debt by
printing new money instead of defaulting on a dpbyment this could lead to a
devaluation of the country’s currency. Therefore, eould argue that the potential loss
due to default is shifted away from the investod @pread to everyone with capital
denominated in the currency of that country. Imfuraving a weakening currency could
make it harder and more costly for countries tad@rmew capital to fund projects. The
decision of a country to default on payment is mparison between the benefits and the
costs of a default.



2.2 From History to Present

Although the great majority of recorded defaulta@srn corporate defaults there are still
many examples of sovereign defaults through hist&tyrzenegger and Zettelmeyer
(2007) give a historical overview of sovereign défa and debt restructurings.
Information from their research is summarized ie following paragraphs to point out
the characteristics, causes and consequencesearesgv defaults.

Since countries borrow money there have been sigvedebt crises and defaults. This
goes all the way back to the fourth century B.Chew the first recorded sovereign

default took place in ancient Greece. But it waly am the nineteenth century when the
number of sovereign defaults heavily increased ttughe expanding debt lending

between countries, the independence of former Eaomolonies, and the development
of financial markets. Figure 2.1 shows the hundm&dsovereign defaults that followed

ever since.

Figure2.1 World map indicating the number of recorded sowgralefaults and debt restructurings
since the nineteenth century (Sturzenegger anélfetyer, 2007).



Most of the sovereign defaults are caused by ecanshocks, only a few are caused by
wars or revolutions (these defaults are left ouiglre 2.1). Figure 2.1 shows that most
countries in Latin America repeatedly suffered frolefault and that there are many
countries and regions across the world that negfrutted. The sovereign defaults could
also be clustered by period. Since the Second WMfat sovereign defaults never
occurred in developed countries. Instead, soveraigfaults mainly occurred in
developing countries with emerging markets (coestwith rapidly growing industries).
Table 2.2 distinguishes seven time periods sineentheteenth century when sovereign
defaults occurred.

Table2.2 Time clusters when sovereign defaults and debtuesirings occurred, 1824-2004.

Period Countries

1824-1834  Greece, Portugal, Spain, Latin American countries.

1867-1882  Austria, Spain, Turkey, Latin American countries, Egypt, Liberia.
1890-1900 Greece, Portugal, Yugoslavia, Latin American countries.

1911-1921  Some European countries, Latin American countries, Liberia.

1931-1940 European countries, Latin American countries.

Poland, Romania, Yugoslavia, Turkey, Latin American countries, African countries, Jordan,
Philippines, Pakistan, Vietnam.

Moldova, Russia, Ukraine, some Latin American countries including Argentina, Céte d'lvoire, Gabon,
Seychelles, Indonesia, Pakistan.

Source: Sturzenegger and Zettelmeyer (2008).

1976-1989

1998-2004

Combined with the lending booms that preceded thése clusters with several
sovereign defaults, the time periods are calledrdbast cycles. Lending booms start by
political or economic changes in debtor countriesding to new investment
opportunities. Also favorable financial changeselieconomic growth and improved
liquidity in the creditor countries have an imparttaole in initiating a lending boom. All
lending booms have resulted in busts in which @&esubf the debtor countries defaulted.
Causes of these busts are usually a decline itetings of trade of debtor countries, a
recession in the major creditor countries, an iaseeof international borrowing costs, or
an internationally transmitted crisis in a majobtbe country.

Most of the sovereign defaults are resolved by hatjons for a settlement between the
creditors and the debtor country on a debt restrung deal. First, negotiations were
done by ad hoc committees but they were inefficientcreditors due to inadequate
experience and specialization. In 1868, the Britxrporation of Foreign Bondholders
(CFB) was established and they were able to ndgosettiements with the most
important defaulting countries up to and includthg sovereign defaults of the great
depression of the 1930s. The power of the CFB wased on the fact that they
determined which countries were officially on aaléf list and therefore were refused by
the London stock exchange to issue new bonds.



When the bust of the 1970s started the CFB wasongel active and instead a Bank
Advisory Committee (BAC) coordinated the negotiatiprocess. BACs consisted of a
syndicate of around fifteen commercial banks ake the CFB they derived their power
from blocking new lending to a defaulted debtor oy prior to a settlement. BACs still
played a role in the negotiations after the defatilRussia and Pakistan in the last bust
period. However, all other sovereign defaults 0882004 concerned mostly non-bank
creditors and the negotiations for debt restrunguivere not coordinated by an official
committee. Surprisingly, these negotiations wetatineely quick (except for the debt
restructuring of Argentina) due to the introductioh take-it-or-leave-it offers where
existing old bonds were replaced by new bonds wktovalue. The strength of these
exchange offers, which were designed with the loélan investment bank, is that they
were contingent on the acceptance of a great myajfrcreditors.

From the 1820s up and till the 1930s debt restrirgiagreements were typically on the
capitalization of interest payment arrears, matugittension, or reduction of interest or
principal payment. Also, in this time frame settrts could involve control over
property or tax incomes. After the Second World \W&s country revenue control by the
creditor disappeared, but the idea remained indéte-equity swaps of the 1980s. In
1989, an important type of debt restructuring wasoduced by the United States with
the Brady Plan. The Brady deals concern a debtctentuin change of an adjustment
program monitored by the International Monetary dF@iMF). The debt restructuring of
1998-2004 is in line with the Brady deals and aftera debt reduction through a
reduction in interest or principal payments, or umigg extension.

Governments of creditor countries rarely intervanaegotiations between creditors and
defaulted sovereign debtors. And if these governmariervene their role is limited to
diplomatic pressure. In contrast, internationalaoigations and in particular the IMF
plays an important role in settlements betweenitmexdand sovereign debtors. The IMF
was founded at the end of the Second World Waehaild national economies. The IMF
provides crisis lending to countries that have idlifties in servicing their debt.
Moreover, the IMF helps countries with a programniprove the management of their
economies.

Currently in 2010, we could be just at the begignof a new bust period in which
sovereign defaults will take place. After a lendb@pm that took place to recover from
the financial crisis of 2008-2009, which includendiing capital for the bailout of large
financial institutions, governments are burdenethwailarge debt stock. For the first time
since the Second World War the main countriesnesstare not emerging countries but
developed countries. Iceland acquired a crisis foam the IMF after the default of the
three largest banks of Iceland (Glitnir, Landsbaankil Kaupthing). Spain, Portugal, and
Ireland have large deficits in their national budgand the creditworthiness of these
countries is doubted. The most urgent troublesirai@reece: their large budget deficit
combined with large debt stock led to crisis legdimom the IMF combined with
guarantees from the European Union.



2.3 Fixed Income Markets

Governments issue bonds on the fixed income mdeked called bond, credit, or debt
market). Bonds can be directly purchased at issudmen the issuer and can also be
traded on the secondary market at several tradicgtibns. In this section we describe
various features of bonds and the difficultieshia pricing and rating of bonds. The most
important source of this section is the well-knolvmok by Fabozzi (2007) on fixed

income markets.

As mentioned before in this chapter, bonds are debtracts which oblige the issuer to
pay interest and the principal at given date(stht holder of the bond. From here, we
immediately derive some important features of thetact. First of all, the time over
which the issuer has promised to meet the consawdlled the maturity of the bond (also
referred to as term to maturity or term). Secohd, dmount of money that the issuer is
obliged to pay at the bondholder at maturity idechthe principal value (also referred to
as the nominal, redemption, maturity, par, or faakie). Third, the interest rate that the
issuer has agreed to pay each year is called tlygooorate (also referred to as nominal
rate). Most bonds have either a predetermined foccegbon rate or a floating coupon rate.
In the latter case, the coupon is reset periodidaised on a reference rate. In the United
States, interest is usually paid semiannuallys kammon practice that short term bonds
do not pay interest; these are called zero coupodd Finally, the issuer could either be
the federal government and its agencies (whereoaesfon), municipal governments, or
corporations.

With the basic characteristics of a bond we cad fime relationship between the price
and the required yield of the bond by accumulatiregpresent value of the expected cash
flows of the bond (1):

C C C F
— +...+ + ,
1+ (1+r) @+n" @a+n"
Z“: C F

~ (L+r)" (1+r)” ’

1)

whereP is the price of the bond, is the number of periods§ is the coupon amount per
period,r is the required yields is the face value, andis the time. Table 2.3 shows an
example of calculating the bond price of a 5 ydaIlcoupon bond with a face value of
1000.
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Table2.3 Bond price of a 5 year 10% coupon bond with fadaesa000; the required yield is set at
5% (a) and 10% (b), respectively.

t CF PV t CF PV

1 100 95.24 1 100 90.91

2 100 90.70 2 100 82.64

3 100 86.38 3 100 75.13

4 100 82.27 4 100 68.30

5 1100 861.88 5 1100 683.01
Bond Price 1216.47 (a) Bond Price 1000.00 (b)

For a bond with a fixed coupon rate all variables lenown except the required yield of
the bond. The required yield of the bond is eqaahe yield that an investor gets in the
market for bonds with comparable features and Askwe can see in Table 2.3 the bond
price is calculated for different yields. If thegtered yield equals the coupon rate as in
Table 2.3 (b) the bond price equals the face vafube bond. A key property of bonds is
that the price changes are opposite to the yiedshgbs of the bond: the higher the yield,
the lower the price (and vice versa). Figure 2.2wsh the nonlinear price-yield
relationship of bonds with a fixed coupon rate.

1600
1400 +
1200 +

1000 ~

800 +

Bond Price

600 ~

400 -

200 +

0% 5% 10% 15%
Yield

Figure2.2 Price-yield relationship of a 5 year 10% couponduwiith face value 1000.

If the required yield of a bond rises above thepaourate in the fixed income market, the
price will fall so that an investor that wants torghase the bond still obtains the market
yield. Otherwise, the investor would not buy thetbdoecause the bond price is too high
compared to similar bonds. Because there will belermand for this particular bond the

price will automatically fall. Simultaneously, ihé required yield decreases the bond
price will increase. This is how a bond could biegut below face value (at a discount) or
above face value (at a premium).
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For bonds with a floating coupon rate the valugheffuture cash flows is uncertain. This
is because the coupon rate is based at a referate;avhich will change over time, plus
a quoted margin or spread. Widely used referernes mre the London Interbank Offered
Rate (LIBOR), the Euro Interbank Offered Rate (EBBR), and the United States
federal fund rate. In general, the price of bondh a floating coupon rate will trade
close to the face value of the bond if the sprgaohuhe reference rate that the market
requires does not change.

The duratiorD is a measure of the sensitivity of a bond to clkang the required yield.
We can use formula (2) to calculate the duratiom tond; this is called the Macaulay
duration:

s Cxt  Fxn
T a+nt @+’
P b

D (2)

whereP is the price of the bond, is the number of periods§ is the coupon amount per
period,r is the required yield: is the face value, artds the time. The change in price of
a bond due to a change in the required yield ofbibved is linearly estimated by minus
the duration times the change in the required yieldhis estimation we use the modified
durationD” which is the duration adjusted by the requireddy{8):

D'=— 3)

The price of a bond changes over time becauseasfges in the required yield or simply
because a discount or premium bond is moving tosvaraturity. Basically, the required
yield exists of two components: a base interest aaid a spread. The spread is the risk
premium that an investor demands for the credik othe bond. We are particularly
interested in determining the fair value of thegheiof this spread. However, first the
base interest rate needs some introduction. Theibgrest is the minimum interest rate
that an investor wants to receive for bonds thaeh#o credit risk. Examples of bonds
that are perceived of having no credit risk aredsothat are issued and backed by the
government of economic developed countries and hthae a high liquid bond market
such as the United States and Germany.

In our example of Table 2.3 we discounted all cligivs of the bond with the same
yield. However, in the market we observe differgmlds for comparable bonds with
different maturities. For example, comparable Tweasecurities of the United States
with different maturities could have different sl The graphical depiction of this
relationship is called the yield curve. Three dif®& shapes have been observed for the
yield curve in the market: upward sloping (normapwnward sloping (inverted) and
flat. From this we derive that in fact the baseliest rate component of the required yield
is unique for every single cash flow. Thereforécakh flows should be discounted with
its corresponding spot rate found on the spot catee. We could derive a theoretical
spot rate curve from Treasury bills, which are altjutraded short term zero coupon
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bonds, and other longer term Treasury securitigse Theoretical spot rate curve
graphically represents the term structure of irserates.

The spread component of the required yield dependbke creditworthiness of the issuer
of the bond. Credit rating agencies give an indicatof the creditworthiness of
sovereigns. The three largest commercial ratingneige are Moody’s, Standard &
Poor’s, and Fitch Ratings. These rating agencig&l@lithe bond issuers into notches
depending on the level of creditworthiness. Thet ffour classes (triple A, double A,
single A, and triple B) are considered as investageade bonds. Moody’s (2008) state
that countries with these ratings have the capaaitgpay their debts even if confronted
with a severe economic shock. All lower classescaresidered as noninvestment-grade
bonds and are called high-yield bonds or junk bo@suntries with these ratings are
potentially not able to repay their debts in caBaroeconomic shock. Table 2.4 shows
the investment-grade and noninvestment-grade bathtys.

Table2.4 Credit Ratings by Moody’s, Standard & Poor’s, aitdhi-Ratings.
Moody's S&P and Fitch  Quality Description ~ Grade
Aaa AAA Prime
Aal AA+ High
Aa2 AA High
Aa3 AA- High
2% 2+ ngg mgg:ﬂm Investment-grade
A3 A- Upper medium
Baal BBB+ Lower medium
Baa2 BBB Lower medium
Baa3 BBB- Lower medium
Bal BB+ Low, speculative
Ba2 BB Low, speculative
Ba3 BB- Low, speculative :
B1 B+ Highly speculative Noninvestment-grade
B2 B Highly speculative
B3 B- Highly speculative

It is possible that countries have different rasirfgr bonds denominated in a foreign
currency and bonds denominated in the domestieiayr of the country, respectively.
Some emerging countries have issued bonds in myfocarrency (like the US Dollar, the
Euro, or the Japanese Yen). These countries gagsacto additional sources to finance
the government because the market for bonds deabedinn their domestic currency is
too small to cover their demand for capital. Intdrig, some emerging countries showed
different behavior in servicing these two typesohds and therefore the ratings for the
local currency bonds and the foreign currency bosasetimes differ with in general
higher ratings for the local currency bonds (Moay2008).

Most FlIs use the credit ratings of the commeraéihg agencies in their analysis of the
creditworthiness of countries. However, large Fid amvestment funds do not solely rely
on the credit ratings and have there own credityaisadepartment. There are multiple
reasons why credit ratings are insufficient to datee a fair value for the spread of a
bond. First, ratings are discrete while the spnsadontinuous. Second, the ratings are
updated infrequently and tend to have a time lagplly, there is no clear maturity for a
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credit rating while the credit risk logically in@ses for longer term bonds. Moreover,
Hull and White (2010) raise doubts about the modesled by the rating agencies by
stating that the high ratings of the CollateraliZeelbt Obligations (CDOs) cannot be
justified. The global trade in CDOs transferreddareisk of US subprime mortgages to
the balance sheets of Fls all over the world cbatmg to the financial crisis of 2008-

2009. This led to criticism of the independencéhefthree leading rating agencies which
are all commercial US corporations.

Credit risk models that are used in the analysithefcreditworthiness of countries are
relatively new. Until recent, only macroeconomicaiahbles like the debt-to-GDP ratio
were taken into account. But as emerging marketerhe more transparent and liquid
and nowadays credit risk also applies to bond msritkat are considered to be
developed, more research is done in developingtaiskl models for sovereigns like the
sovereign CCA model that we analyze in our reseprofect. An important input for the
research on sovereign credit risk models is thekwluat is already achieved in the field
of corporate credit risk. There are several credik models that can be used in the
analysis of corporate credit risk. These models fan fair value of the spread by
estimating the default probability of the issuertié bond. Credit risk models can be
divided into structural models and reduced form et®dStructural models look at the
corporate financial structure to find default prbitiies. The CCA model of Merton
(1974) and the KMV model adapted by Moody’s andcdbsd in detail by Crosbie and
Bohn (2003) are examples of structural models whach discussed in Chapter 3.
Reduced form models like the models of Jarrow andchBull (1995) and Duffie and
Singleton (1999) look at exogenous variables td fiefault probabilities of corporations.

With the use of credit risk models we can find & ¥alue of spread that is incorporated
in the required yield of a bond. But we can alsplaphe output of credit risk models
directly to credit derivatives without adjustingr fthe term structure of interest rates.
Credit derivatives are products that provide pricdecagainst credit risk. The Credit
Default Swap (CDS) is by far the most used creditvétive. By buying a CDS, the
holder of a bond can shift its credit exposurenmgeller of the CDS. It is also possible to
buy a CDS without holding the underlying bond alndst speculating on a default of the
issuer of the bond. The CDS buyer pays a premiwnalgq the market value of the credit
risk to the CDS seller. In turn, in case of defatlle CDS seller is obliged to pay the face
value of the underlying bond (this could eitherd@hysical delivery or cash delivery
depending on the contract). CDS contracts can tmnghe bonds or on a basket of bonds
and have different maturities. The most liquid OD&ket is the 5 year CDS market.

14



Chapter 3

Sovereign Contingent Claims Analysis

The sovereign CCA model of Gray et al. (2007) isagplication of a structural credit

risk model to the relatively new field of sovereigredit risk. The sovereign CCA model
is an extension of the CCA model of Merton (197®)is model is widely used and a
proven approach to measure the credit risk of qatpmms. Because the theory of CCA is
originally invented to analyze the capital struetwf corporations, the theory is best
explained on corporations before elaborating CCA@mtries. That is why this chapter
first describes the CCA model applied to the analgad measurement of the credit risk
of a corporation. Finally, we describe the extendiy Gray et al. to make CCA suitable
for the measurement and analysis of sovereigntaietli

3.1 The CCA Model

Gapen, Gray, Lim, and Xiao (2004) define a contimiggaim as “any asset whose future
payoff depends on the outcome of an uncertain &vEeotopean call and put options are
examples of contingent claims which are widely écddn financial markets. A call
option gives the buyer the right, but not the cddlign, to buy a stock at a predetermined
price and date. A put option gives the buyer tlghtribut not the obligation, to sell a
stock at a predetermined price and date. The payafptions thus depends on the value
of the underlying stock at the expiry date, whishuncertain beforehand. Black and
Scholes (1973) developed the well-known Black-Sefaption model to theoretically
price options.

Merton (1974) developed the CCA model which is ppliaation of the theoretical work
of Black and Scholes to analyze the capital stmecti corporations. Because the value
of the corporation’s assets must always be equahéovalue of the corporation’s
liabilities which consist of equity and debt, wencsee the liabilities as contingent claims
on the underlying assets of the corporation. WitbACwe can analyze the change in
value of the contingent claims as the market valiéhe corporation’s assets changes
over time. CCA is based on the corporation’s mattiketharket balance sheet
information and the principle that the future vabfg¢he corporation’s assets is uncertain.
Figure 3.1 shows the corporation’s balance shettt @n the left side the corporation’s
assets and on the right side the corporation’slitigs.
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Assets Liabilities

Corporation
Risky Debt
Assets
Equity
Figure3.1 Assets, risky debt, and equity on the corporasidr@lance sheet.

The claim of the debt holders on the corporati@ssets is considered to be senior to the
claim of the equity holders (the shareholders onens of the corporation). The debt of a
corporation is “risky” because there is a prob#pilhat in future the corporation is not
able to repay its debt holders and will defaultefgfore, the value of the risky debt is
equal to the value of the default-free value ofdlebt minus the expected loss when the
value of the corporation’s assets is too low to intlee promised payments. In this sense,
the debt holder offers an implicit guarantee agade$ault, since it must suffer the losses
in case of default of the corporation. The debintlsatisfies the following equation (4):

Risky Debt= Default-free Debt — Expected Loss. (4)

The value of the equity is equal to the residusi@af the corporation’s assets after the
promised payments on debt have been made. In tiAeri@tiel the expected loss on the
risky debt is modeled as an implicit put option thie corporation’s assets, while the
value of the equity is modeled as an implicit cgdtion on the corporation’s assets. The
CCA model prices these implicit options with thea&{-Scholes formula which is
discussed in the following section.

3.2 Black-Scholes Option Model

Call and put options are financial instruments t& classified as financial derivatives
because their value is derived from an underlysgget(e.g., a stock). A call (put) option
gives the buyer the right, but not the obligatitbuy (sell) a stock at a predetermined
strike priceK and expiry datd. The value of such an option at its expiry dateaked
the payoff and is easy to determine because itrdkpen the difference between the
value of the underlying stock and the strike prl€at expiry date the underlying stock is
worth more than the strike price, the holder ofak aption would of course exercise its
right to buy the stock at the lower strike price.this case the owner of the call option
gains the difference between the value of the uyiderstock minus the strike price. If at
expiry date the underlying stock is worth less thiam strike price, the holder of a call
option would of course not exercise its right to/ lthe asset at the higher strike price.
The scenario for the owner of a put option is dyabe other way around: the put option
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becomes profitable if the value of the underlyinigck drops below the strike price.
Equations (5) and (6) give the formula of the pawdfa call optionC and put optiorP,
respectively:

C(S,T) =maxS-K;0), (5)
P(S,T) = maxK - S;0) (6)

Figure 3.2 shows the payoff diagrams of a call pmidoptior.

Payoff Payoff

0 K S 0 K S

Figure3.2 Payoff of a European call option (left) and a Ea@an put option (right).

The value of the option at the expiry datés thus known, but it is more challenging to
find the value of the option at any tihen the time interval 8t < T. Black and Scholes
(1973) derive their famous Black-Scholes formularatue the option at any time of the
time interval. Below are quoted the assumptiony tse to create “ideal conditions” in
the market for the stock and for the option unddrictv options could be priced
straightforwardly:

1. The short-term interest rate is known and is consiger time.

2. The stock price follows a random walk in continudimse with a variance rate
proportional to the square of the stock price. Tthes distribution of possible
stock prices at the end of any finite intervalagnormal. The variance rate of the
return on the stock is constant.

The stock pays no dividends or other contributions.

The option is “European”, that is, it can only bekeised at maturity.

There are no transaction costs in buying or setliwgstock or option.

It is possible to borrow any fraction of the pruafea security to buy it or to hold it
at the short-term interest rate.

There are no penalties to short selling. A sellaowoes not own a security will
simply accept the price of the security from a bugad will agree to settle with
the buyer on some future date by paying him an amequal to the price of the
security on that date.

o0k w

™~

! To determine the profit or loss on the option a&énto deduct the purchase price of the option fiteen
payoff.
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From assumption 2 we derive the stochastic diftemkequation (7) that describes the
returndS'Son the stock price:

d—sszadx+ydt, @)

whereo is the volatility of the stock price (the standakelviation of the returns on the
stock price)dX is a Wiener process (a random variable drawn faamermal distribution
with mean zero and variandg), u is the drift term (average rate of growth of theck
price), andit is a small time interval on which the stock retigmeasured.

The valueV of the option at any timeon the time interval is a function of the stocicer
Swhich contains a random component and a deterticiiemponent. With 1té’s lemma
(1951) we can relate a small change in a functiom @ndom variable to a small change
in the random variable itself similar to Taylorisebrem on functions of deterministic
variables. Applying Itd’s lemma td, we can write (8):

dv = aSa—VdX uSa—V +10°S% —
oS

2
AT ®)
6S

882 o

Constructing a portfolidl that contains one option and a number dfof the underlying
stock, we find the value of the portfolio with et¢joa (9) and the jump in the value of the
portfolio for a fixedA during the time stegt with equation (10):

1=V -AS, 9)
dIl = dV — AdS. (10)

Substituting (7) and (8) into (10), we find thaé thortfolioIl is a function with a random
component and a deterministic component (11):

dH:as(ﬁ—Ajdx s&w 8282\2 N _as|d (11)
6S oS 0s? ot

We can eliminate the random compondit and the drift ternu of formula (11) by
choosing (12) at the start of the time sti&p

oV
A=—. 12
25 (12)

The result is a portfolio that can be described letely deterministic (13):

dIt = (av o2S? 82VJon. (13)

ot 0S?
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Now the random component is removed, the portfdlidoes not include any uncertainty
and hence we can consider it as risk-free. Assummnogarbitrage, which is the
opportunity to make a profit without taking anykristhe jump in valuedIl of the
portfolio must be the same as all risk-free por®Ilof valuell and thus grow with the
risk-free interest rate (14):

dIT = rIldt = (rv - rsﬁj dt. (14)
0S

Combining (13) and (14) and dividing throughoutdbyve find the Black-Scholes partial
differential equation (15):

2
@i+%#szai+¢s@1—n/:a (15)
ot 6S oS

Wilmott, Howison, and Dewynne (2007) show in detadw the partial differential
equation (15) can be rewritten to the heat equatiwh solved analytically for European
call and put options. In order to find a uniqueusion we must consider final and
boundary conditions which are different for caltgyut options. For a call option we use
the final condition that the value of the optionualy the payoff formula (5), and
boundary conditions (16) and (17) that assumettiewalue of the call option is zero if
the stock pric&is zero and the value of the call option equadsdiiock price if the stock
price goes to infinity:

C(O1t) =0, (16)
C(St)~S as S—>w. a7

For a put option we use the final condition that #alue of the option equals the payoff
formula (6), and boundary conditions (18) and (tt@} assume that the value of the put
option equals the discounted strike pricéf the stock price is zero and the value of the
put option is zero if the stock price goes to iifin

PO,1t)=Ke ™, (18)
P(St)~0 as S— w. (29)
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This yields the Black-Scholes formula to value adpean call option at any timen the
time interval 6<t<T (20):

C(S,t) = SN(d,) - Ke "™ N(d,), (20)
where

_In(S/K)+(r+10”)(T -1)

. 21
| AU (21)
and
1,2 —
O|2:|n(S/K)+(rT ztU MT=Y o7t (22)
T —

N(x) is the cumulative probability of the standardmal density function below.

The Black-Scholes formula to value a European maiion at any time& on the time
interval 0<t < T equals (23):

P(S,t) = Ke"TON(-d,) - SN(-d,). (23)

The value of American options, which can be exertiat any time before expiry, and
other more exotic options can be found either blyisg equation (15) numerically
respecting the final and boundary conditions owsioyulating a large number of sample
paths of the price process (7) of the underlyinglsiand discounting the average payoff.
Finally, it is worth to mention the “put-call paritrelationship between a European call
and put option (24):

S=C(S,t)+Ke"T —P(S,1),
S=N(d,) - Ke""N(d,) + Ke" T —Ke"TIN(-d,) + SN(-d,),

S=S(N(d,) + N(=d,))+ Ke" ™ —Ke" T (N(d,) + N(-d,)),
S=S+Ke'™ _Ke"™) =g,

(24)
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3.3 Contingent Claims Pricing

Merton (1974) uses the Black-Scholes formula in ®&A model to value contingent
claims. This is best explained with an example cbgoration with a simplified capital
structure. In this example we consider the situmatidiere a corporation has assets with
market valueA of which the future value is uncertain. The liglab of the corporation
exist of equity with market valuE and only one type of risky debt with vallle The
risky debt is a senior claim on the corporatiorsseds, while the equity is a junior- or
residual claim on the corporation’s assets. Thieyrdebt only consists of a single bond
maturing at timeT (this is also called the time horizon in the CCAodual). The
corporation promises to pay the amounBdb the holders of the bond at tifieand does
not issue new debt in the meantime.

At time T we know the value of the risky debt and the eqbrgause there are two
possible situations:

1. Ar>B: The corporation has enough assets to pay thehodohets.
2. Ar<B: Default: The corporation has not enough assetspdy the
bondholders.

In the first situation the bondholders receive pinemised paymenB, while the equity
owned by the shareholders is woBER = At — B. In the second situation the promised
payments cannot be met and the bondholders wilinclae corporation’s assets leaving
the shareholders empty handed. So, the bondhaldees/eAr, and thus suffer a loss of
B — At, and the shareholders recelre= 0. Figure 3.3 shows the situation at tifnéor
different values oA\ in payoff diagrams for the shareholders and bolut#rs.

Payoff Payoff
Equity Bond
B
0 B A 0 B A

Figure 3.3 Payoff to the shareholders (left) and bondholdegét).

From this information it is easy to see that theugaof equity at timeT is exactly the
same as the payoff of a call option on the asséth, an exercise price equal Band
maturity T (25):

E, = max A, - B;0). (25)
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The value of the risky debt at tinfeis exactly the same & minus the payoff of a put
option on the assets, with an exercise price egu&land maturityl (26):

D, =B-P,

D, = B—maxB- A, ;0). (26)

Since the liabilities of the corporation are equalhe assets of the corporation, we could
also derive the value of the risky debt by subingcthe value of the equity from the
assets (27):

D, = A - E,

D, = A, —max A, - B;0). (27)

Equation (28) shows that (26) and (27) are sinmdathe put-call parity we found in the
previous section:

A -E, =B-P,
A, —max A, —B;0)=B-maxB- A, ;0)

The CCA model assumes that the value of the cotipafa assets follows the same
stochastic process as the price of the underlyiocksn the Black-Scholes option model
with ua being the growth rate of the assets anbleing the volatility of the assets (29):

(28)

dKA = u,dt+ o ,dZ. (29)

When we also use the other assumptions of the EBatioles model, we can use the
model to immediately value the corporation’s equityd risky debt at any given time.
The equity of the corporation is modeled as aniiciipdall option on the assets, with an
exercise price equal B and maturityT. The value of the risky debt is the valueBof
discounted with the risk-free rate minus the expa@dbss which is valued as an implicit
put option on the assets, with an exercise pricalegB and maturityT.
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The value of the equity at time= 0 is (30):

E = AN(d,) - Be""N(d,), (30)
where
1 2
d, - IN(A/B)+(r+50,)T (31)
ouNT
and
In(A/B)+(r —c,)T
d, = 2787 _d —o,AT. 32
2 UA\/? 1 A ( )
The value of the risky debt at time 0 is (33):
D=Be'" -P,
(33)

D=Be™ —(Be""N(-d,) - AN(~d,))

In reality the debt structure of corporations isrenoomplicated than debt that exists of
one single bond as the corporation in the exampéelally corporations issue multiple
bonds with different maturities and coupon paymeiiiserefore, instead of a single
promised payment we specify the distress baBiefhe distress barrier is based on the
promised payments and represents the level of ahgoration’s assets that triggers an
incidence of default.

Theoretically, a corporation defaults when the gabf their assets is less than the
promised payments on the debt. In practice, cotjpm® default at much higher asset
levels due to illiquidity or because they prefer default and start negotiations to
restructure their debt instead of selling theireséssTherefore, the distress barrier lies
somewhere in between the book value of the corporatshort-term debt and the book
value of the corporation’s total debt. The KMV mbde the most used practical

implementation of the CCA model — uses an empinigkd (34) to construct the distress
barrier. According to Gapen et al. (2004) the patam is commonly set at 0.5.

B = Short-term Debt + a * Long-term Debt + Interest Payments. (34)

Over time, different extensions and applicationgehaeen built on the basic CCA model.
Examples of extensions are CCA models with multigigtress barriers, incorporated
stochastic interest rates and interest rate temctstes, empirical or skewed probability
distributions, and the possibility that a corparatidefaults before the end of the time
horizon. We concentrate on the application of theibCCA model to sovereigns.
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3.4 Extension of CCA to Sovereigns

Gray et al. (2007) adapt the CCA model on corponatin order to make it applicable to
sovereign countries. They take a close look atekaionship between the assets and the
liabilities of two partners in the country’s pubBector: the government and the monetary
authority also known as the central bank. Due #&ekisting cross-holdings and financial
guarantees between the two partners the balanatssbé the government and the
monetary authority are interlinked. Figure 3.4 shoavgeneralized structure of these
balance sheets.

Assets Liabilities

Monetary Authority

Obligation to supply FX to

Foreign Reserves government to pay FX debt

Credit to Government Base Money

Credit to Other Sectors

Government
Net Fiscal Asset Guarantees
Other Public Assets Foreign Currency Debt

Obligation from Monetary

Authority to supply FX Local Currency Debt

Credit From Monetary
Authorities

Figure3.4 Balance sheet structure of the public sectorafumtry.

Figure 3.4 shows the cross-holdings of the govemmaad the monetary authority in
italics. The credit from the monetary authority ttee government is an asset on the
balance sheet of the monetary authority and alitiabon the balance sheet of the
government. The financial guarantee from the magetathority to supply foreign
currency to the government to pay the foreign cwyedebt is an asset on the balance
sheet of the government and a liability on the hetasheet of the monetary authority.
When we consolidate the balance sheets of the gmest and the monetary authority
these two entries drop out. Figure 3.5 shows timbooed balance sheet of the country’s
public sector.
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Assets Liabilities

Public Sector

Foreign Reserves Guarantees
Net Fiscal Asset Foreign Currency Debt
Credit to Other Sectors Local Currency Debt
Other Public Assets Base Money
Figure3.5 Combined balance sheets of the government andtargrauthority.

The assets of the sovereign country exist of ftams:

1. Foreign currency reserves including actual reseavnekscontingent reserves from
international financial institutions such as theRnd other governments;

2. The net fiscal asset which equals the governmémitget surplus (or deficit) on
taxes and revenues minus expenditures;

3. Credit to other sectors such as the corporateanéial-, and household sector;

4. Other public assets such as the equity of publierprises.

The liabilities of the sovereign country exist otif items:

1. (Implicit) financial guarantees to the so called-tmg-to-fail entities as we have
seen in the government support and bail outs ofibancial institutions like the
American International Group (AIG) during the firegad crisis of 2008-2009;

2. Foreign currency debt which is issued by the pusdictor and denominated in a
foreign currency;

3. Local currency debt which is issued by the pubdicter and denominated in the
domestic currency;

4. The monetary base (or base money) which is relatéde money supply in the
country’s economy.

Gray et al. (2007) argue that the balance she¢hefcountry’s public sector and the
balance sheet of a corporation show important anitigs in both structure and priority
of the claims. Local currency debt and the monetaage are called local currency
liabilities and have certain features similar te thquity of a corporation. The public
sector controls the money supply and therefore tiease the option to repay their local
currency debt by creating more domestic currenaywéver, expansion of the money
supply can cause inflation which lowers the redueaof the payments to the local
currency debt holders. This is similar to equitycofporations because excessive issue of
shares dilutes existing holders’ claims and redubesprice per share on the balance
sheet of a corporation. The foreign currency dsbanalogous to the risky debt of a
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corporation because here the public sector canaityecreate more foreign currency
since excessively creating domestic currency vaWdr the demand of the domestic
currency and hence depreciate the foreign exchaatgs. Moreover, Sims (1999)
considers foreign currency debt to be senior talloarrency liabilities because in stress
situations most governments prefer to inflate lazalrency debt instead of defaulting on
foreign currency debt.

The sovereign CCA model is similar to the corpor@@A model with local currency
liabilities modeled as an implicit call option dmetcountry’s assets and foreign currency
debt modeled as a distress barrier minus an ingigi option on the country’s assets.
The distress barrier is based on the book valugbeoforeign currency debt using the
empirical rule of equation (34). The financial garstees can be modeled as implicit put
options on the finance sector assets. Gray and ra{@008) provide more insight in
transferring financial risks by interlinking thelbace sheets of different sectors with put
options. However, analyzing all sectors of a sogerevill be very time consuming and
beyond the scope of our research project whereoatk &t the basics of the sovereign
CCA model without the financial guarantees. An imt@ot feature of the sovereign CCA
model is that the balance sheet items are measarede currency unit, commonly a
“hard” currency such as the US Dollar or the Eusith the corresponding risk-free
interest rate.

Essentially, the sovereign CCA model is the samb@sorporate CCA model described
by equations (30), (31), (32), and (33). Insteadhef notationE for equity we use the
notation LCL for local currency liabilities, and instead of tlléstress barrieB we
introduce the foreign distress barr®&r Input parameters of the model are the value and
volatility of the assets, the book value of theefgn currency debt, the marked-to-market
value of the local currency liabilities consistimg the local currency debt and the
monetary base, and the risk-free interest rate.fdredgn exchange rate is indirectly an
important input parameter because it largely infbes the value and volatility of the
assets and the local currency liabilities. All ihgnarameters are directly observable
except for the market value and volatility of tlesets of the sovereign which, therefore,
must be estimated. One approach to estimate thieeinaalue and volatility of the assets,
which is also applied to corporations, is to usenaplied value from the observed value
of the liabilities. Remember that in CCA the vahfehe assets must always be equal to
the value of the liabilities. Therefore, we coukt@mine the implied value and volatility
of the assets from the observed market prices efdbal currency liabilitied CL and
their volatility o ¢, . The balance sheet relationships between thesagsdtthe liabilities
are used to iteratively calculate the implied vadfi¢he two unknowns (the implied asset
valueA and the implied asset volatiliby) with equations (35) and (36):

LCL = AN(d,)— B,e ™ N(d,), (35)
LClo, = AGA% _ Ao, N(d,). (36)

From the description of the sovereign CCA modelpsesume that the sovereign CCA
model is designed for emerging countries. Theresakeral reasons why the sovereign
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CCA model is not applicable to developed countrigsst, developed countries have
direct access to large and liquid international ket to issue debt in their domestic
currency and that is why developed countries haverrfew foreign debt. Therefore, the
foreign distress barrier of most developed coustiél be zero. Moreover, countries
from the Economic and Monetary Union (EMU) of thergpean Union have very
limited control over the money supply of the Eurap&entral Bank (ECB) and therefore
the analogy between local currency liabilities augliity disappears. After the financial
crisis of 2008-2009, sovereign credit risk espégcialpplied to EMU countries like
Greece, Ireland, Portugal, and Spain. Finally,rtfan source that causes an increase in
credit risk of these countries was the budget defibich is not taken into account as
input parameter of the sovereign CCA model. The¢éeus to the conclusion that the
sovereign CCA model is best suited for emergingntoes. This property of the
sovereign CCA model is never stated in literatimat, confirmed in a conference call
with Dale Gray who said that the model works bestemerging countries with a
considerable amount of foreign currency debt.

3.5 Risk measures

The sovereign CCA model provides us with a numkfecauntry specific risk- and
sensitivity measures. In this section we descriveet important risk measures of the
sovereign CCA model:

1. Credit spreads,
2. Default probability:N(-dy),
3. Distance to distressk.

Equation (37) below recalls the formuladaf

g IN(A/B,)+(r—1o,5)T

’ VT

(37)

The credit spread follows from the yield-to-matysrtof the risky debD which is valued
by the sovereign CCA model. The yield-to-maturityhe risky debt is (38):

D=Be ",
_In(B, /D) (38)
=—

The difference between the yield-to-maturity of tisky debt and the risk-free interest
rate is the credit spread39):

1 P
S=y—-r=—=—In|1- ) 39
y T [ Bfe—”J (39)
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Another important indicator of credit risk is theefdult probability. The default
probability is the probability that the sovereigyuatry will default on paying its foreign
debt at the end of the time period. The soverei@A @odel provides us with the “risk
adjusted” default probabiliti(d,). To see how this corresponds with the “actuafadi
probability, we show how the formula of the “actudd¢fault probability is derived.

The value of the assets at tifiecan be derived from the assets’ stochastic pro@9s
and is described by (40):

A = Aexplu, - 10,7 T+ 0T (40)

The probability that the country defaults is equoathe probability that the value of the
assets is lower than the foreign distress barig): (

Prot{A, <B, )=Prot{A ex(u, 36,27 +0,e4T|< B, ). (41)

By rearranging the terms we find that this is egléwt to the probability that the random
terme is smaller than the terndz, (42):

Prot{A0 exd(,uA —%aAZ)I' + aAgx/ﬂ< B, )

Prot{ln(Ao)Jr (yA —%GAZ)T +0,eT < In(Bf ))
Prot{aAgﬁ < |n(Bf )— ln(Ao)_(:uA _%GAZ)F)’
In{éb}r(,uA—;aAz)F

f =—d,, |.
GA\/? '

(42)

Prob ¢ < -
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The error ternz is assumed to be standard normally distributags the “actual” default
probability is N(-d»,). Figure 3.6 shows the “actual” and the “risk atipa” default
probability as the area below the distress barrier.

Distribution of Asset walue at T

As=et Value

Drift of gt |
AE
A :

Drrift of ¢ ' Foreign Distress Barrier

Sg;;j{ ﬁ/ \ "Rizk Adjusted"
Probability _: Default Probability ‘
U Time

Figure 3.6 The “risk adjusted” and the “actual” default probiy.
Source: Gray et al. (2007).

From Figure 3.6 we can see that the “risk adjustedfault probability is larger than the
“actual” default probability. This is because tlwereign CCA model does not use the
“actual” but the “risk adjusted” asset-return prbitity to value the contingent claims and
therefore the assets grow at the lower risk-fréerranstead ofi. Next to this, the default
probability also depends on the distribution frorhiah it is drawn. In reality assets do
not have a perfect normal distribution, especialty at the tail of the distribution were
defaults occurs. However, Gray et al. (2007) clarfind a tight relationship between the
“risk adjusted” default probability and actual C@&ta. On a contrary, the KMV model
that is used by Moody’s does not use the normaitibligion to determine the default
probability of corporations. They use the Expeddedault Frequency (EDF) to map the
distance to distresd into a default probability. The EDFs come fromaegke proprietary
historical database with corporate defaults whishowned by Moody’'s and cannot
publicly be accessed. Although no historical dadabaf the same size with sovereign
defaults exists, the distance to distress can\mduable risk measure as it represents the
number of standard deviation of asset return Mdlathat the value of the assets is away
from the distress barrier.
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Chapter 4

Case Study Brazil

In this chapter we perform a case study of the imdge CCA model of Gray et al. (2007)

on Brazil. We show the practicability of the sougreCCA model by providing a general

approach to adapt data available at Robeco to #yevariables of the model. We

compare the results of our case study with infoionathat we gathered on the results of
a study on Brazil by Gray and Malone (2008). Whis tcomparison we can check our
results and find out if we can confirm the saméhttigelationship between the risk

measures of the model and actual CDS data as ddmyné&ray et al. Moreover, the case
study on Brazil provides insight in the dynamicstioé sovereign CCA model and the
applicability to trading strategies with CDS coxtsa

As an emerging country with a large foreign debtkt Brazil satisfies all conditions of
the sovereign CCA model that we distinguished il pinevious chapter. Moreover, the
credit risk of Brazil is very interesting to anatéybecause Brazil is one of the largest
emerging countries that recently went through aseeredit crisis. During this crisis of
2002-2003 the country was close to default on ttebt. There were several causes that
led to the crisis. One important cause was the gigandém the FX regime of the Brazilian
Real (the name of the domestic currency) from aDd8ar pegged FX rate to a floating
FX rate in 1999. This led to a devaluation of thra#flian Real which caused difficulties
for the Brazilian government in servicing the lafgesign currency debt stock. In 2002,
an energy rationing program had a negative effacthe@ economy. At the same time,
Luiz Inacio da Silva, popularly known as Lula, wike electoral contest for the Brazilian
presidency from the sitting conservative party ehdif of the labor party. Investors had
no confidence that the socialist Lula would soltxe Eeconomic crisis. However, the
cheap Real gave Brazil a competitive advantage Avgentina that changed their FX
regime only in 2002 from a US Dollar pegged FX r&tea floating FX rate. The
subsequent growth in export led to a recovery efBhazilian economy from 2003 which
President Lula seized to improve the transparerfcth® local financial markets and
restructure the debt by increasing the proportibriooal currency debt. Currently in
2010, Brazil has one of the fastest growing ecoesrm the world.
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4.1 Data Preparation

In our case study we practically implement the seigesn CCA model on Brazil with our
own data. We try to replicate the example of aforaktimplementation of the sovereign
CCA model on Brazil by Gray and Malone (2008). e information on the results of
this example to check the results of our case stlidgrefore, we use the same research
period and currency unit as Gray and Malone. Theearh period is April 2002 to
December 2005 and the currency unit is the US RdBaay and Malone show that under
these settings there is a tight relationship betwtbe default probability determined by
the model and the actual 5 year CDS spread. Wekcifiege can confirm this tight
relationship in our case study.

To practically implement the sovereign CCA modellvewe to find and prepare data that
we can use for the input variables of the modeé $bwvereign CCA model requires data
for the following input variables:

e Local Currency Liabilitiesl{CL)
0 Monetary Base
0 Market value of the Local Currency Debt
e Volatility of the Local Currency Liabilitieso{ c,)
e Foreign Distress BarrieB)
e Risk-free interest rate’)
e Time Horizon 1)

All values have to be measured in US Dollars arefetfore another important input
variable of the sovereign CCA model is the FX tateonvert all input variables to US
Dollars. We have data for the following input vées directly available for our case
study: the monetary base, the risk-free interdst @nd the FX rate. The time horizon is
set at 5 year, equal to the maturity of the CDStremts that we use to compare the risk
measures of the sovereign CCA model with. Sincetithe horizon is 5 years and the
unit currency is the US Dollar, the risk-free imtstlr rate is the 5 year US government
interest rate. The data for the other input vagablthe local currency debt, the volatility
of the local currency liabilities, and the foreidistress barrier - have to be constructed.

The main data source we use in our case study igeheric broker information from the

Bloomberg Terminal which we can access within Rob&oomberg is a data vendor of
up-to-date business news and financial informatinom Bloomberg we collect daily

historical data on the 5 year US government interae and the FX rates. We also
collect daily historical data on the 5 year CDSegpr of Brazil, so that we can compare
the risk measures of the sovereign CCA model fazBrin Bloomberg the monetary

base of Brazil is only available on a monthly basistead, we use daily data on the
monetary base that is publicly available at the sitebof the Central Bank of Brazil

(BCB) with a lag of one month.

The input data for the local currency debt showdrbmarket values and is not directly
available in Bloomberg. The data could be colledteth public available debt reports by
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the Brazilian government but this has four impardisadvantages: the data is not timely
and can have a time lag up to a quarter of a yeardata is only available on a monthly
or quarterly basis; the data collection is timestoning because data sources can differ
for different periods and data have to be manuabilected; and the debt is not
necessarily reported in market values. Therefards ibetter to construct the local
currency debt by using Brazilian government bondadénat are daily and timely
available from Bloomberg. This can be done by agldhre market values of the total
number of all active bonds that are issued in Heazi Reais. This is a very
straightforward and convenient approach to detezntive current market value of the
local currency debt.

However, we cannot use this approach for our casly Pecause most market values of
Brazilian bonds are not historically available. Téfere, we estimate the market values of
the fixed bonds on a given date by discounting (thdexed) nominal values with the
required yield as in equation (1) of Chapter 2. @pplicable domestic interest rate is set
as the required yield. We estimate the market wahfefloating bonds simply as the
(indexed) nominal value. Although, it is time conmsng to determine the market values
of all specific types of bonds, we prefer this agmh over estimating the local currency
debt from reported values by the government. Thiseicause by constructing the market
value of the local currency debt with Bloomberg @hatata we have the advantage of
having a general approach that we can apply tor athentries as well. Table 4.1 shows
the fixed, floating, and inflation linked bondsussl in Reais that we distinguish in our
case study on Brazil.

Table4.1 Local currency debt of Brazil: Specification ofailian government bonds issued by the
National Treasury of Brazil during the researchiqebiof our case study (April 2002 to
December 2005). The bonds are issued in Reaisjdheestic currency of Brazil, and
coupons are paid semiannually. Currently in 20h@s¢ are still the only types of
Brazilian government bonds issued in Reais thabetige.

Bond Name Type Annual Coupon  Detail

LTN Fixed 0%

NTN-F Fixed 10%

LTE Floating 0% Nominal value indexed to the accumulated overnight

SELIC rate referenced at 1 July 2000
Nominal value indexed to the accumulated monthly

NTN-B Fixed, Inflation Linked 6% return on the IPCA inflation index referenced at 15
July 2000
Nominal value indexed to the accumulated monthly
NTN-C Fixed, Inflation Linked 6%, 12% return on the IGP-M inflation index referenced at 1
July 2000

Figures 4.1 to 4.3 show the market values of thal tetock of fixed, floating, and

inflation linked local currency debt calculatedrfrahe Bloomberg bond data compared
to the reported values by the Brazilian governmbngeneral, the calculated values are
about the same or just above the reported valuesgithe research period which gives
confidence in the quality of the Bloomberg bondadahd our approach. Table B.1 of
Appendix B shows that we are not always able td &n appropriate interest rate that we
can set as the required yield to discount the éutash flows of a specific bond issuance.
This could be a reason why the calculated valudeaal currency debt might deviate
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from the reported values. However, we do not negégeed the exact market value of
the local currency debt anyway because the outptlieosovereign CCA model is less

sensitive to changes in the local currency liabgitthan other input variables as we
explain in the model discussion section of thisptba
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Figure4.l The fixed local currency debt of Brazil in the iper April 2002 to December 2005. The
total fixed local currency debt stock of Brazil iested from the Bloomberg LTN and
NTN-F bond data compared to the reported valugbd\National Treasury of Brazil.
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Figure4.2 The floating local currency debt of Brazil in tperiod April 2002 to December 2005.

The total floating local currency debt stock of Blastimated from the Bloomberg LTF
bond data compared to the reported values by ttiemé Treasury of Brazil.
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Figure4.3 The fixed inflation linked local currency debt 8krazil in the period April 2002 to
December 2005. The total fixed inflation linked dabaurrency debt stock of Brazil
estimated from the Bloomberg NTN-B and NTN-C boradadcompared to the reported
values by the National Treasury of Brazil.

The input data for the foreign distress barriemas directly available in Bloomberg. The
foreign distress barrier needs to be constructaeh the book values of foreign currency
debt with the empirical rule of equation (34): thkort term debt plus the interest
payments in the coming year and half of the lomgntelebt. Like Gray and Malone
(2008) we define the short term debt as all delbh &itime to maturity of less than or
equal to 1 year and we define the long term delalladebt with a time to maturity of
more than 1 year. We construct the foreign distbessier with the use of Bloomberg
foreign bond data. Therefore, we use Brazilianrimggonal government bonds which are
not issued in Brazilian Reais but mainly in US Rdl Euros and Japanese Yens. We
also take into account Brazilian government boinds are issued in Reais but linked to
the US Dollar. Examples of Dollar-linked bonds #re national treasury’s NTN-D series
and the central bank’s BNCB-E series that have raimal value that is indexed to the
Brazilian Real and US Dollar FX rate. Based ontthie to maturity of the foreign bonds
we determine if the bonds are classified as sleom br long term debt and we construct
the foreign distress barrier by adding the nomimalues and forthcoming interest
payments in US Dollars of all foreign bonds accogdio equation (34).

The last input variable that needs to be determigete volatility of the local currency
liabilities. We measure this input variable by cédting the historical volatility of the
local currency liabilities. We find the local cunay liabilities by adding the monetary
base to the market value of the local currency déhth we construct out of bond data.
The historical volatility of the local currency ligities (in US Dollars) on a given date is
the standard deviation of the log returns overpghevious period. We want to use the
highest frequency information that is possible witarket data in our case study because
we want to obtain timely warnings from the risk m@a@s of the sovereign CCA model.
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Therefore, we measure the volatility on a dailyiday using daily log returns. Because
our time unit of the sovereign CCA model is in yawrve annualize the volatility by

multiplying with the square root of 252 (approximlgtthe number of business days
during a year).

An important choice in the measurement of the Vdlais the length of the measurement
period. Figure 4.4 shows the volatility of the Ibcarrency liabilities of Brazil with a
measurement period of 1, 3, and 12 month(s). Frigur& 4.4 we can clearly see that the
length of the measurement period has an impontdiiieince on the volatility. If we use a
short measurement period of one month the volatiisponds fast to a recent change in
the variability of the log returns but this alsads to a more fluctuating volatility over
time. On the other hand, if we use a long measuneperiod of 1 year the volatility is
more stable over time but reacts slowly to a rect@inge in the variability of the log
returns. In our case study, we choose a measurgmeentl of three months because this

gives a more stable volatility over time that stifls a timely reaction to changes in the
variability of log returns.
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Figure4.4 Annualized volatility of the Brazilian local currey liabilities in the period April 2002 to

December 2005. The presented volatilities have asmement period of 1, 3, or 12
months and are measured on a daily basis.
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We can divide the volatility of the local currentgbilities in three components: the
volatility of the monetary base in local curreneyms, the volatility of the local currency
debt in local currency terms, and the FX volati(itye volatility of the Brazilian Real and
US Dollar FX rate). For a floating rate FX reginas is the case for Brazil, the main
driver of the volatility of the local currency lidities is the FX volatility (Figure 4.5).
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Figure4.5 Volatility of the local currency liabilities of Bel and the volatility of the Brazilian Real

and US Dollar FX rate in the period April 2002 teed@mber 2005. The presented
volatilities have a measurement period of threethmand are measured on a daily basis.

If we take a closer look at the volatility of thechl currency liabilities we examine a
number of sudden jumps in volatility. These jumpgshe volatility of the local currency
liabilities are caused by the local currency delyhponent of the volatility. The volatility
of the local currency debt is driven by changethm interest rate market and issuances
(or redemptions) of debt. It is the discrete propef the issuance of debt that has a
disproportional impact on the volatility of the Bccurrency liabilities. Therefore, we
eliminate this impact on the volatility of the ldceurrency liabilities by excluding
incidental large absolute log returns. We considgrreturns larger than 125% of the
maximum log return of the preceding month to beseduby incidental large debt
issuances. The boundary value of 125% is arbitvatyin our case study it eliminates the
jumps in volatility as required and it does notrede affect the remaining components of
the volatility of the local currency liabilities mah. We can see this in Figure 4.6 where
the adjusted and original volatility of the localrency liabilities are shown.
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Figure 4.6 Annualized volatility and adjusted volatility dfi¢ Brazilian local currency liabilities in

the period April 2002 to December 2005. The presgtwblatilities have a measurement
period of three months and are measured on a Ha#is. The adjusted volatility is the

volatility where excessive log returns (more th&d% of the last month maximum log
return) are eliminated.

4.2 Software Application

In the previous section we have seen that all inputbles of the sovereign CCA model
can be gathered or constructed on every (busimesspf the research period with bond
data, interest rate data, and FX rate data fronorBherg, and data on the monetary base
from the Central Bank of Brazil. First, we organittee data on three different Excel
sheets that we can use to construct or accesssenes of the local currency liabilities,

the volatility of the local currency liabilitieshé foreign distress barrier, and the risk-free
interest rate:

1. Bond data
2. Monetary base (time series)
3. FXrates, interest rates, and indices (time series)

The bond data contains the issue date, the mauaity, the coupon percentage, and the
total amount outstanding of all specific bonds thare active from April 2002 to
December 2005. The nominal value of the LFT bongdesy are indexed to the
accumulated SELIC index which we can construct frima overnight SELIC rate
available at Bloomberg. The nominal value of theNNB and NTN-C bond types are
indexed to the IPCA and IGP-M inflation indices pestively, which are available at
Bloomberg on a monthly basis. We estimate the daitgls of these indices by linearly
extrapolating the index values of the last two rhentThe data collection from
Bloomberg to Excel can easily be done with theddash Bloomberg download functions
of the add-in of the Bloomberg Terminal in Excehble B.2 of Appendix B shows the
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number of missing values the interest rates datiaTable C.1 of Appendix C shows the
number of missing values in the FX rates data. fi&sing values are dealt with by
calculating the average of the last known value taedhext available value, which could
cause a predictive error because the next availablee contains forward looking

information. This error would be negligible sinte thumber of missing values of the FX
rates is very small and the interest rate is onlgstimate of the required yield.

Next, we construct all input variables for everytedauring the research period and
calculate the output of the sovereign CCA modetdBse we need daily information for
the volatility of the local currency liabilities ywvay, we calculate all our output on a
daily basis which requires a large number of calitohs. For this purpose, we have built
a Matlab program that performs the following opiera:

1. Read the bond data and the time series of the Ekesits.
2. Constructs time series of:
a. The local currency liabilities
This operation requires a double for-loop construction? where on every
date of the research period the market values of all active local bonds are
determined and accumulated to find the time series of the local currency
debt. The time series of the local currency liabilities are found by adding
the time series of the local currency debt and monetary base.
b. The foreign distress barrier
This operation requires a double for-loop construction® where on every
date of the research period the rule for the distress barrier is applied to all
active foreign bonds and the corresponding values are accumulated to find
the time series of the foreign distress barrier.
c. The volatility of the local currency liabilities
3. Solve equations (35) and (36) of the sovereign @@Alel iteratively for all dates
to find time series of the value and volatilitytbé assets.
4. Calculate the model risk measures that we haveitegdn Chapter 3:
- spreads
- (risk adjusted) default probabilitil(d,)
- distance to distressd:
5. Write the model’s output and the constructed tienges to an Excel file.

The output of the software application thus cossiétthe implied value and volatility of
the assets and the risk measures of Brazil duhiagésearch period. The risk measures
can be compared with the actual 5 year CDS spreBdaail.

Since the Matlab program has to run a double foploonstruction and the calculations
are done on a daily basis, the calculation tim@ omodern computer is quite lorg Italf

2 We are forced to use a double for-loop construdtistead of matrix operations because we have to
determine the market value of each individual bissdance by discounting the bond specific cashslow
% Here, we can also use matrix operations insteaddwiuble for-loop construction but in our caseds
easier to employ a similar approach as is usethéoconstruction of the time series of the locatency
liabilities.
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an hour). The Matlab program namely has to detezntive market value of 142 local
currency bonds and the foreign distress barrieraut57 foreign currency bonds or
Dollar-linked bonds on 980 business days. We cdoglcrease the calculation time by a
factor 21 (approximately the number of businesssdaya month) if we perform the
calculations on a monthly basis. Therefore, we h@mveonsider a smart method to
determine the volatility of the local currency lidties. The calculation time will improve
anyhow if we build an application of the soverei@CA model to determine risk
measures of today since market values of recend blata are available in Bloomberg
and therefore we do not have to determine the ptesdue of the bonds’ future cash
flows. For now we accept the calculation time.

4.3 Results

This section shows the results of the case studBraazil that are obtained from our
software application of the sovereign CCA modelmparable results from the study of
an application of the sovereign CCA model to Brdmil Gray and Malone (2008) are

shown next to our results. The study of Gray andokkais called the ‘benchmark’ in the
next part of Chapter 4.

Figure 4.7 shows the implied asset value and theadgo distress barrier of Brazil for our
case study and the benchmark. The foreign disbr@sger of both our case study and the
benchmark is around 100 billion US Dollar over tinfhiee implied asset value of our case
study roughly follows the same pattern as in thechenark. However, the level of the

implied asset value is in our case study arounddlion US Dollar above the level of
the implied asset value in the benchmark.
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Figure4.7 The implied sovereign asset value and the fordigtress barrier of Brazil in the period
April 2002 to December 2005. The left figure shaive result of our case study. The
right figure shows comparable results and is cofieth Gray and Malone (2008).
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Figure 4.8 shows the default probability and thee&r CDS spread of Brazil for our case
study and the benchmark. The default probabilitpum case study is much lower than
the default probability of the benchmark. The maxindefault probability is 8.54% in
our case study and more than 30% in the benchmidt&r March 2003 the default
probability of Brazil is even constantly close &ra according to our results. The default
probability is always between 5% and 10% in thechemark for the same period. We use
similar 5 year CDS data as the benchmark to evalinat risk measures.
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Figure4.8 The default probability (left scale) and the atfugear CDS spread (right scale) of Brazil
in the period April 2002 to December 2005. The faftire shows the result of our case
study. The right figure shows comparable resultth wihe default indicator being the
default probability in percentages and is copiednfiGray and Malone (2008).

In Figure 4.9 we can clearly see that the risk messsdefault probability and spread of
the sovereign CCA model are very similar excepttif@ scale of these measures. Both
risk measures only show a signal in the perioduoieJ2002 to March 2003 and are close
to zero in the surrounding periods.
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Figure4.9 The risk measures default probability (left scaedl spread (right scale) according to the

sovereign CCA model of Brazil in the period Aprl@2 to December 2005.

Figure 4.10 shows the distance to distress of Btlaai we find in our case study and the
benchmark. The distance to distress of the bendhmaralculated only on a quarterly

basis. Corresponding to the lower default probgddj the level of the distance to

distress is higher in our case study than in theclmmark. However, we see roughly the
same pattern in the distance to distress of battliet. We observe that the minimum
distance to distress of both studies is at Oct@68P. According to the higher frequency
data of our case study, the upward trend in thm@ehereafter is actually not as stable as
it appears to be in the benchmark.
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Figure 4.10 The distance to distress of Brazil in the perigarin2002 to December 2005. The left
figure shows the result of our case study. Thetfiglhire shows comparable results and is
copied from Gray and Malone (2008).
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Figure 4.11 shows the relation between the distamcistress of our case study and the
actual 5 year CDS spread of Brazil. The level stafice to distress and the 5 year CDS
spread are negatively correlated (-0.70).
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Figure4.11 The distance to distress (left scale) and the &&ugear CDS spread (right scale) of
Brazil in the period April 2002 to December 2005.

Figure 4.12 shows that the relation between theuwlte and the CDS spread appears to
be exponential rather than linear. The distancdistress is heteroscedastic because for
small CDS spreads the distance to distress carerapgo 4 standard deviations of the
asset return volatility that the value of the assetaway from the foreign distress batrrier,
while for large CDS spreads this range is much lemal
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Figure4.12 Scatter plot: The distance to distress versustheal 5 year CDS spreads of Brazil in the
period April 2002 to December 2005. The blue arravdicate the range in the distance
to distress for small and large CDS spreads.

4.4 Model Discussion

We can clearly distinguish the Brazilian crisis 2002-2003 in our case study. At
October 2002 the default probability and the sprefaBrazil are at their maximum level
and the distance to distress was at its minimurordatg to the sovereign CCA model.
This is in line with the 5 year CDS spread of Brakat was at a record height at the
same time. At October 2002 the CDS spread reacd®&t.3 bp (1 basis point = 0.01%),
meaning that after buying a CDS an investor hgahipan annual premium of as much as
395.15 US Dollar to secure an international Branilgovernment bond with a face value
of 1000 US Dollar. After October 2002 the situationproves as we can see in our case
study where the default probability and the spréadrease and the distance to distress
increases. Again, this corresponds with actual GIa&a from where we observe a
declining trend after October 2002.

It may sound odd that the economic situation ofzBremproves after October 2002,
while we can see from Figure 4.1 to 4.3 that theallacurrency debt stock is only
increasing. Why does the sovereign CCA model revganeernments for issuing more
debt? From Figure 4.7 we can see that by issuing nozal currency debt the implied
assets of Brazil also increase while the foreigtrdss barrier remains at the same level.
It is a positive sign that a country is able toseacapital for their expenses by issuing
local currency debt because it shows an improvemietite liquidity of the local market
through which a country can borrow money under niaverable conditions as it is no
longer forced to borrow money on a foreign marketmember that in Chapter 3 we have
seen that Gray et al. (2007) state that the lasaknocy liabilities of a sovereign country
are similar to the equity of a corporation andftireign currency debt is considered to be
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the risky debt of a corporation. Low leveragerporations have a capital structure with
relatively high equity. Such corporations are lesky and can therefore borrow at a
lower spread than a similar corporation that hagh Heverage. The same holds for
countries in the sovereign CCA model for which #wpiivalent to company leverage is
the ratio of foreign currency debt to local currghiabilities.

The implied asset value is around 100 billion USl&above the implied asset value of
the benchmark (Figure 4.7). Although we do not knibwe exact data source of the
benchmark study by Gray and Malone, this differecm@d be caused by the volatility of
the local currency liabilities which is an importdactor that influences the implied asset
value in the sovereign CCA model. In general, adigvolatility of the local currency
liabilities leads to a decline in the implied assgiue as illustrated by Figure 4.13. Itis a
good possibility that a significant part of thefdience in the implied asset value between
our case study and the benchmark is because we Ugeer volatility of the local
currency liabilities than the benchmark.
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Figure4.13 The implied asset value versus the volatility bé tlocal currency liabilities in the

sovereign CCA model withCL = 250,B; = 100,r = 3.5%, andl = 5 year.

We do not obtain the same tight relationship bebtwttee default probability and the
actual 5 year CDS spread as the benchmark (Fig8je Bhe default probability in our
case study is much lower than in the benchmarkiseglen close to zero in the research
periods before June 2002 and after March 2003 .defeult probability of the benchmark
is constantly above 5% in those periods. The diffee in the default probability of our
case study and the benchmark is mainly caused éwadlhatility of the local currency
liabilities.

* Leverage is the ratio debt to equity.
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We take a closer look at the date of January 200dnderline the importance of the
volatility of the local currency liabilities as inpvariable of the sovereign CCA model.
At January 2004 the foreign distress barBers in both studies around 100 billion US
Dollars, the local currency liabilitidsCL are 270 billion US Dollar in our case study and
we deduct from the implied asset value (300 billiw& Dollar) that thd.CL is at least
200 billion US Dollar in the benchmark. The timeriaon is 5 years for both studies and
we presume that the risk-free interest rate is 3.5#@ only unknown variable of the
benchmark study is the volatility of the local amcy liabilities. We derive this volatility
by searching the implied level of the volatility thle local currency liabilities that gives a
default probability of 5%. Figure 4.14 shows thdadét probability according to the
sovereign CCA model versus the volatility of thedbcurrency liabilities under different
leverages. A higher leverage leads to a largeruttefaobability but the difference in
leverage between our case study and the benchnaarlorily a small influence on the
model’s default probability. From Figure 4.14 wesetve that the volatility of the local
currency liabilities must be 44% to get a defauttbability of 5%. In our case study the
volatility of local currency liabilities is alwaybelow 40% even in the crisis period
(Figure 4.6).
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Figure4.14 The default probability versus the volatility offiet local currency liabilities in the
sovereign CCA model for different leverages=(3.5% andl = 5 year). The leverage is
the ratio risky debt (foreign distress barrieretpuity (local currency liabilities).

The volatility of the local currency liabilities hus too low in our case study compared
with the benchmark. Adjusting the measurement pedioes not give us volatilities that
are constantly above 40% either (Figure 4.4). Tléhod to measure the volatility of the
local currency liabilities is not stated in Grayadt (2007) or Gray and Malone (2008).
Dale Gray confirmed to us in a conference call tieenlarged the volatility by adding a
floor value of 30% and using artificially high estaites for the correlation between the
three components of the volatility of the localremcy liabilities. He argues that financial
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markets are not (always) normally distributed agceblarging the volatility of the local
currency liabilities he simulates a probability tdlsution with fat tails. If we want an
unbiased quantitative value for the volatility dtlocal currency liabilities we cannot
use the normal distribution to find an appropridégault probability. Similarly, Moody’s
KMV does not use the normal distribution either thre corporate CCA model to
determine the default probability, as we have sedbhapter 3. Instead, they replace the
normal distribution by a historical database ofpowate defaults. Such a database does
not exist for sovereign defaults and if it doewduld contain only a few observations.

The distance to distress of our case study roufgilgws the same pattern as in the
benchmark, but is logically at a higher level doetlie lower volatility of the local
currency liabilities (Figure 4.10). On forehand, erpected the relation between the
distance to distress and the CDS spreads to beiveegpacause a low distance to distress
indicates that a country is close to default aretdafore has a high credit risk. Although
the relation between the distance to distress dned GDS spread appears to be
exponential rather than linear (Figure 4.12), tistamce to distress has a high negative
linear correlation with the actual 5 year CDS sgrigaour case study.

It is noticeable that beyond the crisis period 200023 the level of distance to distress
for Brazil is high compared to the level of distarto distress of corporations. Figure
4.15 shows that the 95percentile of the level of distance to distresscofporations
(measured by a quantitative model of Robeco) gelgrexceeded by the maximum level
of distance to distress of Brazil (10.92) in ouseatudy. This is not a surprising result
because it is far more likely that a corporatiofad#s than the whole country.
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Figure4.15 The 9% percentile of the distance to distress level fourdverse of nearly 1000
corporations in the period 1990 to 2010.
Source: Robeco Quantitative Strategies.
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Figure 4.16 shows the distance to distress versesvolatility of the local currency
liabilities for different leverages. We distinguishcommon leverage situatioD/E =
100/25) for corporations with the blue line ancethteverage situations for Brazil that we
observe during the research period. The main califee high distance to distress for
Brazil compared to corporations is that the leverafj the countries in the sovereign
CCA model is very low compared to the equivalentetage of corporations in the
corporate CCA model. If we concentrate on the theeerage situations of Brazil, we see
that the volatility of the local currency liabikis has a large influence on the risk measure
distance to distress in the sovereign CCA model.lodt leverage, a change in the
volatility has a larger impact on the distance istrdss than a change in the leverage.
Particularly when the volatility of the local cuney liabilities is low, a change in the
volatility causes a drastic change in the distdonagistress. The FX volatility is the most
important driver of the volatility of the local aency liabilities (Figure 4.6) and thus a
very important input variable of the sovereign C@Adel.
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Figure4.16 The distance to distress versus the volatilitytled local currency liabilities in the
sovereign CCA model for different leverages=(3.5% andl = 5 year). The leverage is
the ratio risky debt (foreign distress barrieretpuity (local currency liabilities).
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4.5 Trading Opportunities

The risk measure distance to distress of the smre@CA model is a promising risk
measure that we can possibly use in a tradingeglyatiith CDS contracts. In our case
study, we observe a clear negative (nonlinear}iogldetween the distance to distress of
Brazil and the actual 5 year CDS spread. Next ¢odilstance to distress, it is interesting
to analyze if the FX volatility offers trading opponities as it is the most important input
factor of the sovereign CCA model. Unfortunatelye wsannot determine a quantitative
default probability that we can use in a tradingtsgy. Since the risk measures default
probability and spread are very similar and fogéaperiods close to zero, we cannot use
the spread found by the sovereign CCA model iradiig strategy with CDS contracts
either. Therefore, the risk measures default priibaland spread are not taken into
account in the following sections of this masteesis and we concentrate on the
sovereign CCA model’s risk measure distance tarelst@,) and the most important
input factor FX volatility 6x).

If we want to build a successful trading strategyhvb year CDS contracts upon the
distance to distress, there should be a relatiawdss thechange in the distance to
distress and thehange in the CDS spread next to the close relation betwibe level of
the distance to distress and the CDS spread thahave already found for Brazil.
Moreover, a change in the distance to distress Idhbave predictive power on the
change in the CDS spread. The same holds for thediXility of Brazil. Therefore, we
test in this section if a change in the distancdistress and a change in the FX volatility
have explanatory and predictive power on the changbe 5 year CDS spread. If we
find promising results for Brazil, we may exploitig in a trading strategy with 5 year
CDS contracts of Brazil and other emerging coustvigh a free floating currency and
debt issued in both local and foreign currencies.

The explanatory power of a change in the distancdidtress or a change in the FX
volatility on the change in the CDS spread is tksby analyzing contemporary
correlations and linear regressions. The predighewer of a change in the distance to
distress or a change in the FX volatility on tharue in the CDS spread is tested by
analyzing lead-lag correlations and linear regmssi We use absolute changes in the
distance to distress, the FX volatility and the CDB$read. Because of the
heteroscedasticity of the distance to distresstlame@xponential high level of the distance
to distress at low volatilities, we also take nelatchanges in the distance to distress into
account. We expect for example that a deterioratibthe level of distance to distress
from 2 to 1 has more influence on the country’snecoy than a deterioration of the level
of the distance to distress from 12 to 11. We lsetchange in the 5 year CDS spread as
the dependent variableY and we set the change in the distance to distredge change

in the FX volatility as the independent varialdX. Because the distance to distress
contains heteroscedasticity, a change in the lefvdistance to distress does not have to
lead to an immediate change in the CDS spreaddiBi@nce to distress is thus not a very
fast signal in a trading strategy with CDS consaatd has to be measured over longer
periods when used in a trading strategy. Therefeeelook at monthly changes and end-
of-the-month values of timeduring the research period of our case study.
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We first test the explanatory power oK andAY. Therefore, we look at the correlations
and linear regressions of aimonth change iX and the contemporary month change
in Y. We describe the contemporary changes for absohateges of thX andY variable
with (43):

t+n Xt'
(43)

AX = X
-,

AY =Y,

t+n

and for relative changes of tievariable with (44):

AX = In(hj,
X, (44)
AY =Y, -Y.

t+n
Furthermore, we test the predictive power /0 on AY. Therefore, we look at the
correlations and linear regressions oframonth change iX and the subsequent one

month change ir¥. Thus,AX is the leading signal andY is the lagging signal. We
describe the lead-lag changes for absolute chasfgae X andY variable with (45):

AX = xt+n - xt’
(45)
AY = Yt+n+1 - Yt+n )
and for relative changes of tievariable with (46):
AX = In(h],
X, (46)

AY =Y,

t+n+l

Y,

t+n*

The linear regression model for both contemporawy laad-lag changes is described by
47):

.{AY:a+ﬂ*AX+5, 47)

“le~N(0D.

We want to know ifAY significantly depends onX. Therefore, we calculate the t-value
of the slope coefficienty that we obtain from the linear regression model fo
contemporary changes to see if the distance taedstand the FX volatility are

significant explanatory factors. Similarly, we aakte the t-value of the slope coefficient
S that we obtain from the linear regression model l&ad-lag changes to see if the
distance to distress and the FX volatility are gigant predictive factors. The t-value is

given by formula (48):
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tvalue = i' (48)
*,

with SE4 the standard error of the least-squares estifhate

Table 4.2 shows the contemporary correlations aralues ofAX with AY. Except for
the measurement period of one month, the absohaege in the CDS spread negatively
depends on the absolute change in the distanasttess with a t-value that corresponds
to a significance level of at least 8%This gives confidence that we can build a
successful trading strategy using the sovereign @€k¥measure distance to distress as a
signal. The linear dependence of the absolute eghanghe CDS spread on the relative
change in the distance to distress and the absoh#ege in the FX volatility is even
larger with a t-value that corresponds to a sigaiice level of at least 1% for all
measurement periods. In general, longer measurempenods result in a higher
contemporary correlation.

Table 4.2 Contemporary correlations and t-values oframonth absolute or relative changeXn
(the distance to distress or the FX volatility abBil) and am month absolute change in
Y (the 5 year CDS spread of Brazil) during the pedgril 2002 to December 2005.

Distance to Distress Distance to Distress .
(absolute) (relative) FX Volatility
Measurement Period Contempc_)rary T-Value Contempc_)rary T-Value Contempqrary T-

(n months) Correlation Correlation Correlation Value
1 -0.23 -1.52 -0.38 -2.65 0.46 3.37

2 -0.31 -2.09 -0.54 -4.12 0.71 6.44

3 -0.35 -2.34 -0.62 -4.94 0.77 7.60

6 -0.46 -3.16 -0.73 -6.51 0.85 9.78

9 -0.31 -1.90 -0.59 -4.24 0.78 7.33

12 -0.32 -1.85 -0.57 -3.88 0.81 7.80

24 -0.76 -5.10 -0.83 -6.49 0.88 8.12

Table 4.3 shows the lead-lag correlations and deslofAX with AY. Up to a lead of
three months, the absolute change in the distandéstress has some predictive power
on the next month absolute change in the CDS spseax® the next month absolute
change in the CDS spread negatively depends onhtiege in the distance to distress.
However, the corresponding t-values are not sigaifi. For relative changes of the
distance to distress the predictive power on thé menth absolute change in the CDS
spread is improving but still not significant. Netheless, the change in the distance to
distress could still have predictive power on tHeSCspread because there might be a
nonlinear relationship between the change in teadce to distress and the change in the
CDS spread as we have already seen in Figure 4hgPewwve look at the levels of the
distance to distress and the CDS spread. The piredigower of the change in the FX
volatility on the change in the CDS spread is man@mising. The t-values of the first
three months correspond to a significance levelt déast 10%.

® We perform two-sided t-tests. The degrees of fseedepend on the length of the measurement period.
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Table4.3

Lead-lag correlations and t-values of a leadinmonth absolute or relative changeXn
(the distance to distress or the FX volatility afBil) and a lagging one month absolute
change inY (the 5 year CDS spread of Brazil) during the pirgril 2002 to December

2005.
Distance to Distress Distance to Distress -
(absolute) (relative) FX Volatility
Lead (n months) Lead-Lag T-Value Lead-Lag T-Value Lead-Lag T-Value
Correlation Correlation Correlation
1 -0.09 -0.61 -0.24 -1.61 0.39 2.71
2 -0.08 -0.50 -0.20 -1.33 0.35 2.37
3 -0.05 -0.32 -0.13 -0.82 0.26 1.72
6 0.36 2.35 0.43 291 -0.39 -2.61
9 0.23 1.40 0.24 1.43 -0.20 -1.21
12 0.15 0.83 0.08 0.42 -0.01 -0.06
24 0.23 1.01 0.16 0.73 -0.07 -0.30

Finally, we evaluate the autocorrelations of thstatice to distress (absolute and
relative), the FX volatility, and the CDS spreaddxamining the correlation and t-values
of ann month change in these variables and the next mdrhge of the same variable
(Table 4.4). 1t is noticeable that the autocoriefain the CDS spread is the highest. Up
to a lead of three months, there is predictive posiehe absolute change in the CDS
spread on the next month absolute change in the §id&ad itself with t-values that

correspond to a significance level of at least 10%@s, apart from trading strategies with
5 year CDS contracts based on the absolute antveelehanges in the distance to
distress and the absolute changes in the FX Jdfaiil is also worth to research trading

strategies based upon the trend in the 5-year QiEad.

Table4.4 Autocorrelations and t-values of ammonth absolute (or relative) change in the distanc
to distress, the FX volatility, and the 5 year CE8ead of Brazil and the next month
absolute (or relative) change of the same signahduhe period April 2002 to December
2005.

Distance to Distress Distance to Distress -
(absolute) (relative) FX Volatility 5 year CDS spread
Lead (n Auto- T-Value Auto- T-Value Auto- T-Value Auto- T-Value
months) | correlation correlation correlation correlation
1 0.21 1.42 0.30 2.07 0.26 1.76 0.29 1.98
2 0.07 0.43 0.19 1.27 0.32 2.17 0.37 2.58
3 -0.22 -1.45 -0.07 -0.45 0.08 0.51 0.30 2.02
6 -0.20 -1.21 -0.20 -1.23 -0.22 -1.36 -0.21 -1.31
9 -0.15 -0.86 -0.18 -1.05 -0.09 -0.53 0.00 -0.01
12 -0.17 -0.94 -0.02 -0.10 0.01 0.07 0.16 0.91
24 -0.25 -1.13 -0.14 -0.59 -0.07 -0.30 0.15 0.65
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4.6 Conclusion

The case study of the sovereign CCA model on BaVides us with more insight in
the dynamics of the model. We can clearly distisguhe Brazilian crisis of 2002-2003
in the output of the sovereign CCA model. Howetee, output of our case study differs
from the output of a similar study of the model Brazil by Gray and Malone (2008).
The difference is caused by the approach to medbkargolatility of the local currency
liabilities. We prefer the unbiased quantitativetbrical volatility we use in our case
study over the volatility of Gray and Malone whdimste high values for the volatility
amongst others by adding a floor value. Robustokesks on the sovereign CCA model
with different measurement methods for volatiligyg. changing the measurement period
of three months and the log return boundary valu#28%) are not performed in this
research project but would be interesting to looik @ follow up study.

The volatility of the local currency liabilitiesdhwe use in our case study leads to default
probabilities and spreads that are close to zeroldige periods and are therefore
unsuitable for a trading strategy in those periddse risk measure distance to distress
shows more promising results because we observegative (nonlinear) relationship
with actual 5 year CDS spreads. The most importgnit variable of the sovereign CCA
model appears to be the volatility of the localreacy liabilities and its main driver is the
FX volatility.

Both the distance to distress and the FX volatdity promising signals that we can use in
a trading strategy with 5 year CDS contracts. Wseolke a clear relation in absolute and
relative changes in the distance to distress anteogorary changes in the CDS spread.
We also observe a clear relation in absolute clange the FX volatility and
contemporary changes in the CDS spread. Moreospeaglly the FX volatility has
predictive power on the CDS spread. Finally, weeobs autocorrelation in the 5 year
CDS spread of Brazil so we can use a trend stradegyell. In the next chapter we test if
we can use the signals in a successful tradingeglyaapplied to multiple emerging
countries.
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Chapter 5

Trading Strategies

In the case study of the sovereign CCA model orziBiat the previous chapter we
discovered opportunities for trading strategieshwit year CDS contracts. The risk
measure distance to distress of the sovereign C@#8emcan be used in a trading
strategy as well as the FX volatility which appe@arde the most important input factor
of the sovereign CCA model. Furthermore, theretigiad in the CDS data of Brazil that
we can use in a trading strategy. In this chapterfuvther analyze these three trading
opportunities. Therefore, we first determine thgtatice to distress and the FX volatility
of eight emerging countries with a floating FX rated gather the 5 year CDS data of
these countries. We test for contemporary and lagdorrelations for all countries to see
if the changes in the distance to distress (absand relative) and the FX volatility
remain explanatory and predictive variables for thange in CDS spread. Next, we
propose trading strategies with 5 year CDS cordgrétat are based on the distance to
distress, the FX volatility, or the trend in the EBpread. The success of these strategies
is shown in the results section and discussed guksdy. Finally, we end this chapter
with the conclusion and follow up ideas.

5.1 Universe

The distance to distress, the FX volatility, and trend in the 5 year CDS data have
explanatory and predictive power on the 5 year Gp@ad of Brazil during the period of
April 2002 to December 2005. This gives confidetie we can build successful trading
strategies upon these three variables. We seleergamy countries for our trading
strategies that have a considerable amount of gioreiebt and therefore meet the
requirements of the sovereign CCA model. The emgrgiountries must also have a
floating FX rate so that we can use the FX volgtih a trading strategy. Other selection
criteria of the countries are the liquidity of thieal currency, the historical quality of the
5 year CDS data, and the historical size of theeifpr debt market. We select the
following eight emerging countries in the univecdeur trading strategies:

Brazil
Hungary
Mexico
Philippines
Poland
South Africa
South Korea
Turkey

ONOORA~WNE
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We select these countries because they have “thst mguid emerging market
currencies” according to broker information of Qte8uisse. Originally, the Czech
Republic is also listed to have one of the eighsinliquid currencies, but we replace the
Czech Republic by the Philippines because the fisioquality of the 5 year CDS data
of the Czech Republic that is available in Bloongpisrvery poor. The historical quality
of the 5 year CDS data of the Philippines is onthefbest that is available in Bloomberg
compared to emerging countries that are not inumivers& Moreover, the Philippines
have a large historical foreign debt market andenly the largest weight of all Asian
countries in the J.P. Morgan Emerging Market Bamdiek Global (EMBI Global). The
EMBI Global tracks total returns for traded foreigurrency bonds in emerging markets.
Table 5.1 shows the position and the weight ofelighit selected emerging countries in
the EMBI Global.

Table5.1 Position and weight of the eight selected emergiagntries in the Emerging Market
Bond Index Global (EMBI Global) of J.P Morgan. TEMBI Global tracks total returns
for traded foreign currency bonds in up to 46 enmgrgnarkets.

01-Apr-02 26-Feb-10

Country Position Weight Position Weight

Brazil 1 20.9% 1 12.2%
Hungary 25 0.4% 22 1.0%
Mexico 2 19.2% 2 12.0%
Philippines 6 3.9% 5 7.4%
Poland 12 1.9% 13 2.1%
South Africa 19 1.1% 17 1.6%
South Korea 4 4.9% - 0.0%
Turkey 8 3.5% 4 10.0%

The sample period that we use to test our tradirgjegies depends on the historical
availability of the input data of the sovereign C@%del and the 5 year CDS data. The 5
year CDS data of the Philippines is available fiapmil 2002, the other data input starts
earlier. We set our sample period from April 2002Rebruary 2010 (the start of the
research project). Unfortunately, this sample gergotoo short to perform an in-sample
and out-of-sample test on the trading strategieaumse we cannot select different periods
that contain enough representative market behalgay. an actual country default
situation is not yet available in the data). Theref we only perform an in-sample test on
the trading strategies which means that we haviedk critically at the stability and
robustness of the results.

We use the approach described in Chapter 4 torcmhsime series of the local currency
liabilities, the volatility of local currency lialies, and the foreign distress barrier for the
eight emerging countries as input variables ofsinereign CCA model. Like in Chapter
4, we use the 5 year US government interest rateeasisk-free interest rate, a 5 year
time horizon, and the US Dollar as the numéraireericy unit as the other inputs of the
model. A generalized version of the software agpion described in Chapter 4 is used
to determine the distance to distress of each cpumthe sample period. In general, we

® The reason that we do not select Argentina andiR(svo major countries that recently defaulted on
their debt) is that their CDS data is only avaiafstbm 2004 which is after the default.
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notice that the proportion of foreign currency ddbtreases over time during the sample
period. For all countries we observe that the FXatidty is the main driver of the
volatility of the local currency liabilities and e¢hefore the most input factor of the
sovereign CCA model.

Table B.1 of Appendix B gives an overview of allnbis that are used to determine the
distance to distress for each country and the udecest rate to discount the cash flows
of the fixed rate bonds. The number of missing @alof the interest rates is shown in
Table B.2 of Appendix B. To check the quality oéthond data, we also construct time
series of the market value of the total debt (laatency and foreign currency debt) of
each country that we compare with the reportedesbf total debt by the government of
the country, the Organization for Economic Cooperatand Development (OECD),
and/or the European Commission. We cannot chec§uhkty of the South African bond
data because we do not have reported values obtledebt of South Africa. Figure B.1
to B.7 of Appendix B show the calculated markeueabf the total debt and the reported
value of the total debt of the remaining seven toes The calculated market values of
the total debt of Brazil, Hungary, the Philippin€&aland, South Korea and Turkey are
similar to the reported total debt. Only the cadtetl market values of the total debt of
Mexico deviate from the reported total debt by Hexican government. Although we
cannot discover the main cause of this differemeremain confident in our calculation
method with the Bloomberg bond data because thdtsesf the other countries are good.

Like the volatility of local currency liabilitiegshe FX volatility is historically measured
on a daily basis with a measurement period of tmeaths, and annualized. We use
Bloomberg data on FX rates to construct time seridhe FX volatility of each country.
Table C.1 of Appendix C shows that the number adsinig values of the FX rates is
negligible. We also use Bloomberg to collect tirreges of the 5 year CDS spread of the
eight emerging countries. The number of missingieslin the Bloomberg 5 year CDS
data of the eight countries and the start datehefdata are shown in Table D.1 of
Appendix D. From Figure D.1 of Appendix D we car $kat the quality of the 5 year
CDS data improves over time as the number of ngseatues declines. From 2005, the
missing values in the CDS data were only due talhgs.

Figure 5.1 shows the 5 year CDS spreads of the eiglerging countries in the sample
period. The CDS spread of Brazil was at extremelgegiuring the crisis of 2002-2003. In
the same period, also Turkey went through a cvigikch we can see by its high CDS
spread. After this period the CDS spreads of Brarzd Turkey gradually decrease too a
very low spread in the years 2006 and 2007. The §@8ads of all countries were very
low in those years, but in the global financiakiof 2008-2009 that followed the CDS
spreads of all countries were peaking. The diffeeeim the height of the CDS spreads
between periods and countries demands for a risitraleadjustment in the trading
strategies.
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Figureb5.1 The 5 year CDS spreads of the eight selected engeoguntries in the period of April
2002 to February 2020.

We test for contemporary and lead-lag correlatiimnsall countries to see if changes in
the distance to distress (absolute and relativd)the FX volatility are explanatory and
predictive variables for the change in the CDS apréVe use the same approach as in
Chapter 4 to perform the tests, the only differeisciat we now test for eight countries
instead of solely Brazil and the period is extendetth more than 4 years. We use the
equations (43) to (46) of Chapter 4 to describeolalbs and relative contemporary
changes and lead-lag changes. We use the line@ssign model (47) and formula (48)
of Chapter 4 to determine the t-value of the slopefficient which tells us if the
absolute change in the distance to distress, théve change in the distance to distress,
and the absolute change in FX volatility are sigaiit explanatory and predictive
variables for the absolute change in the CDS spread

Table 5.2 shows the average contemporary corratmd t-values of the absolute and
relative change in the distance to distress, ardatisolute change in the FX volatility
with the absolute change in the CDS spread. Tdblego E.6 of Appendix E show the
elaborated data for the eight countries. The CDfeagp negatively depends on the
absolute change in the distance to distress. Blasion is at least 10% significdrfor all
eight countries if we use a measurement period afenthan two months. The CDS
spread also depends negatively on the relativegehanthe distance to distress. With a
significance of at least 2.5% for all countriesmé use a measurement period of more
than one month, this relation with the change inSCipread is stronger for the relative
change in the distance to distress than for thelateschange in the distance to distress.
Except for the Philippines, the dependence of tbé& Gpreads on the absolute change in
the FX volatility is at least 1% significant forl @ountries and measurement periods. In
general, the absolute change in the distance taedss the relative change in the distance

" We perform two-sided t-tests. The degrees of fseedepend on the length of the measurement period.
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to distress, and the absolute change in the FXtiliplahave a significantly high
explanatory power on the absolute change in the §ip&ad.

Table5.2 Average contemporary correlations and t-valuesnaf month absolute or relative change
in X (the distance to distress or the FX volatilitydeann month absolute change i
(the 5 year CDS spread). The average contemporarelations and t-values are
calculated over the eight selected emerging casitriBrazil, Hungary, Mexico,
Philippines, Poland, South Africa, South Korea, &andkey) during the period April 2002
to February 2010.

Distance to Distress Distance to Distress -
. FX Volatility
(absolute) (relative)
Measurement Contemporary Contemporary Contemporary

Period (n months) | Correlation T-value | =0 elation T-value |~ elation T-Value
1 -0.20 -1.98 -0.31 -3.10 0.30 3.17

2 -0.27 -2.70 -0.38 -3.95 0.39 4.20

3 -0.32 -3.27 -0.45 -4.84 0.48 5.54

6 -0.47 -5.01 -0.61 -7.78 0.65 9.78

9 -0.50 -5.51 -0.63 -8.27 0.66 10.02

12 -0.53 -5.81 -0.66 -8.77 0.68 10.68

24 -0.61 -7.00 -0.70 -9.23 0.70 9.87

Table 5.3 shows the lead-lag correlations anduesbf the absolute and relative change
in the distance to distress, and the absolute éhanthe FX volatility with the absolute
change in the CDS spread. Table F.1 to F.6 of AgpelR show the elaborated data for
the eight countries. On average, we obtain thedsglead-lag correlation when we use a
three month lead for the absolute change in thamte to distress, the relative change in
the distance to distress, and the absolute chantdpe iFX volatility. The absolute change
in the distance to distress, the relative changbendistance to distress, and the absolute
change in the FX volatility have predictive powartbe change in the CDS spread with a
lead up to at least three months. However, thisoissignificant for all countries. The
absolute change in the distance to distress habdsteresults for Mexico, Poland, and
South Africa. The relative change in the distarzalistress has also good results for
Hungary. The absolute change in the FX volatilias lon average the highest predictive
power on the change in the CDS spread becausestalso well for the Philippines.
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Table5.3 Average lead-lag correlations and t-values of adileg n month absolute or relative
change inX (the distance to distress or the FX volatility)daa lagging one month
absolute change i (the 5 year CDS spreadfhe average lead-lag correlations and t-
values are calculated over the eight selected entergountries (Brazil, Hungary,
Mexico, Philippines, Poland, South Africa, Southr&a, and Turkey) during the period
April 2002 to February 2010.

Distance to Distress Distance to Distress FX Volatility
(absolute) (relative)
Lead (n months) CLead-ng T-value | Lead-Lag T-value | Lead-lag T-Value
orrelation Correlation Correlation

1 -0.10 -1.00 -0.10 -0.95 0.11 1.11
2 -0.10 -0.97 -0.12 -1.12 0.17 1.62
3 -0.13 -1.21 -0.16 -1.50 0.24 2.31
6 -0.05 -0.45 -0.04 -0.33 0.08 0.74
9 0.04 0.37 0.05 0.42 -0.02 -0.21
12 0.01 0.13 0.02 0.22 -0.01 -0.06
24 0.04 0.37 0.04 0.35 -0.02 -0.18

Equivalent to Chapter 4 the autocorrelations andlies of the distance to distress
(absolute and relative), the FX volatility, and t6®S spread are determined for all
countries. Table 5.4 shows the average autocdoe#atand t-values of the eight

countries. On average, the autocorrelations of diséance to distress (absolute and
relative), the FX volatility, and the CDS spread #re highest for a one month lead. The
predictive power of the change in the CDS spreatherchange in the CDS spread itself
is not 10% significant for South Korea and the iPpihes, and is even negative for
Turkey. The predictive power of the change in ti#SGpread on the change in the CDS
spread itself is called the trend of the CDS sprdédmt trend of the CDS spread is the
strongest for a one month lead, while we have d$banhthe predictive power of the

change in the distance to distress (absolute aladived and the change in the FX

volatility is the strongest for a three month lead.

Table5.4 Average autocorrelations and t-values ofnamonth absolute (or relative) change in the
distance to distress, the FX volatility, and theear CDS spread and the next month
absolute (or relative) change of the same sigrtad. dverage autocorrelations and t-values
are calculated over the eight selected emergingtdes (Brazil, Hungary, Mexico,
Philippines, Poland, South Africa, South Korea, andkey) during the period April 2002
to February 2010.

D|star2§§ Stglthles)tress D|stan(crg|;c;i\l?e|§tress FX Volatility 5 year CDS spread
Lead (n Auto- T-Value Auto- T-Value Auto- T-Value Auto- T-Value
months) | correlation correlation correlation correlation
1 0.15 1.49 0.24 2.39 0.36 3.69 0.18 1.77
2 0.10 0.93 0.16 1.54 0.22 2.14 0.12 1.19
3 -0.11 -1.04 -0.06 -0.58 0.00 0.01 0.10 0.96
6 -0.15 -1.40 -0.13 -1.22 -0.07 -0.66 -0.04 -0.40
9 -0.18 -1.66 -0.14 -1.30 -0.13 -1.21 -0.04 -0.35
12 -0.20 -1.80 -0.18 -1.70 -0.15 -1.35 0.00 0.00
24 -0.19 -1.60 -0.19 -1.57 -0.19 -1.59 -0.05 -0.44
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We use the predictive power of the change in tlstadce to distress (absolute and
relative) and the change in the FX volatility the find in more or less extent for the
eight selected emerging countries in trading sfjiagethat take positions on expected
future changes in the CDS spread of single coumthN®e expect to profit from the

spillover of valuable information from the bond rketr or the currency market to the
CDS market. Furthermore, we use the trend of th& Gpread in a trading strategy that
takes positions on expected future changes in b8 €pread of single countries. We
expect to profit from an under-reaction in the CiD&ket. The information-spillover and

the under-reaction are effects of behavioral figati@at we could exploit in quantitative

trading strategies.

Since we have applied the sovereign CCA model gbte2merging countries, it is also
interesting to see if we can predict the heighthef5 year CDS spread from the level of
the distance to distress at any time. This couléxX@oited in a trading strategy that take
positions on the expected relative height of theSC&preads of the eight emerging
countries. In order to successfully build such mategy, the level of the distance to
distress of the countries must be related to thghhef the CDS spread of the countries.
So, if the distance to distress of a country islthveest at time, than the CDS spread of
the country must be the highest at the same tikh@wvever, we can see from Figure 5.2
where the distance to distress of the eight coesmtis plotted against the 5 year CDS
spread that this probably does not work becausedovaot observe the same clear
relationship between the distance to distress adCDS spread as in the same plot of a
single country (e.g. Brazil: Figure 4.12).
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Figure5.2 Scatter plot: The distance to distress versusattteal 5 year CDS spreads of the eight
selected emerging countries in the period April2@DFebruary 2010.
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In addition, we rank the eight countries ascendinghe distance to distress and we rank
the eight countries descending by the height ofGB&S spread at any tinteduring the
sample period. So, the country with the lowestatisé to distress is ranked 1 and the
country with the highest distance to distress ikea 8. At the same time, the country
with the highest CDS spread is ranked 1 and thatcpwvith the lowest CDS spread is
ranked 8. If we group the rank of the distanceistrelss by the rank of the CDS spread,
we expect that groups with a similar distance girdss and CDS spread rank contains
the most observations. However, in Table 5.5 wedataarly see that this is not the case
and hence we will not build a trading strategy tia&es positions on the expected future
relative height of the CDS spreads of the eightrging countries.

Table5.5 Rank of the distance to distress (ascending) grbbyehe rank of the 5 year CDS spread
(descending) of the eight selected emerging castiiBrazil, Hungary, Mexico,
Philippines, Poland, South Africa, South Korea, Key) in the period April 2002 to
February 2010.

Lowest distance to distress (rank)

1 2 3 4 5 6 7 8
34% 26% 8% 4% 5% 12% 7% 4%
23% 15% 11% 16% 10% 9% 13% 3%
17% 22% 10% 7% 17% 12% 11% 6%

5% 5% 11% 14% 17% 18% 24% 7%
5% 8% 14% 18% 11% 28% 14% 2%
8% 7% 15% 10% 5% 6% 13% 36%
3% 5% 9% 11% 16% 6% 15% 35%
6% 12% 22% 20% 18% 9% 4% 8%

Highest CDS spread
(rank)
O~NO R~ WNEPRE

5.2 Country allocation

In the previous section we described that we cae loair trading strategies with 5 year
CDS contracts on the absolute change in the distemdclistress, the relative change in
the distance to distressh), the absolute change in the FX volatility=X), and the
absolute change in the CDS spread. These tradiatpgies take positions on expected
future changes in the spread of the 5 year CDSa&ctstof a single country that is part of
the universe of eight emerging countries. Howeverye take a position in a single
country either by buying or selling a 5 year CD$tcact, the return of the position does
not only depend on the change in the CDS spreagel CIDS contract namely acts like an
insurance against credit risk, where the buyertdiggmy a premium to the seller in turn of
protection of the underlying bond in case of ddfalihe return of the position thus also
largely depends on the costs or benefits that wieerna the payment or the receipt of the
contractually obliged premium. We want that theumetof our trading strategies only
depends on the change in the CDS spread and theregoapply country allocation.

We apply country allocation by taking positions the expected future change in the
CDS spread between two countries. We take equalsiigppositions in the two countries
so that we have to pay the exact same amount séifamce” premium for a CDS contract
that we have bought for one country as the amod@irfinsurance” premium that we

receive for a CDS contract that we have sold ferdther country. In total, we derive 28
combinations of two countries out of the univeréhe eight countries. It is possible that
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some country combinations are more successful entthding strategies than others,
because the two countries have for example a celdistance to distress due to a
comparable local and foreign debt stock or the ¢@ontries are geographically related.
We do not know on forehand which country combinaiare the most successful in the
trading strategies and we want to analyze thisénrésults. This is the reason why we do
not perform an out-of-sample test by selectinglesstiof countries.

We propose the following four trading strate§ites all 28 combinations of the countries
i andj:

1. DDD2ys

We measure the difference in the three month ateschiange in the distance to
distress of two countries with (49):

DDD2,," =(d, —d, )-(d,' ~d,’ ) (49)

If the difference is positive, than counirpras absolutely the largest improvement
(or the smallest deterioration) of the distanceligiress. We expect the financial
situation of countryi to improve compared to countjy Therefore, the CDS
spread of country is likely to decrease more than the CDS spreacbahtryj.
We take a long position in a 5 year CDS contractaiintryi at the current
relatively high spread level by selling protectiand we take an opposite short
position in a 5 year CDS contract of countiyy buying protection. We take the
opposite positions when the difference is negafive holding period of the CDS
contracts is one month.

2. DDD24

We measure the difference in the three month weathange in the distance to
distress of two countries with (50):

. d, d,’
DDD2,," =1In T ~In | (50)
2l—3 2l—3

The DDD2,¢ strategy is the same as tb®D2,,s strategy but here we look at
which country has relatively the largest improveingior the smallest
deterioration) of the distance to distress.

3. DDFX

8 The first 2 letters of the name of the strategtasid for “Delta Delta” as we look at the differeraf the
changes.
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We measure the difference in the three month ateschange in the FX volatility
of two countries with (51):

DDFX:’J = (‘TFxl1 ~Orx :73 )_ (O-Fx: ~Orx ‘]73 ) (51)

If the difference is positive, than couniryas absolutely the largest increase (or
the smallest decrease) of the FX volatility. We extpthe financial situation of
countryi to deteriorate compared to couniryVe take a short position in a 5 year
CDS contract of country, and we take an opposite long position in a 5 a8
contract of countryj. We take the opposite positions when the diffegeisc
negative. The holding period of the CDS contragtsne month.

4. DDCDS (trend)

We measure the difference in the three month ateschange in the CDS spread
of two countries with (52):

DDCDS' = (CDS' -cDS'_)-(cps! -cps' ). (52)

The DDCDS strategy is the same as (hBFX strategy but here we look at which
country has absolutely the largest increase (owsthallest decrease) of the CDS
spread.

The four trading strategies have the same settiogghe measurement and holding

period as the gquantitative trading strategy by Roltbat uses the distance to distress of
corporations. The measurement period of three nsoaldo matches with the best lead-
lag correlations for the change in the distancdistress (absolute and relative) and the
FX volatility that we found in the previous sectidrhe trend strategpg DCDS may have

a disadvantage because the best autocorrelatiotisef@ehange in the CDS spread have a
lead of one month. However, for consistency reasmusfor the reason that we have to
prevent data mining because we do not have an fesarople test, we keep the same
settings as in the Robeco strategy.

We use z-scores to standardize the size of théiguusihat we take in the combination of
two countries over time. By using z-scores we takge positions iDDD2,,s, DDD2,4,
DDFX, or DDCDS are large and we take small position if the déferes are small. We
are more confident that we take the correct pastwhen the differences are large than
when the difference are small. Therefore, we préierz-score strategy over a simple
long-short strategy where the size of the positignequal over time. The z-scores are
determined for the four trading strategies withaopn (53):

. DDxx"! — DDxx"’
ZS(:Ore"J = : ' (53)

O-DDxxi'j
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Ben Dor et al. (2007) show that the risk of CDStrcaet depends on the level of the
spread times the duration. Ambastha, Ben Dor, aywkid (2007) argue that this also
holds for emerging market securities. If we asstimaéthe duration of the CDS contracts
is equal for the countries over time, we can takk meutral positions by proportioning
the size of the positions in the CDS contractsaahecountry to 100 bp times the z-score.
The value of 100 bp is just used as a start seftinthe size of the positions that we can
always adjust and does not affect the success mesasd@l the trading strategies. The
positions ofDDD2,,sandDDD2, are described with (54):

e ij . 100
position; = +Z " *——-,
¢ CDS§
(54)
o ij . 100
position, =-Z_ ..~ *——,
t CDS(]
and the positions dDFX andDDCDS are described with (55):
pOSitiontI = _ZscorehJ *ﬁoiu
©  CD§
(55)
position, =+Z_,." *—.
t CDSIJ

We illustrate the choice of the positions with fbbowing example: A negative position
is called a short position, so we buy protectiom &CDS contract and expect the CDS
spread to increase; a positive position is call&mhg position, so we sell protection via a
CDS contract and expect the CDS spread to decrease.

The monthly return of our trading strategies degead the positions of the previous

month. We distinguish two types of return: the gagaturn and the return on the change
in the CDS spreads. The monthly ret&®rs the sum of those two types of return (56):

Rt = Rcarry,t + Rspread,t (56)

The carry returrReary is the return that is made on paying and receittieg“‘insurance”
premiums of the CDS contracts and is described (it

4 AR DS: 1 P4 i CDStjl
Rearry,r = position, ; *T+ position,, * T = (57)

Because the positions that we take in the two cmsit andj are risk neutral and
opposite to each other, the carry return will alsvag zero (58):
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- CDS' - CDS'
Rcarl’y,t = Z IYJ 100 * — I’] 100 * — 1

* . * -
e CcDS, 12 e cpgl, 12 (58)

ii 100 ii 100
-7 Ly -7 . _
Rcarry, t score, ; 12 score, ; 12

0.

The only profit or loss that we can make with gading strategies is due to the return on
the change in the CDS spreads of the two couritaesj. In Chapter 2 we described that
the change in the price of a bond due to a chamgke required yield of the bond can
linearly be estimated by multiplying the changethe required yield with minus the
modified duration of the bond. This also holds €PS contracts where we only deal
with the spread component of the required yieldhef underlying bond. Therefore, we
can calculate the return on the change in the Gid&agRyyreaq With (59):

~ —position;_, * DI, *(CDS —-CcDS' )...
read, t =1 ) - (59)
.~ posiion;, + D"l +(CDS! ~CDS, ).

We set the modified spread duratibn equal to the maturity of the CDS contracts at 5
years because we have no historical data on thefiesbdpread duration available.

The success of the four trading strategies is nmedswith the information ratio (IR) and
the t-value. We visualize the success of the tadinategies by plotting a time path of
the cumulative returns during the sample period. d4&ie use the success measures and
the graphs of the cumulative returns to comparddhetrading strategies.

Grinold and Kahn (1999) calculate the IR as the a@geraf the annualized monthly
returns divided by the annualized standard dewatiof the monthly returns. High IRs
are obtained for strategies that have high andestalturns. The IR remains the same if
we change the value of 100 bp that we use to c#dilthee positions because the change
in return is neutralized by the change in the stathdleviation of the return. The formula
to calculate the IR out of monthly returns of altrg strategy is given by (60):

IR=-R 12, (60)
ORr

The IR can be interpreted as an annualized t-vale.can see this clearly from the
formula for the t-value (61) that is used so thatean test if the returns of the strategies
are significantly greater than zero:

tvalue = i \/ﬁ (6 1)
OR

Finally, for all four strategies we make an ovegttfolio that contains all 28 country
combinations. We also make eight country portfofmsthe four trading strategies that
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contain all seven combinations of the country vatiother country. The success of the
portfolios of the different trading strategies imgarly measured with the IR and the t-
value, but now we use the average monthly returallo€ountry combinations in the
portfolio. We expect to obtain more stable results the portfolios of country
combinations than for a single country combinatibecause there is more risk
diversification. This is the fundamental law ofimetmanagement, stated by Grinold and
Kahn (1999) who argue that the IR increases whentfoporcontains more independent
investment instruments.

5.3 Results

In this section we first show the IR and t-valuestled portfolios of the four trading
strategieDDD24,s, DDD2;4, DDFX, andDDCDS. Moreover, we show similarities and
differences between the trading strategies.

Table 5.6 shows the results of tBD2,,s trading strategy. The IR is low for all
portfolios if we use the absolute change in theadist to distress as the base of our
strategy with CDS contracts. We observe that thedstandeviation of the returns
decreases when we use all country combinations ipdh#olio. This is the main reason
that the overall portfolio has the highest IR anglue. However, the average portfolio
return of this strategy is not significantly posfi.

Table5.6 Average annualized return, annualized standard atiewi of the monthly returns,
information ratio (IR), t-value, and the numbercofuntry combinations with an average
positive return of a CDS strategy based on the latesdghree months change in the
distance to distress for a (country) portfolio loé eight selected emerging countries in the
period April 2002 to February 2010.

. . . T South South
DDD2 abs Portfolio  Brazil Hungary Mexico Philippines Poland Africa Korea Turkey

Average

Return 0.32% 0.42%  0.17% 0.33% 0.40% 0.26% 0.54% 0.26%  0.18%
(Annualized)
Standard
Deviation 1.05% 1.46%  1.34% 1.60% 1.64% 1.16% 1.78% 2.19%  1.65%
(Annualized)
IR 030 0.29 012 021 025 022 030 012 011
T-value 0.84 0.80 0.34 058 068 062 084 033 030
# Positive 20(28) 6(7) 5(7)  5(7) 5(7) 4(7) 6(7) 4(7) 5(7)

combinations

Table 5.7 shows the results of tB®D2,4 trading strategy. The IR of the portfolio that
contains all country combinations and the IR of toeintry portfolios of Brazil, the
Philippines, Poland, and South Africa are reasondble the trading strategy that is
based on the absolute change in the distance tt@shsthere are 20 out of 28 country
combinations that have a positive average retuhe ffvalue is yet too low to have a
portfolio return that is significantly positive @verage.

°® We perform two-sided t-tests. The degree of free@o91 (#observations - 1).
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Table5.7 Average annualized return, annualized standard atlewi of the monthly returns,
information ratio (IR), t-value, and the numbercofuntry combinations with an average
positive return of a CDS strategy based on thetivelahree months change in the
distance to distress for a (country) portfolio loé eight selected emerging countries in the
period April 2002 to February 2010.

. . . T South South
DDD2 rel Portfolio  Brazil Hungary Mexico Philippines Poland Africa Korea Turkey

Average

Return 0.41% 0.78% 0.21% 0.19% 0.79% 0.49% 0.71% -0.05% 0.16%
(Annualized)

Standard

Deviation 1.02% 1.77% 1.30% 1.54% 1.76% 1.28% 1.63% 2.04% 1.58%
(Annualized)

IR 0.40 044 0.16 0.12 0.45 0.38 0.44 -0.02 0.10

T-Value 111 1.22 0.44 0.34 1.24 1.06 1.21 -0.06 0.27

# Positive
combinations 20(28) 6 (7) 4 5 7(7) 6 (7) 5(7) 3(7) 4(7)

Table 5.8 shows the results of tB®FX trading strategy. The IR of the portfolio of all
country combination is reasonably good. Althoughstesdard deviation is the highest,
the high average return on the country portfolicthe# Philippines provides a high IR.
Also, the IR of the country portfolios Brazil, MericSouth Africa and Turkey are good.
The strategy does not work well for Hungary and Séufrea. With 22 out of 28 country
combinations having a positive average returnstheegy based on the change in the FX
volatility scores better than the strategies thatlmsed on the change in the distance to
distress. The average return of the portfolio dfcalintry combinations is significantly
positive at a level of at least 10%.

Table5.8 Average annualized return, annualized standardatlemi of the monthly returns,
information ratio (IR), t-value, and the numbercofuntry combinations with an average
positive return of a CDS strategy based on theethmenths change in the FX volatility
for a (country) portfolio of the eight selected &gieg countries in the period April 2002
to February 2010.

South South

DDFX Portfolio  Brazil Hungary Mexico Philippines Poland Africa Korea Turkey
Average
Return 0.79% 1.27% 0.01% 0.55% 2.25% 0.56% 0.99% -0.10% 0.82%
(Annualized)
Standard
Deviation 1.15% 2.54% 2.01% 1.08% 291% 159% 1.80% 2.13% 1.88%
(Annualized)
IR 0.69 050 0.01 0.51 0.77 0.35 0.55 -0.05 0.44
T-Value 191 1.38 0.02 141 2.14 0.98 1.52 -0.13 121
# Positive 228 7(7) 40 6(7) 70) 5@ 6 37 6T

combinations

Table 5.9 shows that the results of the trend gjyaDd®CDS are poor. Only Brazil and
the Philippines have a moderate IR. The IR anduevaf the portfolio that contains all
country combination is even negative because tleeage portfolio return is negative.
Therefore, we exclude this strategy in the remaimihthis chapter.
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Table5.9 Average annualized return, annualized standard atlewi of the monthly returns,
information ratio (IR), t-value, and the numbercoiuntry combinations with an average
positive return of a CDS strategy based on thelatesthree months change in the 5-year
CDS spread of the eight selected emerging couritridge period April 2002 to February
2010.

. . . I South South

DDCDS Portfolio  Brazil Hungary Mexico Philippines Poland Africa Korea Turkey
Average
Return -0.16% 0.83%  -0.54% -0.63% 0.70% -0.95% -0.35% -0.66%  0.29%
(Annualized)
Standard
Deviation 1.73% 2.89%  2.22% 1.61% 157% 2.44% 1.85% 2.97% 1.82%
(Annualized)
IR -0.09 0.29 -0.24  -0.39 045 -039 -019 -0.22 0.16
T-Value -0.26  0.80 -0.67  -1.08 124 -1.08 -053 -0.61 0.44
# Positive 17 (28) 6 (7) 2(7) 3(0) 7(7) 4@ 3(0) 4@ 5@

combinations

The time path of the cumulative returns of the ingdstrategie©DD2,,s, DDD2,¢, and
DDFX during the sample period is shown in Figure 5.3hinfirst periods of the sample
period until end 2003, th®DFX strategy has a nice return while tB®D2,,s and
DDD2.4 strategy struggle. The returns look similar aftes period and increase for all
strategies from mid 2007. In the period from en82® mid 2007 the average return is
around zero.

Figure5.3
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Cumulative return on the portfolio of the eightiested emerging countries (Brazil,
Hungary, Mexico, Philippines, Poland, South Afri&uth Korea, and Turkey) of the
CDS trading strategies based on the absolute thmaeth change in the distance to
distress (DDD2 abs), the relative three month chaingthe distance to distress (DDD2
rel), and the three month change in the FX votat{DDFX) in the period April 2002 to
February 2010.
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Table 5.10 shows the correlation of the monthlymetwon the portfolios of all country
combinations for the trading strategl@®D24,,, DDD2,¢, andDDFX. The correlation of
the trading strategie®DD2,,s andDDD2,4 and the correlation of the trading strategies
DDD2,4 andDDFX are high.

Table5.10 Correlation of the monthly returns on the portfolid the eight selected emerging
countries (Brazil, Hungary, Mexico, Philippines,l&@a, South Africa, South Korea, and
Turkey) between the CDS trading strategies basetth@absolute three month change in
the distance to distress (DDD2 abs), the relativee month change in the distance to
distress (DDD2 rel), and the three month changéhé FX volatility (DDFX) in the
period April 2002 to February 2010.

DDD2 abs DDD2rel DDEX

DDD2 abs -
DDD2 rel 0.87 -
DDFX 0.47 0.66

Table 5.11 shows the correlation of the directiontted positions of the 28 country
combinations. This correlation is high for all ségies and very high for theDD2;ps
and DDD2,4 strategies in particular. The percentage of pmsitithat yields a positive
monthly return is 50% for thBDD2,s Strategy, 52% for thBDD2,4 strategy, and 53%
for theDDFX strategy.

Table5.11 Correlation of the direction of the positions (lomgshort) of the eight selected emerging
countries (Brazil, Hungary, Mexico, Philippines,l&@wl, South Africa, South Korea, and
Turkey) between the CDS trading strategies basetth@absolute three month change in
the distance to distress (DDD2 abs), the relativee month change in the distance to
distress (DDD2 rel), and the three month chang¢hén FX volatility (DDFX) in the
period April 2002 to February 2010.

DDD2 abs DDD2rel DDFX

DDD2 abs -
DDD2 rel 0.80 -
DDFX 0.46 0.56

Figure 5.4 shows the accumulated z-scores and @usithat we take with thBDD2;ps
strategy in Brazil. The accumulated z-scores indidhe amount of money that is
invested in Brazilian CDS contracts. Remember thvar @ll countries the amount of
“‘insurance” premium that is paid is equal to theoant of “insurance” premium that we
receive because the strategy is risk neutral. Tdoeiraulated positions show the risk
exposure in Brazil of the trading strategy. It egants the fraction of CDS contracts that
is in our possession. If the CDS spread is low, thstipns could be large like in the
period from 2006 to 2007. In case of a default (Whi@ver happens in our sample
period) the seller of a CDS contract is obliged &y phe face value of the underlying
bond. The difference in the accumulated z-scorespmsitions is caused by the factor
that we use to proportion the height of the CDS spted 00 bp.
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Figure5.4 Z-scores and positions in the country portfolioByazil of the CDS trading strategies

based on the absolute three month change in déstantistress (DDD2 abs) in the period
April 2002 to February 2010.

The stability of the accumulated z-scores of afpbeot over time is measured with the
standard deviations of the accumulated z-scoresgidtandard deviation could indicate
that the portfolio is taking aggressive positionsclhinvolve higher transaction costs.
Table 5.12 shows the standard deviation of the cypuportfolios for the trading

strategieDDD24,,, DDD2;4, andDDFX. The standard deviation of the accumulated z-
scores is the highest for tBFX strategy.

Table5.12 Standard deviation of the accumulated Z-scoreshefportfolios of the eight selected
emerging countries (and their average) of the CEffling strategies based on the
absolute three month change in the distance toedst(DDD2 abs), the relative three
month change in the distance to distress (DDD2 &)l the three month change in the
FX volatility (DDFX) in the period April 2002 to Feuary 2010.

Brazil Hungary Mexico Philippines Poland /S\for:i:tg ig;ﬁg Turkey Average
DDD2 abs 4.07 2.93 2.24 1.71 234 322 4.68 4.27 3.18
DDD2 rel 5.41 3.72 2.55 2.19 251  3.33 4.41 5.45 3.70
DDFX 6.88 4.38 2.68 2.23 320  3.88 6.29 5.88 4.43

Figure 5.5 shows the accumulated z-scores for DB®2,,, DDD2,4, and DDFX
strategy in Brazil. The patterns of the accumulatestores are very similar for the three
strategies. ThéDFX strategy takes more aggressive positions in tiescperiod of
Brazil and Turkey in 2002-2003 and the financiabisr of 2008-2009. The graph of

Brazil is representative because we observe thee sasults for the other country
portfolios.
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DDD2 abs —— DDD2 rel —— DDFX

Figureb.5 Z-scores in the country portfolio of Brazil of tlgDS trading strategies based on the
absolute three month change in distance to dis{i2B®2 abs), the relative three month
change in distance to distress (DDD2 rel), andtinee month change in FX volatility
(DDFX) in the period April 2002 to February 201t prder to make a fair comparison
between the Z-scores, the Z-scores of the DDFXegjyaare multiplied with -1).

Finally, we look at which z-scores contribute to thest successful positions in the three
trading strategie®DD2,,s, DDD2,4, andDDFX. Therefore, we divide the monthly z-
scores into buckets of 5 absolute z-score rangss.IH of every country combination is
calculated separately for the buckets. The IR @& thscore buckets of the overall
portfolio are calculated by taking the average fRhe z-score buckets of every country
combination. Note that by doing so the IRs will bevéo than the IR of the overall
portfolio because we loose the additional value tmatgain by diversification. The
ranges of the z-score buckets are chosen so tkay bucket represents approximately
20% of the data.

Figure 5.6 shows the IR of the z-score buckets HeriDD2,,s strategy. The strategy
works best for high absolute z-score6.8).
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Figureb5.6 Information Ratio (IR) per absolute z-score buakiethe CDS trading strategy based on

the absolute three month change in the distandestess for the eight selected emerging
countries (Brazil, Hungary, Mexico, Philippines,l&@a, South Africa, South Korea, and
Turkey) in the period April 2002 to February 2010.

Figure 5.7 shows the IR of the z-score buckets HeriDD2.4 strategy. The strategy
works best for moderate and high absolute z-scof@5)

0.6

IR
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Figure5.7 Information Ratio (IR) per absolute z-score buakiethe CDS trading strategy based on

the relative three month change in the distanadismess for the eight selected emerging
countries (Brazil, Hungary, Mexico, Philippines,l@ual, South Africa, South Korea, and
Turkey) in the period April 2002 to February 2010.
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Figure 5.8 shows the IR of the z-score bucketsifeDIDFX strategy. The strategy has a
positive IR for all z-score buckets.

[0;0.25) [0.25;0.5) [0.5;0.8) [0.8;1.3) [1.3;1E+99)

Absolute Z-score Range

Figureb5.8 Information Ratio (IR) per absolute z-score buakiethe CDS trading strategy based on
the three month change in the FX volatility for thight selected emerging countries
(Brazil, Hungary, Mexico, Philippines, Poland, Soutfrica, South Korea, and Turkey)
in the period April 2002 to February 2010.

5.4 Discussion

The best results are obtained with DBFX strategy as it has the highest IR for the
overall portfolio and 5 out of 8 country portfolioBhe DDFX strategy is the only strategy
that has a significant positive average return. D2, strategy is the second best
with slightly better results than tHeDD2,,s strategy. We have already mentioned the
heteroscedasticity of the distance to distresstlamdhigh levels of the distance to distress
as the main reasons to prefer the relative chamdgbe distance to distress used in the
DDD24 strategy over the absolute change in the distemdestress used in tH2DD2,ps
strategy. The results of tiEDCDS strategy are unsatisfactory.

The cumulative returns of tHeDD24,,, DDD2,4, andDDFX strategy look very similar
from 2004 to the end of the sample period (FiguB}. I’heDDFX strategy works well in
the period of 2002-2003 when both the FX volatilindahe CDS spread were high for
Brazil and Turkey. TheDDD2,4,s, DDD24, and DDFX strategy all work well in the
financial crisis period of 2008-2009 when both th¢ Volatility and the CDS spread
were high for all the eight selected emerging caestrSo, the best periods for the
strategies seem to be crisis periods when the COgadgpiof the emerging countries peak
to high levels. We see the similarities betweentthding strategies back in the high
correlations between the strategies of the montlgradl portfolio returns (Table 5.10)
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and the direction of the positions (Table 5.11)isTimplies that the size of the positions,
which can only deviate between the strategies dukffierent z-scores, is an important
factor that makes thBDFX strategy more successful than the other strategies

The DDFX strategy has the highest standard deviations efaitcumulated z-scores
(Table 5.12). However, the accumulated z-scorevemg similar over time for the three
strategies except for the crisis periods of 200@328nd 2008-2009 (Figure 5.5). The
DDFX strategy is apparently better capable to enlatgepasitions in crisis periods
compared to th®DD2,,s and DDD24 strategy. The intuition behind this observation
could be that the FX volatility is a more stableighle than the distance to distress. In
calm periods, the volatility of the local currenkgbilities is low and the level of the
distance to distress is high. But it is exactlythat situation that a small change in the
volatility of the local currency liabilities can ese a large change in the level of the
distance to distress as discussed in Chapter 4seTlage changes in the distance to
distress result in a high z-score in calm periaus$ @ z-score that is relatively too low in
crisis periods. This effect is even not completdlyninated if we use the relative change
in the distance to distress.

To see the contribution of low and high z-scoreth®IR of theDDD24,s, DDD2,4, and
DDFX strategy we look at the z-score buckets that a@egmted in Figures 5.6 to 5.8.
The DDFX strategy has a positive IR for all z-score buck€he DDFX strategy obtains
the highest IR for the z-score bucket with the hsgjhabsolute z-scores1.3). The
DDD2,,s andDDD2,4 strategies do not have a positive IR for all zredouckets. Only
the z-score buckets of absolute z-scores that r@ey or equal to 0.8 and 0.5 for the
DDD2,,s andDDD2,4 strategies respectively, have positive IRs. Thilidates that we
could improve the performance of tHeDD2,s and DDD24 strategies when we
introduce a floor value for the z-scores. The flealue forces the strategy to only take a
position when the z-score is sufficiently large egiou

We conclude this discussion section with some teethrpoints concerning the country
allocation in the overall portfolio, the risk expos at a low CDS spread, the duration,
and the ghost effect. These are technical poirds ¢hn influence the results of the
DDD2,, DDD2,4, and DDFX strategy but are not analyzed in this researchegro
Therefore, it is recommended to pay attention &séhtechnical points in a follow up
study. Another important issue that we have not reked in this research project is the
transaction costs that are involved by taking parsét in the CDS contracts. It would be
interesting to calculate the net IR of the straediy deducting the transaction costs from
the monthly returns in a follow up study to analifzbe strategies are still profitable.

Figure 5.9 shows the absolute long-short overalif@ios position in eight countries that
we can observe every month for our trading strasedigve did not use risk neutral z-
scores. This is an exaggerated view of the courlivgadion in the overall portfolio, but
it indicates that we can easily construct a poxfthtiat takes long positions in the top two
countries and short positions in the bottom two toes This strategy is applied in a
guantitative country allocation model by Robeco d@veloped bond markets. Such a
strategy would be very similar to the strategy tvatuse in our overall portfolio. The
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advantage of this “long top two and short bottom twt'ategy is that the transaction
costs decrease because fewer positions are takiee @DS contracts. Moreover, we can
minimize the transaction costs even further if veealop a more sophisticated strategy
that tries to avoid rebalancing the portfolios fioss every month.
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Figureb5.9 Graphical overview of the absolute long-short fodid position per country (without
adjusting for risk neutral z-scores).

The positions that we take with our strategies aigelavhen the CDS spread is low. This
because we proportion the positions to a CDS spread®bp. The research of Ben Dor

et al. (2007) show that the positions that we useun strategies are risk neutral and
therefore the risk exposure of our strategy onlgetels on the z-scores, but the large
positions due to a low CDS spread go together widrgelvalue at risk. If we sell a large

number CDS contracts for a single country, we areggeblto pay the face value of the

underlying bond for each of the contracts in casa default. Although, the chance that

this would happen is very small, the maximum lossld¢dde enormous because it

depends on the presumably low recovery of the fadeevof the bonds that are in now

our position. The strategies do not have a gootbpeance anyway in the periods when

the CDS spread is low, so this applies for a capevidicontrol the size of the positions.

Figure 5.10 shows the estimated modified spreadidarthat belongs to different 5 year

CDS spreads. We estimate the modified spread doraifothe CDS spreads by

determining the modified duration of an equivalbngear bond with the annual coupon
and the required yield equal to the 5 year CDS spr#dde can clearly see that the
modified spread duration decreases as the CDS spresghses. However, we set the
modified spread duration that we use to calculaganbnthly return in our strategies at 5
year. Although this is thus not entirely correctstis does not affect the IR of the trading
strategies much as long as the CDS spreads of @attrees are close to each other. We
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can change the positions of our trading strategigsvay if we adjust the value of 100 bp
to which we proportion the CDS spread. Only in thequefrom 2002 to end 2003 the
CDS spreads of the countries heavily differ whichsesuan error in the monthly return
for that period in the sample.

Modified Spread Duration

0% 5% 10% 15% 20% 25% 30% 35% 40%
5 year CDS spread

Figure5.10 Estimated modified spread duration of 5 year Cp®ads. The modified spread duration
is estimated by determining the modified duratiéraw equivalent 5 year bond with the
annual coupon and the required yield equal to theds CDS spread.

In our trading strategies, a ghost effect can appe@aning that the strategies miss
valuable inside information because we use a measuteperiod of three months. For
example if the FX volatility at the start of the reaeement period is about the same as
the FX volatility at the end of the measurementiqeerthis could be because the FX
volatility hardly changed in the mean time. Butsthiould also be because the FX
volatility first dramatically decreased and theramatically increased with the same
guantity. In the latter case we possibly miss anodppity to immediately profit from
this information. We can analyze if the strategieén be enhanced by adapting the
measurement method.
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5.5 Conclusion

In this chapter trading strategies with 5 year CIB8t@acts for eight emerging countries
with a floating FX rate and a considerable foreigitdgtock are tested. The sample
period of the test is from April 2002 to February Q0

The change in the distance to distress has explignand predictive power on the change
in the CDS spread. The predictive power of the degan distress is significant for the
most countries when we use relative changes of temardie to distress instead of
absolute changes. The explanatory and predictiveepmf the change in the FX
volatility on the change in the CDS spread is ewaegdr for the eight countries. The most
predictive power on the next month change in the Gpf&ad is obtained when the
change in the distance to distress and the FX lipldtias a lead of three months. The
autocorrelation of the change in the distance streks, the change in the FX volatility,
and the change in the CDS spread is on averagdghesh when we use a measurement
period of one month.

There is no relation between the relative levelled tistance to distress of the eight
countries and the relative height of the CDS sprdédmtrefore, we use the predictive
power of the change in the distance to distresschiamge in the FX volatility, and the

trend in the CDS spread on the change in the CDSadpr€ a single country in our

trading strategies. We distinguish four tradingateigies where we take risk neutral
positions between two countries that are determiyeridrores:

1. DDD2as
2. DDD2re
3. DDFX

4. DDCDS

The trading strategie®BDD2,,s andDDD2,4 are based on the three month absolute or
relative change in the distance to distress. DB&X strategy is based on the three month
absolute change in the FX volatility. TRD2,,s, DDD2,¢, andDDFX strategy should
profit from the spillover of information from the arkets that we use to construct the
distance to distress (the bond market and the meyrmarket) and the FX volatility (the
currency market). This information-spillover effastan example of behavioral finance
and could exist because valuable country informatg earlier available in the bond
market or the FX market than in the CDS market. DBXCDS strategy is a three month
trend strategy that should profit from under-reactin the CDS market and is tested
because we observe autocorrelation in the CDS spread.

The DDFX strategy is the most successful trading strateglycutperforms th®DD2s
andDDD2.4 strategies. ThBDFX is the only strategy with a significant averageiipas
return. We conclude that it is better to use theveMtility than the distance to distress as
input variable in a trading strategy with CDS cornaor emerging countries with a
floating FX rate and a considerable foreign debtlstén addition, the FX volatility of a
country is much easier to construct than the digtdo distress. ThBDCDS strategy is
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not a successful trading strategy from which we aoielthat a three month trend
strategy of the CDS spread does not work.

The DDFX strategy works best for crisis periods when the Cy8agls as well as the FX
volatilities of the countries are high. TRPFX strategy could not yet be tested with an
in-sample and an out-of-sample test because tlsermti enough historical CDS data
available. Therefore, we have to look criticallythe stability and robustness of the
results. The promising results of tB®FX strategy tempt to enhance the stability and
robustness of the strategy in a follow up study tloaicentrates on caps for the size of the
positions when the CDS spread is low, the monthlyrnetuhen the correct spread
duration is used, and a measurement method thégt weh the ghost effect. THBDFX
strategy needs to be critically analyzed in a fsllop study on the influence of the
transaction costs on the net IR of the strategy #rel sensitivity to a delay in
implementation of the positions. We can also thikvays to reduce transaction costs
for example by constructing a simple “long top twal ahort bottom two” portfolio and
developing a sophisticated method to avoid rebatgnthe portfolios positions every
month.
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Chapter 6

Conclusions

The main purpose of our research project is tostigate the new sovereign CCA model
by Gray et al. (2007) more specifically to analydeether a profitable trading strategy is
possible that would benefit active asset manageesRiobeco. In this chapter we present
the final conclusions of the project and the answershe following three research
guestions:

1. To what extent is the model applicable to developmahtries?

2. How can we implement the model and confirm the tighdtionship with actual
CDS data?

3. How can we develop a successful trading strategydoas¢he model?

The first research question is treated in Chapt@h8re we describe the sovereign CCA
model in detail. From this description it becomé=ac that the model is best suited for
emerging countries with a considerable amount ot delbominated in a hard foreign

currency like the US Dollar and the Euro. The sowgréCCA model is unsuitable for

developed countries because these countries doongply with two important features

of the model.

First, an important feature of the model is thesiign distress barrier that is constructed
from the book values of the foreign currency ddla oountry. Developed countries have
a foreign distress barrier that is close to zemahee they have direct access to large and
liquid international markets to issue debt in tldmestic currency and therefore have no
or only a small amount of foreign currency debt.

Second, an important feature of the model is theogy between the local currency
liabilities of a country and the equity of corpaoais. After the financial crisis of 2008-
2009, sovereign credit risk especially applieddwedoped countries like Greece, Ireland,
Portugal, and Spain. For these developed courtresnalogy between local currency
liabilities and equity does not hold, because coestfrom the EMU have very limited
control over the money supply by the ECB.

It is not possible to adapt these features of teer®ign CCA model to make it
applicable to developed countries without changimg ¢conomic sense of the model.
Therefore, we focus on emerging countries for @eoad and third research question.

With the case study of Chapter 4 we answered thengexesearch question. In the case
study we implement the sovereign CCA model for Brarithe period April 2002 to
December 2005. We propose a method to construahpioge variables of the model with
Bloomberg as main data source. The monetary bhsejgk-free interest rate, and the
time horizon are input variables of the model wherte easy to access. The local
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currency debt (market value) and foreign distresmsidr are input variables of the model
which we can construct with data on bonds and inteates. The volatility of the local
currency liabilities is an input variable that weasere based on the daily log returns of
the local currency liabilities (the sum of the Ibcarrency debt and the monetary base).
This approach to construct the input variablesthasadvantage of being a general, up-
to-date, quantitative approach with a daily freqyenc

Indeed, we find a tight relationship between the ssiga CCA model’s risk measure
distance to distress and the actual CDS spreada#ilBiWe can clearly distinguish the
Brazilian crisis of 2002-2003 in the output of thavereign CCA model. However, the
output of the sovereign CCA model of our case stodyBrazil differs from the
benchmark study by Gray and Malone (2008). The wdiffee is caused by the method to
measure the volatility of the local currency ligels. We prefer the unbiased quantitative
historical volatility we use in our case study ottez volatility of Gray and Malone who
estimate high values for the volatility by addindlaor value and using artificially high
estimates for the correlation between the differmrhponents of the volatility of the
local currency liabilities to force a relationshygh the actual CDS data.

The volatility of the local currency liabilities i very important input variable of the
model. The volatility of the local currency lialiéis that we use in our case study is low.
Combined with the low leverage (ratio foreign curredebt to local currency liabilities)
this leads to high levels of the risk measure distato distress and low levels of the
estimated default probability and the estimate@agr The default probability and spread
are even close to zero for large periods of the ctisdy. The FX volatility is the most
important driver of the volatility of the local aency liabilities and therefore an
important input factor of the model.

The third research question is dealt with in Chagtand elaborated with the proposed
trading strategies of Chapter 5. From the analgtithe sovereign CCA model in our
case study we select the distance to distress aBXhvolatility as promising variables
for a trading strategy with CDS contracts. In ortleruse the variables in a trading
strategy they have to contain predictive power e €DS spread. This could indicate
that there is a valuable information spillover fréme bond market or the currency market
to the CDS market. We test the contemporary andlegdorrelations of changes in the
variables with changes in the CDS spread. In Chahtere observed that the variables
have explanatory power on the CDS spread of BraZdreover, especially the FX
volatility has predictive power on the CDS sprea@iazil.

In Chapter 5 we extended the universe of the rels¢areight emerging countries with a
considerable amount of foreign currency debt anttea floating currency (Brazil,
Hungary, Mexico, the Philippines, Poland, South Afri8outh Korea, and Turkey). The
research period is extended to a sample period df 2p02 to February 2010. There is
no relation between the relative level of the distato distress of the eight countries and
the relative height of the CDS spread. But when wé& kit the changes in the distance to
distress and the FX volatility, we see that the axatory and predictive power of these
variables on the CDS spread improve on average aawchpa the Brazilian results. We
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use the predictive power in a trading strategy witre&r CDS contracts. We distinguish
four trading strategies where we take risk neygositions between two countries:

5. DDD2ps
6. DDD2rel
7. DDFX

8. DDCDS

The trading strategie®BDD2,,s andDDD2,4 are based on the three month absolute or
relative change in the distance to distress. DB&X strategy is based on the three month
absolute change in the FX volatility. TB®CDS strategy is a three month trend strategy
of the CDS spread that we also analyze because wevelsm@me autocorrelation in the
CDS data of the eight countries.

The DDCDS strategy is not a successful trading strategy fedmch we conclude that a
three month trend strategy of the CDS spread doesvark. Apparently, there is no
under-reaction in the CDS market in this three mdntie period. TheDDD2,,s and
DDD24 strategies perform better because both stratégies a positive average return.
The DDFX strategy is the most successful trading strateglycutperforms th®DD2s
and DDD2,4 strategies. TheDDFX strategy is the only strategy with a statistical
significant positive average return. TD®FX strategy works best for crisis periods when
the CDS spreads as well as the FX volatilities ofciluntries are high.

The thorough analysis of the model in this reseg@rclect provides us with promising

trading strategies. We have not found a tradingtestyy using the sovereign CCA model
that has a statistical positive average return.mbst important input factor of the model
does provide us with a successful trading stratd@dmys strategy is based on the FX
volatility and profits from the spillover of inforation from the currency market to the
CDS market. It is only disturbing to incorporate thebt structure of the countries with
the sovereign CCA model in a trading strategy bexatie additional value of

information spillover from the bond market to th®®& market is not visible in our

research. We conclude that it is better to usd-¥eolatility than the distance to distress
in a trading strategy with CDS contracts for emergiogntries with a floating FX rate

and a considerable foreign debt stock.

The intuitive economic sense of the predictive poafethe FX volatility on the CDS
spread is for a large part described with the soyer€ CA model, where we have seen
the importance of the FX rate in the structure angbut of the model. Finally, the FX
volatility is very easy to determine in compariseith the distance to distress. In our
study we used the standard deviation of daily FXrnstbbut we can even directly use the
implied volatility from FX options. The FX volatilithas thus the advantage that it is
very easy to determine for multiple emerging caestrin follow up studies on this
subject.
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Chapter 7

Follow Up

In this chapter we present a brief overview of theaglon follow up research that we
gathered during the research project.

One of the conclusions of this research projectha it is not possible to adapt the
sovereign CCA model to make it applicable to devetbpountries without changing the
economic sense of the model. We need a differentetto analyze the sovereign credit
risk of developed countries like the Southern Eeewp countries that are currently
subject to a much higher sovereign credit risk. Phneblems of these countries are
related to the shorter term debt that is closedtunty and the corresponding refinancing
risk. Also the budget deficit of these countriesmsimportant input factor for sovereign
credit risk. A follow up study for sovereign credsk of developed countries should be
on models that take these issues into account.

Further research could be done on enhancing thdengatrategies that are based on the
distance to distress. Robustness checks on theesgneCCA model with different
measurement methods for volatility (e.g. changihg measurement period of three
months and the log return boundary value of 1258é)ret performed in this research
project but would be interesting to look at in adal up study. In addition, robustness
analyses of the other parameters in the model havdéeen done yet in this study and
may deliver valuable new insights and potentiallpdoesults. We have also observed
that the strategies based on the distance to skste the most successful when the z-
scores are relatively high. It is therefore intérggto investigate if the trading strategies
can be enhanced by using a floor value for theozesc

In this study we have focused on the basic sover@@A model, but several more
complicated extensions are possible. For examphlragtees to financial institutions
could be modeled as put options on the asset $idesovereign. A follow up study can
enhance the basic model with such extensions.

Our study has revealed a predictive power of the HAtMty on the CDS spread, but did
not show predictive power of the bond market (votg}ion the CDS spread. However,
this may be caused by the use of the sovereign C@Aema direct analysis of a
spillover effect from the bond market in the CDS keamwill help to ascertain the limited
predictive power of bond volatility.

We recommend though to focus further research ertrdding strategy that is based on
the promising FX volatility variable. The strateggutd be enhanced with caps for the
size of the positions when the CDS spread is low anasurement method that deals
with the so called ghost effect. The strategy needée critically analyzed on the

influence of the transaction costs on the infororatratio of the strategy and the
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sensitivity to a delay of the implementation. Wen calso think of ways to reduce
transaction costs for example by constructing gkrfiong top two countries and short
bottom two countries” portfolio and developing a lsisficated method to avoid
rebalancing the portfolio every month. Finally, amt-of-sample test is possible on the
strategy by extending the number of emerging ceestwith a liquid floating FX rate
and a liquid CDS market. In addition it would be feing to compare the realized FX
volatility to the implied volatility from FX options
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Appendix A

Abbreviations

AIG American International Group

BAC Bank Advisory Committee

BCB Banco Central do Brasil (Central Bank of Bhazi

CCA Contingent Claims Analysis

CDO Collateralized Debt Obligation

CDS Credit Default Swap

CFB Corporation of Foreign Bondholders

ECB European Central Bank

EMBI Emerging Market Bond Index

EMU Economic and Monetary Union of the European dnio
Fl Financial Institution

FX Foreign Exchange

GDP Gross Domestic Product

IMF International Monetary Fund

IR Information Ratio

KMV Kealhofer, McQuown and Vasicek

OECD Organization for Economic Cooperation and Dgvalent
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Appendix B

Bond Data

TableB.1

interest rate to determine the market value of.debt
Abbreviations: ZC = Zero Coupon; CHF = Swiss FraBt/R = Euro, GBP = British
Pound, JPY = Japanese Yen, and USD = US Dollar Iflation linked.

Used bond data from Bloomberg per country, avetage to maturity (TTM), and used

Country Bond Name Type Comment Active Average TTM ( yrs) Used discount rate
Brazil LTN Fixed (ZC) start-end 0.8 Brazil 1 yr
Brazil NTN-F Fixed 2003-end 4.3 Brazil 2 yr
Referenced at
Brazil LFT Floating (SELIC linked) SELIC rate of 1 Jul  start-end 2.2 none
2000
. . —_ Referenced at IPCA ;
Brazil NTN-B Fixed (Inflation linked) of 15 Jul 2000 2001-end 17.0 Brazil 2 yr
. . _ Referenced at IGP- .
Brazil NTN-C Fixed (Inflation linked) M rate of 1 Jul 2000 start-end 14.6 Brazil 2 yr
Referenced at
Brazil NTN-D Fixed (Dollar linked) BRLUSD <=1 Jul start-2008 1.3 Brazil1yr
2000
Referenced at
Brazil BNBC-E Fixed (Dollar linked) BRLUSD <=1 Jul start-2006 1.2 Brazil1yr
2000
Brazil International Fixed, Floating USD, EUR, JPY start-end 11.5 Brazil USD 10 yr
Hungary T-Bill Fixed (ZC) start-end 0.4 Hungary 3m
Hungary llfl_tgirlfg bearing Fixed 2005-end 0.5 Hungary 3m
Hungary Government Fixed, Floating start-end 4.9 Hungary 5 yr
Hungary International Fixed, Floating (E;él; USD, JPY, start-end 5.7 Hungary 5 yr
start-
Hungary Cen_tral Bank Fixed (ZC) 2002, 0.1 Hungary 3m
T-Bill
2007-end
Central Bank . . EUR, JPY, USD,
Hungary International Fixed, Floating CHE start-end 3.2 Hungary 5 yr
Mexico CETES Fixed (ZC) start-end 0.3 Mexico3m
Mexico Udibonos Fixed start-end 8.9 Mexico 10 yr
Mexico Banobras Fixed, Floating start-end 12.6 Mexico 10 yr
Mexico BREMS Floating start-end 1.4 none
Mexico Bondes Floating start-end 1.7 none
Mexico Bondes D Floating 2006-end 2.5 none
Mexico BPA Floating start-end 2.6 none
Mexico International Fixed, Floating SJSE EUR, GBP, start-end 12.0 Mexico 10 yr
Philippines  T-Bill Fixed (ZC) start-end 0.4 Philippines 3 m
Philippines Government Fixed, Floating start-end 5.2 Philippines 5 yr
Philippines  International Fixed, Floating USD, EUR, JPY start-end 10.4 Philippines 10 yr
Philippines _Sr_pBeiﬁlal Series Fixed (ZC) start-end 0.3 Philippines 3 m
P Central Bank : . o
Philippines International Fixed, Floating usD start-end 18.4 Philippines 10 yr
Poland T-Bill Fixed (ZC) start-end 0.5 Poland 1yr
Poland Government Fixed, Floating Some I/L start-end 5.1 Poland 5yr
Poland International Fixed, Floatin EUR, USD, JPY, start-end 9.8 Poland 10 yr
’ 9 GBP, CHF : y
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Country Bond Name Type Comment Active Average TTM ( yrs) Used discount rate
SO[.Jth T-Bill Fixed (ZC) start-end 0.3 South Africa 2 yr
Africa
ig?ctg Government Fixed, Floating Some I/L start-end 9.2 South Africa 10 yr
South . ) USD, EUR, JPY, .
Africa International Fixed GBP start-end 6.4 South Africa 5 yr
South . ] 2003-
Korea T-Bill Fixed (ZC) 2006 0.1 South Korea 3 m
Eg:fetg Government Fixed Some I/L start-end 4.3 South Korea 5 yr
igfég International Fixed USD, EUR start-end 5.8 South Korea 5 yr
South I )
Korea Stabilization Fixed start-2008 1.9 South Korea 2 yr
South Housing Fixed start-end 3.5 South Korea 3 yr
Korea
iouth Jobless Fixed start-2004 0.9 South Korea 1 yr
orea
South . )
Korea Grain Fixed start-2004 1.3 South Korea 1 yr
Turkey T-Bill Fixed (ZC) start-end 0.3 Turkey T-Bill yields
Turkey Government Fixed, Floating ggmg :7LUSD’ EUR; start-end 2.5 Turkey USD 3 yr
Turkey International Fixed USD, EUR, JPY start-end 7.7 Turkey USD 8 yr
TableB.2 Quality of Bloomberg data on the interest rateshef eight selected emerging countries
and the chosen risk-free interest rate (the 5 Y&government interest rate).
Country Term Start date End date  #Values #MissingV alues Missing Values (%)
Brazil 1 year 1-1-2002  26-2-2010 2198 118 5.37%
Brazil 2 year 1-1-2002  26-2-2010 2198 116 5.28%
Brazil 10 year (USD) 15-5-2002  26-2-2010 2102 175 8.33%
Hungary 3 months 1-1-2002  26-2-2010 2198 115 5.23%
Hungary 5 year 1-1-2002  26-2-2010 2198 107 4.87%
Mexico 3 months 1-1-2002  26-2-2010 2198 89 4.05%
Mexico 10 year 1-1-2002  26-2-2010 2198 449 20.43%
Philippines 3 months 1-1-2002  26-2-2010 2198 125 5.69%
Philippines 5 year 1-1-2002  26-2-2010 2198 125 5.69%
Philippines 10 year 1-1-2002  26-2-2010 2198 126 5.73%
Poland 1 year 1-1-2002  26-2-2010 2198 22 1.00%
Poland 5 year 1-1-2002  26-2-2010 2198 6 0.27%
Poland 10 year 25-11-2002 26-2-2010 1964 4 0.20%
South Africa 2 year 19-3-2003  26-2-2010 1882 397 21.09%
South Africa 5 year 1-1-2002  26-2-2010 2198 953 43.36%
South Africa 10 year 1-1-2002  26-2-2010 2198 0 0.00%
South Korea 3 months 1-1-2002  26-2-2010 2198 127 5.78%
South Korea 1 year 1-1-2002  26-2-2010 2198 124 5.64%
South Korea 2 year 1-1-2002  26-2-2010 2198 101 4.60%
South Korea 3 year 1-1-2002  26-2-2010 2198 106 4.82%
South Korea 5 year 1-1-2002  26-2-2010 2198 115 5.23%
Turkey T-Bill yields 1-1-2002  26-2-2010 2198 1585 72.11%
Turkey 3 year (USD) 1-1-2002  26-2-2010 2198 10 0.45%
Turkey 8 year (USD) 1-1-2002  26-2-2010 2198 385 17.52%
United States 5 year 1-1-2002  26-2-2010 2198 0 0.00%
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FigureB.1 Calculated market values of total debt and repovedues of total debt of Brazil in the

period April 2002 to February 2010.
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FigureB.2 Calculated market values of total debt and regovadues of total debt of Hungary in the
period April 2002 to February 2010.
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FigureB.3 Calculated market values of total debt and repovedues of total debt of Mexico in the

period April 2002 to February 2010.
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FigureB.4 Calculated market values of total debt and repovedues of total debt of the Philippines
in the period April 2002 to February 2010.
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FigureB.5 Calculated market values of total debt and replovdues of total debt of Poland in the

period April 2002 to February 2010.
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FigureB.6 Calculated market values of total debt and repovidues of total debt of South Korea in

the period April 2002 to February 2010.
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FigureB.7 Calculated market values of total debt and repovedues of total debt of Turkey in the
period April 2002 to February 2010.
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Appendix C

FX Data
TableC.1 Quality of Bloomberg data on the local currency #mel US Dollar FX rate of the eight
selected emerging countries.

Country Currency Start date  End date #Values #Missi ng Values Missing Values (%)
Brazil Real (BRL) 1-1-2002  26-2-2010 2129 11 0.52%
Hungary Florint (HUF) 1-1-2002  26-2-2010 2129 0 0.00%
Mexico Peso (MXN) 1-1-2002  26-2-2010 2129 0 0.00%
Philippines Peso (PHP) 1-1-2002  26-2-2010 2129 2 0.09%
Poland Zloty (PLN) 1-1-2002  26-2-2010 2129 1 0.05%
South Africa  Rand (ZAR) 1-1-2002  26-2-2010 2129 0 0.00%
South Korea ~ Wong (KRW) 1-1-2002  26-2-2010 2129 1 0.05%
Turkey Lira (TRY) 1-1-2002 _ 26-2-2010 2129 1 0.05%
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Appendix D

CDS Data
TableD.1 Quality of Bloomberg data on the 5 year CDS spseaidthe eight selected emerging
countries.
Country Start date End date #Values #Missing Values Missing Values (%)
Brazil 12-10-2001  26-02-2010 2186 112 5.12
Hungary 15-03-2002  26-02-2010 2076 118 5.68
Mexico 12-10-2001  26-02-2010 2186 107 4.89
Philippines 04-04-2002  26-02-2010 2062 185 8.97
Poland 20-10-2000  26-02-2010 2441 72 2.95
South Africa 06-10-2000  26-02-2010 2451 70 2.86
South Korea ~ 28-02-2002  26-02-2010 2087 51 2.44
Turkey 12-10-2000 _ 26-02-2010 2447 64 2.62
.~ b
10%
w 8% A
E
g
g
3
= 4% 4
2% -
0% ‘
2003 2004 2005 2006 2007 2008 2009
Year
—e— Brazil —=— Hungary Mexico Philippines
—x— Poland South Africa —— South Korea —— Turkey
FigureD.1 Percentage missing values of Bloomberg data orbtlgear CDS spreads of the eight

selected emerging countries.
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Appendix E

Contemporary Correlations and T-Values

TableE.1 Contemporary correlations of anmonth absolute change in the distance to disards
an n month absolute change in the 5 year CDS spreatieokight selected emerging
countries during the period April 2002 to Februa@10.

Contemporary South  South

(#months) Brazil Hungary Mexico Philippines Poland Africa Korea Turkey Average
1 -0.16 024 -0.21 008 -020 -0.29 -0.15 -0.27 -0.20

2 022 -0.34  -0.28 -017 -028 -037 -021 -0.30 -0.27

3 -024 038 -0.31 019 -0.35 -0.44 -029 -0.37 -0.32

6 -0.29 -0.52  -0.48 031 -058 -0.55 -0.52 -0.47 -0.47

9 -025 059  -0.57 -0.42 -067 -054 -057 -0.38 -0.50

12 -0.29 -0.60 -0.53 037 -066 -0.62 -0.66 -0.47 -0.53

24 -0.58 -0.86  -0.57 -0.36 -059 -0.67 -0.71  -0.53 -0.61

TableE.2 Contemporary t-values of anmonth absolute change in the distance to disaledsam

month absolute change in the 5 year CDS spredakeodight selected emerging countries
during the period April 2002 to February 2010.

Co(;trﬁr;qrﬁgrse)lry Brazil Hungary Mexico Philippines Poland igtjctg iglrgg Turkey Average
1 -1.50 242 -2.09 -0.81 -192 -294 -150 -2.64 -1.98

2 219 340 -2.75 -160 -2.76 -3.83 -2.09 -3.01 -2.70

3 -2.39 -3.94  -3.05 -1.82  -355 -466 -291 -3.84 -3.27

6 -2.86 565 -5.16 -3.02 661 -6.17 -572 -4.90 -5.01

9 -2.36 676  -6.34 -424  -836 -591 -629 -3.78 -5.51

12 -2.76 681  -5.64 -354 -7.83 -7.10 -7.97 -4.84 -5.81

24 597  -1377 579 -3.18 -6.13 -7.56 -8.33 -5.22 -7.00

TableE.3 Contemporary correlations of armonth relative change in the distance to distamssan

n month absolute change in the 5 year CDS spreathefeight selected emerging
countries during the period April 2002 to Febru2aé10.

Contemporary South  South

(#months) Brazil Hungary Mexico Philippines Poland Africa Korea Turkey Average
1 -0.26 -0.36 -0.29 -0.14 -0.31 -0.38 -0.33 -0.37 -0.31

2 -037 -0.47 -0.31 -0.24 -0.37 -047 -039 -041 -0.38

3 -041 -0.53 -0.35 -0.26 -0.47 -056 -049 -0.51 -0.45

6 -0.47 -0.71 -0.57 -0.38 -0.75 -069 -0.79 -0.57 -0.61

9 -042 -0.78 -0.64 -0.48 -0.82 -0.68 -0.77 -0.49 -0.63

12 -0.45 -0.77 -0.64 -0.43 -0.79 -0.75 -0.85 -0.60 -0.66

24 -0.69 -0.89 -0.69 -0.36 -0.72 -0.76 -0.84  -0.65 -0.70
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TableE.4 Contemporary t-values of anmonth relative change in the distance to disteggbann
month absolute change in the 5 year CDS spredakeodight selected emerging countries
during the period April 2002 to February 2010.

Co(;t;?r?tﬂrs?ry Brazil Hungary Mexico Philippines Poland if(;:i:tg ig:gg Turkey Average
1 -2.62 -3.67 -2.88 -131  -3.18 -3.99 -3.34 -3.82 -3.10
2 -3.78 -5.03  -3.13 233 -385 -504 -410 -4.34 -3.95
3 -4.29 591  -3.51 253 505 -6.35 -540 -5.69 -4.84
6 -4.92 -9.36  -6.48 -3.87 -1052 -8.82 -11.90 -6.41 -7.78
9 -419 -1150 -7.54 -4.97 -13.05 -8.49 -11.24 -520 -8.27
12 -454  -10.88 -7.48 -427 -11.79 -10.07 -14.43  -6.72 -8.77
24 -7.98  -16.28  -7.82 -3.24 _ -8.70  -9.63 -13.06  -7.09 -9.23
TableE.5 Contemporary correlations of anmonth absolute change in the FX volatility andnan

month absolute change in the 5 year CDS spredakeoéight selected emerging countries
during the period April 2002 to February 2010.

Contemporary South  South

(#months) Brazil Hungary Mexico Philippines Poland Affica Korea Turkey Average
1 029 0.44 0.31 003 033 033 050 0.28 0.30

2 041 0.58 0.32 007 042 041 057 031 0.39

3 044 0.68 0.40 011 058 052 069 039 0.48

6 0.50 0.83 0.69 032 084 067 090 045 0.65

9 047 0.88 0.66 039 088 065 089 043 0.66

12 052 0.88 0.69 036 086 071 092 050 0.68

24 0.68 0.89 0.76 035 083 072 0.89 049 0.70

TableE.6 Contemporary t-values of anmonth absolute change in the FX volatility anchanonth

absolute change in the 5 year CDS spread of the s@jected emerging countries during
the period April 2002 to February 2010.

Co(;t;r;qr?tﬂrse)lry Brazil Hungary Mexico Philippines Poland if?:i:tg igfeﬂ; Turkey Average
1 290 4.68 3.10 -0.28 330 333 555 2.79 3.17

2 4.26 6.88 3.27 0.63 4.48 4.31 6.65 3.16 4.20

3 469 8.78 4.17 1.01 6.72 583 9.07 4.06 5.54

6 5.40 14.08 8.96 3.14 1420 8.48 19.20 4.76 9.78

9 486 16.78 8.08 3.93 16.66 7.79 17.72 4.35 10.02

12 5.53 16.56 8.49 3.49 15.18 9.14 21.90 5.15 10.68

24 7.62 16.46 9.69 3.11 1224 8.65 16.53 4.68 9.87
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Appendix F
Lead - Lag Correlations and T-Values

TableF.1 Lead-lag correlations of ammonth absolute change in the distance to dis(teading)
and a one month absolute change in the 5 year @B#ad (lagging) of the eight selected
emerging countries during the period April 200F&bruary 2010.

Lead - Lag South  South

(#months) Brazil Hungary Mexico Philippines Poland Africa Korea Turkey Average
1 -0.07 015 -0.15 -013 -015 -0.19 -0.06  0.07 -0.10

2 -0.05 -0.13 -0.14 -0.08 -021 -017 -0.06  0.03 -0.10

3 -0.04 015 -0.22 010 -021 -020 -0.06 -0.03 -0.13

6 0.12 -0.12  -0.15 -0.07 -0.16 -0.03 -0.03  0.05 -0.05

9 0.09 -0.02 0.05 002 004 010 -002 006 0.04

12 0.08 -0.03 0.09 0.04 007 -007 -004 011 0.01

24 -0.01 0.05 0.11 -003 001 005 015  0.03 0.04

TableF.2 Lead-lag t-values of ammonth absolute change in the distance to dis{teading) and a

one month absolute change in the 5 year CDS spilegding) of the eight selected
emerging countries during the period April 200F&bruary 2010.

I(_#etr?](z)étlr_g? Brazil Hungary Mexico Philippines Poland igtjctg iglrgg Turkey Average
1 -0.70 -1.48 -1.41 -124  -149 -183 -058  0.72 -1.00
2 -0.49 -1.25  -1.31 075 -201 -164 -060 0.31 -0.97
3 -035 -1.39  -2.08 -097 -202 -196 -0.60 -0.30 -1.21
6 1.16 -1.09 -1.43 065 -155 -023 -0.31  0.49 -0.45
9 079 -0.19 0.48 016 040 091 -0.16 055 0.37
12 0.70 -0.24 0.78 035 -0.60 -0.61 -0.3¢4 0098 0.13
24 -0.12 0.44 0.90 022 012 040 122 0.22 0.37
TableF.3 Lead-lag correlations of am month relative change in the distance to dist(kssding)

and a one month absolute change in the 5 year @B#ad (lagging) of the eight selected
emerging countries during the period April 200F&bruary 2010.

I(_:;%r;tlﬁesl? Brazil Hungary Mexico Philippines Poland if(;:i:tg ig:gg Turkey Average
1 -0.16 -0.20 -0.05 -0.12 -0.13 -0.19 -0.04 0.09 -0.10

2 -013 -0.18 -0.08 -0.05 -0.26 -0.21 -0.05 0.03 -0.12

3 -0.10 -0.21 -0.18 -0.08 -0.30 -0.27 -0.08 -0.02 -0.16

6 0.16 -0.13 -0.14 -0.02 -0.17 -0.03 -0.02 0.07 -0.04

9 0.07 -0.01 0.05 0.05 0.03 0.09 0.02 0.06 0.05

12 0.03 0.01 0.06 0.09 -0.03 -0.06 0.03 0.07 0.02

24 -0.06 0.06 0.11 0.00 0.01 006 0.15 -0.01 0.04

103



TableF.4 Lead-lag t-values of am month relative change in the distance to distflessling) and a
one month absolute change in the 5 year CDS spilagding) of the eight selected
emerging countries during the period April 200F&bruary 2010.

I(_:;%r;tlﬁesl? Brazil Hungary Mexico Philippines Poland if(;:i:tg ig:gg Turkey Average
1 -1.53 -1.96  -0.44 -115  -1.25 -1.80 -0.34  0.88 -0.95

2 -1.24 -1.73  -0.72 -051 -255 -201 -0.48  0.28 -1.12

3 -091 203 -1.76 -0.78 -297 -263 -072 -0.22 -1.50

6 147 -122 -1.32 021  -159 -027 -0.17  0.68 -0.33

9 063 -0.05 0.44 047 026 082 022 056 0.42

12 0.26 0.06 0.51 083 026 -050 0.24 063 0.22

24 -0.49 0.53 0.91 001 011 053 129 -0.12 0.35

TableF.5 Lead-lag correlations of ammonth absolute change in the FX volatility (leajimand a

one month absolute change in the 5 year CDS spitagding) of the eight selected
emerging countries during the period April 200F&bruary 2010.

Lead - Lag South  South

(#months) Brazil Hungary Mexico Philippines Poland Affica Korea Turkey Average
1 021 0.26  -0.05 016 015 0.15 0.02 0.03 0.11

2 018 0.26 0.05 015 030 022 008 008 0.17

3 016 0.33 0.21 021 037 032 016 012 0.24

6 -0.13 0.17 0.17 014 014 007 011 -0.05 0.08

9 -0.06 0.03  -0.02 0.00 -0.02 -005 -0.01 -0.06 -0.02

12 0.00 0.01  -0.02 0.04 001 004 -007 -0.06 -0.01

24 0.07 -0.04  -0.08 015 -0.03 -0.04 -0.14 -0.06 -0.02

TableF.6 Lead-lag t-values of an month absolute change in the FX volatility (leagiand a one

month absolute change in the 5 year CDS spreadifiggof the eight selected emerging
countries during the period April 2002 to Febru2ey0.

I(_:;ccj)r;thgg Brazil Hungary Mexico Philippines Poland if?:i:tg iglﬁeﬂ; Turkey Average
1 206 2.52 -0.46 1.50 141 142 0.8 0.25 111

2 1.78 2.51 0.46 1.42 2.97 2.18 0.80 0.80 1.62

3 153 3.27 1.98 2.06 3.82 316 151 1.18 231

6 -1.17 1.63 1.63 131 127 0.67 1.03 -0.46 0.74

9 -051 0.31 -0.18 0.01 -0.18 -0.50 -0.08 -0.54 -0.21

12 0.00 0.12 -0.20 0.36 0.08 0.34 -0.66 -0.54 -0.06

24 054 -0.34 -0.70 1.24 -0.28 -0.32 -1.13 -0.48 -0.18
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