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PREFACE

Target audience

This book is written for practitioners in the credit derivatives area such as executives,
traders, risk managers, product developers, structurers, marketers, settlement employees
and brokers. The main target group though are advanced undergraduate and graduate stu-
dents of finance. In chapters 1 to 4, the products and applications of credit derivatives are
explained at a basic level, so that also beginners should benefit from this book. Chapters 5
and 6, pricing and risk management, require some mathematical knowledge. Hence it is

recommended that the reader has taken basic algebra, calculus and statistics courses.

Interactive models and examples

One feature that differentiates this book from other credit derivatives books is that most
pricing models in this book are programmed and can be operated on the Internet. The
models are written in VBA (visual basic application) with an easy to use Excel interface. In
addition, most of the examples are displayed as Excel sheets on the Internet. Hence the

user can verify the examples and can vary the input parameters for educational purposes.

Answers to questions and problems
At the end of each chapter, questions and problems are displayed. The answers, available

for instructors, are on the Internet. The Internet site can be accessed by sending an email

to gmeissne@aol.com.

Feedback

The author welcomes feedback on the book. Please send comments and suggestions to

gmeissne(@aol.com.
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INTRODUCTION: THE BASICS OF
CRrEDIT DERIVATIVES

Make everything as simple as possible, but not simpler. (Albert Einstein)

What is Credit Risk?

Credit risk is the risk of a financial loss due to a reduction in the credit quality of a debtor.
There are principally two types of credit risk: default risk and credit deterioration risk.
Default risk is the risk that an obligor does not repay part or his entire financial obligation.
If default occurs, the creditor will only receive the amount recovered from the debtor,
called recovery rate. Credit deterioration risk is the risk that the credit quality of the
debtor decreases. In this case, the value of the assets of the debtor will decrease, resulting
in a financial loss for the creditor. If the debtor is rated by a public rating agency
such as Standard & Poors, Moody’s, or Fitch, credit deterioration risk is expressed as a
downgrade to a lower rating category, for example from AA to A, called migration risk or
downgrade risk.

Default risk can actually be seen as a subcategory of credit deterioration risk, since default
occurs for a large credit deterioration. However, there are quite different dynamics involved
if a debtor only deteriorates in credit quality or defaults. For example, a bond investor will
receive his full notional amount at bond maturity, if the credit quality of the bond issuer
has only deteriorated. However, the investor will only receive the recovery rate, if the bond
issuer has defaulted. Hence, it is reasonable to differentiate default risk and credit deteri-

oration risk.

What are Credit Derivatives?

Credit derivatives are financial instruments designed to transfer credit risk from one coun-
terpart to another. Legal ownership of the reference obligation is usually not transferred.
Credit derivatives can have the form of forwards, swaps, and options, which may be imbed-
ded in financial assets such as bonds or loans. Credit derivatives allow an investor to reduce

or eliminate credit risk or to assume credit risk, expecting to profit from it.



2 Introduction: The Basics quredit Derivatives

From a more technical point of view, credit derivatives are financial instruments, whose
value is derived from the credit quality of an underlying obligation, which is usually a bond
or a loan. For example, a put option on the credit-spread between a risky bond and a
risk-free bond will increase in value, if the yield of the risky bond increases due to credit

deterioration.

Why Credit Derivatives?

The number of credit derivatives transactions has increased dramatically worldwide in re-
cent years (see chapter 1: “The Market for Credit Derivatives”). The main reasons for the

rise of credit derivatives are:

*  The general desire to reduce credit risk in the financial markets, expressed by increased
regulatory requirements as the Basel IT Accord (see chapter 4);

* Anincrease in personal bankruptcies and recent corporate and sovereign bankruptcies,
such as the Asian financial crisis in 1997, Russia 1998, Argentina 2001, or Enron 2001
and WorldCom 2002 (see chapter 1);

* An increase in the ability to value and risk-manage credit risk (see chapters 5 and 6).

There are many ways in which financial managers can utilize credit derivatives. The main

applications, which are discussed in chapter 4, are:

* Hedging various types of risk such as default risk and credit deterioration risk, as well
as other types of risk such as market risk and types of operational risk;

*  Yield enhancement, mainly achieved by assuming credit risk;

*  Convenience and cost reduction (e.g. the fact that a client will not notice when his credit
risk is transferred to a third party);

* Arbitrage, due to the fact that many credit derivatives can be replicated by other finan-
cial instruments;

*  Credit Line Management, which can reduce regulatory capital.



CHAPTER ONE

THE MARKET FOR CREDIT DERIVATIVES

The Phoenicians invented the money — But why so little of it? (Nestroy)

Credit Events That Have Led to the Birth of
Credit Derivatives

The dramatic rise of credit derivatives (for the definition see Introduction) has its origin in
several severe credit crises in the recent past. Some of them will be discussed in the

following.

The Latin American debt crisis in the early 1980s.  In August 1982, the debt situation in Latin
America turned into a severe crisis when Mexico suspended coupon payments to its credi-
tors. The crisis worsened over the next 7 years and spread to other Latin American coun-
tries as inflation grew and investors pulled capital out of the plagued debtor nations. Private
lenders were unwilling to provide new money, but at the same time lending by official,
taxpayer-supported institutions increased steadily.

In March 1989, the United States Treasury Department under then Treasury Secretary
Nicholas F. Brady put together a new strategy for dealing with developing country debt.
The strategy, better known as the “Brady Plan,” acknowledged that reversing the flight of
capital from debtor nations was critical, and that global capital markets would direct
resources to any country that had the will to implement genuine reforms based upon sound
economic fundamentals.

Asaresult, the Brady Plan focused on debt service reduction for those debtors who agreed
to implement substantial economic reform programs. The plan offered banks credit enhance-
ments in exchange for their agreement to reduce claims. These credit enhancements were
created by first converting commercial bank loans into bonds, and then collateralizing the
notional amount with USTreasury zero-coupon bonds, purchased with the proceeds of IMF
and World Bank loans. Thus, the Brady bonds represented a form of default insurance, similar

to a default swap, the most popular credit derivative in today’s trading practice.

The junk bond crisis in the 1980s.  In the early 1980s, the investment bank Drexel Burnham
Lambert with its West-Coast chief, the self-made millionaire, Michael Milken, engaged in
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high volume trading of junk bonds. Junk bonds, or the more benign term, high yield bonds
are bonds with a rating lower than BBB. The high yield of the junk bonds naturally reflects
the high default probability of the junk bond issuer.

At first Milken’s trading activities in junk bonds resulted in enormous profits. However,
his trading success deteriorated and he was later charged with securities fraud and Drexel
Burnham had to shut down its operation. In addition, many Savings & Loan (S&L) institu-
tions had invested in high-yield bonds, which sparked the S&L crisis of the late 1980s, while

simultaneously tainting the junk bond name.

The Savings and Loan (S&L) crisis in the late 1980s.  Exploding interest rates during the early
1980s were one of the primary causes of the crisis. The S&L associations typically provided
long-term mortgage loans, usually at a fixed interest rate, for a period up to thirty years.
These long-term loans were usually financed with short-term depository funds. The huge
difference between the long-term mortgage rates and short-term depository funds, coupled
with highly speculative investments, partly in junk bonds, by some Savings and Loan insti-
tutions caused most of the industry to become insolvent. Losses kept compounding since
the insolvent institutions were allowed to remain open, leading to accumulating losses. The
US government finally had to step in and take over and bail out many S&L institutions. In
1990, the General Accounting Office estimated that the insurance losses would ultimately
exceed $325 billion, over $1,000 for each resident of the United States.

The Asian financial crisis in 1997—1998.  Falling interest rates in industrialized countries
throughout the 1990s resulted in lower cost of capital for investing companies and nations.
Coupled with overconfidence in the growth perspectives of South-East Asian nations, huge
amounts of capital had poured into South-East Asia. Moreover, the financial flows were
mostly “hot money” i.c. short-term with less than 1-year maturity. When growth rates
declined in the mid 1990s, creditors did not renew their credits. Since most of the funds
were invested long term (or unprofitable), these maturity mismatches led to the Asian
financial crisis.

On July 2, 1997 the crisis broke out when the Thai government released the Thai baht
from the US dollar peg. Aggravated by currency speculators, many South-East Asian cur-
rencies devalued sharply and the countries could not meet their financial obligations since
most of them were in US dollars. The IMF and the World Bank stepped in and prevented
bankruptcy by lending the hardest hit countries South Korea $58.4 billion, Indonesia $42.3
billion and Thailand $17.2 billion.

The Russian debt crisis 1998.  The origins of the Russian crisis in 1998 are to be found in
the country’s gradual transition process from totalitarianism towards democracy and eco-
nomic liberalization.

Due to the monetary policy implemented in 1995, banks had limited funds to lend to
enterprises. To compensate for the low availability of loans, enterprises were forced to use
barter relationships with customers, suppliers and workforces. A barter relationship is one
in which goods or services, rather than cash, are exchanged for debt. These kinds of
relationships allow companies to balance their accounting books, thus overstating many

companies’ financial status. Additionally, Russia’s administrative tax collection was little
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developed leading to low government revenues from taxes, resulting in high government
debt.

To attempt to increase government revenue, the state decided to issue short-term ruble-
denominated bonds (called GKOs) at attractive interest rates. However, the state was unable
to pay back these bonds and was thus forced to issue more GKOs at even higher rates.

Struggling to repay its debt, the central bank was forced to devalue the ruble. It did so
by increasing the ruble’s fluctuation band against the dollar by 50%. In addition, the central
bank decided to print more rubles, which naturally led to higher inflation. Consequently,
confidence dwindled and many investors converted their money into US dollars, aggravat-
ing the downfall of the ruble. Furthermore, oil prices fell sharply in 1998, reducing Russia’s
income further. In August 1998 the Russian government forced restructuring of the ruble-
denominated internal debt and imposed a 90-day moratorium on repayments of foreign

loans. Thus, Russia was officially in a state of bankruptcy.

Argentinean crisis 2001.  One of the main factors for the demise of the Argentine economy
in the late 1990s was the peg of the Argentine peso to the US dollar. With the dollar appre-
ciating in the 1990s against nearly all currencies, Argentina’s exports and foreign invest-
ment in Argentina had become increasingly less attractive. It was estimated that productivity
had to increase by around 20% to make Argentine exports competitive. Together with poor
political and economic leadership, Argentina experienced a severe recession in 2001.

In order to reduce capital outflow, the interest rate on 3-month treasury bills was raised
from 9% to 14% in July 2001 despite an ongoing deflation, which increased the real burden
of high interest payments.

In order to manage the crisis, a new currency, the “Argentino,” was created, not tied to
the dollar. Prices, rents, and interest payments were supposed to stay in dollars or pesos,
whereas pensions and wages were to be paid in Argentinos, whose value was suspected to
decrease relative to the dollar or the peso. The wide majority of the population anticipated
the rise in cost and decrease in income, and President Rodriguez Saa had to resign.

In early December 2001, Argentina required investors to swap $50 billion of 11%
and 12% bonds into 7% yielding bonds. On December 23, 2001 Argentina’s capital re-
serves were depleted and Argentina declared a moratorium, officially defaulting on their
debt. For investors, who had bought credit protection maturing in mid December in the
form of default swaps, it was crucial whether the forced yield swap constituted the event
of default. The issue depends on the defmition used in the specific contract and will be

solved in court.

The Enron bankruptcy filing.  On December 2, 2001, corporate America was shocked to
hear the Chapter 11 filing of utility giant Enron. Enron’s principal activity was the provi-
sion of products and services related to natural gas, electricity and communications to
wholesale and retail customers. Reasons for Enron’s bankruptcy filing, the biggest petition
in US history, were over-expansion, mismanagement, and personal enrichment. Before the
filing, Enron accountants had tried to hide financial problems with numerous special
purpose entities (SPE), located in the Cayman Islands and other tax havens. Thousands of
former Enron employees and sharcholders are secking financial retribution for the billions

of dollars lost in the company collapse.
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Arthur Andersen, working for Enron as a consultant and auditor, was found guilty of
obstruction of justice in June 2002 for destroying thousands of its Enron audit records after
learning federal regulators were investigating. With its reputation badly damaged, Arthur
Andersen did not see any prospects to survive, selling its tax and audit practices in ten cities
to Ernst & Young LLP and its offices in fives cities to KPMG LLP.

Market Size and Products

In 2003, credit derivatives comprised about 0.8% of the overall derivatives market, as seen
in figure 1.1. However, credit derivatives have increased sharply in recent years and have
grown from $54 billion to $840 billion from 1998 to 2003, as seen in ﬁgure 1.2.

Broadly, the credit derivatives market can be divided into four categories: default swaps
(DS) also called credit default swaps (CDS), total rate of return swaps (TRORs), credit-
spread products, and synthetic structures (for details see chapter 3). Over two-thirds of all
traded credit derivatives in 2002 were default swaps and about 25% were synthetic struc-
tures. Total rate of return swaps, which had about the same trading volume as default swaps
in 1998, only comprised about 1.3% of the credit derivatives market in 2002. One reason
for the rise in default swaps is the provision of a standardized legal documentation by ISDA
(International Swaps and Derivatives Association) in 1999, with an update in 2003." Once

standard legal documentation for TRORs is available, TRORs might regain their previous

OFutures & Forwards BSwaps OOptions DOCredit Derivatives BTOTAL
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Figure 1.1:  Total quarterly US derivative activity from 1998 to 2003 (notional amount)
Source: Comptroller of the Currency Administrator of National Banks, OCC Bank Derivatives
Report.
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Figure 1.2:  Credit derivatives quarterly growth in the US from 1998 to 2003 (notional amount
in millions)

Source: Comptroller of the Currency Administrator of National Banks, OCC Bank Derivatives
Report Fourth Quarter 2000 to 2003.
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Credit-spread

options  —
0.70%
Default swaps
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Figure 1.3:  Credit derivatives in percent of trading volume in the US in 2002
Source: Risk Magazine, February 2003, pp. 20-3.

trading volume. Figure 1.3 shows the distribution of credit derivatives products in the US
in 2002.
In terms of regional trading activity, the American market has a slightly higher trading

volume than Europe, as seen in figure 1.4.
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ONorth America

O Europe
40% 44%
O Emerging
OAsia Marlxat_s (excl.
11% sia)
5%

Figure 1.4: Trading volume with respect to geographical regions in 2002 by origin of underlying

credit

Source: Risk Magazine, February 2003, third survey of credit derivatives, pp. 20-3.
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Figure 1.5:  End-user breakdown

Source: Risk Magazine, February 2003, third survey of credit derivatives, pp. 20-3.

With respect to end users, we can see from figure 1.5 that banks, insurance companies,

and hedge funds are the main buyers and sellers of credit derivatives.

Credit Derivatives Have Been Around in Different Forms

Credit derivatives started trading actively in the mid 1990s. However, they are not a recent

invention. Other forms of credit protection such as letters of credit and bond guarantees

such as the Brady bonds have been around for many years.
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Letter of credit. A letter of credit is a document issued by a bank guaranteeing that the loan
of a foreign investor will be repaid. Let’s look at an example: a US company wants to build
a power plant in Thailand. It needs 10,000,000 Thai baht from Thai Farmers Bank imme-
diately. The US company asks its house bank, Bank of America, to send a letter of credit to
Thai Farmers Bank, which guarantees the repayment of the loan. This way, the US company
can receive the money immediately without lengthy and costly credit checks by Thai
Farmers Bank. Thus a letter of credit is effectively an insurance against default of a third

party (the US company), therefore quite similar to a standard default swap.

Brady bonds.  Brady bonds, as already briefly discussed above, are US dollar denominated
bonds issued mainly by Latin American countries, that were exchanged for Latin American
commercial bank loans in default. US Treasury zero-coupon bonds guaranteed the notional
amount of these bonds. Therefore, the US government acted de facto as a default swap
seller. The fee in this “default swap” was however zero, since the US government guaran-
teed the notional amount for free, trying to re-establish investor confidence in the plagued

Latin American countries.

The QBI Contract

Personal bankruptcy filings have increased dramatically in the US in recent years as seen in
figure 1.6. To protect against these increasing bankruptcies or assume risk on it, the CME

B Non-Business Filings
OBusiness Filings

1,800,000

1,600,000

1,400,000

1,200,000

1,000,000

800,000

600,000

400,000+

200,000

0+ T T T T T T T T T T T T T T T T T T T T T T J
198019811982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Figure 1.6: Business and non-business bankruptcy filings in the US from 1980 to 2003
Source: American Bankruptcy Institute, http://www.abiworld.org/stats/1980annual .html.
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(Chicago Mercantile Exchange) launched derivatives contracts on the QBI (Quarterly
Bankruptcy Index) in September 2000, the first ever exchange-traded credit derivative
product. Investors who want to take a position in future bankruptcy filings can buy or sell
the QBI Futures’ (Ticker symbol QB) or the QBI Options’ on Futures contract (Ticker
Symbol 8Q).

The QBI Futures contract. ~Due to the unusual underlying, which is personal bankruptcy
filings during a specific quarter, the QBI Futures contract has some unique features. It prin-
cipally trades on the March, June, September, December cycle (i.e. there are four Futures
contracts per year). However, to accommodate for possible late bankruptcy reporting
during a quarter, the QBI Futures contract is settled two business days before the fifteenth
of April, July, October, and January. Conveniently, one bankruptcy filing increases the QBI
index by $1. The index is rounded to the nearest $25 and expressed in units of 1,000.

Buying a QBI Futures contract means that the buyer believes the market underestimates
future bankruptcy filings; selling a QBI Futures contract means that the seller believes the
market overestimates future bankruptey filings.

Example 1.1:  An investor believes that the QBI Futures contract underestimates
the personal bankruptcy filings during the quarter from January to March. In Febru-
ary, he buys one QBI Futures contract at the current QBI future price of 355. At
future maturity on April 13, the QBI has a settlement price of 360,127, which is
rounded to the nearest 25, so 360,125. Thus, the profit for the investor is 360,125
— 355,000 = $5,125. Naturally, if the settlement price had been below 355,000, the

investor would have lost money.

It is also interesting to notice how the QBI Futures contract is traded. Traders are able
to enter bids and offers at anytime during a “pre-opening” period each day from 7:30 a.m.
until 1:30 p.m. Chicago Time. Orders become “firm” (i.e. they cannot be canceled or mod-
ified) between 1:20 p.m. and 1:30 p.m., when the orders are matched and executed.

The QBI Options on Futures contract. Investors can also hedge or assume risk on personal
bankruptcy filings using the QBI Options on Futures contract. A QBI call option gives the
call buyer the right, but not the obligation, to buy one QBI Futures contract at the strike
price, which is determined at the purchase date. A QBI put option gives the put buyer the
right, but not the obligation, to sell one QBI Futures contract at the strike price. The QBI
option contract is American style, thus an option buyer can exercise his option anytime
before or at option maturity.

Trading of the QBI Options contract takes place in the same form as the QBI Futures
contract. That is, traders are able to enter bids and offers at anytime during a “pre-opening”
period each day from 7:30 a.m. until 1:30 p.m.Chicago Time, and orders become “firm”
(i.e. cannot be canceled or modified) between 1:20 p.m. and 1:30 p.m., when the orders
are matched and executed.

An investor should buy the QBI Futures contract rather than the QBI call option, if he

is very certain that the market underestimates future bankruptcy filings, because a future
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contract does not require paying a premium, and thus has higher leverage. If an investor
believes the market consensus about future bankruptcies is too low but he is not very
certain, he should buy the call option rather than the Futures contract, because the down-
side of the call option is just the call premium. However, the downside of the future con-
tract can be significant (the maximum loss of selling a future is unlimited; the maximum

loss when buying a future is the future price, in case the future price goes to zero).

Example 1.2: A credit card company wants to protect against rising bankruptcy
filings but at the same time wants to maintain the advantage of decreasing bankruptcy
filings. The company buys 10 call options on the March QBI Futures contract with a
strike of 350, with a call premium of $0.50 for one option. Since the option contract
is quoted in thousands, he pays 10 X $0.50 X 1,000 = $5,000. At option maturity
the QBI Futures contract is at 365,146, thus rounded to the next 25, it is 365,150.
Thus the overall payoff for the company is 10 X (365,150 — 350,000) — 5,000 =
$146,500 (ignoring the interest rate effects of having paid the $5,000 at an earlier
point in time).

Creditex and CreditTrade

Creditex and CreditTrade, both founded in 1999, are Internet-based electronic platforms
for trading and obtaining information on credit derivatives.

Creditex, headquartered in New York, is a broker/dealer approved by the NASD
(National Association of Securities Dealers) and is officially supported by the major deriv-
atives players such as JP Morgan Chase, Deutsche Bank, UBS, CSFB, etc. On average, 40
institutions place about 4,000 bids and offers per month on the platform mainly in default
swaps. However, in 2002, a wide range of other credit derivatives such as total rate of return
swaps and synthetic structures were also executed. Creditex also offers two data manage-
ment services. The first is Data Download, where subscribers receive a comprehensive down-
load of all transactions posted (or traded) to date on the Creditex trading platform. In
addition, Creditex provides daily, weekly or monthly updates to the data. Data Download
is delivered as an attachment to an automated email. The second service is PriceTracker, a
desktop application, allows subscribers to view all current prices posted on the Creditex
trading platform. Subscribers can search on a single name, as well as search for an entire
portfolio at once.

CreditTrade, the London-based European competitor, is different to Creditex in that it
offers a combined traditional voice and electronic brokerage service. In February 2000,
CreditTrade acquired the credit derivative team of the broker PrebonYamane and has today
an exclusive correspondent relationship with Prebon. JP Morgan Chase and ICG are major
shareholders of CreditTrade. Besides its brokerage service, CreditTrade offers, like Credi-
tex, a historical data subscription service (CreditTrade Benchmarks) and an intra-day price

tracing service (CreditTrade Market Prices). In January 2000, CreditTrade set up a struc-
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tured products desk to diversify their product range away from standard single name default

swaps .

Trac-x and Iboxx

Trac-x (pronounced “tracks”) is a family of credit derivatives indexes launched by JP Morgan
and Morgan Stanley in April 2003. Just as other indexes, for example the Dow Jones Indus-
trial Index, the Trac-x consists of a basket of underlying financial instruments, whose price
is expressed as a single number. The underlying for the Trac-x are prices of 50 or 100 default
swaps (discussed in chapter 2). At the beginning of 2004, several Trac-x indexes existed:
TRAC-X Europe, TRAC-X NA (North America), TRAC-X NA HighYield, TRAC-X Japan,
TRAC-X Australia, and TRAC-X EM (Emerging Markets).

In November 2003, JP Morgan and Morgan Stanley handed over the management and
marketing of the Trac-x to Dow Jones and Company (see www.dowjones.com). The indexes
were renamed as “Dow Jones TRAC-X Indexes.” However, ownership of the Trac-x will
remain with JP Morgan and Morgan Stanley.

Main users of the Trac-x are financial institutions, which can buy one of the Trac-x indexes
to perform a broad hedge against credit risk (see chapter 2 and 4 on hedging). Investors
can also sell one of the Trac-x indexes to assume credit risk. Hedging and assuming credit
risk can be done conveniently, since the Trac-x, as any index, is expressed as a single number.
The trading volume of the Trac-x has been very satisfactory, with over $100 billion of
Trac-x traded in the first nine months after the launch.

In October 2003, 11 credit dealers launched a rival index to the Trac-x, termed Iboxx.
The dealers cited discontent with the licensing and reconstitution of the Trac-x. It is to be
expected that the Trac-x and Iboxx will merge in the future to ensure high liquidity in a
single index.

SuMMARY OF CHAPTER 1

The credit derivatives market has increased dramatically since its inception in the mid 1990s. The
reasons for the increase are the general desire of the financial system to decrease credit risk, and
thus increase stability. Furthermore, several severe debt crises of sovereigns and corporates have led
to an increased awareness of credit risk. Among them are the Asian financial crisis in 1997-8, the
Russian debt crisis 1998, the Argentinean crisis 2001, and corporate bankruptcy filings such as Enron
or WorldCom in 2001 and 2002.

Credit protection is, however, not a new phenomenon, but has been around in forms such as
letters of credit or Brady bonds. Brady bonds are effectively a default insurance, similar to a default
swap.

The QBI Futures and the QBI Options on Future contract are the first two credit-related con-
tracts to be traded on exchanges. The underlying of the QBI is the number of personal bankruptcy
ﬁlings in a certain quarter, whereby one bankruptcy ﬁling increases the QBI value by $1. A credit

card issuer, who wants to protect against personal bankruptcy filings, can either buy a QBI Futures
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contract or a call option of the futures contract. The QBI Futures contract should be bought if the
hedger is very sure that bankruptcy filings will increase. If the investor is not so sure, a call option
should be bought, which protects against rising bankruptcy filings but at the same time maintains
the advantage of decreasing bankruptcy filings.

Currently, two Internet-based credit derivatives trading platforms exist, the New York based
Creditex and the London based CreditTrade. Both platforms provide an electronic brokerage
system; CreditTrade also provides a traditional voice brokering. Both electronic trading systems also
offer a historical and intra-day data subscription service.

The Trac-x index, launched in April 2003, is an index based on default swap prices. In October
2003, 11 credit dealers launched a rival index to the Trac-x, termed Iboxx. The Trac-x and the Iboxx
allow investors to conveniently hedge or assume credit risk, since both indexes are expressed as a

single number.
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(QUESTIONS AND PROBLEMS

Answers, available for instructors, are on the Internet. Please email gmeissne(@aol.com for the site.

1.1 Define credit derivatives! What are the reasons for the strong growth of credit derivatives since the mid
1990s?

1.2 What are the main applications of credit derivatives?

1.3 Define credit risk! Do you believe is it reasonable to differentiate default risk and credit deterioration risk?

1.4 Name several credit crises in the past years that have highlighted the need to reduce credit risk!

1.5  Why have default swaps dominated the credit derivatives market in the recent past? Why has the trading
volume of TRORs diminished?

1.6 Discuss the underlying of the QBI Futures and the QBI Options on Futures contract. Describe the unusual
trade execution of the QBI contract.

1.7 How do the dominant electronic trading platforms for credit derivatives Creditex and CreditTrade differ?

1.8 What is the main objective of the Trac-x and Iboxx indexes?
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NOTES

1 ISDA, www.ISDA org, “ISDA Credit Derivatives Definitions”; ISDA, www.ISDA.org, “2003
Definitions.”

2 A futures contract is the agreement to trade an underlying asset in the future at a price, which
is determined at the start of the futures contract. The buyer of a futures contract has the oblig-
ation to buy the underlying asset at the maturity date of the future contract; the seller of a futures
contract has the obligation to sell the underlying asset at the maturity date of the future con-
tract. For more on futures see Hull (2003) or Meissner (1998).

3 In an option, the buyer has the right to buy (in case of a call) or sell (in case of a put) the under-
lying asset at a price, which is agreed at the start of the option contract. The seller of an option
has to sell (in case of a call) or buy (in case of a put) the underlying asset, if the option buyer
exercises her option. For more on futures see Hull (2003) or Meissner (1998).



CHAPTER Two

CreDpIT DERIVATIVES PRODUCTS

Why haven’t we thought of this before? (John O’Brien on credit derivatives)

As stated in the Introduction, credit derivatives are financial instruments designed to trans-
fer credit risk from one counterpart to another. Broadly, credit derivatives can be divided
into four main categories, as seen in ﬁgure 2.1.

It should be mentioned that synthetic structures are not really a product by themselves.
They are bonds and loans with embedded credit derivatives. As mentioned in chapter 1,
default swaps comprised about 73% of all derivatives in the US in 2002; reason enough to
have a closer look at them.

Default Swaps
What is a default swap?

In a default swap (DS), also called credit default swap (CDS), the buyer makes a periodic
or an upfront payment to the seller of the default swap. The default swap seller promises
to make a payment in the event of default of a reference obligation, which is usually a bond
or a loan. This basic structure of a default swap is seen in figure 2.2.

More technically, a default swap can be viewed as a put option' on the reference obliga-
tion. The default buyer owns this put, allowing him to sell the reference obligation to the
default swap seller in case of default. This put option is usually far out-of-the-money, since
the probability of default is usually low. More precisely, a default swap is similar to a knock-
in put optionz. The knock-in event is the default of the reference obligation. If default
occurs, the put is knocked in, triggering the payment of the default swap seller.

It is important to note that the default swap buyer has a short position in the credit
quality of the reference obligation: If the credit quality and the price of the bond decrease,
the present value (the premium, if paid upfront) of the default swap will increase. Thus the
premium that the default swap buyer paid in the original contract is lower than the market
premium after the bond price decrease. If desired, the default swap buyer can sell the default

swap at the higher market premium with a profit.
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Figure 2.1:  Main categories of credit derivatives
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Figure 2.2: The structure of a default swap

Using the same logic, the default swap seller has a long position in the credit quality of
the reference obligation. If the credit quality and the price of the reference obligation
increase, the present value of the default swap decreases. Thus, after a bond price increases,
the premium that the default swap seller receives in the original default swap contract will
be an above market premium. The default swap seller can buy back the default swap at the

lower current market premium with a profit.
Why default swaps?
The reasons for the rise of default swaps are many. They can be categorized as follows.

*  Hedging: Reducing various types of risk such as default risk, credit deterioration risk,
and also other types of risk such as market risk and operational risk.

*  Yield enhancement: Usually by assuming credit risk on a reference obligation.

*  Convenience and Cost Reduction: A default swap allows a lender to eliminate the credit
exposure to a debtor without knowledge of the debtor, thus maintaining a good bank-
debtor relationship.

*  Arbitrage: Since default swaps (and other credit derivatives) can be replicated with other

financial instruments, arbitrage opportunities may exist.
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*  Regulatory Capital Relief: Default swaps can help reduce the amount of regulatory
capital.

These applications of defaults swaps will be discussed in detail in chapter 4.
The terminology

Buying a default swap or paying a fixed rate in a default swap is also called buying protection
(Default Swap Buyer in figure 2.2). Selling a default swap or paying a floating rate in a
default swap is also called selling protection or assuming risk (Default Swap Seller in figure
2.2). The default swap premium, also called fee, price or fixed rate, is often referred to as
the default swap spread. This should not be confused with the bid-offer spread of default
swaps, which reflects the buying and selling price of a trader or broker. Being long the default
swap basis means buying the reference obligation and buying protection; being short the

default swap basis means selling the reference obligation and selling protection.
Features of default swaps

There is a lot to discuss when it comes to default swaps, so we better get started. In a
default swap contract, the following terms have to be agreed between a buyer and seller:
The premium, which will be discussed in detail in chapter 5 on pricing; the reference obliga-
tion, its notional amount and the maturity of the swap; the definition of the default event;
and the type of settlement (physical or cash).

The default swap premium

The default swap premium, also called price, fee, spread, or fixed rate is the periodic or
upfront payment that the default swap buyer makes to the default swap seller. It is impor-
tant to note that in most default swap contracts the periodic premium terminates in the
event of default. However, in the event of default, the default swap buyer will typically have
to pay accrued interest on the swap premium from the last premium payment date to the
default date. The way the value of the default swap premium is derived will be discussed in

greater detail in chapter 5 on pricing.
The reference obligation

The reference obligation is the obligation that, if in default, triggers the default swap
payment. The reference obligation can be a single bond or a loan issued by a corporate or
sovereign. In most default swap contracts, the default event applies to several bonds or loans
with similar characteristics. This protects the default insurance buyer from the event that
many obligations but coincidently or deliberately not his obligation have defaulted.

The most common type of reference obligation is a bond. This is because it is easier to
price and hedge a default swap based on a bond, since bonds usually trade in a secondary

market. Thus the bond can be bought asa hedge for a long default swap position or shorted
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as a hedge against a short default swap position. Furthermore, a bond price that is observed
in the market serves as a basis for the derivation of the default swap premium (see pricing
chapter 5 for details).

If the reference obligation is a loan, things are trickier. Loans often do not trade in a sec-
ondary market, thus their price is not directly observable. The value of a loan must be
derived from the company’s characteristics such as debt to equity ratio, return on capital,
quality of management, etc. Since loans often do not publicly trade they cannot be bought
or sold in the market as a hedge. Furthermore, since the price of a loan is not directly
obtainable, the pricing of the default swap is difficult, since one crucial input parameter,

the price of the underlying asset, is uncertain.
What constitutes default?

One of the most critical issues in a default swap is the event that constitutes default, thus
the event which triggers the payment by the default swap seller. Conveniently, the 1999
ISDA documentation, with an update in February 2003, offers a guideline of possible credit

events’. ISDA specifies six possible events:

Bankruptcy;

Failure to pay;
Obligation acceleration;
Obligation default;

Repudiation/moratorium (a standstill or deferral of the reference entity with respect

Gl AW N =

to the underlying reference obligation);

6 Restructuring.

Default swap counterparties can agree on all or selected credit events from the above
list. Tt is a bit surprising that the event of a downgrade (a public agency such as Moody’s,
Standard & Poors, or Fitch lowering the publicized rating of a debtor) is not included in
the list of credit events. ISDA claims that in past default swap contracts the event of a down-
grade was a rare case®. Another reason for not including a downgrade in the list of possi-
ble credit events is the fact that the rating agencies would have a direct influence on
triggering a default swap payment. Lawsuits questioning the neutrality of the agencies or
the correctness of the ratings should be the unpleasant consequence.

A further important issue when dealing with default events is materiality. It has to be
ensured that the credit event is significant and not the mistake of a settlement employee,
who forgot to make a small payment. Thus, most default swaps include a materiality clause.
ISDA suggests that the “default requirement” is $10,000,000 (i.e. the notional amount of
the reference obligation is at least $10,000,000)°. Furthermore, ISDA suggests that the
“payment requirement” is at least $1,000,000. If this is applied, a payment failure of less
than $1,000,000 does not constitute the event of default.

The importance of accurately defining the credit event was brought to light in Decem-
ber 2001 in the Argentine debt crisis. On December 23, 2001 Argentina’s then prime min-

ister Rodriguez Saa declared a moratorium, which clearly constituted a default event.
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However, prior to December 23, Argentina forced creditors to accept a restructuring of
their debt, swapping $50 billion of 11% and 12% bonds into 7% yielding bonds. JP Morgan
Chase and other investment banks that were the default swap sellers argued that the restruc-
turing was not a credit event defined in the default swap contract. The issue depends to a
certain extent on which type of ISDA master agreement was used and will most likely be

resolved in court.
Cash versus physical settlement

As in a standard option, the settlement of a default swap is cither in cash or is physical.
Cash settlement is easier from an administrative point of view since no bonds are trans-
ferred from the default swap buyer to the default swap seller, as occurs with physical

settlement.

Cash Settlement: In the case of cash settlement, the cash paid from the default swap seller
to the default swap buyer in case of default is usually determined as

N X [Reference price — (Final price + Accrued interest on reference obligation)]

where N is the notional amount, also called calculation amount or principal amount of the
default swap. The reference price is determined at the inception of the default swap and is
typically the par value of 100. The final price, also called recovery rate, is determined at
the time of default. The reference price as well as the final price are quoted in percent.

The above settlement amount, which includes accrued interest, assumes that the default
swap buyer will eventually receive the coupon. Hence, part of the coupon, the accrued
interest at the time of default, is subtracted from the settlement amount. However, since
the issuer is in a state of default, the coupon might not be paid at the next coupon date.
Therefore, in some default swap contracts, the accrued interest is excluded from the
settlement amount.

Let’s just look at a simple example including accrued interest.

Example 2.1:  The notional amount of a default swap is $50,000,000. The refer-
ence price is 100%, and a dealer poll determines the final price of the reference bond
as 35.00%. The last coupon payment was 45 days ago and the bond has an annual
coupon of 9%. What is the cash settlement amount in case of default of the reference
bond? It is:

$50,000,000[100% — (35%+9% X 45/360)] = $31,937,500.

As in the above example, in a cash settled swap a dealer poll of at least five dealers deter-
mines the final price of the reference obligation. This can be problematic since the defaulted
obligation is usually quite volatile after the default event and often does not actively trade.

In most default swap contracts the bid price of the dealer poll is used to determine the final
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price. This is reasonable since the default swap buyer, who typically owns the asset, should
mark-to-market his bonds at the bid price, since he has to sell it at the market bid.

Physical Settlement:  In the case of physical settlement, the default swap buyer delivers the
defaulted bond to the default swap seller and receives the reference price of the bond, which
is typically 100. In most default swap contracts, the buyer has the right to deliver a bond
from a pre-specified basket of bonds. This protects the default swap buyer from getting
squeezed6 in case he does not own the reference bond.

The physical settlement amount paid by the default swap seller to the default swap buyer
is simply calculated as

N X Reference price

where N is the notional amount of the default swap. The reference price is quoted in
percent.
Let’s look at a very simple example.

Example 2.2: The notional amount of a default swap is $10,000,000 and the ref-
erence price is 100%. What is the physical settlement amount paid by the default
swap seller in case of default?

$10,000,000 X 100% = $10,000,000

Note that the physical settlement amount, unless otherwise specified, does not include
accrued interest. This is because the default swap seller receives the accrued interest via
receiving the bond. Naturally, this accrued interest might not be paid at all or only in part,

since the issuer is in a state of bankruptcy.
Hedging with default swaps

Clearly the main application of default swaps is hedging against default of a reference obliga-
tion. Various aspects of hedging will be discussed in more detail in chapter 4. However,
some crucial properties will be discussed in this basic chapter.

Default swaps are usually purchased if the default swap buyer owns the reference obliga-
tion and wants to protect against default of this obligation. Hence, when owning the under-
lying reference obligation, the default swap functions as an insurance against default. This is
seen in figure 2.3.

In figure 2.3, the investor is hedged against default of the reference obligation: In the
case of physical settlement, the investor takes the obligation and hands it to the default insur-
ance seller, who will pay $1 million. In the case of cash settlement, the investor can sell the
reference obligation at the final price in the market and receive the 100 — final price from

the default swap seller. For details on settlement, see the discussion above.
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Figure 2.3:  An investor hedges his $1 million investment with a default swap

Does a default swap hedge credit deterioration risk?

As just discussed, a default swap protects against default risk; if the reference obligation of
the reference entity defaults, the default swap buyer receives a payment from the default
swap seller. A crucial question remains: Does a default swap hedge credit deterioration risk
(i.e. the risk that the credit quality of the reference entity decreases and thus the obliga-
tion of the reference entity decreases in price)? The answer to the question is a clear “That
depends!” It depends whether the default swap is marked-to-market’ or not.

If the default swap is not marked-to-market, an obligation will decrease in price if the
credit quality of the reference entity decreases with no compensating effect of the default
swap. In this case, the default swap does not protect against credit deterioration risk.

However, if the default swap is marked-to-market, a default swap does protect against
credit deterioration risk. This will be demonstrated by the following arbitrage argument:
In an arbitrage-free environment, the returns of two portfolios must be identical if the risk
is identical. Assuming the notional and maturity of the risk-free bond, the risky bond and
the default swap are identical, we get equation (2.1):

Long a risk-free bond = Long a risky bond + Long a default swap (2.1a)
or stated in form of returns

Return on risk-free bond = Return on risky bond — Default swap premium (p.a.).

(2.1b)

The minus term in equation (2.1b) stems from the fact that the default swap is purchased,
thus the default swap premium is an expense. Diagrammatically, equation (2.1) can be rep-

resented in figure 2.4.
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Figure 2.4: Identical returns of investor A1, who invests in a risk-free asset, and investor A2, who

invests in a risky asset and buys a default swap with a 3% annual premium

In figure 2.4, the risk profiles and returns of investors A1 and A2 are identical. To begin
with, the reader should recall that the reference obligation can only have two states: default
and no default. If the reference obligation is in the state of no default, A1 and A2 both make
a 5% return. If the reference obligation is in default, A1 is not affected. A2 can use its default
insurance, give the Mexican bond to the default swap seller and receive $1 million. Assum-
ing that the risk-free bond trades at par, it is also worth $1 million. Thus we can conclude
that at any point in time, bankruptcy or no bankruptcy, equation (2.1) holds.

Consequently for any deterioration of credit quality, equation (2.1) must also hold: If
the credit quality of Mexico decreases and the Mexican bond yield increases, the default
swap premium for Mexico must increase by the same percentage for equation (2.1) to hold.
For example, in figure 2.4, if the Mexican bond yield increases to 10%, the Mexican default
swap premium must increase to 5% for equation (2.1) to hold.

As aresult, if the change of the default swap premium is marked-to-market, the decrease
in the risky bond price will be offset by the increase of the value of the default swap. Thus,
on a marked-to-market basis, a default swap protects against credit deterioration risk.

However, in equation (2.1), we have so far ignored several important points.

* We have not considered counterparty risk, i.e. the risk that the default swap seller may
default. Including counterparty default risk would lower the default swap premium,
since the default swap buyer wants to be compensated for the risk. Also, the correla-
tion of the default risk of the reference asset and the counterparty has to be considered
when pricing a default swap. These issues will be discussed in chapter 5 on pricing.

¢ Equation (2.1) is only correct if the no-default value of the risky bond and the current
price of the risk-free bond are both par. This is because the par value of the risky bond
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is received in case of default (minus the recovery rate), which is compared to the par
value of the risk-free bond. Equation (2.1) still holds if we assume that both bonds trade
away from par, but interest rate changes affect the yield of the risk-free bond and the
risky bond to the same extent. However, considering the different duration and con-
vexity of the bonds, this will mostly not be true in practice. Also, a bond close to default
or in default will not be very sensitive to interest rate changes, but rather to recovery
rate assessments.

¢ In equation (2.1) we have also not included the accrued interest of the risky bond.
Besides the recovery rate, the accrued interest is typically deducted from the payoft.
Hence, in case of default, the default swap buyer does not receive the notional amount
N, which is based on the par value of the reference bond (N = $1,000,000 in figure
2.4), but an amount N(1-RR-a), where N: notional amount, RR: recovery rate of the
reference entity, and a: accrued interest from the last coupon date until default.

* In equation (2.1) we have also ignored liquidity risk. This means that due to the rather
illiquid nature of many risky bonds, the bid-offer spread might be so high, that a trade
leads to an uneconomical price. Due to the illiquid nature of the bond, it might also be
the case that investors are hesitant to buy the bond, resulting in a lower price of the

bond than economically justified, termed a liquidity premium.

Hence, we have to conclude that equation (2.1) can only serve as an approximation.

Does a default swap hedge against market risk?

For bonds and loans, market risk is primarily the risk that interest rates in the economy
change unfavorably. (Other types of market risk are liquidity and volatility risk, see chapter
4.) In the case of holding a bond or loan, naturally interest rate increases will decrease the
bond or loan price. Does a default swap protect against market risk? The answer is, prin-
cipally, no. Regardless of whether the default swap is marked-to-market or not, the value
of the swap will not change if the reference asset decreases in price due to interest rate
increases. Thus, if interest rates increase, the bond or loan price will decrease without any
compensation effect of the default swap (in figure 2.4 the Mexican bond price will decrease
but the market default swap premium of 3% will not increase).

However, there is a small effect of interest rate changes on a default swap due to the fact
that all expected future cash flows of the default swap are discounted with the interest rate
curve. However, for a hedged position, this interest rate effect largely cancels out, if the
same discount rates are used to discount the risky bond’s future cash flows and the default
swap’s future cash flows.

Types of default swaps

There are numerous variations of default swaps. The most actively traded are these.

Binary or Digital Default Swaps: ~ In a binary or digital default swap, the payoff in the event

of default is a fixed dollar amount, which is specified at the commencement of the swap.
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The payoff is often related to historical recovery rates. Binary swaps have become increas-
ingly popular in the recent past. One reason for the increasing popularity is administrative
simplicity. No dealer poll has to determine the final price as in a standard default swap, but
the pre-specified amount is simply paid from the default swap seller to the default swap
buyer. A binary default swap also avoids the problem of volatility of the reference asset after

default, which can lead to a distortion of the final price and thus a distortion of the payoff.

Basket Credit Default Swaps:  In a basket credit default swap, the reference obligation con-
sists of a basket of obligations. There are several types of basket credit default swaps. In an
N-to-default basket swap a payoft is triggered when the Nth reference entity defaults. If N =
1, this swap is a first-to-default basket credit swap. N is also referred to as the attachment point.
After the Nth credit event has occurred, the swap ceases to exist and there is no further
exposure to following credit events. In an add-up credit default swap (or linear credit default
swap), the investor is exposed to all reference entities in the basket.

Naturally, basket default swaps hold higher default risk, especially when the default prob-
abilities of the obligations in the basket have a low correlation. Thus, the lower the corre-
lation of the obligations in the basket, the higher is the basket default swap premium, and
vice versa. Basket default swaps can be integrated into synthetic structures, which are cus-
tomized for specific user needs. These tranched basket default swaps are discussed in chapter

3 on synthetic structures.

Cancelable Default Swap: ~ A cancelable default swap is a combination of a default swap and
a default swap option. Either the buyer (callable default swap) or the seller (putable default
swap), or both, have the right to terminate the default swap. In trading practice, callable
default swaps are much more common. The motivation for the callable default swap buyer
can be an investment in an asset that can be terminated by the issuer. In the case of termi-
nation of the asset, the default swap buyer does not need the protection anymore and can
terminate the swap. In a callable default swap, the default swap buyer effectively owns a
receiver’s option, i.e. an option to reccive the periodic default swap premium (which in
the case of exercise cancels out). This option increases in value if the default swap premium

decreases, i.e. if the credit quality of the reference entity increases.

Contingent Default Swap: In a contingent default swap, the payoff is triggered if both the
standard credit event and an additional event occur. The additional credit event might be
the default of another obligation. Naturally, contingent default swaps are cheaper than stan-
dard default swaps (unless the correlation between the default events is equal to 1). The
motivation for the buyer can be — besides the lower premium — that he only seeks quite

weak protection, i.e. protection if both reference obligations default.

Leveraged Default Swap:  In a leveraged or geared default swap the payoft is a multiple of the
loss amount. The payoff is usually determined as the payoff of a standard default swap plus
a certain percentage of the notional amount. Naturally leveraged default swaps are more
expensive than standard swaps. The motivation for the leveraged default swap buyer is spec-
ulation but often also administrative simplicity. Rather than hedging default risk on differ-
ent assets individually, a single leveraged default swap can hedge a large notional amount.

However, if the underlying asset in the leveraged default swap does not match the true expo-
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sure of the portfolio, the default swap buyer is exposed to basis risk: Certain assets in the

portfolio might default, which are not protected in the leveraged single asset default swap.
Tranched Portfolio Default Swaps and Tranched Basket Default Swaps: — Portfolio default swaps

are a variation of collateralized debt obligations (CDOs). An original loan or asset is bought
by a special-purpose vehicle (SPV) and transformed into notes with different tranches, each
tranche having a different degree of risk. Investors can choose the tranche with a degree of
risk reflecting their own risk preference. Tranched portfolio default swaps and tranched

basket default swaps will be discussed in more detail in chapter 3 on synthetic structures.
Key benefits of default swaps

On an aggregate level, the key advantage of default swaps is that default risk in an economy
is reduced. Naturally, in a default swap the default risk is only transferred from the default
swap buyer to the default swap seller. However, default swap sellers are usually financial
institutions, which aggregate the risk, which can have offsetting effects in itself. Further-
more, the aggregated default risk is managed and reduced with the expertise of financial
institutions. Thus, the usage of default swaps and other credit derivatives stabilizes the finan-
cial system in an economy.

Protecting an obligation with a default swap can also reduce the price deterioration of
the reference obligation; instead of selling the obligation, the holder buys protection, thus
the price decrease is reduced.

On an individual level, default swaps have several key benefits. One is obviously the
reduction or elimination of default risk for the individual default swap buyer.

Another benefit of default swaps is maintaining a good bank—client relationship. If a bank
questions the credit quality of a debtor, it can reduce the default risk of the debtor by enter-
ing into a default swap. This requires no consent or knowledge by the debtor, since the bond
or loan officially remains in the balance sheet of the bank. Thus a good bank—client
relationship is maintained and the credit line of the debtor can stay open, even though the
bank questions the debtor’s credit quality.

A further benefit for the individual is the reduction of regulatory capital. Regulatory
capital can be reduced significantly with default swaps, since the risk of default is reduced
with default swaps and consequently so is the required regulatory capital. This will be
discussed in more detail in chapter 4.

A further application of default swaps is speculation, which adds liquidity to the default
swap market. Also, since a default swap can be replicated by other financial instruments,
arbitrage opportunities can exist. Last but not least, default swaps can reduce costs, since
they can be cheaper than alternative financial instruments. These applications will be

discussed in detail in chapter 4.

Total Rate of Return Swaps (TRORS)

In 1997, total rate of return swaps comprised about 17% of the credit derivatives market.

However, in 2002, this number has decreased to about 1%. The reason for this sharp decline
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Figure 2.5: The structure of a TROR (both payments are made periodically)

is at least partially to be found in the standardized documentation that ISDA provides for
default swaps but not TRORs. Once ISDA supplies standardized documentation, TRORs

should regain at least part of their market share. Reason enough to discuss them.
What is aTROR?

ATROR can be viewed as a non-funded position in an obligation, which is usually a bond
or a loan. The TROR receiver is synthetically long the obligation, which means he will
benefit if the price of the obligation increases. The TROR payer is synthetically short the
obligation, which means he will benefit if the price of the obligation decreases. Since the
TROR receiver receives the coupon, he pays an interest rate to the TROR payer, usually
Libor plus or minus a spread, as seen in figure 2.5.

It is important to note that the TROR receiver takes the default risk and credit deterio-
ration risk: If the reference asset defaults, the TROR receiver has to pay the price decline
to the TROR payer. Even in the event of credit deterioration and consequently price dete-
rioration, the TROR receiver bears the risk: He has to pay the price decline to the TROR
payer. If the price decline is bigger than the coupon, the TROR receiver will have to make
two payments, Libor plus or minus a spread and the price decrease minus the coupon.

Why TRORS?

Since the TROR receiver has a long position in the reference obligation, which is usually a
bond or a loan, the question arises: Why does the TROR receiver not simply buy the asset®
in the market? The reason arises due to several issues. First, the TROR receiver has no need
for funding, i.e. he does not have to borrow cash to buy the bond. This is especially advan-
tageous if the credit rating of the TROR receiver is poor and his potential funding costs are
high. However, the credit rating of the TROR receiver will partly determine the spread
over Libor. The lower the rating of the TROR receiver, the higher the spread over Libor
will be. Second, due to the lack of funding, the leverageg for the TROR receiver is extremely
high. Third, TRORs are currently off-balance-sheet investments. Thus, the TROR receiver
does not have to set aside regulatory capital for the investment. It can be expected, though,
that the regulators will require TRORs to be listed on the balance sheet in the future.
Fourth, the TROR market might be more liquid than the market for the underlying asset.

For the TROR payer, who has a short position in the asset, the motives are similar. He

can conveniently short the asset, which is often difficult in the rather illiquid secondary
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Figure 2.6: An investor hedges a $1 million investment with a TROR (instead of a long position
in the reference obligation, the TROR payer now receives Libor +/— a spread)

bond market. (For loans the situation is even worse; hardly any secondary market exists.)
As is the case for the TROR receiver, the TROR payer has an off-balance-sheet position.
Most importantly, the TROR payer hedges the default risk and price deterioration risk, as
well as the market risk of the asset, which will be discussed now.

Hedging with TRORs

ATROR payer is protected against default risk and price deterioration risk, since the TROR
receiver pays the price decrease. Is the TROR payer also hedged against market risk? As
already mentioned, for bonds and loans, market risk is primarily the risk that interest rates
in the economy change unfavorably. In the case of holding a bond or loan, naturally
interest rate increases will reduce the bond or loan price. Does a TROR protect against
market risk? The answer is yes: The TROR receiver will pay the price decrease to the TROR
payer, whether the price decrease is due to credit deterioration or interest rate increase,

as seen in ﬁgure 2.6.
The difference between a TROR and a default swap

Since aTROR assumes a position in the market risk and credit risk of an asset, but a default

swap just assumes credit risk, a TROR is equivalent to a default swap plus market risk:
TROR = Default swap + Market risk (2.2)
More precisely, equation (2.2) is:

Receiving in a TROR = Short a default swap + Long a risk-free asset ~ (2.2a)
(Long credit quality + Long market price = Long credit quality + Long market price)
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“Long credit quality” means that the position generates a profit if the credit quality of the
reference asset improves, and vice versa. “Long market price” means that the position gen-
erates a profit if the market price of the reference asset increases, and vice versa. Also, it
is true that:

Paying in a TROR = Long a default swap + Short a risk-free asset (2.2b)
(Short credit quality + Short market price = Short credit quality + Short market price)

Equations (2.2), (2.2a), and (2.2b) assume that the TROR and the default swap are
marked-to-market. Furthermore, the default swap premium has to be equal to the Libor
(+/— a spread) payment in the TROR, and the calculation amount, maturity, underlying
obligation, and settlement procedure are identical. Equation (2.2) will come in handy when
pricing TRORs. We can simply price a default swap and then add the market risk by going
long or short a risk-free asset, which represents the market risk without incurring default
risk, (see chapter 5). Example 4.20 in chapter 4 shows an arbitrage opportunity if equa-
tion (2.2) is not satisfied.

The difference between a TROR and an asset swap

In an asset swap, one party pays a fixed rate, which originates from an asset, thus the coupon
in the case of a bond. The other party pays a floating rate, usually Libor plus a spread. This
spread is referred to as the asset swap spread.

It is typically assumed that the Libor curve and swap curve are risk-free curves. It follows
that the asset swap spread is equal to or greater than zero, since the probability of default
of a corporate is equal to or greater than zero. For example, if the risk-free 10-year swap
rate is 4%, then in a zero-cost 10-year swap, a 4% fixed rate is exchanged against Libor
flat. If a BB-rated corporate issues a 10-year bond with a coupon of 6%, in an asset swap
based on this bond, the 6% coupon would be exchanged against Libor + 200 basis points
(assuming identical payment frequencies for the 6% fixed rate and the Libor). Including the
original investment, an asset swap is seen in ﬁgure 2.7.

An asset swap together with owning the reference asset, as in figure 2.7, does not protect
the asset swap fixed rate payer against credit risk but against market rate risk.

With respect to credit risk, the asset swap fixed rate payer is not protected against credit
deterioration risk as well as default risk: If the reference asset deteriorates in credit quality
or defaults, there is no compensation in the asset swap value. Following the above discussed
default swap, if the coupon of the reference asset increases to 7%, the new asset swap will
have a Libor spread of 300 basis points.

With respect to market risk (i.e. interest rate risk), in an asset swap a fixed rate (the
coupon) is swapped into Libor (+ a spread). Hence, when owning the reference asset, the
coupons cancel out (see figure 2.7), and the investor receives a Libor rate (+ a spread),
which is readjusted periodically.

So what is the difference between aTROR and an asset swap? In aTROR the total return
of an asset is exchanged against Libor. In an asset swap, a fixed rate based on the coupon
of an asset is exchanged against Libor. As a consequence, aTROR hedges credit risk as well
as market risk, however, an asset swap only hedges market risk.
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Figure 2.7:  An investor hedging his asset with an asset swap
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Figure 2.8:  An investor swaps his §1 million investment in IBM into a Libor +/— spread return

The difference between a TROR and an equity swap

In an equity swap one party pays an equity return or equity index return. The other party
pays an interest rate, usually Libor +/— a spread. Including the original equity investment,
the equity swap structure is seen in figure 2.8.

In figure 2.8, the investor has no further exposure to IBM, since he passes the IBM return
to the equity swap receiver. So what is the difference between a TROR and an equity swap?
Not much. In a TROR the return of an interest rate asset, a bond, or a loan, is swapped

into Libor; in an equity swap the return of an equity or equity index is swapped into Libor.
The relationship between a TROR and a Repo

Before we discuss the relationship between a TROR and a Repo, let’s just explain how a

Repo works. A Repo (Repurchase agreement) is simply a securitized loan. A1 borrows cash
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Figure 2.10: A2 receives the TROR and sells the bond to generate cash

from B and gives B bonds or other collateral as security. If A1 can’t pay back the loan, B
simply keeps the bonds. Graphically represented, a Repo can be seen in figure 2.9.

In figure 2.9, A1 pays an interest rate, the Libor +/— spread, since he borrows cash. If
the bond should pay coupons during the period of the Repo, these are passed back to Al.
Repos are quite popular, because cash borrowers often find lower interest rates in the Repo
market than in the money market. Comparing Repos and TRORs, we find the following

relationship:
Repo = Receiving in a TROR + Sale of the bond (2.3)

Let’s verify equation (2.3) graphically. The right side of equation (2.3) is represented in
figure 2.10.

From figures 2.9 and 2.10 we can see that the risk profiles of A1 and A2 are identical.
Al borrows $1 million at Libor +/— spread. If we assume that A1 has borrowed the bond
and lends it to B, A1 does not have exposure to the bond. The same risk profile applies to
A2: He borrows $1 million at Libor +/— spread. The first (TROR) and third (bond) leg of
A2 in figure 2.10 cancel out. As for A1, we assume that A2 has also borrowed the bond,
which he sells in the market (leg 3 in figure 2.10)."

Naturally, if equation (2.3) is violated, arbitrage opportunities exist. If the Libor +/—
spread is lower in the Repo than it is in the TROR market, an investor should do the Repo
and pay in the TROR (hence receive the high Libor +/— spread) and buy the bond. If the
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Libor 4+/— spread is higher in the Repo than it is in the TROR market, an investor should
do a reverse Repo, receive in the TROR and sell the bond.

Key benefits of TRORs

Since a TROR s equal to a default swap plus market risk, TRORs have similar advantages
as default swaps.

On a macroeconomic level, TRORs reduce the overall economic risk. Bond owners can
pay in a TROR and pass the default risk, credit deterioration risk, and market risk to the
TROR receiver. TROR receivers are often financial institutions, which aggregate the risk
and reduce it with their expertise.

On a microeconomic level, TRORs eliminate or reduce the default risk, credit deterio-
ration risk, and market risk for an individual bond owner, who pays in a TROR. Generally,
TRORs allow taking a long or short position in an asset without explicit funding. In par-
ticular, shorting a bond is quite cumbersome in the cash market, but often conveniently
possible in the TROR market. This removes the asset from the balance sheet, and thus
reduces regulatory capital. From a speculative point of view TRORs offer high leverage,
since a long or short position in an asset is taken without funding. Furthermore, since a
TROR can be replicated by a Repo plus a sale of the underlying bond, arbitrage opportu-

nities may exist.

Credit-spread Products

As seen in figure 2.1, credit-spread products can have the form of options, futures, and
swaps. Credit-spread products have the same application as default swaps and TRORs: they
are used to hedge, enhance yields, reduce cost, achieve arbitrage, or reduce regulatory
capital. The most popular credit-spread products are credit-spread options, so let’s discuss
them first.

Credit—spread options

Let’s first understand a credit-spread. It refers to the difference between the yield11 of a
risky bond and the yield of a risk-free bond, such as a Treasury bond:

Credit-spread =Yield of risky bond —Yield of risk-free bond 2.4)

There are two types of standard options: calls and puts. A call is the right but not the
obligation to purchase an underlying asset at a pre-agreed price called the strike price. A
put is the right but not the obligation to sell an underlying asset at the strike price. In a
credit-spread option, the underlying asset is the credit-spread in equation (2.4).

The reader should be careful with the terminology. In the field of exotic options, where

spread options are standard instruments, a call on a spread has a payoff of max (spread (T)
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— strike spread, 0), where T is the option maturity. However, in the field of credit deriva-
tives, the payoff max (spread (T) — strike spread, 0) is referred to as a credit-spread put.
Thus, a credit-spread put buyer profits if the spread widens, which means she profits if the
yield of the risky bond increases or the price of the risky bond decreases. Let’s list the
payoffs to make things clear. Including a duration term, which is usually added to the payoft,

and the notional amount N, we get:

Payoff credit-spread put (T) = Duration X N X max [Credit-spread (T)
— Strike spread, 0] (2.5)

Payoff credit-spread call (T) = Duration X N X max [Strike spread
— Credit-spread (T), 0] (2.6)

where the credit-spread is defined in equation (2.4) and T is the option maturity. Duration
plays a key role in understanding the payoff in equations (2.5) and (2.6) as well as the payoff

in credit-spread forwards and swaps. So let’s briefly discuss duration.
What is duration?

Duration measures how long it takes on average for an investor to get his money back.
Hence, duration is expressed in time units, typically in years. For a zero coupon bond with
a maturity of 5 years, an investor has to wait 5 years for his investment to return. Thus for
zero-coupon bonds, the maturity is equal to the duration. For coupon bonds, the duration
is shorter than maturity since some of the coupons are paid before maturity. Technically,
duration measures how much an infinitesimal change in the bond’s yield changes the per-

centage price of the bond. Let’s derive this mathematically.

Derivation of Duration: A bond price can be expressed as the discounted value of all future
cash flows as in the bond equation in note 11. Simplifying that equation, using ¢ for all cash

flows including the notional amount N, and using (1 +y)™ = ¢™, we get:

T
B=Y ce™ (2.7)

t=1

where T is the maturity of the bond, c are the coupons and the notional amount, e is Euler’s
number (e =2.71828 . . .), and y is the annual continuously compounded' yield. Differ-
entiating equation (2.7) partially with respect to y, using the condition if B = V=B =
'(y) ¢'? and since f(y) = =yt = f'(y) = —t, we get:

Dividing by B to derive a percentage change of the bond, we get the duration —D as:
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—D:aB—/B:Z—tcte_“/B, or D:aB—/Bzztcte_yt/B. (2.8)
a}’ t=1 ay t=1

In equation (2.8) we can see that the duration D is the weighted average of the times

when the payments occur, t. The weights are c,e™/B. Note that the sum of the weights
T

Zth_yt/B =1, as equation (2.7) states. Let’s derive the duration in a numerical example.

t=1

Example 2.3: A 4-year bond with a price and notional amount of $100 has a
coupon of 6%. It follows (from equation (2.7)) that the yield of the bond is 6%. The
continuously compounded yield is In (1 + 0.06) = 5.83%. What is the duration of
the bond?

Table 2.1:  Derivation of the duration of 3.6726 years'

Time Cash flows ce ™! weight tce™' /B
t Ce c.e”'/B

1 6 5.6602 0.0566 0.0566
2 6 5.3396 0.0534 0.1068
3 6 5.0372 0.0504 0.1512
4 106 83.9515 0.8395 3.3580
Sum 100.0000 1.0000 3.6726

Interpretation of Duration:  In table 2.1, the bond owner has to wait on average 3.6726 years
for his investment of $100 to be repaid. Also, following equation (2.8), for a 1% change in
the yield, the relative change in the price of the bond will be approximately $3.6726. This
is an approximate number, since it ignores second degree (convexity) and higher orders of
the bond—yield function.

Now that we understand duration, we can better understand the payoff in equations (2.5)

and (2.6). Since the duration is — , the duration term in equations (2.5) and (2.6)

y
effectively transforms the Change in the yield of the bond ay into a change in the relative

price of the bond dB/B. Since most investors want to protect against a price decrease not
a yield increase, this does make sense. Let’s look at a simple example, which explains
equation (2.5).

Example 2.4: A credit-spread put option has a notional amount of $1 million. At
option maturity the yield of a bond is 9%, the Treasury bond yield is 5% and the
strike spread is 2%. The duration of the bond at option start was 3.67. What is the
payoff of a credit-spread put option?

Following equation (2.5), it is 3.67 X §$1,000,000 X [(9% — 5%) — 2%] = $73,400.
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Figure 2.11:  An investor hedging his $1 million Mexican bond investment with a credit-spread

put

It should be mentioned that it would be appropriate to use the duration at option matu-
rity. However, since this is an unknown at the option start, for simplicity reasons the dura-
tion at option start is used in equations (2.5) and (2.6).

The main applications of credit-spread options are hedging, speculation, arbitrage, and
regulatory capital reduction. Since hedging is most often used in practice, let’s look at an

example.
Hedging with credit—spread options

Let’s assume an investor owns a Mexican bond. He is worried that the bond might decrease
in price or default. He can now buy a credit-spread put to protect against price deteriora-
tion and default risk. Graphically this can be seen in figure 2.11:

Let’s look at this hedge with a credit-spread put in a numerical example.

Example 2.5:  An investor owns a 4-year Mexican bond with a price of $100 and
notional amount of §$1,000,000 (the investor owns 10,000 bonds) and a coupon and
a yield of 6%. The duration (see example 2.3) is 3.67 years. At option start the Trea-
sury bond has a yield of 5%. The investor is afraid that the bond price will decrease
in the next three months. As a hedge the investor buys a credit-spread put with a
strike spread of 2%, a notional amount of $1,000,000, and 91 days to maturity. The
premium derived on a Black-Scholes model for spread options with an assumed
implied volatility of the spread of 150% is $3,523 (see www.dersoft.com/csobs.xls;
see chapter 5 for a detailed discussion on Black-Scholes). If the bond price decreases
to $80 at option maturity, the yield will increase to 13.06%."* Is the investor over-
hedged or under-hedged?

The investor has lost 10,000 X (§100 — $80) = $200,000 on the decrease of the
Mexican bond price. Let’s assume the yield of the Treasury bond has not changed and
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Figure 2.12:  Structure of a credit-spread forward contract

is still 5% at option maturity. Following equation (2.5), the payoff on his credit-spread
put is 3.67 X $1,000,000 X [(13.06% — 5%) — 2%] = $222,402. Comparing this
number to the $200,000 the investor lost from the bond price decrease, we find that
the investor is over-hedged. This mismatch is not surprising, since the original bond
investment and the option hedge are different instruments, with different duration,
convexity, and leverage. Without the duration term, the payoff would have been
$1,000,000 X [(13.06% — 5%) — 2%] = $60,600, thus, the investor would have been
strongly under-hedged.

We can conclude that credit-spread options hedge credit default risk and credit deteri-
oration risk. An increase in one of these risks leads to a price decrease of the reference
asset, which leads to an increase of the present value of the credit-spread put option. If an
interest rate change leads to the same change in the yield of the risky bond and the yield
of the risk-free bond, credit-spread options do not protect against market risk, since in this
case the credit-spread remains unchanged. If an investor is short the reference asset and
wants to hedge against a price increase, he can either buy a credit-spread call option or sell
a credit—spread put option.

Credit-spread forwards

A forward is a contract between two parties to trade a certain asset at a future date, at a
price which is determined today. In a credit-spread forward contract the underlying asset
is a credit-spread, defined as in equation (2.4). The structure of a credit-spread forward
contract on the credit-spread of a bond can be seen in figure 2.12.

The payoff of a credit-spread forward is similar to the payoff of a credit-spread option.
The payoff at time t, is:

Duration X N X [K — S(t)] 2.9)

where duration is defined as in equation (2.8), N is the notional amount, K is the agreed
spread at t, (expressed in percent) and S(t;) is the actual spread at t; (also expressed in
percent).

The buyer of the credit-spread forward has a long bond position, i.e. the buyer hopes
the relative risky bond price (relative to the Treasury bond price) will increase. In this case
the credit-spread S will decrease. If K > S(t;), the buyer will receive the resulting payoff in
equation (2.9) from the seller of the credit-spread contract. The seller of the credit-spread
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contract has a short bond position. He hopes the relative bond price will decrease. In this
case, the spread S will increase. If K < S(t,), the seller will receive the resulting payoff in
equation (2.9). Let’s look at a simple example.

Example 2.6: An investor believes the credit quality of a bond will decrease and
hence the relative price of the bond will decrease. He sells a credit-spread forward
contract with an agreed spread K of 2%. The notional amount N is §1,000,000 and
the duration of the bond at trade date is 3.67.

The credit quality of the bond price, however, increases so that the yield spread
decreases to 1%. What is the loss of the credit-spread forward seller?

Following equation (2.9), the credit-spread forward seller has to pay 3.67 X
$1,000,000 X (2% — 1%) = $36,700 to the credit-spread forward buyer at t;.

Forwards versus futures

In example 2.6, we have assumed that the premium of the forward is zero. This is always
the case for futures, but not necessarily for forwards. The difference between futures and
forwards is that futures are standardized contracts that trade on an exchange. Forwards are
traded OTC (over the counter) so not on an exchange and are flexible in determining the
notional amount, maturity, forward price, and other features.

Futures have a zero premium, i.e. no cash is paid from the buyer to the seller or vice
versa at the trade date. This is because a futures price at any time is the fair mid-market
price that is derived by supply and demand in the market. So entering into a future con-
tract does not bear an advantage for the buyer or seller, thus no upfront cash is exchanged.
However, for a forward, the agreed spread, K, may not be the fair mid-market spread. If
the spread, K, is higher than the current mid-market spread S(t,), the buyer has to pay the
present value of the forward contract to the seller at the trade date, and vice versa.

As with credit-spread options, credit-spread forwards and futures protect against default
risk and credit deterioration risk, since a change in cither of these risks leads to a change
in the market price of the reference asset, which leads to a change in the value of the forward
or futures position. If an interest rate change leads to the same change in the yield of the
risky bond and the yield of the risk-free bond, credit-spread forwards do not protect against

market risk, since in this case the credit-spread remains unchanged.
Credit-spread swaps

To begin with, the reader should not confuse default swaps (DS), also termed credit default
swaps (CDS), with credit-spread swaps. As mentioned above, a default swap is the most
popular credit derivatives product and can be viewed as an insurance against default of the

underlying asset, if the underlying asset is owned.
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Fixed Credit Spread 3%
Credit-Spread " Credit-Spread
Fixed Rate < Fixed Rate
Payer 6-month Libor Receiver

Figure 2.13:  The structure of a credit-spread swap with a fixed credit-spread rate of 3% against
6-month Libor (both payments are made periodically)

Let’s just define a swap: A swap is an agreement between two parties to exchange a series
of cash flows. In a credit-spread swap, party A pays a fixed credit-spread rate, and party B
pays the 6-month Libor, as seen in figure 2.13.

The fixed-rate payer in a credit swap has a short position in the underlying bond: if the
bond price decreases and consequently the credit-spread increases, the present value of the
credit-spread swap will increase in favor of the fixed-rate payer (if, for example, the mid-
market credit-spread increases to 4%, however, the fixed-rate payer only pays 3%, creating
a profit for the fixed-rate payer). The receiver in a credit-spread swap has a long bond posi-
tion: If the bond price increases and the credit-spread decreases, the present value of the
swap will decrease in favor of the fixed-rate receiver. Let’s look at an example of a credit-

spread swap.

Example 2.7:  Party A (the credit-spread fixed rate payer in figure 2.13) believes
a bond price will decrease over the next 2 years. Thus, party A enters into a 2-year
credit-spread swap with party B (credit-spread fixed rate receiver in figure 2.13).
Party A agrees to pay the current 3% yield-spread semi-annually, party B will pay a
floating rate, the 6-month Libor (6ML), as seen in figure 2.14. Since the swap is traded
at par (the fixed rate equals the market rate), the present value of the swap is zero.

If the notional amount is $ 1,000,000, the fixed-rate payer A will pay 3% X 500,000
= $15,000 every 6 months. The floating-rate payer B will pay the 6ML every 6
months. The fixing of each 6ML occurs 6 months before each payment. Therefore the
first fixing is on the day the swap starts at t,, the last fixing is at t; 5.

Let’s assume after 3 months the price of the bond has decreased and the credit-
spread has increased to 5%. Assuming the spread curve is flat at 5%, the present value
of the swap has increased to $28,541." This is the profit of A, since the swap was

done at par.
Party A
I6ML 6ML T BML I ML
| >
t to5 ty tis to
0
3% 3% 3% 3%
Party B

Figure 2.14:  The structure of a 3% credit-spread swap against 6ML



38 Credit Derivatives Products

It should be mentioned that credit-spread swaps and TRORs are quite similar instru-
ments. In a TROR the total rate of return (price change + coupon) of a risky bond is
exchanged, which is reflected in the bond’s yield. In a credit-spread swap, the difference
between the risky bond’s current spread (current risky bond yield minus current Treasury
bond yield) and the 6ML is exchanged. Thus, in aTROR a yield is exchanged against Libor,
in a credit-spread swap a yield difference is exchanged against Libor.

As with credit-spread options and credit-spread forwards and futures, credit-spread
swaps protect against default risk and credit deterioration risk. This is because a change in
one of these risks leads to a change in the market price of the reference asset, which leads
to a change in the present value of the credit-spread swap. If an interest rate change leads
to the same change in the yield of the risky bond and the yield of the risk-free bond, credit-
spread swaps do not protect against market risk, since in this case the credit-spread remains

unchanged.
When to hedge and with what credit—spread product

When should an investor hedge his credit risk with a credit-spread option, credit-spread
forward, and credit-spread swap? The answer is quite simple: if the investor is not so sure
that the credit quality of the underlying asset will decrease, he should hedge with an option.
This is because an option has limited downside, but unlimited upside potential. That is why
an option requires a premium, and a forward and a swap do not, if traded at mid-market.
Thus, if the credit quality increases, the investor will not exercise his credit-spread put and
will participate in the price increase of the underlying asset.

However, if the investor is very sure that the credit quality of the underlying asset will
decrease, it is cheaper to hedge with shorting a credit-spread forward or paying in a credit-
spread swap. However, if the credit quality and the price of the reference asset unexpect-
edly increase, the investor will not profit from the asset price increase, since the hedge will
produce an increasing loss with an increasing asset price.

Besides hedging, other applications of credit derivatives are speculation, arbitrage, cost
reduction, convenience (e.g. keeping a good client relationship) and regulatory capital
reduction. Before these applications are discussed in more detail in chapter 4, let’s first look
at how credit derivatives are embedded in bonds and loans, in synthetic structures tailored

to investors’ risk preferences.

SuMMARY OF CHAPTER 2

In this chapter, the different credit derivative products were discussed. They can be categorized as
default swaps, total rate of return swaps, and credit-spread products.

Default swaps (DS), also termed credit default swaps (CDS), represent a position in the credit
quality of a reference bond or loan. For default swaps, ISDA has provided standardized (master) con-
tract templates in 1999, with an update in 2003, which has led to a sharp increase in default swap
trading volume. Default swaps protect not only against default risk, but also against credit deterio-
ration risk, if they are marked-to-market. However, default swaps do not protect against market risk,

which for bonds and loans is primarily interest rate risk.
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Total rate of return swaps (TRORs) create a non-funded long or short position in the total return
of a reference bond or loan. TRORs protect against credit risk and market risk.

There are basically three types of credit-spread products: credit-spread options, credit-spread for-
wards, and credit-spread swaps. If an investor wants to hedge his credit exposure but at the same
time wishes to participate in a potential increase in the credit quality of the underlying asset, he
should hedge with a credit-spread option. If the investor is quite sure that the asset will decrease he
should use a forward or swap as a hedge, since they require no premium if traded at mid-market.

Naturally the credit derivatives products are related. ATROR is equivalent to a default swap plus
market risk. ATROR itself is quite similar to a standard asset swap or an equity swap. Since a Repo
is equal to a TROR plus selling a bond, arbitrage opportunities may exist. TRORs and credit-spread
swaps are also quite similar. In a TROR the yield of a bond is exchanged against Libor, in a credit-
spread swap a yield difference is exchanged against Libor.

On a microeconomic level, the key benefit of all credit derivatives is hedging individual risks. On
a macroeconomic level, credit derivatives can reduce the overall economic risk. Bond and loan
owners can enter into a credit derivative and pass the default risk, credit deterioration risk, and in
some cases also the market risk to the credit derivative seller. Credit derivative sellers are often
financial institutions, which aggregate the risk and reduce it with their expertise. Thus, the overall

risk in an economy can be reduced.
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QUESTIONS AND PROBLEMS

Answers, available for instructors, are on the Internet. Please email gmeissne(@aol.com for the site.

2.1 Does a default swap hedge against (a) default risk, (b) credit deterioration risk, and (c) market risk? Discuss
each point!

2.2 Does a TROR hedge against (a) default risk, (b) credit deterioration risk, and (c) market risk? Discuss each
point!

2.3 Discuss the arbitrage relationship: Long a risk-free bond = Long a risky bond + Long a default swap.
What features weaken this relationship?

2.4 Explain why these equations hold:

Receiving in a TROR = short a default swap + long a risk-free asset, and
Paying in a TROR = long a default swap + short a risk-free asset.
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2.5 Explain the difference between a TROR and an asset swap. Explain the difference between a TROR and an
equity swap!

2.6  Explain thefo]]owing relationship graphically:

Repo = Receiving in a TROR + Sale of the Bond, and
Reverse Repo = Paying in a TROR + Purchase of a bond

2.7  Name the three types of credit-spread products.What is the difference between a credit-spread future and
a credit-spread forward?

2.8  What are the payoff functions of a credit-spread put and call? Why is the put and call payoff reversed in
the credit market compared to the exotic option market? Do you think the reversion is reasonable? Why is
a duration term added in the payoff functions?

2.9 In which situation should an investor hedge her credit risk with a credit-spread option, credit-spread
forward, and credit-spread swap?

NOTES

1 A put option gives the buyer (owner) the right to sell a reference obligation at a pre-agreed

N 1 P

10

11

price, called strike price. The seller of a put has to buy the reference obligation at the strike
price if the put buyer decides to exercise the put, i.e. if he decides to sell the reference obliga-
tion at the strike price.

A knock-in option is a type of barrier option. A knock-in option starts existing if a certain
event occurs.

ISDA, www.ISDA.org, “1999 ISDA Credit Derivatives Definitions,” p. 16; ISDA,
www.ISDA.org, “2003 Definitions”

ISDA www.ISDA.org, “1999 ISDA Credit Derivatives Definitions,” p. vi

ISDA www.ISDA.org, “1999 ISDA Credit Derivatives Definitions,” p. 18

In a short squeeze, traders buy a financial asset to increase the price since they know the asset
has to be bought back by other traders.

Marking-to-market means that the profit and loss of the portfolio is calculated at the end of
the trading day. Financial institutions mark-to-market all assets in their trading books. The clear-
ing house marks-to-market every asset that trades on an exchange.

The term “obligation” is used in the ISDA documentation, so we are applying it a lot in this
book. Naturally, what is an obligation for the debtor is an asset for the creditor. So we will use
the term “asset” instead of “obligation” if we are referring to the creditor.

In this case, leverage is measured as the relative change of the potential return divided by the
relative change of invested cash.

Note that A2 will have to buy back the bond in order to return it to the lender. However, A2
has no exposure to the bond price, since it has a long exposure (via receiving in the TROR)
and a short exposure (via short selling the bond). For example, if the bond price (for 10,000
bonds) has decreased from $100 to $70, A2 will make a profit of $30 on the buyback, however,
it will have lost this price decrease by paying it in the TROR. For reasons of pedagogy, figure
2.9 does not include the repayment of the $1,000,000 loan of Al at t;, and figure 2.10 does
not include A2’s buyback of the bond.

The yield (also called yield to maturity, YTM) of a bond is the annual percentage profit of the

bond, if the bond is purchased at the current market price and held to maturity, assuming the
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bond does not default. Mathematically, the yield y is the interest rate in the discount factor
1/(1 +y)" that discounts all cash flows, the coupons ¢ and the notional amount N, which occur

at future times t, back to today. If T is the maturity of the bond, today’s bond price B is
T
c
B= 2 —+ (For more on the yield, see www.dersoft.com/bond)

t=1 (1+y)l (1+y)T.

A continuously compounded interest rate is a rate, where the interest on interest is paid in

infinitesimally short time units. An interest rate r can be transformed into a continuously com-
pounded interest rate r.. by equation r.. = In(1 4+ r/m)m, where In is the natural logarithm and
m is the payment frequency of r per year.

For the duration derived with Excel see www.dersoft.com/bond.xls.

There is no closed form solution to calculate the yield of a bond. The yield of a bond can
be calculated by iterative search procedures as Newton-Raphson, with a financial calculator,
or with Excel. A simple calculation of the yield with Excel can be found at
www.dersoft.com/bond.xls.

See www.dersoft.com/interestrateswap.xls



CHAPTER THREE

SYNTHETIC STRUCTURES

Es irrt der Mensch, so lang er strebt (Humans will err as long as they strive.) (Goethe)

Synthetic structures have enjoyed significant growth in recent years. This chapter will cat-
egorize them, analyze them, and point out the opportunities and risks for the issuer, inter-
mediary, and investor. Let’s start with a categorization of the types of synthetic structures
as seen in figure 3.1.

The terminology within synthetic structures is far from clear or consistent among prac-
titioners and academics. Especially the distinction between CLNs (credit-linked notes) and
CDOs (collateralized debt obligations) has become increasingly blurry. One more reason
to clarify things. Let’s start with CLNs.

Credit-Linked Notes (CLN s)

A credit-linked note (CLN) in its simplest form is just a note (bond or loan) with an embed-
ded credit feature. For example, a CLN issuer pays an above market coupon if a bond is
not downgraded. If the bond is downgraded, the coupon payment reduces. If the issuer of
the CLN owns the reference asset, the CLN structure can be seen in figure 3.2.

The motivation for the CLN issuer in figure 3.2 is clear: He has transferred the credit
deterioration risk and default risk of his Mexican bond to the CLN buyer. The price for the
risk transfer is the difference in the coupons in case of no downgrade and no default, 2%.
The CLN issuer has additionally employed his view on the downgrade of the Mexican bond.
The best-case scenario for the CLN issuer is if the Mexican bond is downgraded but does
not default. In this case the CLN issuer makes a profit of 3%. In case of default, the Mexican
bond owner and CLN issuer will receive the recovery rate from the Mexican bond seller
and pass it to the CLN buyer.

The motivation for the CLN buyer in figure 3.2 is yield enhancement. The CLN buyer
is willing to take the Mexican bond default risk and credit deterioration risk for a return
of 10% in case the bond is not downgraded. The CLN buyer obviously believes that the
probability of a downgrade of the Mexican bond is low.
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Figure 3.1: A broad overview of traded synthetics structures
CLN: credit-linked note; CDO: collateralized debt obligation; CBO: collateralized bond obligation;
CLO: collateralized loan obligation; TPDS: tranched portfolio default swap; TBDS: tranched basket
default swap; CDO’: CDO squared, also called CDO of CDOs
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Figure 3.2: A bond owner transferring credit risk via a CLN

Note that the CLN buyer also has counterparty risk: If the CLN issuer defaults, the CLN
buyer will not receive his coupon payments and his original cash investment back in full or
in part. The CLN buyer is also exposed to correlation risk: The higher the correlation
between the CLN issuer and the Mexican reference asset, the higher the risk for the CLN
buyer. Due to these risks, investors can often find more attractive yields in the CLN market
than yields for similarly rated bonds in the bond cash market.

Comparing the hedge of the CLN issuer with the hedge in a default swap (see figure 2.2
in which the default swap buyer has counterparty default risk), we realize that the CLN
issuer has no counterparty risk, since the CLN buyer has transferred cash (has funded his
investment). However, there is no free lunch: Due to the funded nature of the CLN, the
CLN issuer usually has to pay a higher yield than in an equivalent default swap.

A benefit of CLNGs is that certain market participants who are not allowed to participate
in the derivatives market, due to off-balance-sheet restrictions or due to regulatory reasons,
can gain access to this market through synthetic structures. A drawback of CLNs is that they
are privately placed notes, and thus often quite illiquid. Therefore, investors may be advised
to hold them to maturity.
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Figure 3.3: A synthetic credit-linked note

A more complex credit-linked note structure

The following structure offers a bank a hedge, the intermediary a fee income and an investor
(the CLN buyer) a synthetic exposure to a reference asset, as seen in figure 3.3.

In the structure of figure 3.3, the bank (protection buyer) enters into a default swap,
hedging his reference asset investment. The trust, which arranges the structure, makes a
profit of x% + y% — z%. The trust does not have credit risk, since it has received the
premium x% and the cash from the CLN buyer and has invested this in a risk-free asset.
The CLN buyer receives an above-market coupon z, since he takes the counterparty risk
of the trust.

Importantly, the CLN buyer also takes credit risk, since the coupons z and/or the repay-
ment of his cash investment are linked to the credit performance of the reference asset. For
example, the CLN buyer might get a lower coupon and/or only a partial repayment of his

cash investment, if the credit rating of the reference asset decreases.

Collateralized Debt Obligations (CDOs)

As mentioned above, the distinction between credit-linked notes (CLNs) and collateralized
debt obligations (CDOs) has become somewhat blurry. Nevertheless, there are some dif-
ferences on which most practitioners and academics agree. First, CDOs are usually arranged

by a special-purpose vehicle (SPV). SPVs, also called special-purpose entities (SPEs) or
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Figure 3.4: The structure of a cash CDO

special-purpose corporations (SPCs), are special entities of financial institutions and are
usually triple-A rated. The financial institution and the SPV are mostly legally distinct, hence
a credit quality deterioration of the financial institution does not affect the SPV. Second,
CDOs usually provide credit exposure to a basket of up to 200 or more credits. Third,
CDOs are usually tranched, providing the investor with a specific risk profile. Furthermore,
CDOs can be either cash or synthetic. A typical cash CDO is shown in figure 3.4.

In figure 3.4 we see that the SPV has invested cash in a basket of n assets. It has then
repackaged and allocated the assets into several tranches. The idea of tranching is not new,
but stems from mortgage-backed securities (MBSs), where debtors can repay their mort-
gage anytime without penalty. In a MBS, the first repayments flow into the first tranche.
After this tranche is full and first tranche investors have received their notional amount, the
next repayments flow into the second tranche, and so on. Naturally, the junior (first) tranche
in a MBS has the highest probability of repayment in a low interest rate environment, which
leads to low reinvestment returns. Therefore the junior tranche pays the highest coupon.

In a CDO a similar principle applies. A default of any asset in the basket leads to a loss
of coupon and notional amount for investors of the junior tranche, also called first-to-default
tranche. If the tranche is full, additional defaults will lead to losses for the second tranche,
and so on. Sometimes junior tranches work with a threshold: Only if more than x percent
of assets in the basket have defaulted does a loss for investors in the junior tranche occur.
Junior tranches of CDOs do not necessarily consist only of bonds and loans, but can also
include equity (they are then termed equity CDOs).

Naturally, junior tranches incur the highest risk and receive the highest coupon, which
can be as high as 30%. The criterion of success of a CDO is generally related to the success
of selling the junior tranche, which is often quite difficult due to its high default risk. Con-
sequently, SPVs are often required to keep the junior tranche in their own portfolio or their
parent institution acquires it.

Mezzanine tranches, which incur losses if the junior tranche is complete, usually have
credit ratings from single B to AA. Senior tranches, which are usually the largest of all
tranches, are commonly rated AA or AAA. Often SPVs actively manage the assets in the
CDO. The goal is to pay higher coupons in a CDO than the equivalent bonds pay in the
cash market.
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Figure 3.5: Trading volume of cash CDOs and synthetic structures in billions
Source: Bank of America: www.gtnews.com and Lang Gibson, Asset Securitization Report, January 13,

2004

Synthetic CDOs

Currently one the most popular structures are synthetic collateralized debt obligations,
which were issued first in 1997. They have since surpassed cash CDOs in trading volume,
as seen in figure 3.5.

The difference between cash CDOs and synthetic CDOs lies in the fact that the SPV in
a synthetic CDO does not acquire the original assets in a standard cash transaction, but
gains long credit exposure1 to the assets via selling credit protection, e.g. default swaps.
The SPV uses the cash from the sale of the tranches and the default swap premiums to pur-
chase risk-free bonds, as seen in figure 3.6.

The rise in popularity of synthetic CDOs is primarily due to the fact that the ownership
of the assets is not legally transferred to the SPV. Thus the assets do not appear on the
balance sheet of the SPV. Furthermore, in a synthetic CDO the SPV has no operational risk’
with respect to the original assets. For example, for legal or political reasons, the SPV in a
cash CDO might not be able to enforce the coupon or notional payments.

In a synthetic CDO, as in a cash CDO, the default risk of the assets is transferred to
the investors of the individual tranches, the junior tranche again incurring the first

losses.

A two-currency, partly cash, partly synthetic CDO
with embedded hedges

Synthetic structures can be fairly complex using a variety of financial innovations. For the
reader who likes it complicated, let’s look at a CDO which is partly cash and partly syn-
thetic. Furthermore, some of the original assets are purchased in a foreign currency.

However, the SPV wants to eliminate the currency risk and uses a cross currency swap as
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Figure 3.7: A partly cash, partly synthetic CDO with a cross currency swap hedge and a senior
tranche hedge

ahedge. In a cross currency swap one party (SPV in figure 3.7), pays a fixed rate in a certain
currency, e.g. Euro 7% and the other party (swap counterpart in figure 3.7) pays a float-
ing rate in another currency e.g. 6 ML (6 month Libor) in US dollars. If the SPV owns a
fixed rate bond, the SPV has swapped the Euro fixed rate income into a risk-free floating
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US dollar income. At inception, cross currency swaps are typically traded at par (at a present
value of zero), so no currency swap premium is exchanged at the trade date.
Furthermore, in figure 3.7 the SPV wants to increase the rating of the CDO by guaran-
teeing the notional amount of the senior tranche. Thus it purchases a default swap from a
third party for the senior tranche. This will not be too expensive since the senior tranche
is usually AA or AAA rated, thus the default probability is low. The whole structure can be

seen in ﬁgure 3.7.
Motivation of CDOs

There are different motivations for the different participants within a CDO. For the SPV,
the CDO is income-motivated: The SPV gets fees for placing, structuring, and managing
the CDO. These fees can be quite substantial. They can reach up to 10% of the notional
amount. SPVs can also make a profit on the difference between the generated income from
the tranches and the default swap premiums and coupons of the risk-free asset. This type
of CDO is termed an arbitzrage3 CDO.

The SPV can also initiate a CDO to achieve regulatory capital relief by removing an asset
from their balance sheet. For example, an SPV might already own assets, and create a
tranched CDO, thus transferring the credit risk to the investors of the tranches. This type
of CDO is termed a balance sheet CDO and can extend a client’s credit line and additionally
raise funding,.

The motivation for the owners of the assets (left side of figure 3.7) is laying off credit risk
via a default swap without having to inform the original debtor, thus maintaining a good
creditor—debtor relationship. Synthetic structures are also more convenient from an adminis-
trative point of view, since no physical transfer of the original asset takes place. Finally, syn-
thetic structures are flexible, allowing customized credit risk transfer of an individual credit.

The motivation for the investors in the tranches (right side of figure 3.7) is primarily
yield enhancement. The tranches often pay a higher return than assets with the same risk
in the cash markets. However, the investor is advised to keep an eye on the usually high fees
in CDOs. A further motivation for the investor is that a CDO allows them to access payoff
profiles that would be difficult, if not impossible to create with cash products.

Market value CDOs and cash flow CDOs

A further categorization criterion of CDOs can be the way the SPV repays its investors. We
differentiate two types: market value CDOs and cash flow CDOs.

In a market value CDO, the SPV pays its liabilities to the investor mainly by successively
selling assets of the tranched portfolio. Market value CDOs are often actively managed, i.e.
the SPV frequently buys and sells assets in the portfolio. The assets are usually liquid, con-
taining more equity and revolving credits than a cash flow CDO. Due to its actively managed
nature, the profitability of a market value CDO depends largely on the trading success of
the SPV.

In a cash flow CDO, repayments to the investor are done mainly via coupon flows and

notional amount repayments. Cash flow CDOs are often static (i.c. not actively managed).
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Figure 3.8: A tranched portfolio default swap (TPDS)

The profitability of cash flow CDOs depends mainly on the asset’s ability to withstand
defaults.

Tranched portfolio default swaps (TPDS)

Tranched portfolio default swaps (TPDSs) are fairly new synthetic structures with strong
growth potential. They can be viewed as more flexible, customized CDOs. In a TPDS, the
SPV can assume credit risk on certain tranches of reference assets (left side of figure 3.8).
ATPDS often contains a super-senior tranche, which is AAA rated, and which is usually the
largest of the tranches. Often the SPV assumes credit risk on all tranches except the super-
senior tranche. Let’s look at a TPDS in which this is the case in figure 3.8.

In figure 3.8, the SPV takes on the default risk on all assets, except the assets in the
super-senior tranche. The loss risk from the initial tranches (left side of figure 3.8) is trans-
ferred partially or totally to the investors of the corresponding tranches (on the right side
of figure 3.8). The advantage in a TPDS compared to a standard CDO is that in a TPDS,
the SPV and the default swap buyer can trade default risk flexibly on a specific degree of
risk. Investors willing to take risk will buy junior tranches, risk averse investors will prefer

mezzanine or senior tranches.

Tranched basket default swaps (TBDSS)

Close cousins of TPDSs are tranched basket default swaps (TBDSs). TBDSs are a combina-
tion of N-to-default baskets and CDOs. The difference to a TPDS is that the attachment
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Figure 3.9: Example of a tranched basket default swap (TBDS)

point (i.e. the starting criteria for default in a tranche) in a TBDS is defined by a certain
number of credits defaulting, not the amount of default. For example, if the attachment point
“M” of the mezzanine tranche is 3 and the detachment point “N”is 5, the mezzanine investor
is exposed to the third, fourth, and fifth default. (The first and second loss is covered by
the junior tranche). Thus, if any 3 to 5 of the assets in the basket default, the mezzanine
tranche investor is exposed, whereas in aTPDS the default exposure is linked to the amount
of default. Let’s look at a tranched basket default swap, in which the junior tranche is
exposed to the first two defaults, the mezzanine tranche to the third, fourth and fifth default,
and the senior tranche is exposed to defaults 6 to 10, as seen in figure 3.9.

In practice the basket of aTBDS can contain up to several hundred assets. The more assets
in a basket and the more negative the default correlation of the assets, the higher the risk
for the investor.

In aTPDS and TBDS typically only the specific tranche (right side of figures 3.8 and 3.9)
is closed in case a credit event occurs, not the whole TPDS or TBDS structure. The lever-
age* in a CDO (and TPDS and TBDS) is usually expressed as the inverse of the first loss
percentage. Thus the junior tranche in a 20% first loss structure takes on a leverage of 5
times, since 1/20% = 5.

CDO squared structures
A further recent and successful variation of CDOs are CDOs squared, also called CDO of

CDOs. In a CDO squared structure an “outer CDO” exists, which is typically single

tranched. Subordinated to the outer CDO are several tranches of “inner CDOs,” whose
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Figure 3.10: A CDO squared structure; in practice the number of tranches and ABSs is typically

CDO ABS Inner CDO
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higher and the number of assets in a tranche can go up to 100 or more

assets often overlap. The inner CDO structure often also contains simple ABSs’. An example
of a CDO squared transaction is seen in figure 3.10.

Each tranche of the CDO structure has an attachment point and detachment point. When
the attachment point, typically defined as a loss amount, is breached, the loss is passed
through to the outer CDO. The loss of each tranche is typically capped at a predefined loss
level, the detachment point. Naturally, the lower the attachment point and the higher the
detachment point of each tranche, the riskier the CDO squared structure.

The motive for CDO squared investors is the higher yield that CDO squared structures
pay in comparison to standard CDO structures. The drawback of CDO squared structures
is their complexity for the investor as well as the arranger. Default correlations for the
numerous assets, which often overlap in the tranches, have to be calculated. The overlap
can be as high as 30%, which increases the default correlation of the tranches. Rating agen-
cies had to develop new Monte-Carlo based methodologies to rate CDO squared struc-
tures. The complexity of the CDO squared structures is attracting mainly well-educated
investors.

Despite the relative complexity, CDO squared structures have been quite successful in
the recent past. In December 2002, JP Morgan arranged “Quadrum,”a $1.25 billion dollar
structure for Australian bank Westpac. The deal was backed by mortgage-backed securities
and standard CDOs on Westpac’s balance sheet, and freed up capital for Westpac (since the
investors bought the default risk). “Orange” and “Blue” were further successful CDO struc-
tures arranged by JP Morgan in 2003. The deals were mostly targeted to Japanese investors,

who were interested in increasing their yield in the low Japanese yield environment.
Rating
Synthetic structures are constantly rated by rating agencies such as Standard & Poors,

Moody’s, and Fitch to inform investors about the credit quality of structures. Some of the

synthetic structure ratings as well as valuable rating information can be accessed for free
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Table 3.1: Rating system for long-term debt gencrated by S&P, www.standardandpoors.com, also
used by Fitch (Moody’s rating in brackets)

Rating category Credit quality

AAA (Aaa) Highest credit quality. The Issuer’s capacity to meet its financial
commitments is extremely strong.

AA (Aa) Differs from AAA debt only to a small degree. The obligor’s ability to pay
interest and notional is very strong.

A (A) Is more susceptible to adverse effects of changes in circumstances and
economic conditions. Still, the obligor’s capacity to meet its financial
obligation is strong.

BBB (Baa) Denotes adequate credit quality. However, unfavorable economic conditions
and varying circumstances are more likely to lead to a weakened capacity
on the part of the obligor to meet its financial commitments.

BB (Ba) Denotes somewhat weak credit quality. The obligor’s capacity to repay interest
and notional is somewhat weak because of major uncertainties or
exposure to unfavorable business or economic conditions.

B (B) Denotes weak credit quality. The obligor currently has the capacity to meet
its financial commitments on the obligation. But adverse business,
financial, or economic conditions would likely impair capacity to repay
interest and notional.

CCC (Caa) A CCC rated obligation is currently vulnerable to non-payment, and is
dependent upon favorable business and financial conditions for the
obligor to meet its financial commitments on the obligation.

D (D) The obligation is in payment default, or the obligor has filed for bankruptcy
or bankruptcy protection. The “D” rating is used when interest or
notional payments are not made on the date due, even if the applicable
grace period has not expired.

Credits from AAA to BBB are considered investment grade or prime. Credits lower than BBB are typically

termed junk or speculative grade

on the sites of the rating agencies: www.standardandpoors.com, www.moodys.com and
www.fitchratings.com. The rating of the BISTRO, the first CDO launched in December
1997 by JP Morgan (which will be discussed below) can be found at www.moodys.com/
moodys —> Structured Finance — CDOs/Derivatives — Rating List.

Unfortunately, the rating categories differ from company to company. Even within one
rating company a variety of different categories and scales exist, based on product, matu-
rity, and geographical location. For an overview of S&P’s various rating scales, see
www.standardandpoors.com/ResourceCenter/NatRatScales.html].

Table 3.1 shows eight basic rating categories for rating long-term debt. It is used by
Standard & Poors and Fitch. (Moody’s rating scale is in brackets.)

The rating categories in table 3.1 are typically refined by adding + and — degrees to each
category. Moody’s refines its long-term debt rating by subcategories 1, 2, 3, in particular:
Aaa, Aal, Aa2, Aa3, A1, A2, A3, Baal, Baa2, Baa3, Bal, Ba2, Ba3, B1, B2, B3, Caal, Caa2,
Caa3, Ca, and D.
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Table 3.2:  Corporate recovery rates from 1970 to 2000

Security Average recovery rate Standard deviation
Senior secured bank loans 64.0% 24.4%
Senior unsecured bank loans 49.0% 28.4%
Senior secured bonds 52.6% 24.6%
Senior unsecured bonds 46.9% 28.0%
Senior subordinated bonds 34.7% 24.6%
Subordinated bonds 31.6% 21.2%
Junior subordinated bonds 22.5% 18.7%
Preferred stock 18.1% 17.2%

Source: Moody’s Special Comment, “Default and Recovery Rates of Corporate Bond Issuers,” David Hamilton,
February 2001

Standard & Poors’ short-term credit risk is categorized in A1, A2, A3, B, C, D (see
www.standardandpoors.com/ResourceCenter). Moody’s categorizes short-term debt with
prime 1, prime 2 and prime 3, if the credit is investment grade and “not prime” for non-
investment grade short-term credits.

The methodology of rating a synthetic structure depends on the type of the structure.
Actively managed market value CDOs, which have a high turnover of assets and contain
volatile equity tranches, are more difficult to value than static cash flow CDOs. Neverthe-
less, the crucial criteria for valuing any CDO are:

*  Default probability of the assets in the CDO, often expressed as the weighted average
rating factor (WARF);

*  Credit deterioration risk (equal to migration risk if the assets are rated);

* Recovery rates (see below);

e Default correlation of the assets in a CDO;

* Expertise of the SPV managers;

* Opvercollateralization (see below);

* Interest coverage (see below).
Recovery rates

Rccovcry rates vary strongly with respect to whether the economy is in a recession or boom.
In the downturn of 2001, the average recovery rate fell to a low of 21% on defaulted bonds,
down from 25% in 2000. This was actually substantially lower than the 27% average recov-
ery rate in the recession 1990—1, indicating the severity of the later recession. The average
recovery rate over the last 20 years was 40%. Recovery rates also vary strongly with respect
to the seniority of the asset, as seen in table 3.2.

Principally, the higher the recovery rate of the assets in a CDO, the higher is the credit
rating of the CDO. This is because assets which have defaulted are entered into the rating

models with their recovery value, which usually reflects the market price. However, the
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market price of defaulted assets is often quite volatile and the bid-offer spread is usually
quite large. Often the market bid for defaulted assets is so low ($10 or less for a par value
of $100) that managers do not sell a defaulted asset at this price but hold it in hope of higher
prices. However, marking-to-market a CDO requires that current market prices
are input into the models. The effect on the models is typically minimal since the price

is so low.

Coverage ratios

Coverage ratios are typically analyzed to help determine the credit quality of synthetic struc-
tures. The two most common ratios are overcollateralization ratios (OC ratios) and interest rate
coverage ratios (IC ratios).

An overcollateralization ratio measures how many times the collateral (assets) in a syn-
thetic structure can cover the liabilities that an SPV owes its investors. For a market value

CDO, the overcollateralization ratio is:

Total assets market value
OoC=

Liabilites par value
For a cash flow CDO the overcollateralization ratio is calculated for each tranche, as:

Total assets par value

OC Senior Tranche =
Senior tranche par value
) Total assets par value
OC Mezzanine Tranche =
Senior + Mezzanine tranche par value
) Total assets par value
OC Junior Tranche =

Senior + Mezzanine + Junior tranche par value

Market value structures use the market value of assets, not the par value, in the OC ratio,
since the assets are often sold at the market value and not kept until maturity. The oppo-
site applies to cash flow structures. They use par values when calculating the OC ratio, since
the assets in a cash flow structure are often held until maturity.

Another ratio, the interest rate cover ratio, is analyzed to determine the credit quality
of a synthetic structure. It is derived by dividing the total interest rates to be received in a
structure by the interest rate liability of each tranche, as in the OC ratios above. Note that
OC Senior tranche > OC Mezzanine tranche > OC Junior tranche and IC Senior tranche
> IC Mezzanine tranche > IC Junior tranche.

For the OC and IC ratios predefined levels exist, which are of a crucial nature. If the
level is breached, cash flows are redirected from lower tranches to higher ranked tranches.
This is done until the predefined levels are reinstated. If an SPV cannot reinstate predefined
levels within a core period, the lowest tranche, and with it the synthetic structure, will be

categorized as in default and will have to terminate.
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Coverage ratio levels vary widely within synthetic structures. Naturally, lenient levels
favor junior tranche holders, since cash flows are not redirected if the credit quality of the
structure deteriorates to a small extent. Tight levels favor senior tranche holders, since for
a rather small credit deterioration, cash flows are directed to the senior tranches in order
to reinstate OC and IC levels. With the same logic, early defaults favor senior tranche
holders, whereas later defaults favor junior tranche holders. Since synthetic structures often
have a premature repayment of the investment, junior tranche holders might already have

been repaid if the default occurs, at the expense of senior tranche holders.

Notching

With respect to rating, the aspect of notching has created controversy in the recent past.
Notching involves automatically downgrading a single debt in a CDO that had not origi-
nally been rated. This leads to a downgrade of the entire CDO structure. Moody’s and S&P
downgrade debt that they have not originally rated by four notches. Fitch also notches, but
to a lesser degree. Fitch accepts the credit rating of their competitors if the debt attains the
same rating. If the ratings are different, they apply the lower of the two ratings. If only one
competitor has rated the debt, Fitch reduces the rating by one notch if the debt is invest-
ment grade and by two notches if it is junk (below BBB).

Fitch, who opposes the notching policy of Moody’s and S&P, claims that notching results
in unfair competition, since investment managers often hire the market leaders Moody’s
and S&P to provide additional ratings.

Most importantly, the consequence of notching is a distorted lower credit rating and con-
sequently lower price for CDOs that contain non-rated debt. This may be seen as an invest-

ment opportunity by some investors.

Successful Synthetic Structures

In December 1997, market leader JP Morgan launched the first synthetic structure termed
BISTRO (Broad Index Securitized Trust Obligation). It was in the form of a synthetic
collateralized loan obligation (CLO) introduced to the Japanese market with an initial
notional amount of $163 million. The reference portfolio comprised debt of 65 Japanese
banks, insurance firms, and semi-sovereign entities. The BISTRO is still today one of the
most actively traded synthetic structures. In 2001, JP Morgan referenced over $46 billion
of credit risk within the BISTRO structure, and transferred over $11 billion of it to the
mezzanine tranche, which has the form of a credit-linked note. The initial structure of the
BISTRO is seen in figure 3.11.

In the original BISTRO structure in figure 3.11, the originating bank buys protection on
$10 billion of the Japanese loans. JP Morgan is the seller of the protection on the $10 billion
but transfers the risk on the first $700 million losses to the SPV. The position of JP Morgan
does not incur high default risk, since the 2. loss portfolio, on which JP Morgan took credit
risk, was AAA rated.
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Figure 3.11:  The original BISTRO structure

In the original BISTRO structure the reference portfolio (810 billion) is substantially
higher than the assets available to the investor ($700 million). This is a standard feature of
synthetic structures.

One reason for JP Morgan to appear in the BISTRO structure is that the OECD status
of JP Morgan provided regulatory capital relief for the originating bank. Any protection
buyer has to hold regulatory capital due to the probability of default of the protection seller.
If the originating bank had bought protection from the SPV directly, it would have had to
hold 8% of the contract’s notional amount as regulatory capital. Since the intermediary JP
Morgan is an OECD member bank, the regulatory capital requirement reduced to 1.6%.
However, this OECD advantage is eliminated in the new Basel IT Accord (see chapter 4, in
the section “Regulatory Capital Relief”).

In 2001 the economic downturn led to credit downgrades of many synthetic struc-
tures. The BISTRO was no exception. Currently the various BISTRO issues have credit
ratings from Aal to Ca; see www.moodys.com/moodys — Structured Finance —
CDOs/Derivatives — Rating List.

Naturally the success of the BISTRO encouraged competitive banks to issue synthetic
structures. In 2000 Europe’s market leader Deutsche Bank issued a similar structure to the
BISTRO, also with Japanese reference assets, termed J-Port (Japanese portfolio). Deutsche
Bank claims the J-Port is a first purely investor demand driven structure. The key feature
of the J-Port structure is its high diversification. The reference portfolio includes 20 debtors
from 18 different industries. Consequently the default correlation is low (i.e. the proba-
bility of one default of one debtor triggering more defaults is small). This low default cor-
relation helps to improve the credit rating of the J-Port.

A further variation of the original BISTRO is the Alpine structure issued by UBS Warburg,
In this synthetic structure UBS Warburg credit-swapped a reference portfolio mostly of
their own exposure, including interest rate and currency swaps and options into $750
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million of notes for its investors. The Alpine structure included international reference
exposure but also contained Japanese debt.

In 2000 JP Morgan and Deutsche Bank both claimed to have been the first to issue a syn-
thetic structure on German Schuldschein debt. Schuldscheine are bilateral tradable loans
issued by German regional and mortgage banks. They comprise about 5% of the German
debt market.

JP Morgan launched the Clip (credit-linked investment protected note), which is a
notional amount guaranteed at maturity and pays the typical high coupon on first-to-default
debt. Reference assets comprise 50—100 debtors with a synthetically generated exposure
of €500 million to €1 billion. About 75% of the original debt is in Schuldschein form.
The Clip exposure can be up to 15 years, locking in the high yield of long maturities.
However, the yields decrease with increasing defaults of the reference assets. To evaluate
the risk of each Clip issue, JP Morgan offers its own optimization algorithm, which allows
investors to calculate their individual risk-return profile.

Deutsche Bank created its own Schuldschein debt structure termed Repon (return
enhanced portfolio note). In contrast to the Clip it contains a first loss equity tranche.
Deutsche Bank reports sales of €12-13 billion of the Repon structure with a €2 billion
first loss tranche.

In general, the synthetic CDO market has suffered from downgrades and defaults in the
economic downturn of 2000 to 2003. Currently, investors are less willing to take high-risk
first loss positions, so that SPV are often required to retain the first loss risk. This was also
the case with Deutsche’s Repon structure.

The rating of currently traded CDOs can be found at www.moodys.com — Structured
Finance — CDOs/Derivatives — Rating List.

Investing 1n Synthetic Structures — A good idea?

The CDO market is still young; therefore only a few studies exist which analyze the per-
formance of CDOs.

In the equity market, numerous studies have confirmed the disappointing truth that most
fund managers cannot beat the market indexes. For example, a study by Robert et al. (2000)
finds that for the 10-year period from 1988 to 1998, 86% of all 355 investigated fund
mangers underperformed the Vanguard 500. After capital gains and dividend taxes, even
91% of the fund managers underperformed. For a 15-year period from 1983 to 1998, 95%
underperformed, and for a 20-year period from 1978 to 1998, 86% underperformed.

These disappointing results should encourage investors to look into ETFs (exchange
traded funds), also called index shares or i-shares. With ETFs, for example the diamonds
DIA reflecting the DOW, or the cubes QQQ reflecting the NASDAQ), investors can assume
exposure on a whole market index at a significantly lower cost than mutual funds charge.
HOLDRS imply the same notional. The difference to ETFs is that HOLDRS reflect the per-
formance of a certain market segment (e.g. retail sector, RTH, or biotechnology, BBT) and

not an index. For more details see www.amex.com — ETFs or — HOLDRS.
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Table 3.3:  Comparison of the yield spread of CDOs and corporate bonds

Rating CDO spread Corporate bond spread Difference
(in basis points) (in basis points) (in basis points)

AAA 45 -8 53

AA 74 47 27

A 130 84 46

BBB 218 150 68

BB 665 353 312

Source: Gibson, “Synthetic Multi-Sector CBOs,” September 2001

Table 3.4:  Upgrades and downgrades of ABSs and CDOs compared to corporate bonds

Rating ABS and CDOs Corporations Difference
Upgrades Downgrades Upgrades Downgrades Upgrades Downgrades

Aaa 0.0% 0.3% 0.0% 9.5% 0.0% -9.2%
Aal 3.6% 10.8% 3.0% 16.5% 0.6% —=5.7%
Aa2 2.5% 1.6% 3.2% 15.0% —0.7% —13.4%
Aa3 2.7% 3.6% 3.0% 14.4% —0.3% —10.8%
Al 2.8% 1.0% 5.5% 12.0% —2.7% —11.0%
A2 4.7% 0.5% 6.2% 11.8% —-1.5% —-11.3%
A3 3.1% 3.6% 10.0% 12.8% —6.9% -9.2%
Baal 2.2% 10.3% 10.8% 12.7% —8.6% —2.4%
Baa2 1.6% 2.7% 11.6% 10.8% —10.0% —8.1%
Baa3 1.7% 12.0% 14.7% 12.2% —13.0% —0.2%
Bal 50.0% 12.0% 14.1% 12.0% 35.9 % 0.0%
Ba2 1.6% 8.1% 13.9% 12.7% —-12.3% —4.6%
Ba3 0.0% 12.7% 10.7% 15.5% —10.7% —2.8%
B1 0.0% 17.9% 10.4% 14.1% —10.4% 3.8%
B2 0.0% 7.7% 11.9% 16.7% —11.9% —9.0%
B3 0.0% 19.0% 11.9% 18.4% —11.9% 0.6%
Average 4.8% 7.8% 8.8% 13.6% —4.0% —5.8%

Source: Gibson, L., “Synthetic Multi-Sector CBOs,” September 2001

Do the CDO managers do an equally poor job as their colleagues in the equity market?
It does not seem to be the case. A study by Lang Gibson (September, 2001) finds that high
yield CDOs generate a significantly higher return than equally rated bonds, as seen in table
3.3.

A study by Fitch finds that the average default rate from 1989 to 2000 for all structured
products was estimated to be 0.01%, a substantial difference from corporate bonds, which
had a default rate of 0.77%.°

A further study by Gibson compares the migration of securitized structures and corpo-
rate bonds from 1986 to 2000. ABSs (asset-backed securities) and CDOs outperformed

corporate bonds, especially for Aaa to A rated structures, as seen in table 3.4.
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Altogether, the first analyses show a good performance of CDOs compared to standard
bonds. Investors should keep an eye though on the high fees that SPVs often charge. These
placement, structuring, and management fees together can be as high as 10% of the notional
amount of the CDO.

SuMMARY OF CHAPTER 3

Synthetic structures have enjoyed enormous growth since their inception in 1997. Numerous vari-
eties of structures exist, which can be broadly categorized as credit-linked notes (CLNs), collater-
alized debt obligations (CDOs), and basket structures such as tranched portfolio default swaps
(TPDSs) and tranched basket default swaps (TBDSs), which can be viewed as customized CDOs.

A CLN in its simplest form is just a note (bond or loan) with an embedded credit feature. For
example, a CLN pays a higher than market coupon in case of no credit event, but a lower than market
coupon in case of a credit event.

CDOs are more complex structures than CLNs. They differ from CLNs in three ways. First,
CDOs are usually arranged by a special purpose vehicle (SPV), which is usually triple-A rated.
Second, CDOs usually provide credit exposure to a basket of up to 200 or more credits. Third,
CDOs are usually tranched, providing the investor with a specific risk profile.

Synthetic CDOs are among the most popular synthetic structures. The difference between cash
CDOs and synthetic CDOs lies in the fact that the SPV in a synthetic CDO does not acquire the
original assets in a standard cash transaction, but gains credit exposure to the assets via default swaps.
The rise in popularity of synthetic CDOs is primarily due to the fact that the SPV in a synthetic
CDO does not legally own the underlying assets. Thus the assets do not appear on the balance sheet
of the SPV.

With respect to the SPV’s motivation, arbitrage CDOs and balance sheet CDOs can be differen-
tiated. If the SPV is primarily interested in generating a profit on the difference between the gen-
erated income from the tranches and the default swap premiums and the coupons of the risk-free
asset, the CDO is termed an arbitrage CDO. If the SPV’s primary motivation is regulatory capital
relief, the CDO is termed a balance sheet CDO.

Furthermore, market value CDOs and cash flow CDOs can be differentiated. In a market value
CDO, which often contains an equity tranche, the SPV pays its liabilities to the investor mainly by
successively selling assets of the tranched portfolio. In a cash flow CDO, repayments to the investor
are done mainly via coupon flows and notional amount repayments.

Tranched portfolio default swaps (TPDSs) and tranched basket default swaps (TBDSs) are fairly
new synthetic structures with strong growth potential. They can be viewed as more flexible, cus-
tomized CDOs. In aTPDS, the SPV can assume credit risk on certain tranches of reference assets. A
TPDS often contains a super-senior tranche, which is AAA rated, and which is usually the largest of
the tranches. The difference between a TPDS and a TBDS is that in a TPDS the default exposure is
linked to a certain amount of loss, whereas in aTBDS the default exposure is linked to a certain number
of defaults. CDO squared structures, also termed CDOs of CDOs, are also fairly new structures. They
offer higher yields than standard CDOs at the cost of higher complexity and higher default risk.

Synthetic structures are continuously rated by rating companies such as Standard & Poors,
Moody’s, and Fitch, to inform investors of the credit quality of a structure. Individual debt in syn-
thetic structures which has not been originally rated is notched down by the rating agencies. This
arbitrary downgrading (and consequently lower price) may be seen as an investment opportunity by

some investors.
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Coverage ratios, such as overcollateralization ratios (OC ratios) and interest rate coverage ratio
(IC ratios) are analyzed to help determine the credit rating of synthetic structures. For the OC and
IC ratios, predefined levels exist which are of crucial nature. If the level is breached and cannot be
reinstated, the synthetic structure will be categorized as in default and will have to be terminated.

Recovery rates, which vary due to the economic situation and seniority of the bond, influence the
price of a synthetic structure. This is because assets which have defaulted are entered into the pricing
models with their recovery value, which usually reflects the market price.

Since JP Morgan launched the first synthetic structure, termed BISTRO in the form of a CLO
(collateralized loan obligation) in 1997, numerous synthetic structures have been issued. Among the
most successful were JP Morgan’s own Clip structure, Deutsche Bank’s J-Port and Repon, and UBS’s
Alpine structure.

First analyses show a good performance of synthetic structures compared to equally-rated bonds.
Investors should keep an eye though on the high fees that SPVs often charge.
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QUESTIONS AND PROBLEMS

Answers, available for instructors, are on the Internet. Please email gmeissne(@aol.com for the site.

3.1
3.2
3.3
3.4

3.5

3.6
3.7

3.8
3.9

What is a synthetic structure in the credit markets? What types of synthetic structures exist?

What is the difference between a CLN (credit-linked note) and a CDO (collateralized debt obligation)?
Explain the function of an SPV (special-purpose vehicle) in a CDO.Why is an SPV typically AAA rated?
Explain the principle of tranching within a CDO. Relate that principle to MBSs (mortgage-backed
securities).

What is the difference between a cash CDO and a synthetic CDO? Why have synthetic CDOs outgrown
cash CDOs in the recent past?

Explain the difference between an arbitrage CDO and a balance sheet CDO.

What are motivations to enter into a CDO for the (a) original asset owner, (b) the SPV, and (c) the
investor?

What is the difference between market value CDOs and cash flow CDOs?

How are tranched portfolio default swaps (TPDSs) and tranched basket default swaps (TBDSs) related
to CDOs? What is the difference between TPDSs and TBDSs?

3.10  How do CDO squared structures get their name? What is the main reason for the difficulty of valuing

CDO squared structures?

3.11  Name the main eight rating categories by Standard & Poors, Fitch, and Moody’s, and discuss them each

briefly. Find a financial institution that is AAA rated. What ratings do investment grade bonds have? What
ratings do junk bonds have?

3.12  What factors determine the level of recovery rates? Do you think recovery rates are fairly constant in time

and among industries?

3.13  Explain the principle of notching. Why is notching seen as an investment opportunity by some traders?

NoOTES

See chapter 2, in the section “What is a default swap?” for an explanation of long credit expo-
sure of a default swap seller.

See chapter 4 for a detailed discussion on operational risk.

Arbitrage is Commonly defined as a risk-free proﬁt, for example buying gold at $300 in London
and simultaneously selling it at $302 in New York. However in trading practice, arbitrage is often
defined more broadly as an expected profit. For example, in a “takeover arbitrage” the company
that is acquired is purchased and the company that takes over is sold, expecting the spread to
narrow.

Leverage is measured differently for different financial structures. For a company’s capital struc-
ture it is measured by the debt-to-equity ratio. For derivatives, leverage is usually measured as
elasticity, also called gearing, This measures the relative change of the derivative divided by the
relative change of the underlying asset. (See www.dersoft.com/stockoption.xls for the calcula-
tion of leverage for calls and puts.)

ABSs, asset-backet securities, are claims (e.g. bonds) that are backed by expected cash flows (e.g.
mortgages, loan repayments, rentals, royalty income, etc.).

Fitch, “Fitch Ratings” Approach to CDO Rating Actions,” February 2002, www.Fitchratings.com.




CHAPTER Four

APPLICATION OF CREDIT DERIVATIVES

These instruments [credit derivatives] appear to have effectively spread losses from defaults to a wider set of

banks. (Alan Greenspan)

There are numerous applications of the various credit derivatives products. We will
categorize five types of applications:

Hedging;
Yield enhancement;
Cost reduction and convenience;

Arbitrage;

(O I O R S

Regulatory capital relief.

Naturally, the above applications have interdependencies. A credit derivative or a credit
derivative structure can involve several of the above applications. For example a simple default
swap can hedge credit exposure and at the same time may reduce costs and provide regula-

tory capital relief. Nevertheless, let’s discuss the applications from an individual point of view.

Hedging

Undoubtedly one of the strongest motivations for using credit derivatives is hedging.
Hedging means reducing risk. More precisely, hedging is entering into a second trade in
order to reduce the risk of an original trade. It should be mentioned that in this chapter,
the discussion will be on the hedging of individual risks. The hedging of aggregate portfolio
risks via diversification will be analyzed in chapter 6 on risk management.

There is a wide spectrum of users who apply credit derivatives to hedge. Commercial
and investment banks, insurance companies, hedge funds, non-financial institutions, as well
as individual investors apply credit derivatives to reduce credit risk. Let’s first look how
credit risk compares to other types of risk.

There are numerous types of risks that corporations face when they are doing business.
Figure 4.1 shows an overview. Naturally, the risks in the figure also apply to individuals and

sovereign entities which conduct business. Let’s discuss these risks in more detail.
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Corporate Risk

A RN

Operational Risk

Market Risk Credit Risk o Di -
e Interest RateRisk  « Default Risk 5 e i
¢ . . Technology Risk
» Currency Risk * Credit Deteri- « Knowledge Risk
* Equity Risk oration Risk « Accounting Risk
« Commodity Risk « Criminal Risk
« Political Risk
* Legal Risk

On aportfolio level, correlations within and between these risks have to be taken into
account. Thus, correlation risk exists.

Figure 4.1:  Broad categorization of types of risk

Market risk

Until the mid 1990s, the markets had been divided into four categories: The financial
markets consisting of the fixed income market (also called bond market or interest rate
market), the currency market, the equity market, and the commodity market. Since the
mid 1990s, the credit market has emerged as a fifth actively traded market. For details on
the state of the credit market see chapter 1. A further new market, the market for opera-
tional risk, is currently evolving.1

The underlying instruments for credit derivatives are usually bonds and loans, so credit
derivatives are mostly exposed to the interest rate risk. But as discussed in chapter 3, syn-
thetic structures often contain an equity tranche, so exposure to the equity market exists.
Furthermore, synthetic structures may contain currency swaps and commodity swaps, so
credit derivatives may have exposure to all existing market risks.

Market risk can conveniently be hedged with standard derivatives such as futures, swaps,
and options. Hedging interest rate risk is accomplished with interest rate futures such as
money market futures or longer-term Treasury bond futures. The interest rate swap market
is also very liquid with maturities up to 30 years. Interest rate options for hedging Libor
exposure are Caps and Floors. For hedging longer-term interest rate risk, bond options and
swap options can be purchased and sold.’

In the interest rate market, currency market, equity market and the commodity market,
liquidity risk and volatility risk exist.

Liquidity risk is the risk that due to low liquidity, the bid-offer spread is so wide that a
trade would result in an uneconomical price. Occasionally a market can be totally illiquid,

so that no trade is possible. Since the credit derivatives market is still young, the credit
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derivatives bid-offer spreads are often quite wide compared to established markets. This
was also seen in chapter 1, where it was observed that the illiquidity of the QBI Futures
and the QBI Options on Futures contract results in rather unusual trading: Traders enter
bids and offers at anytime during a “pre-opening” period each day from 7:30 a.m. until 1:30
p-m. Chicago Time. Orders become “firm” i.e. cannot be canceled or modified between
1:20 p.m. and 1:30 p.m., when the orders are matched and executed.

Liquidity risk can also take the form of asset liquidity risk. Asset liquidity risk is the risk
that the high trading activity of a company leads to an unfavorable change of the price of
the traded asset. This was the case in the 1994 Metallgesellschaft crash, when the company
bought long-term WTTP futures contracts and sold short-term futures contracts, leading to
an unfavorable change of the shape of the future curve from backwardation to contango.4
Asset liquidity risk also contributed to the bankruptcy of Long Term Capital Management
(LTCM) in 1998, when the immense assets of LTCM made it impossible to liquidate the
positions without moving the market.

Liquidity risk can also take the form of funding liquidity risk. Funding liquidity risk is
the risk that a company cannot raise new funds to finance its debt. However, funding
liquidity risk is not really a risk per se, but usually the consequence of prior mistakes and
mismanagement.

Volatility risk is the risk that the volatility of the traded asset is so high, that the trade can
lead to an unreasonable price. Volatility risk exists especially for bonds that have just
defaulted. The volatility can reach up to 200%.°

Additionally, with respect to options, volatility risk is the risk that the implied volatility of
the option contract changes unfavorably. Implied volatility risk or Vega risk is rather a trading
risk that option traders face and less an operational risk. Nevertheless, let’s explain it.

The implied volatility of the underlying asset is the figure that is input in the standard
Black-Scholes® model to derive the price of an option. For standard options, implied volatil-
ity is actually the only parameter option traders can influence. There is a market consensus
what the correct implied volatility of an option is. If an option trader has bought options,
and the implied volatility decreases, the resulting lower option value will lead to losses of
the option position, and vice versa. The implied volatility risk of options is measured by the

Vega, as seen in equation (4.1):
Vega(Call) = aC/aV Vega(Put) = aP/aV 4.1

where C is the call price, P is the put price, and 0 is the partial differential operator. V is
the implied volatility of the underlying asset, which for credit derivative calls and puts is
the spread between the risky bond yield and the risk-free Treasury bond yield (see chapter
2). Thus, equation (4.1) answers the question of how much does the call or put price change
if the implied volatility of the underlying spread changes by a very small amount.

It should be mentioned that implied volatility is a tradable asset. The VIX measures the
implied volatility of eight options of the S&P 500 and the VXN measures the implied volatil-
ity of the options on the NASDAQ 100. Both VIX and VXN trade on the Chicago Board of
Options Exchange (CBOE). For more details go to www.CBOE.com — Learning center
— Advanced Concepts — CBOE volatility index VIX. For an example of how to exploit
implied volatility distortions in the credit derivatives market, see example 4.10.
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Credit risk

As alrcady cxplaincd in the introduction, credit risk can be divided into default risk and
credit deterioration risk. Default risk is the risk that an obligor does not meet part or his
entire financial obligation. ISDA conveniently defines six credit events that trigger the
default swap payments: Bankruptcy, Failure to pay, Obligation Acceleration, Obligation
Default, Repudiation/Moratorium, and Restructuring.7

Credit deterioration risk is the risk that the credit quality of the debtor decreases. In this
case, the value of the bonds or loans of the debtor will decrease, resulting in a financial loss

for the creditor.

How are market risk and credit risk related?

The answer to how market risk and credit risk are related is given by the specific credit—market
risk, which measures the impact of credit risk on market risk. For example, if the credit
risk of a firm increases, typically expenses for the firm increase and the market price of the
firm decreases; low-rated financial institutions usually have to pay higher interest rates to
borrow money. Hence, a higher credit risk decreases the profitability of a firm and can
increase the firm’s vulnerability to market risk. In practice, specific risk is typically viewed
and managed as credit risk.

Determining the degree of specific risk, i.c. what magnitude of the asset price deterio-
ration is due to credit risk, is a question of duration and convexity (discussed in detail in
chapter 2). If an asset decreases by more than duration and convexity imply, this portion is
attributed to credit quality deterioration.

Having discussed the impact of credit risk on market risk, consequently we should ask
the reverse question: is there an impact of market risk on credit risk? The answer is clearly
“yes” If the value of a firm decreases due to market risk, the default risk will increase,
and vice versa. How much market risk will influence credit risk depends on the degree
of exposure that a company has to market risk and the current credit quality. Adverse move-
ments in market risk tend to influence the credit quality of highly rated companies less.

As mentioned above, for bonds and loans market risk mainly comprises interest rate risk.
Principally, any company is exposed to interest rate risk, since all future cash flows are dis-
counted with the current yield curve. Hence any firm is exposed to market risk, which can
diminish the credit standing of a firm.

There is sufficient empirical evidence that changes in market risk and changes in credit
risk are correlated. Duffie (1998), as well as Das and Tufano (1996), and Longstaff and
Schwartz (1995), find that credit-spreads tend to decrease if risk-free interest rates increase,
and vice versa. Hence, in a prospering economy with rising interest rates, the probability
of default decreases, and vice versa. This is in line with the original Merton model (sce
chapter 5): Rising interest rates tend to increase the rate of return of a firm’s assets and
hence decrease the probability of default.

As a consequence, the impact of credit risk on market risk and the impact of market risk
on credit risk should be included in single asset risk management as well as in company-

wide risk management.
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Operational risk

The BIS (Bank for International Settlements) defines operational risk as “the risk of direct
or indirect loss resulting from inadequate or failed internal processes, people and systems
or from external events.” Another way of assessing operational risk is to define it as resid-
ual risk, i.e. all risk, which is not market risk or credit risk. The two definitions do not con-
tradict each other.

As seen in figure 4.1, operational risk can be categorized as disaster risk, technology risk,
knowledge risk, accounting risk, criminal risk, political risk, and legal risk. Let’s look at
these types of operational risk in more detail.

We will refer to any external damage of a company’s property as disaster risk. Besides
terrorist attacks or wars, disaster risk includes property damage stemming from natural
catastrophes like earthquakes, hurricanes, floods, or fires. Disaster risk in the form of
natural catastrophes can be hedged with traditional insurances. Insurances against terrorist
attacks await appearance.

Technology risk is the risk that problems in a company’s technology lead to a deteriora-
tion of the company’s operation. Viruses can paralyze a company’s computer system and
consequently a company’s operation. Hackers can damage a computer system by copying
or deleting the code. Today, corporations use “fire walling” as a means to totally isolate the
company’s computer system from the outside. Technology risk is also the risk that a
company’s technological progress is inferior to that of the competition, thus leading to a
demise in the company’s competitive status.

Knowledge risk is the risk that a lack of knowledge leads to deterioration of a company’s
operation. Knowledge risk exists at every level of a company’s hierarchy. It can comprise
of mathematicians creating erroncous algorithms, programmers coding incorrectly or
under-skilled risk managers misusing a company’s risk management software. Knowledge
risk can also comprise the upper management engaging in the wrong strategic decisions
or settlement employees sending out erroneous statements. On April 26, 1986, in one of
the most severe technical errors, technicians shut down all emergency systems of the
Chernobyl atomic reactor in order to do testing. After a reactor meltdown and two explo-
sions, the people of Chernobyl were exposed to radioactivity comparable to that of the
Hiroshima bomb.

Accounting risk was brought to corporate America’s attention in several severe account-
ing scandals in 2001 and 2002. Enron accountants had tried to hide financial problems with
numerous special purpose entities (SPE), located in the Cayman Islands and other tax
havens. As a result of their financial and operational mismanagement, Enron filed for
Chapter 11 bankruptcy on December 2, 2001. In June 2002, WorldCom announced that
the company needed to restate its financial statements, as its internal audit found that certain
transfers from line cost expenses to capital accounts during 2001 and first quarter 2002
were not made in accordance with generally accepted accounting principles (GAAP). The
total amount of these wrongful transfers was as high as $3.1 billion for 2001 and $797
million for first quarter 2002. On July 21, 2002 WorldCom had to file for reorganization
under the Chapter 11 bankruptcy code.
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Criminal action can naturally damage a company’s operation. One of the most publicized
criminal cases was that of Nick Leeson in 1995, who brought down Barings Bank, England’s
oldest merchant bank, due to excessive trading of Nikkei futures and options. After trying
to hide his losses, Nick Leeson pleaded guilty to twelve crimes, of which four were for
forgery, two were for amending prices, and six were for implementing cross trades, which
reduced his variation margin.

Criminal action can also harm municipals, as in the famous 1994 Orange County
case. Robert Citron, the treasurer of Orange County, had bought fixed reverse floaters,’
speculating on decreasing interest rates. When interest rates increased, the fixed reverse
floaters paid a below market interest rate. In December 1994 Orange County had to file
for Chapter 11 bankruptcy. Robert Citron admitted misusing public money and falsifying
statements and was sentenced to one year in prison, five years’ probation, and a $100,000
fine.

In a recent case in spring 2002, David Duncan’s admittance of destroying documents
in the Enron bankruptcy filing devastated the name of Andersen Consulting. Most of
Andersen’s clients abandoned the company and its US risk consulting business was taken
over by Robert Half International Inc. The demise of a company’s reputation as a result of
criminal or other internal misconduct is also referred to as reputational risk.

Political risk can arise if a new political government does not honor the obligations of the
previous government, resulting in losses for the creditor. Political risk can also comprise of
harmful fiscal policy measures by the administration, or wrongful monetary policy by the
central bank.

Legal risk is the risk that legal measures harm a company’s operation. In 1984, AT&T was
ordered by court action to split its corporation into eight companies. Microsoft barely
avoided the same fate in 2000, when Judge Jackson ruled the company had to be split into
a company running the Windows operating system and a company running software appli-
cations. However, the ruling was overturned in November 2001. Legal risk can also involve
a company doing business in an emerging country and encountering legal problems. It can
be the case that the legal system in the emerging country is not developed enough or not
willing to guarantee fair legal treatment of the foreign company.

It should be mentioned that the BIS has requested all internationally active banks to
report operational value at risk (VAR) numbers by early 2007."

Which credit derivative hedges which risk?

Hedging with default swaps

When introducing the credit derivatives products in chapter 2, we already partly discussed
the crucial hedging aspect of default swaps. With respect to credit risk, credit deteriora-
tion risk, and market risk, we concluded: A default swap naturally hedges credit default
risk. When marked-to-market, a default swap also hedges credit deterioration risk.
However, default swaps do not protect against market risk (for bonds and loans, primarily
interest rate risk), since the default swap value principally does not change if interest rates

change (see chapter 2, section “Hedging with default swaps”).
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Default swaps and operational risk

To what extent does a default swap hedge against operational risk? The answer depends on
the specific operational—credit risk. In other words, it depends on the degree of impact of the

operational damage on the credit quality. This can be written as in equation (4.2):
Roc = AB/B+ AE, /E, (4.2)

where Rqc is the specific operational—credit risk (i.e. the impact of an operational event,
measured by AE,/E,, on credit quality, measured by AB/B, all other variables constant);
AB is the discrete change in the bond price; and AE, is the discrete change in the company’s
outstanding equity as a result of the operational event.

Naturally AE, is difficult to quantify. For example, the terrorist attack of September 11,
2001 resulted not only in a monetary loss, but also in a loss of lives and knowledge. In addi-
tion, the effect on the equity value can occur with a time lag and over an uncertain future
period of time. Furthermore, determining the sole impact of an operational event on the
equity value is difficult, since the equity value is influenced by many factors such as company
performance, interest rate changes, political events, etc.

If the specific operational—credit risk in equation (4.2) is zero, the operational event does
not impact the present value of the bond and consequently the default swap. Hence, the
default swap will not hedge the operational risk. However, the higher is Ry, the higher is
the impact of the operational event on the credit quality. Thus, the higher is the degree of

default swap hedge due to operational risk. Let’s look at an example.

Example 4.1:  An investor owns bonds of company X and has hedged the bonds
with a default swap with a notional amount of $10,000,000. Accounting errors are
found at company X, which lead to a downgrade of the company and to a decrease
of the outstanding equity value, AE,, of $1 billion. The bond falls from $100 to $85.
This leads to an increase in the default swap present value by approximately 15%,
assuming equation (2.1) holds. Consequently the operational impact on the bond is
hedged by the increase in the default swap value.

Naturally, the equity value change of the operational event is only partially hedged,
since the equity value of the company is much higher than the notional bond value,
which is underlying the default swap. This is typically the case in reality.

Generally, it is more sensible to hedge operational exposure with a put on the stock price
of the company than with a default swap on a bond of the company. This is because a stock
price reflects the operational exposure more accurately than a bond price. For example, a
bond trading below par, which is close to maturity will tend to gradually increase to its par
value, even though an operational event has occurred, assuming the company is still rela-

tively far away from bankruptcy.
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Hedging with total rate of return swaps (TRORs)

With respect to hedging with TRORs, we have already concluded in chapter 2 that a TROR
hedges default risk, credit deterioration risk, and in contrast to default swaps also market
risk. For answering the question if a TROR hedges operational risk, a similar logic can be
applied as for default swaps: If the operational damage leads to a decrease in the price of
the reference asset, the TROR will provide a hedge for the TROR payer, since the TROR
payer will receive the price decline from the TROR receiver (see figure 2.5). Example 4.2
describes the partial hedge of operational risk with a TROR.

Example 4.2:  An investor is long 10,000 bonds of company X with a par value
and current price of $100. Thus the investment is $1,000,000. To partially hedge his
bond price exposure, the investor has entered into aTROR, where he pays the TROR
on half his investment amount of $500,000. External auditors have found that traders
of company X have overstated their profits. The company is downgraded and the bond
falls from $100 to $75. Consequently the TROR receiver will pay $25 X 50,000 =
$125,000 (plus the coupon minus Libor +/— spread) to the investor at the next
payment date. Thus, the investor is compensated for half of his price losses in the
amount of $25 X 100,000 = $250,000.

Hedging with credit-spread products

As pointed out in chapter 2, there are three main credit-spread products: credit-spread
options, credit-spread forwards, and credit-spread swaps. In chapter 2 we concluded that
all credit-spread products protect against credit risk and credit deterioration risk. We also
concluded that the more certain a hedger is that the reference asset will change unfavor-
ably, the more he should use premium-free credit-spread futures and swaps, rather than
options, which incur a premium.

Do credit-spread products also protect against operational risk? To answer this question
we can apply the same logic as in the previous section: If the operational damage leads to
a decrease in the price of the reference asset, the credit-spread product will provide a hedge,
since the present value of the credit-spread product will change in favor of the hedger. Let’s

look at a simple example.

Example 4.3:  An investor has provided a 4-year loan of $1,000,000 to company
X with no interest rate payments during the loan. The latest acquisition of company
X has not met expectations and profits and revenue of company X are declining. Cur-
rently the 4-year Treasury yield is 5%. The yield difference between the yield of the
loan (determined by a dealer poll) and the Treasury yield is 1.5%. The investor buys
a credit-spread put on the loan to hedge against a further decline of the value of the
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loan. The credit-spread put has a 91-day maturity, and a strike-spread of 2%. Includ-
ing the industry standard duration term in the pricing, in this case 4, it follows that
the price of the credit-spread put, derived on a simple Black-Scholes model with a
150% implied volatility and a 5% risk-free interest rate is $10,734."

Due to the failed acquisition, the company is downgraded and the credit-spread
between the loan and the Treasury bond (determined by a dealer poll) increases to
3%. As a consequence, the present value of the credit-spread put (assuming 10 days
have passed since the option trade date) increases to $46,991. Thus, the profit of the
credit—spread hedge is $46,991 — $10,734 = §36,257.

This amount should be compared to the loss from the downgrade of the loan to
achieve the overall profit or loss. The present value of the loan has decreased from
$1,000,000 / (1 + 0.065)* = $777,323 to $1,000,000 / (1 + 0.08)*'%% =
$736,581, so by $40,742. Thus the loan position and the credit-spread hedge resulted
in a rather small loss of $40,742 — $36,257 = $4,485.

To conclude our analysis of the hedging power of credit derivatives with respect to oper-
ational risk, we find that all credit derivatives provide at least a partial hedge against oper-
ational risk, if the operational damage leads to a decrease in the credit quality of the asset
which is underlying the credit derivative. If this is the case, the present value of the credit
derivatives will change in favor of the hedger.

Yield Enhancement

A second important motivation of credit derivatives is yield enhancement. The main users
who apply credit derivatives to enhance yield are investment banks, hedge funds, third party
asset managers, and individual investors and speculators.

There are numerous strategies to enhance yield with default swaps, TRORs and credit-
spread products. We have already implicitly mentioned some of these strategies. For
example in a first-to-default basket default swap, an investor receives an above market yield
for assuming default risk on any debt in the basket. In fact, in most CDOs the investor
receives an above market yield for assuming some degree of credit risk, depending on the
specific tranche.

As might be expected, the yield appetite of investors is strongly related to the business
cycle. In a boom with high employment, high stock prices, and low default rates, investors
are often willing to take high degrees of risk, purchasing CDOs and first-to-default basket
structures. However, during the 2000—3 economic downturn, investors turned quite risk-
averse. This has diminished the success of many synthetic structures, often forcing the SPV
to retain the first-loss tranche.

In the following we will suggest several yield enhancement strategies for different credit
derivatives. Let’s start with a covered credit-spread put selling strategy.



Application of Credit Derivatives 71

Covered credit-spread put selling strategy

Example 4.4: At the end of the Asian financial crisis in 1999, an investor owns a
5-year fixed-coupon $1,000,000 (US-denominated) Korean bond. He believes that
Korea will further recover and that the credit-spread (between the Korean bond yield
and the Treasury bond yield) will further decrease. Thus to increase his return, the
investor sells a cash settled credit-spread put with a credit-spread strike equal to the
current yield spread of 3% with a I-year maturity and a notional amount of
$1,000,000. With a 5% risk-free interest rate, a duration term of 3.67 and a 130%
implied volatility, the investor receives the upfront put premium of $50,722."

This is the additional income for the investor if the credit quality increases or
remains unchanged. If however, the investor’s perception is wrong and the credit-
spread widens, the investor will incur losses, since the present value of the sold credit-
spread put will increase. For example, should the credit-spread widen to 5% after 6
months, the present value of the put will have increased to 3593,385.]3 Thus the
investor’s loss on the put is $93,385 — §50,722 = $42,663.

In example 4.4, the investor has two long positions: He is long the bond and addition-
ally synthetically long the bond via selling the put (meaning he makes money if the credit-
spread decreases, thus the Korean bond price increases). Thus, the investor is strongly
exposed to a credit-spread widening (price decrease of the Korean bond). The term covered

credit-spread put selling is therefore quite misleading,

Covered credit-spread call selling strategy

Example 4.5: At the start of the 2001 recession, an investor believes the economy
will not improve within the next year. The investor owns a bond of a BBB-rated
company. The investor believes the company will not do too well during the reces-
sion and hence the credit rating of the bond will not increase within the next year.
To improve his return, the investor sells a physically settled one-year credit-spread
call with a credit-spread strike of 3%, which is equal to the at-the-money forward
spread.14

If the investor is correct and the spread increases or stays the same, he will keep
the call premium as additional income. However, if the credit quality of the company
unexpectedly improves and the credit-spread decreases, he will get exercised on the
credit-spread call. The investor will then have to deliver the bond at the credit strike
spread, which is smaller than the current market credit-spread. Thus the investor will
incur an opportunity loss, since he did not participate in the price increase of his

bond.

In example 4.5 the investor is covered, since he is long the bond and synthetically short
the bond via the short credit-spread call. This strategy is similar to the covered call selling
strategy of standard options. The difference is simply the underlying. In a credit-spread call,
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the underlying instrument is the credit-spread; in a standard covered call writing strategy,
the underlying is the price of the asset.
Let’s look at a yield enhancement strategy involving a credit-spread put-call collar.

Covered credit-spread collar strategy

Example 4.6:  An investor owns a single-A rated bond of company X. The investor
believes that credit quality of company X will probably decrease. He wants to hedge
against this decrease and at the same time generate upfront cash. Hence, the investor
buys a put on the credit-spread and finances the put by selling a credit-spread call.
The investor chooses the spread strikes of the put and call fairly high, so that he
receives a net premium (the higher the strike-spread, the higher the call premium
and the lower the put premium). Thus the investor has collared his credit exposure:
if the credit-spread increases above the strike spread of the put, he will sell the bond
at the strike spread of the put. However, if the credit quality of the bond increases
and the credit-spread decreases to a level lower than the call strike, the bond will be
called at the strike of the call and the investor incurs an opportunity loss.

Let’s look at a strategy in which an investor sells a covered credit-spread straddle.

Covered short credit-spread straddle strategy

Example 4.7:  An investor has purchased 10,000 BBB-rated bonds with an 8%
annual coupon with a remaining maturity of 5 years. The bond currently trades at the
par value of $100.

The bond spread has not fluctuated much in the last 3 months. The investor believes
this low spread volatility will continue in the next 3 months. Thus, he sells a credit-
spread straddle (a call and a put with the same strike). He chooses the strikes to be
at-the-money. The current market spread is 3%, thus the strike spread is 3%. With a
91-day maturity, 110% implied volatility, a duration of 3.67 and a 5% risk-free inter-
est rate, the call and put premium are $23,529, thus the investor receives upfront
$47,058." The reader should note that the investor has two long exposures to credit
risk, the bond and the short put, and one short exposure to credit risk, the short call.

Scenario 1: In the next 3 months the low credit-spread volatility continues. At the
end of three months, the company’s credit-spread is at 3%. Thus, the investor is not
exercised on the call or the put and keeps the $47,058 as a profit.

Scenario 2:  The company has done unexpectedly well and the credit-spread has
decreased to 1.5%. Thus at option maturity the investor is exercised on the call and
— assuming cash settlement — has to pay (3% — 1.5%) X 3.67 X $1,000,000 =
$55,050. Thus the loss for the investor is $55,050 — $47,058 X (1 + 0.05)”"/*" =
$7,408 (the factor (1 +0.05)”"°* stems from the fact that the option premium was
received 3 months ago and has been invested for 3 months). However, the decrease
in the credit-spread of 1.5% has increased the bond price to $106.23. Hence the
overall profit for the investor is ($106.23 — $100) X 10,000 — $7,408 = $54,892.

Hence, the strategy will generate profits if the credit quality remains unchanged
or improves. If the credit quality decreases, the investor will encounter losses, which
the reader can verify herself.
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The next yield enhancement opportunity is derived from the range notes (also called
fairways) of the mid 1990s. In a traditional range note, the owner would receive an above
market coupon, but incurs a penalty if a certain variable, e.g. the 6 ML (6-Month Libor)
would be outside a predetermined range. In a credit-spread range note, the investor incurs
a penalty if the credit-spread is outside a predetermined range. This is equivalent to selling
a series of forward credit-spread strangles. If the magnitude of the deviation of the forward
credit-spread strangles from the predetermined range is irrelevant, the investor is short a

series of digital strangles. Let’s look at an example.

Example 4.8:  An investor believes that the credit-spread volatility during the next
year will be low. To exploit this view, the investor invests $1,000,000 in a single-B
credit-spread range note with a credit-spread range of 2%-4%. The investor will
receive an above market coupon of 8%. However, for every day that the note’s credit-
spread is outside the 2%-4% range the coupon will reduce by 0.03%. The note has
a minimum coupon payment of 2%, thus is floored.

Scenario 1:  The investor is correct and the credit-spread volatility during the next
year is low. Only on 7 days was the credit-spread outside the 2%-—4% range. Thus his
annual coupon payments of 8% X $1,000,000 = $80,000 reduces by 7 X 0.0003 X
1,000,000 = $2,100.

Scenario 2:  Due to a recurrence of the recession, credit-spreads have increased.
During the next year the note’s credit-spread is above 4% on 250 days. Thus the
investor’s coupon payments of $80,000 would reduce by 250 X 0.0003 X 1,000,000
= $75,000. However, since the coupon payments are floored at 2%, the investor
receives $20,000 in coupon payments.

The examples 4.4 to 4.8 are currently popular yield enhancement strategies in the credit
market. They involve owning an asset and enhancing the yield with a credit derivative. An
investor can also simply speculate with credit derivatives, i.e. take a naked position in a
credit derivative. For example, an investor, who believes the shape of the credit-spread
curve is distorted, can engage in “yield curve plays.” Let’s look at an example which involves
credit-spread forwards.

Credit-spread forward strategy to participate in a ﬂattening of an
inverted credit-spread curve

Example 4.9: An investor believes that due to the current recession the credit-
spread forward curve for single-B rated debt is too inverted'® and will flatten. More
precisely, the investor believes that 2-year single-B forward credit-spreads, currently
at 5% will decrease to 4.5% in one year’s time, and the 10-year single-B forward
credit-spread currently at 3% will increase to 3.5% in one year.

In order to exploit this credit-spread flattening view, the investor buys a credit-
spread forward on the 2-year credit-spread at the current forward spread of 5%. The
investor sells a credit-spread forward on the 10-year credit-spread at the current
forward credit-spread of 3%. Since the investor enters into these credit-spread
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forward contracts at the current forward spread rate, the premiums of each of the
forward transactions are zero. The notional amount for each forward is $1,000,000.

Scenario 1: The investor’s expectation was correct and after 1 year the 2-year
single-B credit-spread has decreased from 5% to 4.5%. Following equation (2.9) Dura-
tion X N X [K — S (t,)], the payoff for the investor with an assumed duration of 1.7 is
1.7 X 1,000,000 X (5% — 4.5%) = $8,500. The investor was also correct on the view
on 10-year single-B credit-spreads. They increased from 3% to 3.5%. With an assumed
duration of 8.5, the investor receives 8.5 X 1,000,000 X (3.5% — 3%) = $42,500.

Scenario 2:  The recession has worsened and the 2-year single-B credit-spread has
widened by 2 percentage points, but the 10-year credit-spread increased by only 0.2
percentage points. The investor will lose 1.7 X 1,000,000 X (7% — 5%) = $34,000
on the long 2-year credit-spread forward. He will make 1,000,000 X (3.2% — 3%)
X 8.5 = 817,000 on the short 10-year forward position. Thus, the investor incurs a
total loss of $17,000.

A position of gaining from an anticipated flattening of the inverted credit-spread curve
can also be created by selling an 8-year credit-spread with a 2-year forward start. If the
credit-spread curve flattens, the 8-year credit-spread 2 years forward, which is determined
by the 2-year and 10-year credit-spread, will increase, thus leading to a gain for the investor.

There are numerous other ways to speculate with a credit derivative. An investor can
take a long or short position in any credit derivative, provided he can come up with the
necessary margin to insure payment of potential losses. As a last example let’s look at a
“Vega play.” The Vega was already explained in the section “Market risk.”

Example 4.10: An investor believes that the credit market is currently overly
nervous and consequently that implied volatility of credit-spread options is too high.
He sells a naked straddle (a put and a call with the same strike without owning the
underlying) with 3-month maturity on $1,000,000 on a BB-rated bond. The current
credit-spread of the BB-rated bond is 2%. The straddle is at-the-money, thus the
credit-spread straddle strike is 2%. With a duration value of 1.7, a 180% implied
volatility and a 5% risk-free interest rate, the straddle premium is $23,294."

Scenario 1:  The investor’s perception is correct. The credit market calms down
and after 1 month implied credit-spread volatility has decreased to 130%. The current
credit-spread for BB-rated bonds has decreased to 1.8%. As a result, the call premium
is $5,791 and the put premium is $9,163. Thus the profit of the investor is $23,294
— (5,791 + 9,163) = $8,340 (ignoring the time value effect of receiving the $23,294
at an carlier time).

Scenario 2:  The investor was wrong. After 1 month, implied volatility has increased
to 200%. Additionally, the bond is downgraded and the bond’s credit-spread has
widened to 4%. As a result, the call premium is $4,094 and the put premium is
$37,812.Thus, the investor incurs a loss of ($4,094 + $37,812) — $23,294 =§18,612.

Example 4.10 indicates that a short credit-spread straddle strategy has limited upside
potential, which is the straddle premium. However, a short straddle strategy has unlimited

downside risk. Therefore an investor who sells a naked straddle should have stop-loss limits
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in place. A stop-loss is a price at which a certain loss has accumulated and the position is

closed to prevent further losses.

Cost Reduction and Convenience

Another important motivation of credit derivatives is simply that they can reduce cost when
assuming or hedging different types of risk. Credit derivatives can also be more convenient
than cash instruments with respect to maintaining a good client relationship, in terms of
case of trading, or from an administrative point of view. The cost reduction feature bene-
fits the transactions of investment banks and hedge funds, while the convenience feature

facilitates the business mainly of commercial lending institutions.
Cost reduction

We’ll now look at several examples illustrating how to reduce costs with credit derivatives.
Let’s start with a low rated company with high funding costs.

Example 4.11: A non-rated hedge fund faces funding costs of Libor + 300 basis
points. " The hedge fund is interested to assume exposure on a junk bond, which pays
Libor + 400 basis points. Consequently, if the hedge fund would fund and purchase
the junk bond in the cash market, the net income would be 100 basis points.

The hedge fund finds a bank which owns the junk bond and wants to buy a default
swap on the bond at an annual premium of 200 basis points. Thus the hedge fund can
assume exposure on the junk bond by selling a default swap at an income of 200 basis
points, instead of 100 basis points when funding and buying the bond in the cash
market. (The attentive reader recalls that the hedge fund as the seller of a default
swap assumes a long position in the credit quality of the reference asset; see chapter
2, “What is a default swap?”) One difference remains though: Had the hedge fund
purchased the bond in the cash market, the hedge fund would have a long position in
the credit quality and a long market position (the hedge fund would profit from a
credit quality increase and a price increase of the bond due to interest rate decreases).

The bank, assuming it has funding costs of Libor flat, will make a profit of 200 basis
points, since it receives Libor + 400 from the junk bond, finances the junk bond pur-
chase at Libor flat and pays 200 basis points in the default swap. However, the bank
is left with market risk and has counterparty risk, since the seller of the default swap
is the non-rated hedge fund.

Let’s look at another example, where credit derivatives are more efficient than cash
instruments. Shorting bonds in the cash market is often quite cumbersome and expensive.
An investor has to first borrow the bond in the Repo market and then try to sell it in the
secondary cash market. A more convenient and often cheaper way to assume a short posi-

tion in a bond is the TROR market, as in example 4.12.
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Example 4.12:  Aninvestment bank believes that a Canadian Libor-flat paying bond
is overpriced and plans to short it for 1 year. To short the bond in the cash market,
the bank has to first borrow it in a reverse-Repo transaction. In the reverse Repo,
the bank receives an assumed Libor — 20 basis points (compare figure 2.9). Let’s
assume the Canadian bond price has not changed within 1 year, hence the bank sells
the bond at Libor flat. Thus, the investor’s expense when borrowing the bond in the
Repo market and shorting the bond in the cash market is 20 basis points.

For common names, such as Canada, the TROR market is typically quite liquid.
Thus, if the investment bank wants to assume a short position in the Canadian bond,
it can usually conveniently pay in a TROR. That means the investment bank pays the
price increase plus the coupon, which in this example is Libor flat and receives Libor
+/— spread (compare figure 2.5). If the investment bank can receive Libor plus a
spread of 10 basis points in the TROR, it will have an advantage of 30 basis points
compared to the cash market. For a short position of $10,000,000, the advantage is
$10,000,000 X 0.0030 = $30,000.

Let’s look at a similar example, in which shorting a bond is synthetically achieved by

credit-spread options.

Example 4.13:  Bank A wants to short a single-A rated bond. When borrowing the
bond in the Repo market and then shorting it, the bank has to pay Libor + 30.
However, Bank A can synthetically short the bond forward if it sells a credit-spread
call and buys a credit-spread put with identical strikes of Libor + 25 and identical
premiums. If the credit quality of the bond decreases (e.g. to Libor + 50), the bank
will exercise the put and sell the bond at the favorable strike (the bank pays Libor
+ 25). If the credit quality increases and the bond improves (e.g. to Libor + 10),
the bank will get exercised on the call and will have to sell the bond at the now
unfavorable strike (pay again Libor + 25). Hence, the bank will pay Libor
+ 25 in the synthetic short position and achieve an advantage of 5 basis points com-
pared to the cash shorting.

A slight disparity between the cash trade and the synthetic trade remains. The bank
will receive the bond not today but at option maturity in the synthetic trade. However,
this disparity is of small nature, since the option price incorporates the forward nature
of the trade by discounting with — typically — the risk-free interest rate.

Let’s look at another example, in which two banks simply exchange default swaps in
order to diversify their risk. This can be achieved cost-neutral or even cost-saving as in

example 4.14.

Example 4.14:  Let’s assume Bank A has a $100,000,000 short position in a default
swap with company X, and Bank B has a $100,000,000 short swap default position
with company Y. Both banks want to reduce their high exposure to an individual
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company. Thus, Bank A and Bank B can simply agree to exchange part of their short
default swap positions. Bank A sells $50,000,000 of their short default swap on
company X to Bank B, and Bank A buys $50,000,000 of Bank B’s short default swap
position on company Y. Assuming Bank A and B, as well as company X and Y, are
equally rated, this exchange can be done cost-neutral (i.e. no exchange of cash
between bank A and bank B). In this case, both banks have diversified their risk
without extra cost, as in figure 4.2.

$50,000,000
of Default Swap
on company X
Bank A < Bank B
$50,000,000
of Default Swap
on company Y
Payment $100,000,000 Payment $100,000,000
in case of Default Swap in case of Default Swap
default Premium 3% defaut Premium 3%
Company Company
X Y

Figure 4.2: Cost-neutral exchange of short default swap positions to increase
diversification

In the following example an investment bank can achieve the required return on capital

with shorting a credit-spread put.

Example 4.15:  The required return on capital of an investment bank for a BBB
rated bond is Libor + 50 basis points. However, by purchasing the bond in the cash
market, the return is

Cash

v

Bond Buyer
and
Put Seller

Bond
Seller

A

Libor + 30Bp

Right to sell at Put Premium
Libor + 50Bp of 20Bp pa

Credit
Spread
Put Buyer

Figure 4.3: A bond buyer, enhancing his yield by selling a credit-spread put
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only Libor + 30 basis points. To achieve the required Libor + 50 basis points, the
investment bank can purchase the bond and sell a credit-spread put on the loan for
20 basis points annually at a strike of Libor + 50 basis points.

Scenario 1:  The credit quality of the bond does not decrease and the investment
bank will receive the required Libor + 50 basis points annually on the loan.

Scenario 2:  The credit quality of the bond decreases and the investment bank will
be exercised on the put and will have to buy additional units of the bond. It will
receive the required bond strike of Libor + 50 basis points. However, the credit
quality of the bond is presently lower than Libor + 50, for example Libor + 100, oth-
erwise the put buyer would not have exercised the put. There is no free lunch.

Convenience

Using credit derivatives rather than cash trades can also be more convenient from a variety
of perspectives.

Shorting a bond in the TROR market is more convenient from an administrative point
of view, since the bond does not have to be borrowed in the Repo market and then sold in
the cash market. The administrative cost of a credit derivatives transaction is also often lower
than that of a cash trade. Shorting the bond in the cash market might also be difficult for
certain companies due to legal, tax, and accounting regulations.

Moreover, some bonds and often loans do not trade actively in the secondary market.
Hence, a default swap, aTROR, or a credit-spread product might be the only way to assume
or hedge risk on illiquid bonds and loans.

Most importantly, credit derivatives can maintain a good bank—client relationship.
Suppose an investment bank reaches its credit limits for a client. Without credit derivatives,
it would have to sell the credit in the often rather illiquid secondary cash market. If the
client discovers the sell, he will most likely be upset about his debt resurfacing. It might
also be required that customer consent is necessary to transfer the debt and the customer
refuses to give that consent. If selling the debt is not possible, the bank would have to reject
further lending to the client, naturally harming its bank—client relationship.

Credit derivatives can solve the problem. A bank can simply hedge the credit of a ques-
tionable client with a default swap, effectively writing it off their balance sheet and opening
new credit facilities for the client. In most cases, the client does not even notice that his
credit line was full and had to be synthetically extended. Thus, the use of credit derivatives

can discreetly maintain a good bank—client relationship.

Arbitrage

As already discussed in chapter 3, arbitrage is commonly defined as a risk-free profit. For

example, a trader who buys one ounce of gold at $300 in London and simultancously sells
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it at $302 in New York, makes a risk-free profit of $2 per ounce (excluding the 2-day deliv-
ery risk from the London seller). However, in trading practice, arbitrage is often defined
more broadly as an expected profit, also termed “risk-arbitrage.” For example in a “takeover
arbitrage” the company that is acquired is purchased and the company that takes over is
sold, expecting the spread to narrow. In this analysis, we will define arbitrage narrowly as
a risk-free profit.

Since a certain financial expertise and accessibility to information are required to do arbi-
trage, mainly professional institutions such as investment banks and hedge funds are the
ones that are able to perform arbitrage with credit derivatives. The cause for arbitrage lies
in the fact that many credit derivates and credit derivatives structures can be replicated with
cash instruments. Let’s have a look.

In the following two examples, if equation (2.1b), Return on risk-free bond = Return

on risky bond — Default swap premium (p.a.), is not satisfied, arbitrage opportunities exist.
Y PP p-a-), g€ Opp

Example 4.16:  Due to the crisis in Argentina, Argentine yields are inflated. If the
Argentine bond yield is 27%, the Argentine default swap premium 20%, and the Trea-
sury bond yield 5%, an investor can achieve an arbitrage by buying the Argentine
bond, buying the default swap, and shorting the Treasury bond. The arbitrage would
be 2% on the notional amount as seen in figure 4.4.

Note that, as discussed in chapter 2, equation (2.1) is only an approximation.
Hence, for the arbitrage to work, the following assumptions have to hold: (a) no coun-
terparty risk in the default swap; (b) market risk (interest rate risk) affects the Argen-
tine bond and the Treasury bond to the same extent (this is quite a strong assumption,
since the Argentinean bond price, although denominated in US dollars, should also
be a function of Argentinean interest rates); (c) no accrued interest; (d) no liquidity
risk; (¢) no additional cost for shorting the Treasury bond.

&» ﬂp
Tmry Arbitrageur Bond
nger - «-— Seller
Treasury yield Ao
4, 27%
Payment if
Default Swap i
_ Argentine
Premium 20% Bond defaults
Default
Swap
Seller

Figure 4.4: An investor exploiting an inflated Argentine bond yield to achieve an arbitrage
of 2%
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If the Argentine default swap market is distorted, i.e. excess demand for Argentine
default swaps has led to high default swap premiums, the following arbitrage is possible. In
example 4.17 the cash flows of example 4.16 are reversed.

Example 4.17:  Due to the crisis in Argentina, default swap premiums on Argen-
tine bonds are inflated. If the Treasury bond yield is 5%, the Argentine bond yield
24%, and the Argentine default swap premium 20%, an investor can achieve an arbi-
trage by shorting the Argentine bond, shorting the default swap, and buying the Trea-
sury bond. The arbitrage would be 1% on the notional amount, as seen in figure 4.5.
Note that we have made the similar simplified assumptions as in example 4.16: (a)
no counterparty risk in the default swap; (b) market risk (interest rate risk) affects
the Argentine bond and the Treasury bond to the same extent; (c) no accrued inter-
est; (d) no liquidity risk; (e) no additional cost for shorting the Argentinean bond.

Cash Cash
Treaséry Arbitrageur Bond
ggrl]er > Buyer
Treasury yield Argentineyield
5% 24%
Payment if
remium 205y | Argertine
Bond defaults
Default
Swap
Buyer

Figure 4.5:  An investor exploiting an inflated Argentine default swap premium to achieve
an arbitrage of 1%

A similar type of arbitrage is seen in example 4.18, in which the favorable funding of a
bank is utilized.

Example 4.18: An AAA rated company has a funding of Libor — 30. The AAA
company purchases a double-BB rated asset with a coupon of Libor + 70. ¥ It hedges
the default risk with a default swap and pays — due to its AAA rating — a low annual
premium of 40 basis points. Graphically, this can be seen in figure 4.6.

The AAA rated bank is left with the default risk of the default swap seller and the
default risk of the BB-rated bond issuer. The correlation of the defaults of the default
swap seller and the BB-rated issuer is of importance, and will be discussed in detail
in chapter 5 on pricing.



Application of Credit Derivatives 81

Cash Cash
' _ Cesh | — » BB-rated
Funding AAA Bank Bond
Provider <«———  Arbitrageur «—— Seller
Libor -30Bp Libor + 708p
Defauit Swap | | VTR
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Default
Swap
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Figure 4.6: An arbitrageur exploiting his low funding cost to achieve an arbitrage of 60
basis points

In the following example, an arbitrageur exploits her favorable funding in connection
with a TROR.

Example 4.19:  An A-rated bank has a funding cost of Libor + 20 and purchases a
loan on Yahoo, which pays Libor + 70. If the bank can pay net 40 basis points in a
TROR, it makes an arbitrage of 10 basis points, as seen in figure 4.7.

In this example the A-rated bank is left with counterparty risk of the TROR receiver
and Yahoo. The arbitrageur is also exposed to basis risk: If the positive value change
of the loan in the cash market is less than the value change in the TROR, the arbi-
trageur will incur a mark-to-market loss. However, arbitrageurs will step in and
receive in the TROR and short the loan in the cash market, thus reducing the basis.

TROR
(Libor + 70 Bp
Cash plus value change)
— A-rated E—
Funding B TROR
Provider 47 Arbitrageur 47 receiver
Libor + 20 Bp Libor + 30 Bp

Cash Libor + 70 Bp

Y ahoo
Loan
Provider

Figure 4.7:  An arbitrageur exploiting her favorable funding in connection with aTROR to
achieve an arbitrage of 10 basis points
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In the following example, an arbitrageur can exploit the inequality of equation (2.2),
TROR = Default swap + Market risk, to achieve a profit.

Example 4.20:  An AA rated bank can achieve a low default swap premium of 20
basis points on a BBB-rated reference asset. If the bank receives Libor + 30 in aTROR
on the same asset and shorts a Treasury bond future in order to assume short market
risk, the bank achieves an arbitrage of 10 basis points, as seen in figure 4.8.

The bank is left with counterparty risk in the TROR and the default swap. The bank
is also exposed to TROR—default swap basis risk, since it receives in a TROR and pays
in the default swap. The bank is also left with TROR—Treasury futures risk: if the price
increase in the TROR is smaller than the price decrease of the Treasury future, the
bank will incur a mark-to-market loss. However, arbitrageurs will step in, pay in the
TROR and buy the future, which will reduce the basis.

TROR
(Libor + 30
plus price change) 20 Bp
— Default
TROR AA Bank S
Payer <—  Arbitrageur «— Bu;g'
Libor Payment in case
of default
Treasury
Bond
Future
Treasury
Bond Future
Buyer

Figure 4.8: An AA-rated bank exploiting a low default swap premium relative to a TROR

to achieve an arbitrage of 10 basis points

In the following example an arbitrageur exploits the inequality of equation (2.3), Repo
= Receiving in a TROR + Sale of the Bond.

Example 4.21:  Due to its AA rating, an investment bank can pay Libor + 30 in a
TROR, sell the TROR underlying bond, and receive Libor + 50 in a reverse Repo,
as seen in figure 4.9.

The arbitrage is 20 basis points, since the first and third horizontal legs in figure
4.9 cancel out. Hence the arbitrageur is left with receiving $1 million against Libor
+ 30 basis points and paying $1 million and receiving Libor + 50 in the reverse Repo.
The arbitrageur is left with counterparty risk of the TROR payer.
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Figure 4.9:  An arbitrageur doing a reverse Repo, receiving in a TROR and selling the bond

to achieve an arbitrage of 20 basis points

If the TROR Libor spread is higher than the Libor spread in the Repo, arbitrage with the
reverse flows to those in the figure 4.9 is possible. An arbitrageur can pay the spread in a
Repo, buy the bond and receive the high Libor spread in a TROR.

The next example shows how it is possible to exploit the fact that, with puts and calls,

a synthetic short (or long) position in the underlying asset can be created.

Example 4.22: In the credit-spread option market, credit-spread puts are often
slightly more expensive than credit-spread calls, since puts protect against credit dete-
rioration, thus demand is high. Hence, an investor can sell a 1-month credit-spread
put and buy a 1-month credit-spread call at a high identical strike of 60 basis points
above Libor, whereby the premiums add up to zero. In addition, the investor can sell
the underlying bond 1-month forward at Libor + 50 basis points, hence achieving an
arbitrage of 10 basis points, as seen in figure 4.10.

The investor is left with counterparty risk of the call seller, who in case of its default
and a credit quality increase of the bond will not be able to meet his obligation to
sell the bond at the strike of Libor + 60 basis points.
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Figure 4.10:  An investor creating a synthetic long position via selling a credit-spread put
and buying a credit-spread call. Together with a forward short position he achieves an arbi-

trage of 10 basis points.

The reader might get bored with all the arbitrage examples. So here is the last one. It

exploits the similarity between an equity put option and a default swap.

Example 4.23: A hedge fund can buy a far out-of-the-money put on the stock of
company X with a strike of $100 for 5 basis points. The hedge fund can also sell a
default swap for an upfront premium of 5 basis points. The maturity and notional
amount of the equity put and the default swap are identical.

Scenario 1:  The price of company X remains roughly unchanged. In this case, the
hedge fund does not incur a profit or a loss, since the put and the default swap lose
time value to a similar extent.

Scenario 2:  The credit of company X deteriorates (improves). In this case, the
value of the put and the default swap increase (decrease) by about the same amount.

Scenario 3:  Company X defaults and the stock price goes to zero. Let’s assume
the recovery rate is 15%. The hedge fund receives $100 on the put. However, the
hedge fund pays out only $100 — $15 = $85 on the default swap, achieving an arbi-
trage of $15.

With the relative value play in example 4.23, the hedge fund exploits its view on the
potential recovery rate. The hedge fund can also utilize the similarity between equity puts
and default swaps on its views of the future price spread between puts and default swaps.

In example 4.23 the hedge fund is left with systematic risk: If interest rates decrease

and stock prices increase, the put price may decline by more than the default swap
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Table 4.1:  Minimum risk weights of the 1988 Basel Accord

Issuer Risk Weight
(to be multiplied by 8%)

OECD?” governments 0%

(Plus guarantees or claims collateralized by an OECD government)

OECD incorporated banks 20%

(Plus guarantees or claims collateralized by an OECD incorporated

bank)

Loans secured by mortgage 50%
Corporations and non-OECD governments and incorporated banks 100%

premium. In example 4.23 we have also assumed that the equity put pays the full intrinsic
value ($100) in case of default. This is not always the case in reality. Certain put contracts

include a clause which only pays a percentage amount of the intrinsic value in case of default.

Regulatory Capital Relief

So far we discussed four applications of credit derivatives: hedging, yield enhancement, cost
reduction and convenience, and arbitrage. As the last application, we will discuss how finan-
cial and non-financial institutions can reduce their regulatory capital with credit derivatives.
Let’s first look at some basic elements of banking regulation.

In 1988 the Basel Committee on Banking Supervision20 of the BIS”' established the Basel
Accord. The key element of the accord is the capital adequacy ratio, which requires banks
to hold a minimum of 8% capital against the notional amount of risky assets appearing on
their balance sheet. The 1988 Basel Accord has since been established in over 100 countries
with minor adjustments to account for national laws and regulations.

The capital adequacy framework of the 1988 Accord established four risk-categories,
which were created to reflect the risk of the borrower. The categories and their risk-
weighting — all to be multiplied by 8% — are shown in table 4.1.

The risk categories in table 4.1 are naturally quite broad and lead to a misallocation of
capital. For example, Mexico as a member state of the OECD but only single-A rated,
enjoys a 0% risk weighting, in contrast to Singapore, which as a non-OECD member but
despite its AAA rating has a risk weight of 100% (X 8%). Thus capital is misallocated towards
OECD countries. The degree of differentiation in table 4.1 is also quite low. AAA and CCC
rated OECD incorporated banks fall in the same 20% risk weight category.

Under the Basel 1988 Accord, credit derivatives have been used to exploit the distor-
tion of risk weights to reduce capital requirements: A bank can enter into a credit deriva-
tive (e.g. buy a default swap) to substitute the risk weight of the issuer with the risk weight
of the credit derivative seller. Naturally OECD banks are often chosen as protection sellers

because of their low risk weights. As a consequence, protection buyers are often willing to
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Table 4.2:  Minimum risk weights in the new Basel Accord for assets of sovereigns and banks (to be

multiplied by 8%)

AAA to A+ to A— BBB+ to BB+ to B— Below B— Unrated

AA— BBB—

Sovereigns 0% 20% 50% 100% 150% 100%
Banks 20% 50% 100% 100% 150% 100%
Option 1

Banks

Option 2

>3 months 20% 50% 50% 100% 150% 50%
<3 months 20% 20% 20% 50% 150% 20%

pay a higher premium if the seller is an OECD bank, leading to an unfair trading advantage
of OECD banks.

Highly rated, non-OECD debt (e.g. Singapore) incurs the largest disparity between eco-
nomic and regulatory capital. Due to the high rating, the lending income is quite low and
due to the non-OECD status the capital requirement is high. Consequently, these credits
are often the ones that banks wish to hedge. The hedge provides high regulatory capital
relief due to the non-OECD status. If additionally the default swap seller is highly rated
(e.g. Deutsche Bank), the capital requirement for the protection buyer is low.

In light of the obvious shortcomings of the 1988 Basel Accord, the Basel Committee has
proposed a new more detailed capital adequacy framework called Basel II, which will
replace the 1988 Basel I Accord. The latest version was published in October 2002 with a
supplement in April 2003.”* Let’s have a look at the basic elements.

The Basel II Accord

The Basel I Accord is a consultative, preliminary document, principally designed for inter-
nationally active banks. It is intended to “align capital adequacy assessment more closely
with the key elements of banking risks and to provide incentives for banks to enhance their
risk measurement and management capabilities.” The purpose of the new accord is to “con-
tribute to a higher level of safety and soundness in the financial system 2" The Basel Com-
mittee is explicitly asking for comments and feedback on their proposal.

The new accord consists of three pillars. Pillar 1 sets the new minimum capital require-
ments for market risk, credit risk, and operational risk. Pillar 2 focuses on the supervisory
review process. Pillar 3 determines the disclosure obligations of the banks for market,
credit, and operational risk. Let’s look at the new minimum capital requirements of the
banks in pillar 1.

The new minimum capital requirements set out in pillar 1 are summarized in table 4.2
and table 4.3. As in the 1988 Accord, cach weight is multiplied by the minimum capital

ratio 8%.
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Table 4.3:  Minimum risk weights in the new Basel Accord for corporations (to be multiplied by
8%)

AAA to AA- A+ to A— BBB+ to BB— Below BB— Unrated

Corporations 20% 50% 100% 150% 100%

The risk weights for sovereigns (table 4.2 row 1) are determined by the Basel Commit-
tee. To derive the risk weights for banks, national supervisors have two options.

Option 1 (table 4.2 row 2) is derived by assigning one risk category less favorable (i.e.
higher) than the sovereign rating (table 4.2 row 1), whereby the possible risk categories are
set as 0%, 20%, 50%, 100%, and 150%. However, risk weights of banks rated BB+ to B—
and unrated banks are capped at 100%. The risk weight for banks with a B- and worse rating
is equal to the sovereign rating of 150%, since 150% is the highest category.

Option 2 allows banks to choose an external rating assessment. Let’s assume these risk
weights are as in row 3 in table 4.2. Tt then follows that for maturities below 3 months,
banks may apply a risk weight one category more favorable than for maturities above 3
months, with a minimum risk weight at 20%. However, this treatment does not apply to
risk weights in the 150% category. In this case, the risk weight remains 150%.

For corporations, 5 instead of 6 risk brackets are established table (4.3).

The risk weights in tables 4.2 and 4.3 are definitely a welcome refinement of the old
accord. Nevertheless the somewhat cumbersome nature with many exceptions lacks
stringency.

Furthermore, a weakness in tables 4.1 and 4.2 is that the unrated risk weight is usually
lower than that of the lowest rated bracket. This might encourage corporations with declin-
ing credit to choose not to re-rate in order to gain the lower risk weight of the non-rated
bracket. The Basel Committee has addressed this problem and has proposed that supervi-
sors should require a higher risk weight than 8% if a corporate tries to exploit the lower
risk weight of unrated corporations.

A further drawback is that many foreign companies are not rated, so that their risk weight

would be naturally that in the unrated bracket although their default risk varies strongly.
Standardized versus IRB approach

The Basel Committee refers to the risk weight approach in tables 4.2 and 4.3 as the stan-
dardized approach. This approach is intended to neither raise nor lower the regulatory capital
compared to the 1988 Accord. The Basel Committee also proposes an internal rating based
(IRB) approach. In this approach in option 2, banks can internally choose a rating from a
certain external agency, e.g. Standard & Poors, Moody’s, or Fitch. The internal rating based
approach is divided into the foundation and the advanced approach.

In the foundation IRB approach, banks that meet robust supervisory standards will inter-
nally derive the probability of default of an obligor. Additional risk factors such as expo-
sure given default and loss given default are derived with the help of the standardized

supervisory estimates.
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The advanced IRB approach is available for financial institutions that meet more rigor-
ous regulatory standards. Under the advanced IRB approach banks have more freedom to
determine the various components of risk. However at this point in time, the Basel Com-
mittee is stopping short of allowing banks to calculate their own capital requirements based
on their own models. Nevertheless, the Basel Committee “hopes to see more banks moving
from the standardized approach to the IRB aloloroach.”25

It is important to mention that the standardized as well as the IRB approach are designed
for assets in the banking book and not the trading book of a financial institution. Let’s just

clarify the difference.
Banking book versus trading book

The banking book constitutes the account where a bank’s conventional transactions such as
loans, bonds, deposits, and revolving credit facilities are recorded. On average, most of these
instruments are of a long-term nature and are intended to be held until maturity. Thus, since
they are not traded on a regular basis, most tend to be quite illiquid. In addition, assets held
in the banking book are recorded at their historical costs and any profits or losses are there-
fore not accounted for until the instruments are either sold or reach maturity.

A trading book comprises instruments that are explicitly held with trading intent or in
order to hedge other positions in the trading book. They tend to be traded frequently and
are short-term in nature, usually less than 6 months. In addition, instruments eligible to be
held in the trading book have to be marked-to-market on a daily basis and thus any profit
or loss is accounted for immediately in the profit and loss account. Thus the major differ-
ences between the two books are their respective valuation techniques, the relative matu-
rity of the assets held, and the specific intent with which they are held.”

Instruments held in the trading book tend to require smaller capital charges than posi-
tions held in the banking book, which naturally provides incentives for banks to record as
many transactions as possible in the trading book. The reasons for the differentials in capital
charges are linked to the differences described above.

First, whereas the daily marking-to-market of trading book instruments allow for the
immediate recognition of market risk, this feature is not included in the banking book due
to its use of historical cost accounting. Therefore, since any potential losses are not
accounted for until the asset is sold, exposures are considered more risky when held in the
banking book.

Second, the short-term nature and higher liquidity of positions held in the trading book

imply lower risk and therefore merit lower capital charges.

Risk Weights for positions hedged by credit
derivatives in the banking book

The above-mentioned distinction between the banking book and trading book is crucial for
determining the risk weight for credit derivatives exposure. For credit derivatives that
hedge exposure in the banking book, the New Basel Capital Accord specifies the risk weight

r* for the buyer of a credit derivative as:



Application of Credit Derivatives 89
r*=w><r+(1—w)><g 4.3)

where
w: weight applied to the underlying exposure (w is set at 0.15 for all credit derivatives
recognized as giving protection)
r: risk weight of the underlying obligor
g: risk weight of the protection seller.

Including the notional amount N, the total amount of capital required for protection is N
X r¥;

Nxr*=N[wXr+(1-w)Xg] (4.4)

Let’s show in an example how the capital requirement of a hedged position is reduced in

the new accord.

Example 4.24: Under the old accord the risk weight of a sovereign BBB-rated,
non-OECD obligor is 100% (see table 4.1). Thus the capital requirement for a
$1,000,000 investment under the old accord is $1,000,000 X 100% X 8% = $80,000.

Under the new accord the risk weight of any sovereign BBB-rated obligor is
r = 50% (see table 4.2). The risk weight of a BB-rated default swap selling bank is
g = 100% (see table 4.3). Following equation (4.3) the total risk weight (bond
plus default swap hedge) under the new accord using a default swap as a hedge
is r* = 15% X 50% + (1 — 15%) X 100% = 0.925 and the capital requirement is
$1,000,000 X 0.925 X 8% = $74,000.

If the default swap selling bank is an AAA-rated bank (20% risk weight, see table
4.2) the total risk weight under the new accord is r* = 15% X 50% + (1 — 15%) X
20% = 0.245 and the capital requirement is a mere $1,000,000 X 0.245 X 8% =
$19,600.

Example 4.24 shows the reduction of required capital under the new accord when credit
derivatives are utilized. The reduction is especially high for non-OECD debt and high rated
protection sellers.

The w-factor in equations (4.3) and (4.4) is designed to capture any type of residual
operational risk (e.g. legal risk or criminal risk) that makes the protection unenforceable.
In the recent past, the w-factor has encountered heavy criticism, especially from the ISDA
(International Swap and Derivatives Association, sce www.ISDA.org). As a consequence, in
September 2001, the Basel Committee reconsidered their standing on the w-factor saying:
“After further consideration, the Capital Group believes the most effective way forward
would be to treat this residual risk under the proposed framework’s second pillar, i.e. the
supervisory review process, rather than using the w-factor under the first pillar, i.e.
minimum capital requirements.”27
The elimination of the w-factor would eliminate the residual risk in the calculation of

the risk weight of credit derivatives, thus reducing equation (4.3) to:
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r¥, = g. 4.5)

Thus the new risk weight for credit derivatives r*,_, would be merely the counterparty
risk of the protection seller g. From equation (4.3) we can see that this increases or
decreases the new risk weight r*,_, compared to the old r*, depending on the relationship
r (risk weight of the underlying obligor) and g (risk weight of the protection seller). For r
< g, it follows that the new weight r*,_, is higher than the old r*, and vice versa. For g =

r it follows that the old and new risk weight are identical 1, = r*.

Risk weights for positions hedged by credit
derivatives in the trading book

Credit derivatives are typically short-term and are often used for trading purposes. Thus
the new Basel Committee regulations for the trading book will apply to many credit deriv-
atives held by banks. For positions in the trading book that are hedged by default swaps and
credit linked notes, the Basel Committee grants partial capital relief.

If the default swap or credit linked note exactly hedges the underlying position in terms
of maturity, notional amount, and currency, an 80% risk offset is granted to the transac-
tion with the higher capital charge, while the side with the lower capital charge receives no
capital relief. Transaction in this case means the underlying position and the hedge. Thus, if
a bond were hedged with a default swap, the bondholder and default swap buyer would be
granted the capital relief, since this transaction has the credit exposure and consequently

the capital charge. Let’s look at an example.

Example 4.25: A bank owns a BB-rated sovereign bond with a notional amount
of $1,000,000. The bank decides to hedge the credit risk with buying a default swap.
The underlying of the default swap is the BB-rated bond and the default swap has the
same notional amount, maturity, and currency as the bond. The sovereign bond and
default swap is marked-to-market, thus managed in the trading book of the bank.

The BB-rated sovereign bond has a risk weight of 100% (sce table 4.2). Thus the
capital charge without utilizing the Basel IT offset for hedged positions is $1,000,000
X 100% X 8% = $80,000.

Using the new Basel II regulation, the default swap grants an 80% risk offset. Thus
the capital requirement reduces to $80,000 — (880,000 X 80%) = $16,000.

For TRORs that hedge a trading book position, a 100% offset is granted, if the TROR
matches the position exactly with respect to the underlying asset, maturity, notional amount
and currency. This is reasonable, since a TROR, in contrast to a default swap, also hedges
market risk.

For transactions where there is no mismatch with respect to the notional amount, but
there is a mismatch in currency or maturity, the capital charge is applied only to the side

with the higher capital requirement.
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The BIS minimum capital requirement for combined
credit, market, and operational risk

In January 2001, the BIS defined a combined credit, market, and operational risk require-
ment.” It is calculated as total capital divided by credit risk plus 12.5 times the sum of
market risk plus operational risk, as seen in equation (4.6):

Total capital (tiers 1 and 2)
Credit risk +12.5 X (Market risk + Operational risk) .

(4.6)

The resulting ratio of equation (4.6) cannot be less than 8%. Tier 1 capital in equation
(4.6) is defined as core capital, including permanent sharcholders’ equity and disclosed
reserves. Tier 2 capital is limited to 100% of Tier 1 capital. The fact that in equation (4.6)
only market risk and operational risk, but not credit risk is weighted with 12.5, has a tech-
nical reason: The market risk charge and operational risk charge are calculated directly on
the underlying assets, whereas credit risk is calculated on the already risk-weighted assets.

Let’s look at a simple numerical example of equation (4.6).

Example 4.26: Bank X has combined Tier 1 and Tier 2 capital of $3 billion. Bank
X also has risk-weighted assets compiled for credit risk of $10 billion, a market risk
charge of $1 billion, and an operational risk charge of $2 billion. Following equation
(4.6), we derive

3

———=6.32%.
10+12.5x (142)

Since the BIS has set the combined minimum ratio at 8%, the ratio in this example
is too low. Hence the bank has to either increase its Tier 1 or Tier 2 capital, or reduce
its credit, market or operational risk requirement via reducing these risks. The risks
can be reduced by either selling risky assets, entering into trades that net the origi-
nal trades, or, as discussed in detail, with derivatives.

SuMMARY OF CHAPTER 4

In chapter 4, the various applications of credit derivatives in practice were discussed. We categorized
five types of applications: hedging, yield enhancement, cost reduction and convenience, arbitrage,
and regulatory capital relief.

Hedging various types of risk is one of the major applications of credit derivatives in practice.
In terms of risk we can distinguish three main areas: market risk, credit risk, and operational risk.

Default swaps hedge credit risk, however, not market risk. Whether default swaps hedge opera-
tional risk depends on the impact of the operational damage on the credit quality. The higher the
impact, the higher is the operational risk hedge that default swaps provide.
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TRORs provide a hedge against credit risk as well as market risk. TRORs also provide an opera-
tional risk hedge if the operational damage leads to a price decrease of the reference asset.

Credit-spread products, which are comprised of credit-spread options, credit-spread forwards,
and credit-spread swaps, all hedge credit risk. They do not hedge against market risk, if the interest
rate movements do not alter the credit-spread. As with default swaps, credit-spread products provide
a hedge against operational risk, if the operational damage leads to a price change of the reference
asset.

Yield enhancement is another popular application of credit derivatives. There are many ways
to achieve an additional return. Most CLN and CDO structures provide the investor with an above
market yield in return for assuming credit exposure on a certain credit.

Other popular yield enhancement strategies are covered credit-spread put selling strategy to exploit a
static or an increase in credit quality, covered credit-spread call selling to participate in a static or slight
decrease in credit quality, shorting a digital credit straddle to exploit a ranged credit quality, a credit-
spread forward strategy exploiting a possible flattening or steepening of the credit curve, or selling a
credit-spread straddle in order to participate in a decrease of the credit-spread implied volatility.

It should be mentioned that many of the mentioned yield enhancement strategies incur high down-
side risk. Thus an investor should have a stop-loss to limit potential losses.

Cost reduction and convenience are further motivations to use credit derivatives. Cost reduc-
tion can often be achieved when the cash market is quite illiquid and shorting bonds and loans is
expensive. Often it is cheaper to conveniently short a credit in the TROR market than borrowing it
in the Repo market and selling it in the secondary cash market. This is especially true for institu-
tions with a bad credit rating. Credit derivatives can eliminate or reduce their high funding
disadvantage.

Companies can also reach their required return on investment by shorting credit derivatives. Fur-
thermore, companies can conveniently enhance their diversification by swapping credit derivatives,
often at zero cost.

A further benefit of credit derivatives is maintaining a good bank—client relationship. If the credit
line of a client is full, the bank might sell the credit in the cash market and the client might be upset
seeing his credit resurfacing. Even worse, the bank might inform the client that no further credit is
available. However, by purchasing protection on the credit the bank can discreetly hedge the expo-
sure and extend the credit line, maintaining a good bank—client relationship.

Arbitrage is a further motivation for using credit derivatives. In this book arbitrage is defined
narrowly as a risk-free profit. Thus we are excluding strategies such as “risk-arbitrage” or “take-over
arbitrage,” which include the possibility of a loss.

Arbitrage opportunities exist because cash instruments or other credit derivatives can replicate
many credit derivatives. If the equation Return on risk-free bond = Return on risky bond — Default
swap premium is not satisfied, arbitrage exists. If the Return on risk-free bond < Return on risky
bond — Default swap premium, an investor can buy the risky bond, buy a default swap, and short
the Treasury bond to achieve a risk-free profit.

If Return on risk-free bond > Return on risky bond — Default swap premium, an investor can
short the risky bond, short the default swap, and buy the Treasury bond. The main assumptions under-
lying this type of arbitrage are that market risk affects the risky and the risk-free bond to the same
extent, there is no additional cost for shorting bonds, and we abstract from counterparty risk of the
default swap seller.

Further arbitrage opportunities exist if the equation TROR = Default swap + Market risk and the
equation Repo = Receiving in a TROR + Sale of the Bond are not satisfied. Arbitrage also exists if
an investor can achieve a synthetically long (short) position with a credit-spread put and call, which
has a higher return than a cash forward short (long) position. Hedge funds have recently made use
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of the close relationship between equity puts and default swaps to exploit their views on the poten-
tial recovery rate to achieve arbitrage.

Regulatory capital relief can be achieved with credit derivatives. The Basel II capital accord,
which is currently being assessed by practitioners and academics, is scheduled to be implemented in
2007. The accord sets new risk weights for sovereigns, banks and corporations based not on OECD
membership as in the old accord, but based on external and internal ratings. The Basel Committee
encourages the implementation of the internal rating based approach, which to a certain extent
allows banks to determine default probabilities, loss given default, and other components of risk,
based on their own internal models.

The Basel Accord specifies capital requirements for positions in the banking book and the trading
book of a financial institution. Since the trading book requires lower capital charges, financial insti-
tutions will try to book most of the credit derivatives in the trading book.

With respect to the banking book, the capital group of the Basel Committee has recently decided
to abandon the controversial w-factor. It was designed to capture residual operational risk, which
would make the protection unenforceable. As a result of the elimination of the w-factor, the risk
weight for a buyer of protection is simply the risk weight of the protection seller.

With respect to the trading book, the new Basel Accord grants an 80% capital relief for exposure
hedged by default swaps and credit linked notes, if the maturity and notional amount of the expo-
sure are exactly matched. For TRORs, which in contrast to default swaps also protect against market
risk, a 100% risk offset is granted, if the underlying position is exactly matched.
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QUESTIONS AND PROBLEMS

Answers, available for instructors, are on the Internet. Please email gmeissne@aol.com for the site.

4.1 Name five applications of credit derivatives.What do you consider the most important application of credit
derivatives for the financial markets?

4.2 Name the three types of risk that are currently differentiated. How are market risk and credit risk related?

4.3 Does (a) a default swap, (b) a TROR, (c) a credit-spread option hedge operational risk? Discuss each point.

4.4 Explain why the term “covered” credit-spread put selling is somewhat misleading. Do you believe it is cur-
rently a good idea to do a covered credit call selling strategy?

4.5 Do you think a naked short credit-spread straddle strategy is currently a good strategy? What is the
maximum loss of this strateqy? What additional trade should an investor implement, when using a naked
short credit-spread straddle strategy?

4.6 Show in an example how credit derivatives can be cheaper than using cash instruments.

4.7 One of the main benefits of credit derivatives is maintaining a good bank—client relationship. Explain why.

4.8 Show an arbitrage opportunity with (a) a default swap, (b) a TROR, (c) a credit-spread option. Discuss
each point individually.

4.9 What is the purpose of the capital adequacy ratio? Discuss the equation:

Total Capital (Tier 1and 2)
Credit Risk +12.5 X (Market Risk + Operational Risk)

2 8%.

4.10  What is the difference between the standardized approach and the IRB approach in the new Basel II
Accord? Do you think it is reasonable that the Basel Committee has set different capital ratios for the
banking book and the trading book?

NOTES

1 For a good introduction to the operational risk market see Cruz, M., Modeling, measuring and
hedging operational risk, Wiley, 2002.
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For hedging interest rate risk with derivatives see Meissner, G., Trading Financial Derivatives,
1998, chapters 3, 5, and 10.

WTI stands for West Texas Intermediate. WTT is a type of oil that can be delivered under the
light crude oil futures contract.

Backwardation stands for a decreasing futures curve, i.e. short-term future prices are higher
than long term future prices. The opposite applies to contango.

For calculating volatility see Meissner, G., Outperform the Dow, Wiley 2000, pp. 151ff.

For a standard Black-Scholes model valuing options on credit-spreads see www.dersoft.com/
csobs.xls.

ISDA, www.ISDA.org, Article 1V, p. 16.

BIS, The New Basel Capital Accord, www.BIS.org, January 2001, p. 94.

A fixed reverse floater pays an interest rate of x% — 6 ML (6-Month Libor). Thus if the 6 ML
increases, the interest rate payments of the fixed reverse floater will reduce.

Basel Committee of Banking Supervision, “Quantitative Impact Study 3, Technical Guide,”
www.BIS.org, pp. 6ff; see section “Regulatory capital relief” in this chapter; for a detailed dis-
cussion on VAR, see chapter 6.

See www.dersoft.com/csobs.xls.

See www.dersoft.com/csobs.xls.

See again www.dersoft.com/csobs.xls.

An at-the-money forward spread is a spread at which the strike spread is equal to the forward
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CHAPTER FIVE

THE PricING OF CREDIT DERIVATIVES

Patience is a minor form of despair, disguised as a virtue. (Ambrose Bierce)

The pricing of most credit derivatives is more complex than that of equity, commuodity,
interest rate, or foreign exchange derivatives. One reason for the higher complexity is that
the market price for the underlying variable (i.e. the bond or loan) is often not easily observ-
able. This is especially true for loans, which typically do not trade in a secondary market.
Even if substantial research is conducted, measuring the credit quality of a debtor can be
difficult, since credit quality criteria such as quality of the management or intangible assets
are difficult to quantify.

However, if the underlying company is rated by an agency, traders can use the rating of
the agency as a proxy for the value of the debt. Nevertheless, this might be problematic,
since different rating agencies sometimes derive different ratings for the same debt. In addi-
tion, published ratings are often outdated, since agencies are not able to analyze the under-
lying debt on a timely basis.

Pricing credit derivatives is also problematic because defaults are rare events. Especially,
since a company typically only defaults once, empirical data on the default of a solvent
company is typically unavailable. To overcome this obstacle, it is often assumed that
companies in the same credit category and sector display similar default dynamics and
properties.

In addition, there are numerous causes for default. There can be internal causes such as
mismanagement, incompetence, or fraud; and external causes such as a recession or stiff
competition. Typically default is caused by a combination of factors, whose correlation has
to be integrated into the pricing model.

Furthermore, with credit derivatives, the counterparty risk is an important pricing
element, since the default of the underlying debt typically leads to a large settlement
payment of the protection selling counterparty. Ideally, the correlation between the default
risk of the counterparty and the default risk of the underlying debt should be considered
in the pricing process. Furthermore, the correlation between credit risk, market risk, and
operational risk should be recognized when pricing credit derivatives. All this makes pricing

credit derivatives not an easy venture.



The Pricing of Credit Derivatives 97

Credit Derivatives Pricing Approaches

Various approaches to price credit derivatives exist. They can be categorized as (a) tradi-
tional models or (b) structural models — which are comprised of (b1) firm value models
and (b2) first-time passage models, and (c) reduced form models.

Traditional models value credit risk based on historical data. A risky bond price is derived
by observing default rates of past losses or downgrades of bonds with comparable credit
rating and seniority. Beside the obvious constraint of projecting historical data into the
future, these data-fitting approaches often abstract from the economic situation. This is
problematic since default and recovery rates are dependent on the business cycle (i.e.
whether the economy is in a recession or boom).

In this context, Altman (1989) in an often-cited article, found that investors appear to
be highly risk-averse: When taking into account past default rates, the return of an invest-
ment in risky bonds was significantly higher than the return on Treasury bonds. "This implies
that investors are not risk-neutral but require a high-risk premium when investing in risky
bonds. Part of the low risky bond price can be explained by the lower liquidity of risky
bonds and by the anticipation of a recession, which would increase downgrade and default
probabilities.

Structural models derive the value of credit risk by analyzing the capital structure of the
company. Robert Merton in 1974 in a seminal paper laid the groundwork for structural
models. The Merton model is mathematically identical with the original Black-Scholes
model,” however the variables are redefined.’ The basic concept of the Black-Scholes-
Merton model underlies structural credit risk models as well as reduced form credit risk models.
Before we discuss the Black-Scholes-Merton as well as structural and reduced form models

in detail, let’s observe some simple approaches to generating the probability of default.

Simple approaches

Let’s first have a closer look at some basic pricing features of credit derivatives. Table 5.1
shows the input variables for deriving the price of a credit derivative.

Integrating all of the issues in table 5.1 into a single pricing model is not a trivial task.
Currently no pricing model is accepted as a benchmark model as, for example, the Black-
Scholes model for standard options. In the following, let’s look at the most popular credit
derivative, a default swap and how the default swap premium is usually derived in trading

practice.

The default swap premium derived from asset swaps

As already discussed in chapter 2, asset swaps and default swaps are quite similar instru-
ments (compare figure 2.7). The asset swap spread reflects the credit quality difference
between the underlying asset and a risk-free Libor flat asset. Equally, the default swap
premium reflects the credit quality difference between the risky asset and a risk-free asset,

expressed as a difference in the yields (compare equation (2.1a) and (2.1b) and figure 2.4).
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Table 5.1: Inputs for deriving a credit derivatives price

Input variables for deriving the price of a credit derivative

1) Default probability and credit deterioration probability of the reference asset
2)  Default probability and credit deterioration probability of the credit derivatives seller
3) Correlation between 1) and 2)
4)  Volatility of the underlying reference asset
5) Volatility of the credit derivatives seller
6) Correlation between 4) and 5)
7)  Maturity of the credit derivative
8)  Expected recovery rate of the reference asset
9)  Expected recovery rate of the credit derivatives seller
10)  Return of the reference asset (e.g. coupon of the reference bond)
11) Risk-free interest rate term structure used to discount future cash flows
12)  Default probability of the credit derivatives buyer in case of periodic credit derivative
premium4
13)  Expected recovery rate of the credit derivatives buyer in case of periodic credit derivative
premium
14)  Correlation between the default probability of the credit derivatives buyer and the reference
asset in case of periodic credit derivatives premium
15)  Market risks (as interest rate risk, currency risk, commodity risk, and stock price risk) and
the correlation between market risk and credit risk
16)  Operational risks (c.g. legal risks, documentation risks, or settlement risks), which might
endanger the enforceability of the payoff and the correlation between operational risk and
credit risk
17)  Liquidity of the credit derivative
18)  Liquidity of the underlying reference asset
19)  BIS risk weight of the credit derivatives seller
20)  Urgency of protection (e.g is an immediate credit deterioration expected or does the
protection free up credit lines to enable further business with a client)

21) Transaction costs

As a consequence, default swap traders often use the asset swap spread as a benchmark
for deriving the default swap premium. The equality of the asset swap spread and the default
swap premium can be shown with an arbitrage argument similar to the one in example
4.18.

In figure 5.1, *x” represents the asset swap spread. Let’s assume identical currency, matu-
rity, and notional amounts for the funding, the investment in the A-rated asset, and the
default swap. From figure 5.1 we can see that the no-arbitrage condition for the investor,
assuming he finances at Libor flat, is d = x.

In the default swap market, the difference d — x is called the basis. A long basis trade
means buying the reference asset and buying protection as in figure 5.1. A short basis trade
means shorting the asset and shorting default protection. If d > x, the basis is termed pos-

itive, if d < x, the basis is negative.
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Figure 5.1: An investor buying an asset and hedging the credit risk with a default swap (Bp =

basis points)

As pointed out, in an arbitrage-free environment, the no-arbitrage condition for Libor

flat funding is d = x. However, in trading practice there are some features, which can

increase or decrease the basis.

Features that increase the basis (default swap premium d — asset swap

spread x)

1

Natural market: The default swap market has grown into the natural market to hedge
credit risk. Especially for 3- to 5-year maturities many credit hedgers use the liquid
default swap market rather than the asset swap market, driving default premiums up.
Convertible bond arbitrage: Hedge funds and other financial institutions strip the credit
risk from the convertible bond and hedge it with default swaps to concentrate on man-
aging the equity option.

The delivery option: In a default swap the delivery option allows the protection buyer to
choose delivery from a pre-defined pool of assets, which increases the value of default
swaps Compared to asset swaps

Default criteria: Default criteria are clearly defined in the ISDA 1999 definitions, which
facilitate trading. Also, default swap payments may be triggered by events, which do
not constitute default in the cash market.

Features that decrease the basis (default swap premium d — asset swap

spread x)

1

Counterparty risk: The default swap buyer is exposed to higher counterparty credit risk
than the asset swap payer, since in an asset swap two cash flows of similar value are
exchanged on a regular basis.

Marking-to-market in default: In case of default, it is typically quite difficult to mark-to-
market an asset swap. Default swaps are designed to function in a default, so their
marking-to-market is typically easier to achieve. This might drive asset swap spreads
up, since the asset swap fixed rate payer, who will suffer a financial loss in the event of
default, might want to be compensated for the higher uncertainty with receiving a

higher spread.



100  The Pricing of Credit Derivatives

Deriving the default swap premium using arbitrage
arguments

We already derived an important arbitrage argument in chapter 2, which is used in tradin
y p ge arg p g
practice to help determine the price of a default swap. The relationship was expressed in

equation (2.1):

Return on risk-free bond = Return on risky bond — Default swap premium (p.a.).

(2.1b)

Solving equation (2.1b) for the default swap premium, we get:

Default swap premium (p.a.) = Return on risky bond — Return on risk-free bond.

G.1)

Equation (5.1) can only serve as an approximation, as already discussed when examin-
ing equation (2.1) in chapter 2. Equation (5.1) abstracts from several features, which have
to be included in the pricing of a defaults swap. We have listed these inputs in table 5.1.
One of the most important points —and which is not included in equation (5.1) —is counter-
party risk (i.e. the risk that the default protection seller defaults). As mentioned above,
counterparty risk is an important feature, since in the case of default a typically large
payment is due from the protection seller. In addition, the correlation between counter-
party default risk and default risk of the underlying asset is of importance, since the default
protection buyer will incur a loss in the amount of his reference asset value plus the default
swap premium (minus the recovery rate of the reference asset issuer and the counterparty),
if both the protection seller and the underlying asset default. These issues will be discussed
later in this chapter.

“1 price it where I can hedge it

swaps using hedging arguments

Pricing default

In the following, we will derive a price range for a default swap premium based on hedging
considerations. Let’s just recall the basic structure of a default swap, as seen in figure 5.2.

Since bank A has bought the default swap on a bond, it is short the credit risk of the
bond (bank A’s present value of the default swap will increase, if the bond price decreases
due to credit deterioration). Thus to hedge the long default swap position, bank A has to
go long the bond. If the funding for bank A is Libor + w and the bond pays Libor + x, the
hedge of bank A can be seen in figure 5.3.

In figure 5.2, bank B is short the default swap, thus has a long bond position. Thus to
hedge it, bank B has to short the bond. If bank B borrows the bond in the Repo market,
the hedge can be seen in figure 5.4.

In a Repo the interest rate paid is usually sub-Libor, since the cash lender bank B has
very little risk, since it receives the bond as collateral. This is why bank B only receives
Libor —y.
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Premium (upfront or periodically)

Bank A PR Bank B
Payment in case of default
of reference bond
Figure 5.2: A standard default swap transaction
Cash
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Libor + w
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Figure 5.3: Bank A hedges a long default swap position by going long the underlying bond (Bank

A’s income is x — w)

Bondintg
. Cash
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Counterpart >
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Bondint; L+|l;)(or Cash
Bond
Buyer

Figure 5.4: Bank B hedges a short default swap position by borrowing the bond in the Repo
market and shorting it;* bank B’s cost is x — (=y) =x +y

From figures 5.3 and 5.4 we can conclude that the income of the hedge for bank A is
x — w. The cost for bank B is x + y. Hence, if the default swap price is derived on the basis
of hedging costs, the price of the default swap lies between x — w and x + y. Let’s look at

an example.
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Example 5.1: Bank A is long a default swap, bank B is short the default swap. To
hedge their position, bank A has to go long the underlying bond, bank B has to borrow
the bond in the Repo market and short it.

Bank A’s funding cost is Libor + 50. The bond pays Libor + 200. Bank B’s interest
rate received in the Repo is Libor — 30. Thus w = 50, x = 200 and y = 30. There-
fore the default swap price lies between 200 — 50 = 150 basis point and 200 + 30 =
230 basis points.

Note that if the banks A and B agree on a price of 200 basis points, they will both
lose money on the deal: Bank A pays 200 basis points for the default swap and receives
150 basis points in the hedge. Bank B receives 200 basis points from selling the default
swap, but pays 230 basis points in the hedge.

The reasons why both banks might still enter into the default swap transaction, are the

following:

*  Bank A might be willing to pay a high price for the default swap, since the default swap
might free credit lines to enable further credits to the client;

*  Bank B might be a speculator and be willing to sell the default swap for 200 basis points;

* The default swap might increase the diversification for bank A and bank B;

* The low rating of bank A or bank B might make the default swap attractive relative to
funding the transaction in the cash market;

*  Due to low liquidity in the cash market, the default swap might still be more attractive
than a cash deal;

*  The off-balance-sheet feature might make the default swap more attractive than a cash

transaction.

It is important to mention, that the profit of the hedged position for bank A and bank B
depends on the funding cost and the interest rate paid in the Repo. In the above example
5.1, the breakeven default swap premium for both banks is 230 basis points if the funding
cost of bank A is Libor — 30.

If the funding cost of bank A is even lower than Libor — 30 and the interest paid in the
Repo is higher than Libor — 30, one or both banks can achieve a profit on their hedged
position. For example, if the funding of bank A is Libor — 40 and the interest rate paid in
the Repo is Libor — 20, a default swap premium of 230 basis points leads to a profit of 10
basis points for bank A and bank B.

Deriving the default probability and the upfront
default swap premium on a binomial model

Deriving the probability of default of the underlying debt is one of the most important fea-
tures when pricing credit derivatives. In the following, we will present a simple binomial
model to find the risk-neutral probability of default.
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Figure 5.5: A two-period tree of risky debt with a notional amount of 1
A, = risk-neutral default probability in period t — 1;° RR = recovery rate (exogenous); r = risk-free

interest rate.

Risk-neutrality is an important concept when pricing derivatives. If investors are risk-
neutral, they do not require a compensation for taking risk. As a consequence, the expected
return on all securities (including derivatives) is the risk-free interest rate. Hence, the
present value of any security can be derived by discounting all future cash flows with the
risk-free interest rate. The concept of risk-neutrality will be discussed in more detail in
the section “Basic Properties of the Black-Scholes-Merton model,” and “When to use mar-
tingale probabilities, when to use historical probabilities” in the presentation of the Jarrow-
Lando-Turnbull 1997 model.

The binomial price tree of a two-period risky debt with a notional amount of 1 can be
found in figure 5.5.

In figure 5.5 we can see that the value of the debt is set to 1 at time 0. At time 1 the
debt has either defaulted with probability A and the debt will have a value of the recovery
rate RR, or the debt will have not defaulted with probability 1 — Ao. It is assumed that the
debt, if it has defaulted, will stay in default. Thus at time 2, the debt, if it has defaulted in
time 1, will stay in default with a probability of 1 (dashed line in figure 5.5). Hence the
received recovery rate RR at time 1 will increase to RR(1 + 1) at time 2.

If the debt has not defaulted at time 1, it can either default at time 2 with probability
A1, in which case the value of the debt is RR at time 2. If the debt does not default at time
2, the debt will mature with a value of 1 with a probability of 1 — AL

Let’s now include the annual return of a risk-free debt r and an annual default swap
premium of s in the tree. For a $1 investment in the risk-free debt an investor receives
1 + r at the end of period 1. Also, if we solve equation (2.1b), Return on risk-free asset

r = Return on risky asset — Default swap premium (p.a.) s, for the risky bond return we get:

Return on risky asset = Return on risk-free asset r + Default swap premium (p.a.). s
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Figure 5.6:  Cash flows of a one-period and a two-period risky debt issue with a notional amount
of 1
A: risk-neutral default probability in period t — 1; RR: recovery rate (exogenous); r: risk-free inter-

est rate; s: default swap premium.

Thus the risky investment of $1 will grow to I +r+sat the end of period 1. If we include
these cash flows, we derive for a one-period debt and a two-period debt issue the binomial
trees as in figure 5.6.

We can now find the risk-neutral probability of default during period 1, Ao, by using the
risk-neutral relationship that the expected return of the risk-free debt, 1 + r,, must be equal
to the expected return of the default probability weighted risky debt. From the one-period

tree in figure 5.6, we derive the returns at the end of period 1:
1415 = ARR(1+15 +50) + (1= Ao )(1+ 1, +5). (5.2)

Dividing equation (5.2) by (1 + ry), we find another intuitive interpretation from equation

(5.2a):
1= [KORR(1+r0 +sO)+(1—7\.0)(1+r0 +so)]/(1+r0). (5.2a)

Equation (5.2a) reflects the risk-neutral pricing principle: all expected cash flows [A, RR
(1 410+ s0) + (1 = Ag) (1 414+ s)] are discounted with the risk-free rate ro, to derive
the (given) present value of 1.

Solving equation (5.2) or (5.2a) for the risk-neutral probability of default in period 1,

Ao, we derive:

So

o (141, +s,)(1—RR)

(5.3)

The values of 1y and s, can be found in the market. However, to derive Ay, we have to
also determine the recovery rate RR. This can be done by observing the recovery rate of
previously defaulted debt with identical seniority in the same sector as the underlying debt.
Let’s look at deriving the probability of default in an example.
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Example 5.2:  The 1-year risk-free interest rate r = 5%, the 1-year default swap
premium s = 3%, and the recovery rate is assumed to be RR = 60%. What is the risk-
neutral probability of default in period 17 It is:

0.03

Ao = = 6.94%.
* T (1+0.05+0.03)(1—0.6) ’

In order to derive A,, the risk-neutral default probability in period 2, we can equate the
risk-free return at time 2, (1 + ro)(1 + 1), to the probability weighted payoft of the risky
debt in period 1 and 2. The reader should notice that r; is the forward interest rate from
time 1 to time 2.7 Correspondingly A, is the default probability in period 2, so also a forward

variable, which is realized at time 2. Thus, from the two-period tree in figure 5.6 we derive:

(141)(1+1)=ARR(1+s, +1,)(1+1 )+
(1=Ao)[(ro +s0)(1+1)+ARR(1+1 +5, )+ (1=A,)(1+1 +5,)].

In the above equation derived from figure 5.6, we compare all values at time 2. Hence
the first term Ay RR (1 + s, + 1) (1 + ;) reflects the fact that if default occurs at time 1,
the investor receives RR (1 + s, + 1) with probability A, and can invest this return at the
risk-free interest rate r;. The term (ro + so)(1 + r;) reflects the fact that looking from time
0, the proceeds at time 1 in case of no default (r, + s) are certain and thus can be rein-
vested at the risk-free rate r;.

Solving for the risk-neutral default probability in period 2, A, we get:

(<1+ro>(1+n)—>»oRR(l+ro+So)<1+“))—<r0+SO)<1+r])-1-n—s]
A, = (1=2) L (54
RR(1+1+s,)—1—1 —s,

Example 5.3:  The 1-year risk-free interest rate ry is 5% and the forward risk-free
interest rate r; from time 1 to time 2 is 6%. The default premium for the first year
is 3% and the forward default swap premium from time 1 to time 2 is 3.5%. The
recovery rate is assumed to be 60%. What is the probability of default in period 2?
Following equation (5.4) it is

(140.05)(140.06) — 0.0694 X 0.6 X

(1+0.05+0.03)(1+0.06)
(1-0.0694)

—(0.05+0.03)(1+0.06)—1—0.06—0.035

D=

0.6X(140.0640.035)—1—0.06—0.035
=7.99%.

See www.dersoft.com/ex53.xls for this example.



106  The Pricing of Credit Derivatives

3%
Ao /(1 + 1p)

AL +1,) 35%

N 3%

1-2) @A+

N TR VRS
3.5%

time 0 1 2

Figure 5.7:  Probability weights and discount factors in a two-period tree
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Figure 5.8:  Probability weights and discount factors in a two-period binomial tree including the
discounted value of the default swap premiums of time 2

Naturally, the risk-neutral default probabilities for a more than 2-period model can be
derived by iteratively extending equations (5.3) and (5.4). A multi-period model can be
found at www.dersoft.com/binomialdefaultmodel.xls.

To derive the upfront default swap premium, we have to weight the default swap pre-
miums with their risk-neutral probability of occurrence and discount these with the risk-
free interest rate. For our 2-period tree this can be seen in figure 5.7.

Following figure 5.7, we find the value of the default swap premiums at time 1 with
A =7.99% and r, = 6% as 3.5% X 0.0799 / (1 +0.06) + 3.5% X (1 —0.0799) /
(1+0.06) = 3.30%. Integrating this value in figure 5.7 gives the result shown in figure 5.8.

Following figure 5.8, the upfront default swap premium at time O of the two-period
default swap is [(3% + 3.30%) (1 — 0.0694) / (1 + 0.05)] + [3% X 0.0694 / (1 + 0.05)]
= 5.78%.

It should be mentioned that in figure 5.6 and equations (5.2) to (5.4) we assumed that
the recovery rate RR is applied to the notional amount of 1 and the coupon r + s, hence to
1 +r+s. It is also reasonable to assume that the recovery rate only applies to the notional

amount of 1. In this case ﬁgure 5.6 would simplify to ﬁgure 5.9.
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Figure 5.9:  Cash flows of one-period and two-period binomial risky debt with a notional amount

of 1 assuming the recovery rate is only paid to the notional amount

Equation (5.2) would then read (5.2b) 1 + r, = Ao RR + (1 — Ag) (1 + 15 + s) and
So

(141, +s, —RR)’

In the following, before we price credit derivatives in the Black-Scholes-Merton envi-

equation (5.3) would read (5.3a) A, =

ronment, let’s look at some basic properties of this approach.
Basic Properties of the Black-Scholes-Merton model

A stochastic process describes the uncertain course that a variable follows through time. In
1973 Fischer Black, Myron Scholes, and Robert Merton transferred a stochastic process
from physics to finance: the generalized Wiener process. According to this concept a variable
grows with an average drift rate |L. Superimposed on this growth rate is a stochastic term,
which adds volatility to the process.

If the relative change of a variable follows a generalized Wiener process, this is typically
referred to as a geometric Brownian motion. Applied to stock prices, we derive that the rela-
tive change of a stock price S, dS/S, follows a path with an average expected growth rate
W, which is comprised of the expected stock price change plus the dividend. Superimposed
on this growth rate is a noise term, which consists of the expected volatility of the stock G

multiplied with a Wiener process dz:
dS/s = pudt +odz (5.5)

where
dS: change in the stock price S
W: drift rate, which is the expected stock return (price change + dividends)
dt: infinitely short time period
G: expected volatility of the stock price S
dz: eVdt , where € is a random drawing from a standardized normal distribution. All

drawings are independent from each other.
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W dt in equation (5.5) is the expected return during period dt. G dz is the stochastic part
of the relative change of S.

The discrete version of equation (5.5) is
AS/S = uAt +GAz. (5.6)

Let’s look at equation (5.6) in an example.

Example 5.4: The present stock price is $150, next year’s expected return is 20%,
the annual expected volatility is 30%. The sample drawing from a standardized normal
distribution results in +1. What is the expected stock price in one day (= 1/365) due
to the geometric Brownian motion?

Due to equation (5.6), the one-day change of the stock is AS = $150 X [(0.2 X
1/365) + 0.3 X 1 X /1/365] = $2.44.

Thus, the stock price after one day is assumed to be $150 + $2.44 = $152.44.

Since this stock price prediction is partly determined by a random drawing from a normal
distribution, this prediction methodology is called a random walk process. If a price follows
a random walk process, this means that due to the random nature of the process, princi-
pally no above market return trading strategy can be formulated.

This is consistent with the efficient market hypothesis, which says that all information about
a stock is already incorporated in the current stock price. As a consequence, the past infor-
mation of a stock price is irrelevant and the future process of a stock price depends only
on its value at the beginning of the period. This property is also referred to as the Markov
property. This property denies the essential hypothesis of technical analysis, which suggests
that the future stock price can be derived from the past pattern of the stock price.

If a generalized Wiener process has no drift rate, thus L = 0, this is typically referred to
as a martingale. A martingale has the convenient property that the expected value E of a
random variable X at a future time t is equal to the current value of the variable: E(X,) =
X,. Using this logic, a zero-coupon bond is not a martingale, since it will increase in time
to its notional amount, assuming no default. Hence for a zero coupon bond we derive
E(X,) > X,. It may also be argued that stock prices are not martingales, since stock prices
increase on average in time. In the Black-Scholes-Merton environment the expected stock
growth rate is the risk-free interest rate r, which is the growth rate of all assets, including
derivatives.

Martingales are often compared to a “fair game.” For example when playing roulette the
probability of winning when betting on black is always 18/37 (assuming there are 18 black,
18 red, and 1 green (the zero) possibility) independent of what the previous outcome was.
With the same logic the game blackjack is not a martingale, since the outcome of a game
depends on the previous cards, assuming the cards are not put back into the stack.

Martingales also have convenient mathematical properties. Let’s define 0 as a trading

strateqy for security X, 6>0 representing a long position in X, and 6 <0 representing a
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short position in X. We can now express a portfolio of © units in X as a stochastic integral

t
J.esdxs. This is a martingale if X is a martingale, thus we can derive complex continuous
0

t
martingales from simpler martingales. Since JGdeS is a martingale, we can derive the
0

convenient property from equation E(X,) = X, that E[Jestsj =0.
0

We further assume that a money market account exists, which has a notional amount
of $1 at time zero and which grows with the risk-free interest rate r. Assuming reinvest-
ment at 1, the price of the money market bond for discrete time periods and discrete

t—1
r is M = H(l+rk ). For discrete time and with continuously compounded T,

k=1

t—1

Ng

8 . . .
rk). For continuous time and a continuously compounded r we get

M, = exp(

1

-
Il

M, = exp(fr(s)ds). The purpose of introducing the risk-free money market account is to

0
fund the trading strategy 0. If an investor needs to borrow cash for the strategy, he can

short the money market bond B, to receive the cash. We will abstract from additional cost
for borrowing B. The money market bond is often used as a numeraire, i.¢. the unit in which
profit and loss are measured. Principally any tradable asset with a strictly positive price
process can serve as a numeraire.

While an investment in the money market grows with the risk-free interest rate r, a risky
asset grows with the expected return of the risky asset L, consider equations (5.5) and
(5.6). The relationship between r and U was expressed first by William Sharpe in his famous
paper in 1966.” Sharpe stated that an investor wants to be compensated for taking risk, the
risk being expressed as the volatility of the invested asset i, G;. The compensation for the

risk is reflected in the excess return of the asset i, L, — r:

Xi= (5.7)

where ¥ is the Sharpe ratio, often referred to as the market price of risk. In a risk-neutral
world, where investors are indifferent to risk, every asset grows with the same expected
rate, which is the risk-free interest rate r. If we apply Sharpe’s concept, the expected growth
rate, solving equation (5.7) for r, is W; — X;0;.

Arbitrage is — as in chapter 4 — again narrowly defined as a risk-free profit. Formally, arbi-
trage exists if the trading strategy 0 increases the wealth W with probability P of 1: If W,
=0=>W,>0with P=1and t > 0. A trading strategy is called self-financing if the change
in wealth W is solely derived by borrowing in the money market and/or from gains and
losses of the trading strategy.

With the help of Ito’s lemma,”® Black, Scholes, and Merton found the famous partial dif-

ferential equation (PDE) for valuing a derivative D:



110 The Pricing of Credit Derivatives

_9p1, oD +laZchszs2 5.8
“9tr 0S 298 r -8)

D

where r is the risk-free interest rate, S is the price of the underlying asset (e.g. the stock
price), and G is again the volatility of the underlying asset.

For every derivative that satisfies the PDE (5.8), a dynamic, self-financing trading strat-
egy can be created that replicates the derivative. For example, a long put can be replicated
by selling the delta amount of the underlying. This property is also referred to as complete-
ness. If the PDE (5.8) is satisfied, going long the derivative and short the portfolio or vice
versa, is arbitrage-free, arbitrage in this case being defined narrowly as a risk-free profit.

Also — arguably luckily — the variable L drops out during the process of creating the
PDE. Therefore, no variable regarding the risk-preference of an investor is present. Thus,
the PDE is risk-neutral. This means that the expected growth rate of all securities (includ-
ing derivatives) under the risk-netural probability measure is the risk-free interest rate. If
a security is expected to grow by more than the risk-free rate, investors will buy it and
hence increase the price and reduce the rate of return to the risk-free rate, and vice versa.

Since a derivative is a contingent claim on an underlying security based on the specified
input parameters, the Black-Scholes-Merton framework is called the arbitrage-free, risk-
neutral, contingent claim pricing methodology.

One equation that satisfies the PDE, equation (5.8), is the famous Black-Scholes equa-

tion for valuing European style options.” For a call C:
C=SN(d,)—Ke™N(d,) (5.9)

where

S 2
In K o +E(5T
d, = S and d,=d,—o~T
1 oVT P

where N: cumulative standard normal distribution; S: stock price; K: strike price; In: natural
logarithm; G: volatility of the underlying asset, in this case the stock price; T: option matur-
ity expressed in years; 1: risk-free continuously compounded interest rate.

After having discussed the Black-Scholes-Merton framework, we will introduce two

approaches to value credit-spread options on slightly modified Black-Scholes equations.

Valuing Credit—spread options on a modified
Black-Scholes equation where the credit—spread 1s
modeled as a single variable

As discussed in chapter 2, a credit-spread option is an option on the difference between the
yield of a risky asset and the yield of a risk-free asset. A credit-spread is defined as in equa-
tion (2.4):
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Credit-spread =Yield of risky bond —Yield of risk-free bond.

We defined the payoff of a credit-spread put and a credit-spread call at option maturity T
in equations (2.5) and (2.6) as:

Payoff credit-spread put (T) = Duration X N X max(Credit-spread (T)
— Strike spread, 0) (2.5)

Payoff credit-spread call (T) = Duration X N X max(Strike spread
— Credit-spread (T), 0) (2.6)

T
where duration is defined in equation (2.8) as D=———= Ztcte_*"/B, N is the notional
=1

amount of the swap, and the strike spread as in equations (2.5) and (2.6) is determined at

option start.

One of the simplest approaches to value a credit-spread option is to model the credit-
spread as a single variable S. We then apply a slight modification of the original Black-Scholes
equation (5.9). In equation (5.9), the variable S grew with the risk-free interest rate r. This
is not a reasonable assumption for a credit-spread. Setting the growth rate of the credit-

spread to zero, we derive equation (5.9a)
C=c¢""[SN(d;)—KN(d,)] (5.9a)

where

1n(K)+262T
dj=—>—=%— and d,=d,—oVT
1 (5\/? an 2 1

where S is now the current credit-spread and O is the annual volatility of this spread. All
other variables are as defined in equation (5.9). Equation (5.9a) is also used to value options
on futures where S in equation (5.9a) is the current futures price. It should be mentioned
that the modified equation (5.9a) does not satisfy the PDE, equation (5.8). Hence, no self-
financing replicating strategy can be created.

Let’s look at an example of pricing a credit-spread option with equation (5.9a).

Example 5.5:  Given is a current credit-spread of 3.30% and a strike spread of 3%.
The notional amount is $1,000,000, the duration is 3.67, and the option maturity is
1 year. The risk-free interest rate is 5% and the annual volatility of the credit-spread
is 150%. What is the credit-spread put option premium?

The reader should first recall that the payoffs in the credit-spread market are
reversed, as expressed in equation (2.5) and (2.6) and discussed in chapter 2. So to
value a put we have to use equation (5.9a) and we derive for
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0.03
1.5v1

0.033) 1.,
Inf — |+—-1.5" X1
d, = 2

=0.8135 and d,=0.8135—1.5V1 =—0.6865.

N(0.8135) =0.7921 and N(=0.6865) = 0.2462; see table A.1 in the appendix or use
the Excel function normsdist(0.8135) = 0.7921 and normsdist(—0.6865) = 0.2462).

From equation (5.9a) we derive e %1(0.033 X 0.7921 — 0.03 X 0.2462) =
0.0178. Multiplying this with the constant factors duration and notional amount we
derive the credit-spread put price as 0.0178 X 3.67 X §1,000,000 = $65,326.
Compare www.dersoft.com/ csobs.xls for this derivation as well as for the derivation
of the credit-spread call price.

The simple approach of equation (5.9a) has some serious drawbacks. First, since the
spread is modeled as a single variable, due to the log-normality assumption, the credit-
spread cannot be negative. While this assumption is reasonable for a credit-spread between
arisky asset and a risk-free asset, it is clearly not reasonable for a spread between two risky
assets. Second, due to the single variable approach, the individual features of the underly-
ing two yields such as yield level, yield volatility, and the yield correlation are not inputs
of the model. Naturally, all drawbacks of the Black-Scholes approach apply, such as con-
stant volatility, constant interest rates, and the inability to price American style options.
Counterparty default risk is also not included in the approach.

Valuing credit—spread options on a modified Black-
Scholes equation as an exchange option

Two counterparties may agree to simply exchange the yield of a risky asset and the yield

of a risk-free asset. Hence the payoft is:

max(yz — Y 0) (5.10)

where
y,: yield of the risky asset
yi: yield of the risk-free asset.

The payoff in equation (5.10) reduces to y, — y;, assuming that the risky bond cannot have
a lower yield than the risk-free bond. The reader should note that since there is no strike
in the payoff definition of equation (5.10), a distinction between call and put is not
reasonable.

An option with a payoff of equation (5.10) is a frequently traded exotic option, termed
an exchange option. William Margrave was the first to derive a closed form solution to value
exchange options on a modified Black-Scholes equation.12

In order to value a credit exchange option on the basis of the Margrave model, we have
to add the credit industry standard duration term of the risky asset 2, D(2) and the notional
amount N. We then receive the payoff:
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D(2) N max(y; ~y1,0)
and the resulting valuation equation for the credit exchange option 'E is:
"E=e¢""D(2)N[y,N(d,) — y:N(d,)] (5.11)

where

1

1n|:yz:|+GzT

d=—tyd 2
] oVT

and G: volatility of y,/y,, 0= \/Gf +03—2pG,G,, where
G;: yield volatility asset 1

and d,=d,—oVT

O,: yield volatility of asset 2
p: correlation coefficient of the yields y; and y,.

The exchange option value ’E has a negative dependence on the correlation coefficient p,
OE/dp < 0. This is an expected result, since the more negative the correlation coefficient
P, the higher will be the volatility of the difference between the two yields, and conse-
quently the higher the expected payoff and option value. Furthermore, intuitively, the
exchange option value ’E has a positive dependence on both the yield volatility of the asset
1 and asset 2, 0, and ©,.

Example 5.6: The current yield of a risk-free asset 1, yy, is 5% and the current
yield of a risky asset 2, y,, is 7%. The option maturity T is one year, the duration of
the risky asset 2, D(2) is 3.67, and the notional amount N is $1,000,000. The risk-
free interest rate 1 is 4%, the yield volatility of asset 1, Gy, is 20% and the yield volatil-
ity of asset 2, G, is 50%. The yield correlation coefficient is 0.5. What is the price
of a credit-spread option with a payoff D(2) N max(y, — y;, 0)?

Following equation (5.11), the volatility is G = N0.224+0.5 —2X0.5X0.2X0.5
=43.59%.

0.077 1
lnl: }+o.43592 X N1
g=_L005] 2

=0.9899 and d, =0.9899—0.4359%x~V1=0.5540.
0.4359X%1

N(0.9899) = 0.8389 and N(0.5540) = 0.7102. Hence the credit exchange option
value is:

e "% X 3.67 X $1,000,000[0.07 X 0.8389—0.05x% 0.7102] = $81,032.

A model which prices credit-spread options as an exchange option can be found at
www.dersoft.com/ csoex.xls.
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The valuation approach of equation (5.11) is an improvement on equation (5.9a) since
it includes the individual yield volatilities and the yield correlation. However, equation
(5.11) does not include counterparty default risk and has, due to the Black-Scholes frame-
work, constant volatilities and no mean reversion of interest rates.

Valuing credit—spread options on a term-structure

based model

A term structure of interest rates describes the uncertain path that interest rates take
through time. The interest rate that is modeled is the short rate, also called instantaneous rate,
which applies to an infinitesimally short period of time. The short rate process is usually
displayed in the form of a discrete or continuous binomial or trinomial model.

One of the first term structure models is the Cox-Ross-Rubinstein (CRR) (1979)
model. The model is sometimes credited to Rendleman-Bartter (1980). Some sources (e.g.
Smithson 1992) mention Sharpe (1978) as the original author, who outlined the basics of
the concept of the CRR model.

The CRR model can be expressed as:

dr/r =pdt+0dz (5.12)

where
r: short-term interest rate
W: expected growth rate
O: expected volatility of r

dz: Wiener process, as discussed in equation (5.5) and example 5.4.

Equation (5.12) states that the relative change in the short rate r, dr/r, is comprised of two
terms. The first term [L dt represents the expected average growth rate of r. The second
term, Gdz, adds the volatility, also called “noise” to the process. The higher the volatility G,
the greater the possibility that dr/r will deviate from the expected growth path [L.

The attentive reader will notice that equation (5.5) expressing stock price behavior and
equation (5.12) expressing interest rate behavior are mathematically identical. Hence Cox,
Ross, and Rubinstein model the short rate the same way that stock prices are often modeled
in finance.

Other more complex term structure models for the short rate are Vasicek (1977), Cox-
Ingersoll-Ross (1985), or the no-arbitrage models of Ho-Lee (1986), Black-Derman-Toy
(1990), and Hull-White (1990). Heath, Jarrow and Morton (1992) model an entire term
structure of instantaneous forward rates, while Brace, Gatared, and Musiela (Libor market
model) (1997) model an entire term structure of forward Libor rates.

We will now value a credit-spread option on the Hull-White trinomial model."” The

model is expressed as:
dr =[0(t) —ar]dt + 6dz (5.13)

where
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0: function chosen so that the model fits the current term structure
a: mean reversion of r

other variables as defined in equation (5.12).

The key equations in the Hull-White model are:

Pm+1 = z Qm,je[*(%HAR)At]. (514)

j==nm

Solving equation (5.14) for 0, we derive:

N
—JARA
In Z Qe ‘*—InP_,,

==
o, At . (5.15)
Furthermore:
Qo = zQm’kq(k’j)e[—(aerkAR)At] (5.16)
k
where
P.4:  zero coupon bond maturing at time m + 1
n,: number of nodes on each side of the central node at time mAt
Q..:  present value of a security at time m that pays $1 if node (i,j) is reached and
zero otherwise
R*: discrete interest rate for time At on a tree that is evenly spaced and has a zero
slope
R: discrete interest rate for time At on a tree that matches the current term
structure
o variable that transforms an evenly spaced zero slope tree with interest rates R*

into a tree that matches the upward (or downward) slope of the term
structure with interest rates R — henceOl(t) = R(t) — R*(t)

i: horizontal parameter of node (i,j)

j: vertical parameter of node (i,j)

q (k,j): probability of moving from node (m,k) to node (m + 1,j); the summation is
taken over all values of k for which the probability is non-zero.

In an iterative, forward inductive process, first the Q,, ; values are derived with equation
(5.14) and the input of the market given zero bond price P,,. The value for @, is then
derived with equation (5.15). The value of 0., is then used to transform R into R* viaOy(t)
= R(t) — R*(t). In the next time step the values for Q. are derived, which give Oy,
and so on.

The concept of a 3-period trinomial tree can be seen in figure 5.10. A model of the Hull-

White trinomial tree can be found at www.dersoft.com/hwtri.xls.
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Figure 5.10:  Three-period Hull-White trinomial tree

Px.uo> Px;m> Px,a: Tisk-neutral probability of moving from node X up, middle, and down, respectively;
probabilities on the same level are identical, for example pa. = pcu = Peus Pam = Pem = Pam and
Pad = Pca = Pga (compare with figure 5.11).

8.62%

47405~ 985 6.82%
2

: 5.04%

3.27%

1.52%

time 1 2 3

Figure 5.11:  Hull-White two-period credit-spread tree with a 1%, 2%, and 3% credit-spread for
year 1, 2, and 3 respectively and a mean reversion of 0.1 and volatility of 1% (spread rates are
expressed as continuously compounded one-year rates)

Let’s now evaluate a credit-spread option on the Hull-White tree. We first have to create
a credit-spread tree. Let’s assume an issuer has a bond with a 1-year credit-spread of 1%,
the two-year credit-spread of 2%, and the 3-year credit-spread of 3%. Using these data in
combination with the Hull-White trinomial model with At = 1 year, and the parameters
0.1 for the mean reversion a, and 1% for the volatility G, we derive figure 5.11. The Hull-
White trinomial model to evaluate credit-spread puts and calls can be found at
www.dersoft.com/csohw.xls.

We can now use standard discrete option valuation techniques to value a credit-spread
option.
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Example 5.7:  Given is a two-year credit-spread put option with a payoff as in equa-
tion (2.5): Duration X N X max][credit-spread (T) — strike spread, 0]. For the option
price derivation we can currently ignore the constant factors Duration and N and
implement them later.

Let’s look at a credit-spread put option with a strike spread of 3% and an option
maturity at time t = 2. At option maturity, the value of the option is just the intrin-
sic value: max[credit-spread (T) — strike spread, 0]. Hence for node E (sce figures
5.10 and 5.11) we derive max(8.62% — 3%, 0) = 0.0562. For the other nodes we
derive F = 0.0382, G = 0.0204, H = 0.0027 and I = 0. We now have to discount
these values at time 2 weighted by their probabilities back to time 1. Let’s assume
the risk-free interest rate from time 1 to time 2 is 5%. (In a more sophisticated analy-
sis we could apply an interest rate term structure tree to have different discount
factors for each probability.)

Node B =% x[0.0562 X 0.122+0.0382 X 0.657 +0.0204 X 0.222] = 0.0347
Node C = % x[0.0382 X 0.167+0.0204 X 0.667+0.0027 X 0.167] = 0.0194
Node D = ™% % [0.0204 X 0.222+0.0027 X 0.657 +0 X 0.122] = 0.0060

Finally we have to discount the option values from time 1 back to time 0. Let’s assume
the interest rate from time 0 to time 1 is 4%. For the credit-spread put option value
at time O we derive:

Node A =¢""% %[0.0347x0.167+0.0194 X 0.667+0.006 X 0.167]=0.0190 0r 1.90%.

To derive the credit-spread put option price in equation (2.5) Duration X N X
max[credit-spread (T) — strike spread, 0], we have to add the duration and notional
amount. If the duration is 3.67 and the notional amount is $1,000,000, the credit-
spread put option price is 3.67 X $1,000,000 X 0.0190 = $69,730.

See www.dersoft.com/ex57 for this example.

In order to value a credit-spread call option with a payoff as in equation (2.6), Duration X
N X max|strike spread — credit-spread (T), 0] only a minor change to the evaluation in
example 5.7 has to be done. The only difference is the intrinsic value at the last node, which
in the case of a credit-spread call is max[strike spread — credit-spread (T), O]. Then the same
analysis as for a put (as in example 5.7) can be applied to derive the present value of the
credit-spread call option. A credit-spread call with the inputs of example 5.7 comes out to
0.03%.

A simple spreadsheet for a put and call of example 5.7 can be found at
www.dersoft.com/ex57.xls. As mentioned above, for a complete Hull-White trinomial
model to evaluate credit-spread options, see www.dersoft.com/csohw.xls.

The advantage of using a term structure model is that we can incorporate the mean rever-
sion of credit-spreads in the model. Also, the credit-spreads fit the initial term structure of
credit-spreads in the market and we can evaluate American style credit-spread options. The
drawback of the term structure approach is again that the individual features of the risky
and risk-free bond, i.e. the individual yield level, yield volatility, and the yield correlation,

are not inputs of the model.
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After having derived the credit-spread option price with two modified Black-Scholes
approaches and a term structure model, let’s now look at the valuation of credit derivatives

on a group of models termed structural models.

Structural Models

Structural models derive the probability of default by analyzing the capital structure of a
firm, especially the value of the firm’s assets compared to the value of the firm’s debt. Struc-
tural models can be divided into firm value models and first-time passage models. In firm value
models, bankruptcy occurs when the asset value of a company is below the debt value at
the maturity of the debtT. In first-time passage models, bankruptcy occurs when the asset
value drops below a pre-defined, usually exogenous barrier, allowing for bankruptcy before
the maturity of the debt. Structural models have close ties to the Merton 1974 model. Let’s
have an in-depths look at it.

The original 1974 Merton model

In 1974 Robert Merton in a seminal paper created a firm value model to estimate a

company’s value of debt and the probability of default."
The Merton call

Merton combined the simple equation, shareholders’ equity (E) = company’s assets (V) —
company’s liabilities (D), with the Black-Scholes option pricing framework. Merton’s model
is mathematically identical with the original Black-Scholes equation (5.9) for valuing a call.

However, the variables are reinterpreted:
E, = VoN(d,)—De " N(d,) (5.17)

where

Vo 1,
In - +EGVT
d, = N d dy=d,—o,VT
1 Gvﬁ an 2 1 v

where Ej is the current value of equity, V, is the current value of assets, D is the debt to be
repaid at time T, N is the cumulative standard normal distribution, r is the risk-free con-
tinuously compounded interest rate, Oy is the expected volatility of the asset, and T is the
option maturity, measured in years.

Equation (5.17) states that equity holders have a claim on the assets of a company: If the
asset value V increases, the equity value E will increase with unlimited upside potential; on
the downside, if the debt D exceeds the assets V, the company will go bankrupt. In this case
the equity holders will take the remaining assets to repay part of the debt, the equity value
being zero. This unlimited upside potential and limited downside risk is an essential option

criteria and is reflected in the time value as seen in ﬁgure 5.12.
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Figure 5.12: Intrinsic value and time value of Merton’s credit model

In figure 5.12, the intrinsic value is max(V — D, 0). This intrinsic value plus the time

value equals the value of the equity.

A well known property of the Black-Scholes model is that the risk-neutral probability

of exercising a call option is N(d,). Therefore, the probability of not exercising the option

is N(=d,). Not exercising the equity option means that the debt D is bigger than the assets

V. This is the case of bankruptcy. Therefore, the probability of default in the Merton frame-

work is N(—d,). Let’s derive this default probability in a numerical example.

Example 5.8:

N(-d,)=N

Kl

The assets of company X are currently worth $1,300,000. In 90
days company X has to repay $1,000,000 in debt. The expected volatility of the assets
is 30% and the risk-free interest rate is 5%. What is the probability of default in 90
days on the basis of the Merton model?

The probability of default is:

Vo

1
D rTi|+26€/T
< +0,NT

ol

oy VT

1,300,00

1 2
1,000,000 X -0 }+20.3 X 90/365

+0.3%+/90/365

0.3 X ~/90/365

=N(—1.7695) = 3.84%."

The Merton model can be found at www.dersoft.com/Mertonmodel.xls.
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The Merton Put

The value of credit risk and the probability of a company’s default in Merton’s model can
also be found by expressing credit risk with the help of a put option on the assets of the
company: The equity holders can hedge the credit risk by buying a put on the assets with
strike D, the put seller being the asset holders. In case of default, i.e. V < D, the equity
holders will deliver the assets to the asset holders, the loss for the asset holders being
D — V. Thus, the put option can be expressed as in equation (5.18)

Py = —V,N(=d;)+De ""N(=d,) (5.18)

where

1H[D ErT:|+2G€’T
d, = S and d,=d,—o,VT
1 Gv\/? 2 1 A\

where Py is the current value of a put option on the company’s assets V with strike D, and
other variables are as defined in equation (5.9).

The equity holders will exercise the put option in equation (5.18) at time T if D >V. In
the Merton model, this is the case of bankruptcy. Thus, the probability of exercising the
put, which is N(—d,), is again the probability of default.

N(—d
Rewriting equation (5.18) as Py = (— NE d]; Vo +De™™ )N(—dQ) results in an intuitive
—
—d
interpretation of the default risk: The term NE dlg V; reflects the amount retrieved of the
—dy

asset value V in case of default, thus the recovery value. The term De " is the present value
N(—d

of the debt, thus (_N((—dl;VO +DerT) is the present value of the loss in the event of
—d,

N(=d,)
N(=d,)
the present value of the default risk, which equals the put value Py.

default. Multiplying (— Vo +DerT) with the probability of default N(—d,) gives

The put option in equation (5.18) serves as a basis to find a closed form solution for the
value of the underlying risky bond B. We can start by expressing B, as the debt D to be

T

repaid at time T discounted by e minus the value of the credit risk, which is the put in

equation (5.18):
By =Dy —=[=VoN(=d,)+De™"'N(=d,)].
Using simple algebra and 1 — N(—=d,) = N(d,) results in the value of the risky bond of:

B, = Dre "'N(d, )+ VN(—d,) (5.19)
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where

Vo 1,
In - +EGVT
d=—25 d d,=d,—oyVT.
1 Gv‘/? an 2 1 v

The reader should keep in mind that deriving the risky bond price (and return) is crucial
since we can derive the default swap premium from equation (5.1), Default swap premium
(p-a.) = Return on risky bond — Return on risk-free bond, once we have derived the risky
bond return. However, the reader should keep the restrictions of the simple equation (5.1)
in mind, which are, among others, that counterparty risk is not included and we assume

that interest rate changes affects the risky and risk-free bond to the same extent.
Merton’s model using equity as proxy

One drawback of Merton’s elegant model is that we need the asset value V and the asset
volatility Oy as inputs. Both parameters are not easily available in practice. However the
equity value E and the equity volatility Oy are observable. Using equation (5.17) and

equation (5.20) derived from Ito’s lemma:

_ N(d,)V,Oy
C:

E, (5.20)

we have two equations with two unknowns to solve for, V and Gy.

Example 5.9: The equity of company X is currently worth $2,000,000. In one
year, company X has to repay $1,800,000 in debt. The volatility of the equity is 80%
and the risk-free interest rate is 5%. What is the probability of default in 1 year on
the basis of the Merton model using equity volatility as a proxy?

Solving equations (5.17) and (5.20) iteratively, we derive the value of assets
Vo = §3,693,544 and the volatility of the assets as Oy = 44.45%. Inputting these
values into equation (5.17), it follows that d, = 1.5073 and N(—d,) = 1 — N(d,) =
6.59%. Thus, the
probability of default in 1 year is 6.59%.

The reader may also verify equation (5.19) By = Dre™'N(d,) + VN(—d,). The bond
value B, comes out to be 1,800,000 X e "' X 0.9341 + 3,727,549 X 0.0255 =
$1,693,544. This is identical with the present value of the debt D, =V, — E, =
$3,693,544 — 2,000,000 = $1,693,544.

The Merton model wusing equity volatility can be found at
http:/ /www.dersoft.com/Mertonequity.xls.

An interesting feature of the Merton model is that equity holders will benefit from an
increase in volatility of the assets. In this case, the time value of equity will increase (see
figure 5.12).

As mentioned above, the path-breaking Merton model serves as a basis for structural and

reduced form models that value credit risk. However, the model is quite simple in a number
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of respects. It principally only allows default at the maturity of the debt T, and the debt can
only take the form of zero-coupon bonds. Coupons as well as different seniorities cannot
be handled. There is only one bankruptcy event, which occurs when the asset value falls
below the value of the debt at maturity of the debt. Other bankruptcy events such as illig-
uidity, restructuring of debt, or a moratorium are not taken into account.

Due to the simplicity of the Merton model, it is not surprising that empirical testing of
the default probability N(—d,) or the bond price equation (5.19) have overall not produced
good results. '® Nevertheless, the Merton model has served as an excellent basis for devel-

oping more realistic, complex models.

Extensions of the Merton model: first-time passage models

The Merton model uses the arbitrage-free Black-Scholes-Merton environment to derive
the probability of default. The model principally only observes two points in time: today
and option maturity. As a consequence the model can only evaluate European style options,
i.e. options that can only be exercised at option maturity. The model does not apply to
American style options, thus premature exercise is not accounted for. Therefore the orig-
inal Merton model principally only evaluates the possibility of default at option maturity T,
which corresponds to the maturity date of the debt.

This drawback was addressed by numerous authors and has led to the emergence of first-
time passage models. These models define a typically exogenous default boundary in units of
the asset value V, V. If the value of the assets V falls below the boundary V,, the company
is forced to restructuring or bankruptcy. Hence, default can occur at any time during the

period of the debt. Let’s have a closer look at first-time passage models.

The Black-Cox 1976 model

One of the first to discuss first-time passage models were Black and Cox in 1976." Black

and Cox suggest an exogenous exponential default boundary of V4 = ke Y

, where k and
Y are exogenous constants. If the asset value V drops below V, during time t to T, the asset
holders can force the company into bankruptcy or restructuring. The mandatory bankruptcy
or restructuring, expressed as a safety covenant of the asset holders, is an important feature
of the model. It protects asset holders from further deterioration of the company’s assets.
In that sense a high value of k and a low value of ¥ forces early bankruptcy or restructur-
ing and principally protects asset holders.

Besides safety covenants, Black and Cox also investigate subordination arrangements
and restrictions for the equity holders to finance interest and dividend payments. All three
provisions tend to increase the value of the risky bond.

Black and Cox also find a closed form solution for the risky bond B, which includes (con-

tinuous) dividends, a, to the stockholders:

B=Ne ™" [N(Z] )— yze_zN(zz )] +Ve™ [N(z3 )+ yzeN(z4 )+ ye+§eaTN(25 )+
y* 5 ™N(ze) =y "N(z; ) = y*"N(zy)] (5.21)
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where N is the notional amount of the bond, r the continuously compounded interest rate,
T the maturity of the bond, and N cumulative normal standard distribution and:
y=ke"/V;kand y exogenous
V: asset value
O=r—a—Yy+0.50°)/0"
a: continuously compounded dividends
0’: variance of the return of the firm

8 (r—a—’y 0.56) +20°(r— )

8[0
—-20%a/o

[1nV—lnPA+(r—a—0 5(5 /\/TT
[an—lnPA+21ny+(r—a—0 507 \/—
[InV—InPA—(r—a—0.56")T]/Vo
= 1nV—lnPA+21n r—a+0 5(5 /\/7
=[Iny+&c°T] /«/—2%

[lny &(SZT /\/TT
7, = [1ny+T]62T]/\/TT

[lny nGZT /\/—

The asset process in the Black-Cox model is dV/V = (WL — c)dt + G,dz;, where c is the
payout of the risky bond. The underlying interest rate process and the recovery rate are
rather simple. Interest rates do not follow a stochastic process but are assumed constant at

a rate 1, and the recovery rate is simply set to the asset value V at the time of default.
The Kim, Ramaswamy, and Sundaresan 1993 model

Kim, Ramaswamy, and Sundaresan (1993)'® use a simpler default boundary but a more real-
istic stochastic interest rate process than Black and Cox. Default is triggered if the asset
value drops below an exogenous constant w. The interest rate process follows the risk-
neutral Cox-Ingersoll-Ross model:" dr = a(b — r)dt + G,Vrdz, where r = interest rate, a
= mean reversion factor, b =long term average of r, G, = volatility of r, dz =Wiener process
as defined in equation (5.5). In the Cox-Ingersoll-Ross model, interest rates mean-revert
with rate a to the long-term average of rates, b. Since the interest rate r is taken to the
square root, the model has the convenient property that interest rates cannot get negative.

The default boundary in the Kim-Ramaswamy-Sundaresan model is 1/(cY), where c is
the coupon rate and 7 is the cash outflow of the firm. Thus the default boundary is endoge-
nous but not time-dependent as in the Black-Cox model. The recovery rate is the minimum
of the asset V and the face value of the debt D, if default occurs at maturity of the debt D:
RR(T) =min(V, D). If however, default occurs before the debt maturity T, the recovery rate
is the minimum of an exogenous recovery rate expressed in percent of a risk-free bond and
the asset value: RR(t <T) = min(wP, V), where w is the exogenous recovery rate, P is the
price of the risk-free bond.

Using a generalized Wiener process of the form dV/V = (W — ¥)dt + G,dz, for the asset

value process V, where L is the usual expected rate of return of V, and Y equals the payout
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of the firm, Kim, Ramaswamy, and Sundaresan derive a partial differential equation for

coupon bonds B:

J0’B v 1 _, 0’B 0B 0B
«\/— —G2 f— —_— — —_—
avz+pcs]cs2 rvarav+202rar2+a(b r)ar+(r Y)Vav rB+c

1
B=—-07V’

2
(5.22)

where c is the coupon of the risky bond B.
Equation (5.22) has no closed form solution. However, Kim, Ramaswamy, and Sun-
daresan test it numerically and derive significantly better results in deriving realistic default

swap premiums than the original Merton model.
The Longstaff-Schwartz 1995 model

In an often-cited paper, Longstaff and Schwartz (1995)” suggest a first-time passage model
with an exogenous and constant default boundary k and an exogenous and constant recov-
ery rate w. For the interest rate process, Longstaff and Schwartz use the well-known Vasicek
model:” dr = a(b — r)dt + NG,dz,, where r = interest rate, a = mean reversion factor, b =
long-term average of r, 1| = exogenous constant, G; = volatility of r, and dz =Wiener process
as defined in equation (5.5). The asset value also follows a generalized Wiener process as in
equation (5.5): dV/V = Udt + O,dz,.

With the help of the closed form solution for a zero-coupon bond derived in the Vasicek
model, Longstaff and Schwartz find a solution for the price of risky zero-coupon bonds and
floating rate bonds. The equation for the risky zero-coupon bond B is:

B(V,k,r, T)=P(r, T)—wP(r, T)Q(V, k,r, T) (5.23)
where B = Price of a risky bond; k = boundary for asset value V, if V < k restructuring or

default occurs; r = risk-free interest rate, T = maturity of risky bond B; P = Price of a risk-

free bond; w = 1 — recovery rate; and

Q= zn:[N(ai) - iz_lqjN(Bi,j )j

where
_ —lnX—M(iT/n, T)
' N S(iT; n)
and

_ M(jT/n, T)—M(iT/n, T)

By = S(T/n)=S(T/n)
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where

M(t T) ( pGT]_T]__G_Z}H_(pGT] +n_2)c—bTC(bt—1)
’ b B 2 b, 2B}

+(i—§+:—jj<l—e_ht)—(zn—;]e_m(l—e_bt)
S(t) = (p on, E G)t (p:n j(1 ﬁt)+(%)(l—e“")

where a and b are parameters of the risk-free bond from the Vasicek model, p is the instan-
taneous correlation coefficient between the Wiener processes dz; and dz,, and the passage
of time integral Q(Vk,r,T) is the limit of Q(Vk,r,t,n) as n — oo.

Equation (5.23) is quite intuitive. P(r,T) is the value of the risk-free bond. Subtracted
from P(r,T) is the discount for the risk of the bond B, which consists of two terms: wP(r,T)
is the amount of the write-down in case of default, which is weighted with the probability
of default Q(Vk,r,T).

However, the closed form solution (5.23) is obviously quite cumbersome and it is diffi-
cult to calibrate the parameters w, 0, B, M, G, and p so that the credit-spreads found in
the market are matched.

Longstaff and Schwartz test their model with a simple linear regression of the form As
=a+bAy+cl + €, where s is the credit-spread, y is the yield of the 30-year Treasury bond
and [ is the return of the firm’s equity or asset index.

Key findings of Longstaff and Schwartz are that b <0 and ¢ <0. b <0 implies that credit-
spreads decrease when the risk-free Treasury rate increases. This appears counterintuitive
but can be explained by the fact that a higher interest rate means a higher growth rate [ of
the asset value V. As a consequence of the higher asset value the probability of default is
lower, and with it the credit-spreads.

The inverse relationship between long term risk-free interest rates and credit-spread is
stronger for firms with lower credit quality. This is intuitive since a strong growth in the
asset value V can improve the asset-liability relationship of a low rated firm to a significant
degree.

¢ < 0 implies that the higher the value of assets or equity the lower the credit-spread.
This is an anticipated result. Again the inverse relationship is higher for lower rated firms.

Drawbacks of the Longstaff-Schwartz model are the complex parameter calibration of
the numerous parameters for the bond equations, and the fact that the underlying Vasicek

model for interest rates is generally not arbitrage—free.
The Briys-de Varenne 1997 model*

In 1997, Briys and de Varenne addressed shortcomings of the Black-Cox, Kim-Ramaswamy-
Sundaresan, and Longstaff-Schwartz models. In these models, the payoff to bondholders in
case of bankruptcy may be larger than the firm’s asset value. In this respect, payoff demands

of the equity holders are not taken into account. Consequently, Briys and de Varenne suggest
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a default boundary and recovery rate, which guarantee that the payoft to bondholders at
the time of default is realistic with respect to demands from the equity holders, and cannot
be higher than the firm’s asset value.

The default boundary is set at V4 = kFP, where k is an exogenous constant, F is the face
value of the risky bond and P is the price of the risk-free bond. If k = 1, there is no risk
for the bondholders since default is triggered at a value of FP. Hence, assuming P =1, bond
holders will receive the face value of the bond F. The other extreme is k = 0. In this case
there is no exogenous default boundary V, and the model corresponds to the original
Merton model, where the default boundary is Vy < D.

To guarantee that bondholders can receive the payoff as defined in the model, Briys and
de Varenne address the issue of the strict priority rule. The strict priority rule states that bond-
holders receive all of the remaining assets in case of bankruptcy and stockholders receive
nothing. Let f; (0 <f; < 1) and f, (0 <f, < 1) be fractions of the remaining assets at default,
f; denotes the fraction of the asset value if default occurs before maturity, f, denotes the
fraction of the assets if default occurs at maturity. If f; = f, = 1, the strict priority rule
applies, since the fraction paid to the bondholders is constant in time, i.e. there is no bar-
gaining process between the equity holders and the asset holders in time. In reality, though,
the strict priority rule often does not apply, thus f; # f,.

Interest rates in the Briys-de Varenne model follow the stochastic process dr = a(t)[b(t)
— r]dt + G,(t)dz,. This resembles closely the extended Vasicek or Hull-White model of
dr = a(b — r)dt + G,dz,. The difference lies in the fact that Briys and de Varenne model
the mean reversion, a, the long term average, b, and the volatility, G;, as deterministic
functions of time a(t) and G(t), which was discussed by Hull and White in 1990.*’

For the assets of the company, Briys and de Varenne choose the stochastic process
dv
V=rdt+($[pdz1 +«/1—p2d22], where p is the correlation between the assets and the

interest rates.
Following these assumptions, a closed form solution for the price of the risky bond B is

derived:

B=FP(0, T)[l —Put(€,,1)+ Put(qo, z—:] -(1-1£)¢, (N(_ds)Jr%od‘*))

—(1 —fz)fo(N(d3)—N(d1)+Mﬂ (5.24)

where

_Inf, +CI)(T)/2 _
d, _—m =d,VD(T)

_lng+®(1)/2 _
d, = weTo =d,/®(T)
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Table 5.2:  Key features of the original Merton model in comparison with first-time passage models

Model Asset process Interest Closed form  Default Recovery
rate solution for Boundary Rate
process risky bond
Merton dV/V = dt constant r yes V=D N(—d,)/
1974 +0ds eq. (5.19) N(~dy)
Black-Cox dV/V=(L—c¢) constantr yes Vy=ke" A
1976 dt + 6, dz, eq. (5.21)
Kim, dv/vV=u-v) CIR: no, Vy=c/Y before T:
Ramaswamy dt + G, dz, dr =a(b —r)dt see min(wP, V)
& Sundaresan +0,Vr dz, eq. (5.22) at T: min
1993 (V, D)
Longstaff- dv/vV=pudt Vasicek: yes Vi=k w
Schwartz + 0, dz, dr =a(b —r)dt eq. (5.23)
1995 +M0, dzy
Briys- dV/V =rdt + Hull-White: yes V, = kFP before T:
de Varenne O [pdz, + dr = a(t) eq. (5.24) iV,
1997 J1-ptdz, [b(t) — ] dt atT: £,V
+0,(t) dz,
_Inqy+P(T1)/2

5 m = d6 V¢(T)

D(T)= J‘[(pcsV +6,(t,T)) +(1— pz)cszv]dt

*" FP(0,T) 7 WEp(0, T)
Put(€,,1)=—€,N(=d,)+N(=d,) and Put(qo, e—"j = —qON(—d5)+ﬁN(—d6).
9o 9o

Equation (5.24) is quite intuitive: assuming the face value of the risky bond F = 1, the
term FP(0,T) is the price of the risk-free bond. Deducted from FP(0,T) is the standard
Merton put (€y,1), which reflects the default risk of the bond B. Added to FP(0,T) is a

€

Put(qo, —0), which mirrors the safety covenant, i.e. that bondholders can trigger default
Jo

in the event of V4 = kFP(0,T). The terms including f; and f, reflect the strict priority rule.

In case the strict priority rule applies, i.e. f; = f, = 1, the terms cancel out. Additionally,
if q = €, implying k = 1, the two put options cancel out and the bond B is risk-free,
B = FP(0,T), as derived above.

Table 5.2 sums up the crucial features of the original Merton model and the first time
passage models.
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Critical appraisal of first-time passage models

The major achievement of first-time passage models is that unlike in the original Merton
model, default before the maturity of the debt at time T is possible. However, several sig-
nificant drawbacks remain. First, with the exception of the Kim-Ramaswamy-Sundaresan
model, the default boundary involves an exogenous constant. Furthermore, the recovery
rate of the models, with the exception of the Black-Cox model, also involves an exogenous
constant. Consequently the default boundary and recovery rate are difficult to determine
for practical purposes.

In addition, the closed form solutions for the risky bond price, equations (5.21) through
(5.24) are quite complex and the calibration of the numerous parameters to match market
credit-spreads is difficult in trading practice. Other shortcomings of the first-time passage
models include the fact that some underlying stochastic processes for the asset value (e.g.
CIR and Vasicek) are generally not arbitrage-free. Altogether, these drawbacks have so far

limited the use of first-time passage models in credit risk practice.

Reduced Form Models

So far we have discussed two of the three basic concepts that derive the value of credit risk:
traditional models (which use historical data) and structural models (which use the evolu-
tion of the asset-liability structure of a company to derive the value of credit risk).

Let’s now discuss the third approach termed reduced form models also called intensity models.
They are called reduced form, since they abstract from the explicit economic reasons for the
default, i.e. they do not include the asset-liability structure of the firm to explain the default.

Rather, reduced form models use debt prices as a main input to model the bankruptcy
process. Default is modeled by a stochastic process with an exogenous default intensity or
hazard rate, which multiplied by a certain time frame, results in the risk-neutral default
probability, also called pseudo- or martingale default probability. The value of hazard rate
is derived by calibration of the variables of the stochastic process. Since reduced form models
only model the timing of the default not the severity, the recovery rate is usually exogenous.

Let’s discuss several crucial reduced form models used in today’s credit risk practice.

The Jarrow-Turnbull 1995 model*

Jarrow and Turnbull were one of the first to derive the value of credit risk and to price
credit derivatives in the arbitrage-free reduced form model environment.

Jarrow and Turnbull combine a process for risk-free interest rates and a bankruptcy
process of the risky debt to derive default probabilities and credit derivatives prices. The
two processes are assumed to be independent from each other.

Let’s define P as the price of the risk-free zero-coupon bond with notional amount 1 and
maturity at time 2. T, is risk-neutral probability of an interest rate increase. This brings us

to the interest rate tree in ﬁgure 5.13.
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Figure 5.13: Risk-free interest rate tree in the Jarrow-Turnbull model

r = risk-free interest rate, P = risk-free zero-coupon bond price

time 0 1 2
period

Figure 5.14: Bankruptcy process of risky bond B in the Jarrow-Turnbull model

The risk-free bond price at time t with maturity T, is P+ = 1/(1 + r.1). Since ry, > 1y,
it follows that P,; > P,,.

Let B be the price of a risky zero-coupon bond with a notional amount of 1 and matu-
rity at time 2. Let A be the risk-neutral probability of default,” 1-A the risk-neutral prob-
ability of survival, and RR the recovery rate in case of default. Thus, we derive the default
process for the risky bond B in figure 5.14.

Combining figures 5.13 and 5.14, we get the quadruple tree in figure 5.15.

In figure 5.15, B, 1 is the price of the risky bond at time t with maturity T. The recovery
rate RR is exogenous and assumed independent from the bankruptcy process, and the inter-
est rate process. r; is the risk-free forward interest rate from time 1 to time 2.

At time 1, the risky bond price takes the recovery value RR in case of default. If in
default, it is assumed that the bond stays in default, thus the probability 1 from time 1 to
time 2. The recovery rate RR is invested with the risk-free forward rate r,; or ry;, thus
values RR(1 + r;,) or RR(1 + ryy) at time 2. In case of no default at time 1, the bond can
take prices B, and By, 4. By, . < B;, 4 since interest rates have increased in case of B, ,
with probability .



130  The Pricing of Credit Derivatives

\ RR(L + 1)
o(1 =) 1
By,p=RR— > RR(1+ry)
Bor e~ Mo
B1,2,(:
(1-2)(1—mp)
Bl,2,d
time O 1 2

Figure 5.15: A combined interest rate and bankruptcy process

The reader should note that T, and 1 — T, are not necessary in the 2-period tree, since
the probabilities T, and 1 — T, determine the interest rates from time 1 to time 2. The
values for r and T can be generated by any short-rate model: Ho-Lee (1986); Cox-
Ingersoll-Ross (1985); Vasicek (1977); Hull-White (1990); or Black-Derman-Toy (1990).

Jarrow and Turnbull show that their model is complete, i.e. that the derivatives can
be replicated by primary products. In addition, the unique, risk-neutral or pseudo-
probabilities Aand T guarantee that the prices P and B are martingales, thus the model is
arbitrage-free. Furthermore, the Markov property allows displaying the combined interest
rate and bankruptcy tree as a recombining tree.

Jarrow and Turnbull use a foreign exchange rate analogy to model the risky bond price
B. The risky bond price at any time t with maturity T, B, , is equal to the risk-free bond
price P, r multiplied with the “exchange rate” e, which is 1 in case of no default and equal
to the recovery rate RR in case of default. Thus B, 1 = P, re,. If E(er) is the expected payoff

at time T, the risky bond price can be expressed as
B =P E(er). (5.25)

Equation (5.25) states that the risky bond price is the expected payoft E(er) discounted by
the risk-free price P y.

The probability of default

In the Jarrow-Turnbull model, the risk-neutral probability of default in period 1, realized
at time 1, Ay, can be derived separately from the interest rate process, since it is assumed
that the interest rate process and the bankruptcy process are independent. Hence, from

figure 5.14, for a one-period debt with a notional amount of $1, we get:

By, =Py [ARR+(1—2A,)1]. (5.26)
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Equation (5.26) states that the risky bond price with maturity 1, By, is derived as the
probability weighted values at time 1, discounted with the risk-free bond Py ;. Solving
equation (5.26) for A, gives:

B
1—P—°"

Ao =—5. (5.27)
1-RR

For the risk-neutral default probability in period 1, realized at time 2, A, we receive from
figure 5.14:

By, =Py, AQRR 4Py, (1— Ao )[ARR+(1—-2A,)]° (5.28)

Solving equation (5.28) for the risk-neutral default probability at time 2, A, we get:

By, =P, AoRR
Py, (1—A
}\‘] — 0,2( 0) (529)
RR -1

This derivation of A, and A, is quite similar to that of the binomial tree in equations (5.3)
and (5.4). The difference is that in the binomial tree in equations (5.3) and (5.4), the nature
of the risky bond was incorporated via the swap premium s, whereas Jarrow and Turnbull
use the bond price B to incorporate the risk. Also, in equations (5.3) and (5.4) all values
were compared at time 2, not at time 0, as in equations (5.26) to (5.29). Also, in the bino-
mial tree we used the spot interest rate r, and the forward rate r; to derive future values.
In equation (5.26) to (5.29) we discount with the risk-free zero bond price P. Further-
more, in the binomial tree in equations (5.3) and (5.4), the swap premium s is effectively
a coupon, whereas in the Jarrow-Turnbull equations (5.26) to (5.29) the underlying risky
and risk-free bonds have no coupon.

Let’s now derive the probability of default in the Jarrow-Turnbull model in an example.

Example 5.10:  Let’s assume that the probability of default in period 1 was derived
with equation (5.27) as 4%. The risk-free bond prices for bonds with maturity 1 and
2 are 99 and 98 respectively. The risky bond price with maturity 2 is 91. The recov-
ery rate is assumed to be 30%. What is the probability of default in period 2, real-
ized at time 2, in the Jarrow-Turnbull model?

Following equation (5.29) it is:

91-99% 0.04 X 0.3
98 % (1—0.04)
0.3—1

=6.48%.
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Figure 5.16:  Deriving the call price at time 0 with maturity 1, Cy ;, in the Jarrow-Turnbull model

Pricing options in the Jarrow-Turnbull model

The call and put option price in the Jarrow-Turnbull model can easily be derived on the
basis of the quadruple tree in figure 5.15. As in a standard binomial model, we first derive
the underlying price tree, in this case the zero-coupon bond price tree. We then create an
option price tree and discount back from the last node to find the present value of the
option.

We have already derived the bond price tree for a bond with a notional amount of 1 and
a maturity of 2 in figure 5.15. The bond prices By ,, and By ,, in case of default at time 1,
regardless whether interest rates have gone up or down, are RR. The bond prices B, , . and
By, q in figure 5.15 are:

B, =Py, [MRR+(1=1))] (5.30)
B1,z,d = P1,z,d[7\'1RR+(1 _7‘41)} (5-31)

P, is the risk-free forward bond price from time 1 to time 2 in case of an interest rate
increase in period 1; P, , 4 is the risk-free forward bond price from time 1 to time 2 in case

of an interest rate decrease in period 1. Recall that P, = 1/(1 + 1) and P, , , <Py, 4.

Pricing a call: Having derived the bond prices, we can now build the option tree to derive
the option price. Let’s start with a call. The call price tree for a call with maturity 1 and
an underlying bond with maturity bigger than time 1 is seen in figure 5.16.

Since time 1 is the maturity of the call, the call price at time 1 is simply the intrinsic
value max(B, 1 — K, 0), where K is the strike price. Thus C; , = max(B,,, — K, 0) as is C,,
=max(B,,;, — K, 0), C; . = max(B, , . — K, 0), and C, g = max(B, , 4 — K, 0). From figure
5.16, we can see that the call price at time 0 is equal to the call at time 1, discounted with
Py ; and weighted with the default probability Ao and the interest rate probability Tty

Cos =[AoToCy, + Ao (1=, )Cy, + (1= Ao )TC + (1= Ao ) (1= T )Coa [Py, (5.32)
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Figure 5.17:  Deriving the put price at time 0 with maturity 1, p ;, in the Jarrow-Turnbull model

Example 5.11: Let’s assume from the term-structure based model we have
derived that T, = 0.6, P,; = 0.94, P, ,, = 0.93, and P, , 4 = 0.96 where P, ,, is the
forward price from time 1 to time 2 in case of an upward move of interest rates, and
P, , 4is the forward price from time 1 to time 2 in case of a downward move of inter-
est rates. Let’s further assume that as in example 5.10, the probability of default in
period 1, Ao is 4% and the probability of default in period 2 A, is 6.48%. The recov-
ery rate is assumed to be 40%. What is the price of a call with a strike of 0.85 and a
maturity of time 1 on a bond with maturity at time 2 derived on the 2-period Jarrow-
Turnbull binomial tree?

We first derive the prices By ,. From figure 5.15 we derive that B, ,,=B;,, = RR
=0.4. From equation (5.30), B, , . =0.93 X (0.0648 X 0.4 + (1 — 0.0648)) =0.8938,
and from equation (5.31) By, 4 =0.96 X (0.0648 X 0.4 + (1 — 0.0648)) = 0.9227.
We can now derive C;, = max(0.4 — 0.85, 0) = 0; C,, = max(0.4 — 0.85, 0) = 0;
C.=max(0.8938 — 0.85, 0) = 0.0438; and C, 4 = max(0.9227 — 0.85, 0) = 0.0727.
Following equation (5.25), we derive the call price as:

Co;=[0.04X0.6X040.04X(1—0.6)X0+(1—0.04)X0.6X0.0438+ (1—0.04) X (1
—0.6)x0.0727]x0.94=0.049950r5.00% of the notional amount of the bond of 1.

Naturally, the Jarrow-Turnbull model can be extended to multi periods. A multi-period

model of the Jarrow-Turnbull approach can be found at www.dersoft.com/jt.xls.

Pricing a put: ~ Pricing a put within the Jarrow-Turnbull framework is similar to pricing a
call. The only difference is the intrinsic value at maturity of the option. For a put, the intrin-
sic value is max(K — B, 1, 0). Using the same technique as in figure 5.16 we can derive the
tree shown in figure 5.17.

From figure 5.17 we derive equation (5.33) for a put p:

Pos = [}\'Onopla + Ko(l — T )Plb + (1 - 7\-0 )Tcoplc + (1 - 7‘0)(1 — T, )Pld]PO,l' (5.33)

Let’s derive the put price in a numerical example.
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Figure 5.18:  Credit exposure of an option buyer with respect to the option value

Example 5.12:  Let’s use the data from example 5.11. The probability of an upward
move of interest rates in period 1is T, = 0.6, P,; =0.94, P,, ,=0.93,and P, , 4 =
0.96, where P, , is the forward price from time 1 to time 2 in case of an upward
move of interest rates, and P, , 4 is the forward price from time 1 to time 2 in case
of a downward move of interest rates. The probability of default in period 1, Ao is
4% and the probability of default in period 2 A, is 6.48%. The recovery rate is
assumed to be 40%. What is the price of a put with a strike of 0.95 and a maturity
of time 1 on a bond with maturity at time 2 derived in the 2-period Jarrow-Turnbull
binomial tree?

From figure 5.11 we derive that B, ,, = B, ,, = RR = 0.4. From equation (5.30),
Bi,.=0.93 X (0.0648 X 0.4 + (1 — 0.0648)) = 0.8938 and from equation (5.31)
B4 =10.96 X (0.0648 X 0.4 + (1 — 0.0648)) = 0.9227. We can now derive p;, =
max(0.95 — 0.4, 0) = 0.5500; p;, = max(0.95 — 0.4, 0) = 0.5500; p; . = max(0.95
—0.8938,0) =0.0562 and p; 4 = max(0.95 — 0.9227, 0) = 0.0273. Following equa-
tion (5.33), we derive the put price as:

Pos =[0.04 X 0.6 X 0.5500+0.04 X (1—0.6) X 0.5500 +
(1—0.04) X 0.6 X 0.0562+ (1—0.04) X (1—0.6) X 0.0273] X 0.94
=0.060963 or 6.10% of the notional amount of the bond of 1.

Pricing vulnerable options in the Jarrow-Turnbull model: ~ In an option contract, the option buyer
has counterparty risk, i.e. the risk that the option seller defaults. In that case, the option
seller might not be able to meet his obligation to pay the intrinsic value to the option buyer.
Figure 5.18 shows the credit exposure of the option buyer.

The option seller has no counterparty risk if the option premium is paid upfront. Hence,
there is no future obligation from the option buyer to the option seller. An option that
includes the aspect of default of the option seller in the valuation is termed vulnerable option.

The vulnerable option price in the Jarrow-Turnbull model can be derived easily: The
value of the vulnerable option at time t with maturity T, C, 1y, can be expressed as the
default-free option C,r multiplied by the expected value of the bankruptcy process of
the risky option seller, E(ery). Thus we derive:
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Ciry =C.rE(ery). (5.34)

ery will be equal to 1 in case the vulnerable option seller has not defaulted at time T; ey
will be equal to the recovery rate if the vulnerable option seller has defaulted at time T.
Let’s assume that the bankruptcy process of the payoff ratio ey is independent from the risk-
free interest rate process and the default process of the underlying asset. Hence, the option

price at time 0 and with maturity 1 is simply the discounted price of the option at time 1:

CO,I,V = (CI,I/PO,l)E(el,V)

or
CO,I,V = CO,IE(eI,V )

Using equation (5.25) B, =P, tE(e7), where B, 1 is a zero-coupon bond issued by the option
seller, we derive the value of the vulnerable option as:

Coy =(CoBo, )/Po,1 . (5.35)

Since By ;/Py; < 1, the vulnerable option will always be lower than or equal to an option

not including option seller default risk.

Example 5.13: The current bond price of the option seller with maturity 1 is at
$0.90 and the risk-free bond price with the same maturity is $0.99. In example 5.11
we have derived a call price at time 0 with maturity time 1 excluding counterparty
risk of 5.00%. What is the value of a corresponding vulnerable call? Following equa-
tion (5.35) with By; = 0.9 and Py; = 0.99, we derive Cy ;v = 0.0500 X 0.90/0.99
= 4.54%. Thus, the value of the default risk is 5.00% — 4.54% = 0.46%, or
0.46%/5.00% = 9.2% of the non-vulnerable call value.

Pricing non-vulnerable and vulnerable interest rate swaps in the
Jarrow-Turnbull model

Contrary to an option, both swap counterparts in a swap have default risk. This is because
both counterparts promise to make future payments. If company A has entered into a swap
with company B, company A has default risk if the present value of the swap is positive
from company A’s point of view. Graphically this can be expressed as in figure 5.19.

If the present value of the swap is negative for company A, there is no credit risk for

company A, since the swap represents a 1iability and not an asset.

Pricing non-vulnerable swaps: ~ Let’s start our analysis with pricing a non-vulnerable swap.
We first have to find the discount factors to discount the future cash flows. In previous
analyses, we have used the value of the risk-free bond P to discount. However, in a swap,
it is more appropriate to find the discount factors from the swap curve.
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Figure 5.19:  Credit exposure of a swap with respect to the value of the swap

Let’s assume the 1-year swap rate is 4.60% and the two-year swap rate is 4.64%. The
one year swap rate is a zero-rate (no coupons are paid until year 1), so we can derive the
discount factor at time 1 easily as df, = 1/(1 + r;). With a 1-year swap rate of 4.60% we
derive df; = 1/(1 + 0.046) = 0.956023. For the 2-year discount factor, assuming the swap
rates are paid annually, we have to incorporate the fact that the rate is paid at time 1. We

can use equation (5.36):”7

n—1
dfy =, Y df (t; — )
i=1

df =
1+, (t, —t,—)

n

(5.36)

For the 2-year discount factor n = 2. With r, = 4.64% we derive:

_ 1-0.0464 X 0.956023 X 1

df,
1+0.0464 X1

=0.913265.

The forward swap rate from time 1 to time 2, r; ,, can be derived from df,/df, — 1. Thus
we obtain r;, = (0.956023/0.913265) — 1 = 4.68%.
Having derived all discount factors, we can now calculate the swap price. It is the dif-

ference between the discounted ﬂoating cash flows and the discounted fixed cash flows.

Example 5.14: The 1-year swap rate is 4.60% and the 2-year swap rate is 4.64%.
What is the present value of a 2-year swap if the fixed rate is 4.64%? All rates are
paid annually. The notional amount of the swap is 1. Figure 5.20 shows this dia-
grammatically.

In a standard swap, the fixing of the floating payment is done one period prior to
the payment. Hence in figure 5.20, the payment of 4.6% at time 1 is fixed today,
therefore known. (It is actually not precisely known, when the swap is down in the
morning hours before the fixing.) The only stochastic cash flow in figure 5.20 is the
floating cash flow at time 2.

Using the previously derived results, the fixed side of the swap has a present value
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Figure 5.20: A swap with fixed cash flows of 4.64% and floating cash flows of 4.6% and
an anticipated cash flow at time 2 of 4.68%

0f 0.0464 X 0.956023 +0.0464 X 0.913265 = 0.0867. The present value of the float-
ing side is 0.046 X 0.956023 + 0.0468 X 0.913265 = 0.0867. Thus the swap has a
present value of zero. This is the expected result, since the fixed rate in the swap
4.64% is equal to the swap rate of the maturity of the swap 4.64% (and the forward
floating rate of 4.68% is the fair forward rate, which is assumed in swap valuation).
This is also referred to as “par swaps value at par.”

Pricing vulnerable swaps: A vulnerable swap is a swap which incorporates the possibility of
default of the swap counterpart. Let’s assume company A is paying a floating rate and is
receiving a fixed rate in a swap with company B. If company B (or A) defaults, all future
payments are null and void. Let e* be the payoft in default, then e* at time t, e*, is zero
with probability Ay, and e*,is 1 with probability 1 — Ay Let Eo(e*,) be today’s expected
value of the payoff at time t. We can then write the value of the two-period vulnerable swap
with annual payments and a notional amount of 1, V,,,, from the viewpoint of the floating

rate payer company A as:
Vswap, = df] [rfixed, — rﬂoatingl]Eo (e*,)+df,[rfixed, — rfloating, JEq(e*,) (5.37)

where rfixed represents the fixed cash flows, rfloating represents the floating cash flows,

and the df terms are the discount factors.

Example 5.15:  Let’s assume the 1-year swap rate is 4.60% and the 2-year swap
rate is 4.64%. The fixed rate of the swap is 7%. All rates are expressed as annual rates
and paid annually. The notional amount of the swap is 1. The probability of default of
company B in period 1, Ao, is 4% and the probability of default in period 2, Ay, is
6.48%. The discount factors, as derived above, are df; = 0.956023 and df;, =
0.913265. What is the value of the vulnerable swap for the viewpoint of the floating
rate payer A? Following equation (5.37) it is:

Vswap, = 0.956023 X (0.07 —0.0460) X (1—0.04)+0.913265
X (0.07—0.0468) X (1—0.04) X (1—0.0648) = 4.11%.
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Ignoring default risk of counterpart B, the swap would have a value of:
0.956023 % (0.07 —0.0460)+0.913265X (0.07 — 0.0468) = 4.41%.

Thus, the value of the credit risk is 0.30% of the notional amount. Hence, for a
$100,000,000 swap, the value of credit risk is $300,000.

The Jarrow-Turnbull 1995 model in combination with an underlying Cox-Ross-

Rubinstein (CRR) interest rate process can be found at www.dersoft.com/jt.xls.
Critical appraisal of the Jarrow-Turnbull 1995 model

The Jarrow-Turnbull 1995 model was one of the first reduced form models that incorpo-
rated credit risk in the pricing algorithms of derivatives in a no-arbitrage martingale frame-
work. It is a path breaking article that serves as a basis for most, more elaborate reduced
form models used in today’s trading practice.

The shortcomings lie in the basic approach of the model: the direct economic reasons
for default, i.e. the company’s specific asset-liability structure or the company’s liquidity
are not part of the analysis. Rather, bond prices are the major input, assuming that bond
prices can serve to reflect the credit risk of the debtor and to derive default probabilities.
However, it has been shown that bond prices overestimate a company’s probability of default
quite substantially (see e.g. Altman 1989). In addition, bond prices are often quite illiquid,
resulting in difficulties in determining a fair mid-market price.

Furthermore, it is assumed that the interest rate process and the default process are inde-
pendent. Also, the default intensity is assumed constant, thus default is equally likely over
the life of the debt. Last, the recovery rate of the model does not depend on the model
variables, but is exogenous.

These shortcomings were addressed in extensions of the model, as in the Jarrow-Lando-
Turnbull 1997 model.

The Jarrow-Lando-Turnbull 1997 model®

In 1997, Jarrow, Lando, and Turnbull derive default probabilities and valuation methods for
credit derivatives not from rather illiquid bond prices, but on the basis of historical
transition probabilities. The analysis is done within the arbitrage-free martingale frame-
work. However, Markov properties are not mandatory since the martingale transition prob-
abilities, also termed risk-neutral- or pseudo-probabilities, may depend on historical data
up to the present. Let’s first look at a historical default matrix, as shown in table 5.3.

We can deduce the annual default probability from table 5.3. We simply take the differ-
ence in the cumulative default probability for each entry. Doing so, we derive table 5.4.

From table 5.4 we can see that the historical default probability stays constant or increases

slightly in time for highly rated credit. However, for low credits such as Caa, the probabil-
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Table 5.3:  Average global cumulative historical default rates with respect to time (numbers in %)

Year 1 2 3 4 5 6 7 8 9 10

Aaa 0 0 0 0.04 0.12 0.21 0.3 0.4 0.52 0.64
Aa 0.02 0.03 0.07 0.16 0.26 0.36 0.46 0.57 0.65 0.73
A 0.02 0.09 0.22 0.36 0.51 0.68 0.86 1.07 1.31 1.56
Baa 0.22 0.61 1.08 1.69 2.25 2.81 3.38 3.94 4.58 5.26
Ba 1.28 3.51 6.09 8.76 11.36 13.74 15.66 17.6 19.46  21.29
B 6.51 14.16 21.03 27.04 32.31 36.73 4097 4433 47.17 50.01

Caa 23.83  37.12 4743 55.05 60.09 65.22 69.26 73.88 76.50 78.54

Source: Moody’s Investor Service, April 2003

Table 5.4:  Average global annual default rates with respect to time (numbers in %)

Year 1 2 3 4 5 6 7 8 9 10
Aaa 0 0 0 0.04 0.08 0.09 0.09 0.10 0.12 0.12
Aa 0.02 0.01 0.04  0.09 0.10 0.10 0.10 0.11 0.08 0.08
A 0.02 0.07 0.13  0.14 0.15 0.17 0.18 0.21 0.24 0.25
Baa 0.22 0.39 047  0.61 0.56 0.56 0.57 0.56 0.64 0.68
Ba 1.28 2.23 2.58 2.67 2.60 2.38 1.92 1.94 1.86 1.83
B 6.51 7.65 6.87 6.01 5.27 4.42 4.24 3.36 2.84 2.84

Caa 23.83 13.29 10.31 7.62 5.04 5.13 4.04 4.62 2.62 2.04

Source: Moody’s Investor Service, April 2003

ity of a default decreases with increasing time. This is reasonable, since for a company with
a bad rating, the coming years are the most crucial ones. Once they have passed, it can be
assumed that the probability of default declines.

Tables 5.3 and 5.4 only express the probability of a certain credit to move to default,
i.e. to move to credit state D. Jarrow, Lando, and Turnbull use a transition matrix in their
analysis. A transition matrix A shows the historical transition probability of a credit in state

i to move to a credit in state j, within a certain time frame, thus

VR VRN Y
Aot Aos s
Al
VR WA
0 0 1

where the transition probabilities 7\4]' 2 0 for all i, j. The probability of default for a certain

credit state i, 7\4’1), is in the last column of A. The probability of survival for a bond in rating
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Table 5.5:  One-year historical transition matrix of year 2002 (numbers in %)

Rating at year-end

Aaa Aa A Baa Ba B Caa Default WR

Initial Aaa 86.82 7.75 0 0 0 0 0 0 5.43
Rating  Aa 1.38 82.23 12.12 0.14 0 0 0 0 4.13
A 0 2.18 82.83 8.86 1.01 0.47 0.08 0.16 4.43

Baa 0.17 0.17 2.46 79.47 7.55 2.04 1.87 1.19 5.09

Ba 0 0.18 0.18 2.39  72.38 13.26 2.03 1.47 8.10

B 0 0 0.14 0.41 271 72.9 9.76 4.88 9.21

Caa 0 0 0 0 0.34 3.42 56.85 27.74 11.64

Source: Moody’s Investor Service, April 2003. WR represents companies that had been rated initially but are
not rated at year-end

class i, Q; = Zqi,j =1 —7\%1,. The probability of remaining in the same credit state is on
i#D
the diagonal and is 7\.i,i =1- 27\4’]-.

=
i#j

The last row in A expresses that a credit that has defaulted stays in default. Hence, the
transition probability 0, and the probability to stay in default is 1. Let’s look at a transition
matrix in practice, table 5.5.

In table 5.5, 82.83 reflects the probability of a credit, let’s assume a bond, which is cur-
rently rated A to stay in A; 0.47 reflects the probability of a bond that is currently rate A
to migrate to B; 0.14 is the probability of a bond currently rated B to move to A.

Transforming historical default probabilities into martingale probabilities

In the following we will show that it is necessary to transform the historical default prob-
abilities derived from a transition matrix into risk-neutral martingale probabilities in order
to satisfy no-arbitrage conditions. We will discuss when to use historical probabilities and
when to use martingale probabilities and the associated problems at the end of this section.

Let’s assume we have four rating classes, A, B, C, and default D. Let so;4, Sos, and sq;c
be the credit-spread (the excess yield, so the difference between the yield of the risky bond
and the yield of the risk-free bond) from time O to time 1 for a risky bond currently in
rating class A, B, and C, respectively. Let’s assume sy;4 = 0.01, 545 =0.015, and s5;c =0.02,
hence in matrix form we can write:

0.01
sor =| 0.015 |.
0.02

Let sgya, Soop, and sgyc be the spread from time O to time 2 for a bond currently in rating
class A, B, and C, respectively. Let’s assume sy, = 0.02, 59,3 =0.025, and sy, = 0.03, hence:
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0.02
spp =| 0.025 |.
0.03

Let’s further assume the one-year historical transformation matrix is

A B C D
A 0.7 0.15 0.10 0.05
B 0.1 06 02 0.2
C 0.05 0.15 0.65 0.15
D 0 0 0 1

A=

Hence 0.7 is the probability of a bond currently rated A to stay in A; 0.2 is the probability
of a bond currently rated B to be downgraded to C; 0.05 in the 2nd column and 4th row
is the probability of a bond currently rated C to move to A. Let’s further assume the risk-
free continuously compounded interest rate from time 0 to time 1, ry; = 5% and the risk-
free continuously compounded interest rate from time 0 to time 2, ro, = 6%. The recovery
rate RR is assumed to be 40%.

In a risk-neutral environment, we can express the risky zero-coupon bond price B at
time t with maturity T and notional of $1 as the value of the discounted expected future

cash flow of 1. We discount with the risk-free interest rate r plus the swap spread s:
B,y =E,[e 7] (5.38)

where E, is the risk-neutral expectation value at time t, and s is the excess yield of the risky
asset.

For a bond with a notional of $1 that matures at time 1, the payoff at time 1 will be $1
if the bond finishes in rating class A, B, or C. The payoff will be the recovery rate RR, if
the bond defaults. Including the historical default probabilities from the transition matrix,

we can express the bond price B at time O with maturity 1, which is rated A, By, as:

A—A

o ) A—B
Boja =e ") =¢0(1 1 1 RR) (5.39)
A—C

A—D

where A — A is the historical probability of a bond currently in rating class A to stay in A;
A —> B is the historical probability of a bond currently in rating class A to move to B; etc.
It is important to note that equation (5.39) is usually not satisfied in reality. With our

numerical values above, we get:
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0.7

0.15
Boia = ¢ 000 2 emi(1 1 1 0.4)

0.1

0.05

or

0.7
0.15
e 0000 — 0 9418 2% (1 1 1 0.4)
0.1
0.05
= % % (1% 0.741X0.15+1X 0.14+0.4 X 0.05) = 0.9227.

Hence, in order to satisty the no-arbitrage condition (5.39), we have to transform the
historical transition probabilities into risk-neutral martingale probabilities, which satisfy
condition (5.39).

In order to find the martingale probabilities A, we have to adjust the historical proba-
bilities A with a factor M. M can be interpreted as a risk premium or risk adjustment. We

can then rewrite equation (5.39) for a bond currently rated in class A as:

1=(1=(A—> AN,
A—B
By =¢ ™0 =¢7™i(1 | | RR) EA N C;EA . (5.40)
A

(A—D)n,

Generalizing the right side of equation (5.40) for a bond at time t with maturity T and
solving for the risk adjustment of that bond in rating class i, 1); (we assume i = {A, B, C,

D}), we get:
) 1_( onT )"‘ 1 5.41)
ni= elrTHseT) (1 — RR))\«iD "

where A, is the probability of default of a bond in rating class i

Example 5.16:  Given is the risk-free spot interest rate ry; = 0.05, the risk spread
of a risky bond in class A, sy = 0.01, class B, so;3 = 0.015, and class C, so;c = 0.02.
The recovery rate is assumed to be 40%. The historical transition matrix is given as:
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A B C D
A 0.7 0.15 0.10 0.05
B 0.1 06 0.2 0.1
C 0.05 0.15 0.65 0.15
D O 0 0 1

A=

What are the risk-neutral martingale transition probabilities? We first have to derive
the risk premiums A;. Following equation (5.41) we get:

2005 ! 1

M = {1 _(C(o.osm.ol) ) } (1 _ 0.4)(0.05) =0.3317
@005 ! 1

Ne = {1 _(e(o.osw,ms)j }(1 _ 0.4)(0. 1) =0.2481

e0.05 L 1
i =0.2200.
MNc (e(o.osm.oz)) (1 _0.4)(0_15)

We now multiply the 1st row of the historical transition matrix with the risk adjust-
ment for a bond in rating class A, 0.3317, the second row with the risk adjustment
of a bond in class B, 0.2481, and the third row for the class C bond with 0.2200. On
the diagonal we apply the adjustment to 1 — (1 — (i — i)). Hence, we derive the mar-
tingale transition matrix of:

A B C D
A 0.9005 0.0498 0.0322 0.0166
B 0.0248 0.9008 0.0496 0.0248 |.
C 0.0110 0.0330 0.9230 0.0330
D 0 0 0 1

A =

m

Using these martingale probabilities, the no-arbitrage condition (5.39) is satisfied.
For example, for the bond in class A we derive:

0.9005
0.0498
By = e_(O‘OHO‘O]) = o005 (1 11 0.4) or
0.0322
0.0166
e (005H00) — =005 5 1% 0.900541% 0.0498+1X 0.0322+0.4 X 0.0166] = 0.9418.

The reader may verify equation (5.40) for the bond in rating class B and C
her/himself.
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Martingale probabilities for period two

To calculate the risk adjustment and martingale probabilities for period 2, we first derive
the historical transition matrix for period 2. Rating agencies usually provide transition prob-
abilities just for a 1-year time frame. If we assume that time spent in one class is exponen-
tially distributed and probabilities can be extrapolated, the historical transition probabilities
from time O to time 2, Ay,, are simply the transition matrix of period 1 multiplied by itself:
Ag, = Mgy X Ay, Using the values above we get:

A B C D A B C D
A 0.7 0.15 0.10 0.05 A 0.7 0.15 0.10 0.05
B 0.1 06 02 0.1 [X|{B 0.1 06 02 0.1 |=
C 0.05 0.15 0.65 0.15 C 0.05 0.15 0.65 0.15
D O 0 0 1 D O 0 0 1
A B C D

A 051 0.21 0.165 0.115

Ap=|B 0.14 0405 026  0.195|
C 0.0825 0.195 0.4575 0.265
D 0 0 0 1

Using equation (5.41), we derive the risk adjustments from time O to time 2:

2006 2 1
Mo =117 (e“"‘“’*‘“’”) (1—oa0115) %%

Q006 2 1
nOZB == (6(0,06+0.025) j (1 _ 04)(0 195) =0.4168

Q006 2 1
Moe =117 (e(“’““")” ) (1—04)(0265) %%

We now multiply the first row of the historical transition matrix Ay, with the risk
adjustment for a bond in rating class A, 0.5683, the second row with the risk adjustment
of a bond in class B, 0.4168, and the third row for the class C bond with 0.3663. On the
diagonal we apply the adjustment to 1 — (1 — (i = i)). Hence, we derive the martingale

transition matrix for time O to time 2 of:

A B C D
0.7215 0.1193 0.0938. 0.0654
0.0584 0.7520 0.1084 0.0813 |.
0.0302 0.0714 0.8013 0.0971
0 0 0 1

Aozm =

o QO = >
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The martingale probabilities in matrix Ay, guarantee that the no-arbitrage condition

(5.39) is satisfied. For example for a bond currently in rating class B we derive:

B—A
B—B
B—>C |
B—D

BOZB — e—(mz+502)><2 — e—(mzxz)(l 11 RR)

This condition is satisfied since:

By = ¢ (000002502 — ~(0062) 5 (1500584 41X 0.7520+1X 0.1084 + 0.4 X 0.0813)
=0.8437.

Pricing vulnerable derivatives using martingale probabilities

In the earlier section (equations 5.34 and 5.35), we derived the vulnerable option price
with the help of the risky bond price By as Cory = CoBgi/Py;. The approach using risk-
neutral martingale probabilities is quite similar. We can use the cumulative default proba-
bility of the debtor (which is implicitly incorporated in the risky bond price B), multiply it
with the loss given default (1 — RR) and discount back to today. Deducting this from the

non-vulnerable call price C,r, we find the vulnerable call price C, 1y as:
Cory =Cor —[e ™ Arp(1—RR)] (5.42)

where A, 1p is the cumulative risk-neutral default probability of the counterparty from
time t to T, and RR is the recovery rate. The term A, p(1 — RR) represents the default-
probability weighted loss given default.

Example 5.17: Let’s assume the non-vulnerable call price of a call with maturity
T =2 was derived as 8.00%. Let’s further assume that the call seller is currently rated
single B and his risk-neutral martingale default probability within 2 years is 0.0813
(see matrix Ay,,). The recovery rate is assumed to be 40%. What is the value of a
vulnerable call, if the 2-period risk-free spot interest rate ry, is 6%?

Following equation (5.42), the vulnerable call price is:

Co = 0.08— [ % 0.0813 % (1—0.4)] =3.67%
Hence the non-vulnerable call price is significantly reduced by 8.00% — 3.67% =
4.33% or 4.33%/8.00% = 54.08% of its no-default value.
The principle of equation (5.42) can be used for any derivatives such as forwards, futures,

and swaps. Thus generalizing equation (5.42), we can write:

Dt,T,V = Dt,T - [Cirt’TTkt,T,D (1 - RR)] (5 43)
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where D, 1y is any derivative such as an option, forward, future, or swap, in which the coun-
terpart has, on a netted basis, a future obligation.

Equation (5.43) shows that the vulnerable derivative D, 1y will be equal to the non-vul-
nerable derivative D, 1 in case the default probability of the counterpart Ac1p is zero. The
same logic applies to the recovery rate. In the (theoretical) case it is 100%, the vulnerable
derivative D, 1y will be again equal to the non-vulnerable derivative D, r, independently of
the probability of default Ai1p- The Jarrow-Lando-Turnbull 1997 model can be found at

www.dersoft.com/jlt.xls.

When to use martingale probabilities, when to use historical probabilities

When discussing traditional models at the beginning of this chapter, we have already men-
tioned an inconsistency in the credit market. In practice, risky bond prices tend to over-
estimate the probability of default significantly (see e.g. Altman, 1989). This phenomenon
can be partly explained by the illiquidity of risky bonds, especially when they are close to
default. Also, the probability of a future recession may be incorporated in the risky bond
valuation, thus lowering their price.

It can also be argued that investors are principally risk-averse, requiring a risk premium
that is higher than that of the risk-neutral approach, which derives a risky bond price as the
default-probability weighted, discounted value of all future cash flows (see condition 5.39).
It can also be argued that many investors do not have the necessary information, i.c. the
transition and the default probabilities, in order to derive the risk-neutral price of a risky
asset.

So when should we use historical or historically based probabilities, and when should we
use risk-neutral martingale probabilities? The answer depends on the nature of the analy-
sis: In a credit VAR (value at risk)* analysis, which calculates potential future losses due to
credit risk, we should apply historical default probabilities. When pricing and hedging credit
derivatives, martingale probabilities should be used. This would be consistent with the
general usage arbitrage-free pricing methodologies, which are employed by pricing desks

in banking practice.

Critical appraisal of the Jarrow-Lando-Turnbull
1997 model

In the 1995 Jarrow-Turnbull model, default probabilities and credit derivatives prices were
derived on the basis of rather illiquid bond prices. In their 1997 model, Jarrow, Lando, and
Turnbull replaced bond prices as the main input and apply historical transition probabili-
ties as the basis for their analyses. In today’s practice, many investment banks and insurance
companies apply the 1997 model and its extensions to price and hedge credit derivatives.

One specific shortcoming of the model is that the default probability 7\,“) can become
bigger than 1. This is especially the case for longer maturities T. Equation (5.41)

T
n =11 _( e ) |
i e(rlyT*’St,T) (] — RR)A@D ,
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reduces to

1 1
ro=fie
) (1=RR)M,

1
For this equation to be smaller than 1, we require that —>1 +M:(RR —1). This condition
e 't

may not be satisfied for large s, T, 1, and RR. (See www.dersoft.com/jlt.xls.)

General shortcomings of the model lie again in the fact that the ultimate reason of default,
the asset-liability structure or the liquidity of a company, is not part of the analysis. Also,
as in the 1995 model, the interest rate process and the bankruptcy process are assumed
independent. Furthermore, the recovery rate RR is exogenously given.

Naturally, the nature of the transition matrix also bears problems. Jarrow, Lando,
and Turnbull assume that bonds in the same credit class have the same yield spread. This
is not necessarily the case as pointed out by Longstaff and Schwartz (1995). Rather,
the rating—yield relationship is similar within sectors, which suggests conducting sector
analyses, rather than aggregating data generally among counterparties.

A crucial problem is that ratings are often done infrequently and may not be recent
enough to reflect current counterparty risk. In addition, Standard & Poors currently only
rates about 8,000 companies in the US, and only about 1% of all companies worldwide.
Nevertheless, the number of rated companies should increase in the future, allowing a wide-

spread usage of the model and its extensions.

Other Reduced Form Models

Other significant reduced form models that have received recognition are Brennan-
Schwartz (1980); Iben-Litterman (1991); Longstaff-Schwartz (1995); Das-Tufano (1996);
Duffee (1996); Schoenbucher (1997); Henn (1997); Duffie-Singleton (1997); Brooks-Yan
(1998); Madan-Unal (1998); Duffie-Singleton (1999); Duffee (1998); Das-Sundaram
(2000); Hull-White (2000a); Wei (2001), Martin-Thompson-Brown (2001); Duffie-Lando
(2001); and Jarrow-Yildirim (2002). For a survey article comparing the default swap
evaluation equations of the Jarrow-Turnbull (1995), Brooks-Yan (1998), Duffee (1998),
Das-Sundaram (2000), and Hull-White (2000a) models, see Cheng (2001).

Discussing all these models is beyond the scope of this book. Nevertheless let’s look at
crucial features of some of them.

Duffie and Singleton (1999)

Duffie and Singleton express the risky bond price B at time t with maturity T based on equa-
tion (5.38) B+ = E[e "m0 In the Duffie-Singleton model, the swap spread s, equals
approximately A, +(1 — RR). This result can be derived by a simple binomial tree for a zero-

coupon bond with maturity at time 1 and a notional amount of $1, as shown in figure 5.21.
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RR
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g (r+s)

(1-Me"™a1
Figure 5.21:  Deriving the swap spread s

In figure 5.21, r is the risk-free interest rate, s is the swap spread, A is the hazard rate,
which multiplied by time periods for default of 1 equals the risk-neutral probability of
default. RR is the recovery rate.

From figure 5.21 we derive:
¢ = he RR+(1—=A)e". (5.44)

Solving equation (5.44) for s, using e* = 1 + x, we get s = A(1 — RR) + Ar(1 — RR). Duffie
and Singleton prove that the term Ar(1 — RR) can be neglected for a continuous time
setting. Hence, the interest rate process drops out and we can write for a default swap

spread from time t to time T, s, 1:
sor = Aer(1-RR) (5.45)

where all variables are viewed at time t.

Equation (5.45) shows the intuitive approximate relationship between the swap spread
s and the hazard rate A: If the recovery rate RR is zero, s 1 = A r. Hence the spread s
approximately compensates the investor for the default risk A. The relationship in equation
(5.45) is often termed credit triangle, since two of the three variables are sufficient to gen-
erate the third.

The model may include a liquidity premium € for the risky asset. In this case the swap

spread is simply:
ser = A1 (1-RR)+ € (5.46)

where € is a fractional value of the risky bond.
Duffie and Singleton show that any risky claim B with a notional amount N, for differ-
ent interest rates r and swap spreads s at various times j, and time units of 1, with matu-

rity t + I', can be expressed as:

1

- i (l’t+j+5t+j)
Bt,t+r=Et € =0 NH_]“ . (547)
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Hence, one crucial finding of the Duffie-Singleton model is that any risky claim B can be
priced by discounting the notional amount N with the default-adjusted process r +s. Equa-
tion (5.47) is an extension of equation (5.38).

In equations (5.44) to (5.46), the recovery rate RR is applied to the expected market
value of the risky bond at the time of default, termed recovery of market value RMV, hence
E4(RMVyy) = RRGE (Byy1), where d + 1 is the time of default. In contrast, in the Jarrow-
Turnbull 1995 and Jarrow-Lando-Turnbull 1997 model, the recovery value is a fraction of
the risk-free bond price at the time of default. Brennan-Schwartz (1980), Longstaff-
Schwartz (1995), and Duffee (1998) apply a simpler assumption with respect to the payoff
in default. They assume that creditors at the time of default receive the recovery rate mul-

tiplied with the notional amount of the risky bond.
Das and Sundaram (2000)

Das and Sundaram express the risky bond price from time t to time t + At, with a notional

amount of §$1, B, 4a, as:
By poa = e A = T (1) )+ A RR] (5.48)

where r, and s, , are instantaneous rates (i.e. rates for infinitesimally small time periods) and
A, is the risk-neutral default probability from time t to t + At. As pointed out earlier in this
chapter, the hazard rate multiplied by a certain time frame, here At, results in the risk-
neutral default probability.

In equation (5.48), for a risk-neutral default probability of A, = 0, the bond will pay the
notional of $1; for a risk-neutral default probability of 1, the bond will pay the recovery
rate RR. Equation (5.48) is identical to equation (5.44) for t = 0 and At = 1. With respect
to the recovery value at default, Das and Sundaram apply the recovery market value (RMV)
approach of Duffie and Singleton. Hence the payoff in default, RMV, is the recovery rate
multiplied with the expected value of the risky bond: Eq(RMV,,) = RR E4(Bgy,), as above.

For the risk-free interest rate process, Das and Sundaram choose the Heath-Jarrow-
Morton (HJM) (1992) term structure of forward rates. Hence, the risk-free forward inter-

est rate viewed at a future time t + At, running from time T to T + At, rya, 1, is given by:
Twagr =L TO AL+ 0 X VAL (5.49)

where 0 <t <t + At <T. The variable 0L is the drift rate (average growth rate) of the risk-
free interest rate r, G is the volatility of r, and X is a random variable. Equivalent to equa-
tion (5.49), the equation for the forward swap spread s, viewed at a future time t + At,
running from time T to T + At, s, is given by:

Swact =Sor HPorAt+0, X, VAL, (5.50)

The variable [ is the drift of the swap rate s, U is the volatility of s, and X, is a random

variable.
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In the Das-Sundaram model the drift rate Ol is expressed as a function of the volatility
O. In addition, a recursive relation expressing O and B as functions of G and U can be
derived. These functionalities facilitate the implementation of the model, which is expressed
as a quadruple tree as in Jarrow-Turnbull (1995).

The Das-Sundaram model allows for four states of correlation between the risk-free
interest rate r and the swap spread s at cach node of the quadruple tree. This is attained by
the variables X, and X, in equations (5.49) and (5.50). X, and X, can each take the values
—1 and 1, hence the joint distribution of X, and X, is:

(+1,+1), wp.(1+p)/4
(+1,-1), wp.(1—p)/4
(-1,41), wp.(1—-p)/4
(-1,—-1), wp.(1+p)/4

(X1, X,)= (5.51)

where p is the correlation coefficient between X; and X,. p is principally constant for the
time frame of the credit derivative, but can vary at each node at the cost of higher compu-
tational complexity.

The recovery rate in the Das-Sundaram model is not exogenous as in most reduced form

models, but derived as:

1
RR= e 0 4, (5.52)

where A, is the actual or historical probability, s, is the instantaneous swap spread and M
is the risk premium, which is used to transform actual probabilities A, into risk-neutral prob-
abilities A, via:

_—(se0)Ae
k:ka[le—} (5.53)

1— C’(St,t —Mi,0) At

The risk premium 1) is assumed to be a fraction of the swap spread s, hence M, = Ts,,
where T is a constant.

In the Heath-Jarrow-Morton model, as in any term structure model, a whole interest
rate curve is represented at any node. We will denote the forward risk-free interest rate
curve with R and the forward spread curve with S. In order to scale the risk-neutral prob-

ability A to values between 0 and 1, Das and Sundaram choose a simple logit function:

1

x
&

A(S,R)= where x=a+bF+cS. (5.54)

Following equations (5.48) to (5.54), the quadruple tree shown in figure 5.22 is derived.
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Ry, Su, 4w RRuy

(1+p)4

(1-p)4y R, Sy Ay RRyg
R, S, 1, RR

Rdv Su' z’du’ RRdu

Rd' Sdl )de’ RRdd

Figure 5.22: Quadruple tree of the Das-Sundaram model

In figure 5.22, R, R, refer to X, = 1, X; = —1 respectively. S, S, refer to X, =1, X, =
—1 respectively. A, refers to the state Ry, S,; Augy Ay, and Agq are defined respectively. R,
refers to state R,, S;; RR,q, RRy,, and RRy, are defined respectively.

On the basis of equations (5.48) to (5.54), default swaps, European style and American
style credit-spread options, as well as average credit-spread options can be priced. The
inputs are R, S, the volatility of R and S, G and v, as well as the parameters a, b, ¢, Tt and
the correlation coefficient p. The model (written in Visual Basic) can be found at
www.dersoft.com/DasSundaram.exe.Ink. The reader should note that in the program we
followed Das and Sundaram’s notation of a credit-spread option. Here the payoff of a call
is max(0, sy — K) and the put payoff is max(K — syr, 0), where K is the strike spread. These
are the standard payoff definitions in the exotic options market for spread options. However,
these payoffs are different from the payoff conventions in the credit derivatives market,
where the call and put payoffs are opposite and a duration term is added; see equations

(2.5) and (2.6).
Hull and White (2()0())31

Hull and White derive a closed form solution for a default swap spread using swap valua-
tion techniques. Hull and White incorporate the accrued interest of the reference asset,
that a default swap buyer pays at the time of default in case of cash settlement. Also, the
accrual payment of the default swap premium that a default swap buyer has to pay at the
time of default is included in the analysis (for details on the accrued interest on the refer-
ence asset and the accrued interest on the swap premium, see chapter 2, “The default swap
premium” and “Cash versus physical settlement”).

In a standard default swap, the settlement amount of the default swap buyer is usually
defined as the nominal amount N minus the recovery value RR, which may include the
accrued interest, a, of the reference obligation. Hence we can express the expected settle-

ment amount, also called claim amount, as:
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N[1—(RR+RRa)]. (5.55)

In example 2.1 in chapter 2, we had derived the claim amount. However, we had used equa-
tion N[1 — (RR + a)] instead of N[1 — (RR + RRa)]. Which of these two equations is more
appropriate, is a question of the terms of the specific default swap contract. Hull and White
apply equation N[1 — (RR + RRa)], since here the accrued interest, a, incorporates the
default event in form of the recovery rate RR.

To derive the expected value of the claim amount of equation (5.55), we have to multi-
ply by the risk-neutral probability of default A, since the claim will be paid only in default.
Discounting back to t, with the risk-free interest rate r, we derive the expected present

value of the claim amount for a swap with a notional amount of N = 1 as:
T
J.(l —RR —RRa)A e "dt. (5.56)
0

The value of the default swap payments of the default swap buyer can be expressed as the
integral over all payments in case of default plus all payments in case of no default. Hence,
we derive:

T

J.skt(ut +gt)dt+s|:1—J7utdt:|uT (5.57)

0

where s: swap premium; A: risk-neutral probability of default of the reference asset;
u: present value of all swap premium payments at rate $1 between zero and time t;
g: present value of accrual payments of the swap premium s paid at time t; T: swap
maturity.

From equation (5.56) and (5.57) we derive the value of the default swap from the view
of the default swap buyer as:

T T T
J(1-RR=RRa)Ae7"dt = [ s, (u, +g,)dt - 5[1 - J?utdt:|uT. (5.58)

0

In order to find the equilibrium swap premium s,, which gives the default swap a zero
value, we have to set equation (5.58) to zero and solve for s. This will give us the value of

S as:

e

[1—(RR+RRa)JA e "dt

o t—

Se

(5.59)

J‘kl(ul +g,)dt+ {1 - J.Kldt}u»r
Hull and White (2001)

Hull and White extended equation (5.59) to include the possibility of default of either the
default swap buyer or the default swap seller. As mentioned earlier, this type of default swap
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is also termed a vulnerable default swap. The reader should note that the default swap buyer
usually has significantly higher counterparty exposure since the claim amount is typically
much higher than the periodic default swap premiums. In case of an upfront default swap
premium, only the default swap buyer has counterparty default risk, since the default swap
buyer has no future obligation to the default swap seller.

To account for the possible default of the counterparty, only one term has to be added
to equation (5.59), and two variables have to be redefined. Define:

A% risk-neutral probability of default of the reference asset at time t and no earlier default
of the counterparty

0.: risk-neutral probability of default of the counterparty at time t and no earlier default of
the reference entity

T.: risk-neutral probability of no default by the counterparty or the reference asset during

the life of the swap

As it is standard in a default swap, it is assumed that there is an accrual payment, g, on
the swap premium from the default swap buyer in case of default of the reference asset.
However, there is no such payment in case the counterparty defaults. With these assump-

tions we can express the equilibrium value of a vulnerable default swap s, as:

[1—(RR+RRa)]X e dt

SR S—

: j[?\,ﬂ:(ut +gt)+¢tut]dt+ﬂ$uT |
0

(5.60)

Sev

Note that for the case of no counterparty default risk i.e. ¢, =0, equation (5.60) is math-
ematically identical with (5.59). For the possibility of counterparty risk, ¢ > 0, it follows
from equations (5.59) and (5.60) that the swap value decreases, i.e. s, <s..

Using default correlations to value default swaps

The approach above uses the risk-neutral probabilities AF and 0, which reflect the timing
of default events, as well as T, which gives the joint probability of no default. A different
approach of valuing a default swap is to derive the joint probability of default of the refer-
ence entity and the counterparty via a correlation coefficient and then alter the swap
premium s. This approach will be discussed now.

The default correlation of the reference entity and the counterparty naturally is an impor-
tant feature in the valuation of a default swap. The higher this correlation, the lower the
value of the default swap: Only if both the reference entity and the counterparty default,
will the default swap buyer be left with a huge loss. Hence, any default swap buyer should
ensure that the default correlation between the reference entity and the default swap seller
is low before entering into the default swap.

The probability of a joint default can be expressed easily. Let’s first start with some basic
statistics: If two companies’ default probabilities are independent, the joint probability of

default is simply the product of the individual default probabilities. So if the default prob-
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ability of company r, A, is 2% and the default probability of company c, A%, is 3%, the joint
probability of default, in case the default probabilities of the companies are independent, is
0.006%. If two companies’ default correlation (usually derived from the equity correla-

tion) is P(A", %), the joint probability of default A" M A° can be shown to be:

A ) =p(, KN =) o - () ] +(an) (5.61)

From equation (5.61) we can see that for a default correlation p(A,A%) of zero, the joint
default probability A(r M c) is indeed the product of the individual default probabilities of
A" and A° as stated above. We can also derive from equation (5.61), that the higher the cor-
relation of default probabilities (A", A°), the higher the joint probability of default A(r N
c), thus the higher the expected loss. Therefore, assumptions about correlations are a key
feature in the valuation of credit derivatives.

Hull and White (2001) derive an analytic approximation for a default swap premium,
which incorporates the default correlation between the reference entity and the default

swap counterparty. Define:

A Probability of default of reference entity r during the life of the default swap

AS: Probability of default of the counterparty ¢ during the life of the default swap

A(r M ¢): Joint probability of default of the reference entity r and the counterparty c during
the life of the default swap (derived from equation (5.61))

g proportional reduction in the present value of the expected payoff (1 — RR —
RRa) due to counterparty default

h.: proportional reduction in the present value of the expected swap premium pay-
ments s due to counterparty default

s: default swap premium assuming no counterparty default risk

Sy default swap premium including counterparty default risk (v for vulnerable)

If the reference entity defaults first, there will be the payoff of a standard default swap,
1 —RR — RRa. However, if the counterparty defaults first, there will be no payoff.
A small value of g. and a high value of h. increase the default swap value. Hence, the

relationship between s and s, can be expressed as:

1—gc
S, =s—=—, 5.62
—h. (5.62)

In equation (5.62) s is the standard default swap premium, hence s incorporates the prob-
ability of default of the reference entity.

Let’s first look at the proportional reduction of the expected payoff g. For g to occur,
first the reference entity has to default (so that the payoff 1 — RR — RRa is due) and con-
ditionally on this default, the counterparty has to default. The attentive statistics student
recalls that this conditional default probability can be expressed as:

XN =Arno)/A. (5.63)
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Q

Figure 5.23: Risk-neutral default probability of reference entity r, A, risk-neutral default prob-
ability of counterparty c, A%, and the joint default probability A(r N c)

Equation (5.63) reads: The probability of counterparty ¢ defaulting conditional on the
default of the reference entity r, A A equals the joint probability of default of ¢ and r,
A(r N ), divided by the probability of default of r, A". Hull and White assume that there
is a 50% chance that the reference asset defaults first and then the counterparty defaults
before having paid the payoff 1 — RR — RRa. Only in this case will there be a reduction of
the payoff reflected by g. Hence we get:

g=0.5MrNc)/\. (5.64)

Let’s now look at the expected proportional reduction h of the swap payments of the
default swap buyer due to counterparty default risk. This reduction h will occur if the coun-
terparty defaults or the reference entity defaults. However, we have already incorporated
the reference entity default risk in the standard swap premium s. Hence, we have to exclude
the reference entity default risk and only incorporate counterparty default effects. Dis-
playing first the default probabilities, we get figure 5.23.

The probability of counterparty c defaulting and not the reference entity r defaulting can
be derived from the addition law of basic probability theory:

AMruc)=N+X —=Arne). (5.65)

Equation (5.65) reads: The probability of the reference entity r or the counterparty c
defaulting, AMr U c), equals the probability of default of r plus c, A"+ A, minus the joint
probability of default A(r M c). Equation (5.58) can easily be verified from figure 5.23.

From equation (5.65) we can derive the probability of counterparty c¢ defaulting but not
the reference entity r defaulting, A(c N ) (vertically shaded area in figure 5.23) as:

AMcnt)=AMruc)—A =X =A(rNc). (5.66)

As mentioned above, we presently only consider the case where the counterparty defaults
before the reference asset defaults. Only this case has to be considered here, since the ref-

erence asset defaulting first is already incorporated in the standard swap premium s. Assum-
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ing there is 50% chance that the counterparty defaults first, the term A° = A(r M c) reduces
to 0.5 [A° = A(r N ¢)].

So far we have investigated A(c M F), the vertically shaded area in figure 5.23. We now
have to additionally consider the term A(r M c), since it is part of the counterparty default
risk. In this case, Hull and White assume that when both default with the counterparty
defaulting first, the payments of the default swap buyer will reduce by one third. Altogether

this results in a proportional reduction of the swap premium payments h of:
h=0.5A = A(r N c)]+0.5Mr N c)/3=0.5% = A(rNc)/3. (5.67)

Combining equations (5.62), (5.64), and (5.67), we derive the vulnerable swap premium

S, as:

_ l—O.SK(rﬂc)/x"
TS0 +A(r M e)/3

(5.68)

Example 5.18: The joint probability of default of the reference entity and the
counterparty was derived (e.g. with equation (5.61)) as 10%. The default probabil-
ity of the reference entity r is 20% and the default probability of the counterparty c
is 30%. What is the default swap premium, assuming the default swap premium
without counterparty default risk was derived as 5%?

Following equation (5.68), we derive:

1-0.5%0.1/0.2
1-0.5%X0.3+0.1/3

sy =0. =4.25%.

Hence, the incorporation of counterparty default risk reduces the swap premium by
0.05 — 0.0425 = 0.75 percentage points or 0.0075/0.05 = 15.00% of its no-coun-

terparty risk value.

Kettunen, Ksendzovsky, and Meissner (KKM) (2003)

KKM derive the default swap premium with a combination of two easily implementable
discrete binomial trees. One tree represents the default swap premium payments, the other
the default swap payoff in case of default.

In the following, the model will be presented in three parts:

The model excluding counterparty default risk
2 The model including counterparty default risk, which is not correlated to reference
asset default

3 The model including reference entity—counterparty default correlation
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time 0 1 2

Figure 5.24: Discrete-time binomial model where the premium is paid at the end of a default

period

1.  The KKM model excluding counterparty default risk

Define:

AL exogenous, risk-neutral probability of default of reference entity r, during time t to
t + 1, which is expressed in years as AT,, viewed at time 0, given no earlier default
of the reference entity r

s default swap premium to be paid at time t

N: notional amount of the swap

r: risk-free interest rate from time O to time t + 1

T: time between time 0and time t, expressed in years

AT,: time between t and t + 1, expressed in years

RR;: exogenous recovery rate of the reference entity

a:  accrued interest on the reference obligation from the last coupon date until the default
date.

A tree where the premium is paid at the end of a default period: Let’s look first at the default swap
premium tree. The discrete times t represent default swap premium payment dates. A sim-
plified version of the default swap premium tree can be seen in figure 5.24.

The risk-neutral default probability A is derived by calibration of the model. Including
discount factors, we obtain the present value of the swap premium payments from figure

5.24 as:
[NosiN+ (1= X, )s;NJe ™ +{ (1= X [ AssoN+ (1= A )s,N]Je ™ (5.69)

where T, is the time between 0 and t expressed in years and r, is the risk-free interest rate
from time O to time t + 1.

Canceling several terms in equation (5.69) and generalizing for T periods we derive the
present value of the default swap premiums as:

T t—2
s Ne ™™ + 2|:StNe_rtm [Ta-2, )} (5.70)
t=2

u=0
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time t=0 t=1 t=2 t=3 t=4

Figure 5.25: A tree with two premium payment dates at time t = 2 and t =4 and four risk-neutral

default probabilities Ao to As

The first term of equation (5.70), s; N, is not weighted by a default probability. This is
because in either default or no default at time 1, the premium payment s; N will be paid.
It is typical in reality that in case of default, the default swap buyer will make a final (accrual)

swap premium payment to the default swap seller.

A tree with more default periods than premium payment dates:  In the simple tree in figure 5.24,
the number of risk-neutral default probabilities is identical with the number of premium
payment periods. The number of possible default periods can be easily increased. For
example, if a user wants to double the number of default probabilities, the tree will look
as in figure 5.25.

In figure 5.25, AT, represents the time between t and t + 1, expressed in years. We
assume that in case of default of the reference entity, the default swap buyer will make an
accrual payment on his default swap premium sNAT, at the end of the default period. Hence
sNAT, is paid at time t + 1, for default between time t and time t + 1. The exact time of
default between times t will be determined by a random number generator in a pro-
grammed model, see section “The KKM model in combination with the Libor Market
Model (LMM),” below.

In figure 5.25 we have 4 periods in which default can occur. If we have a two-year default
swap with annual premium payments, it follows that AT, = 0.5. However, the length of the
time periods in figure 5.25 may differ. Hence AT, may be unequal to A‘Ey.

As shown in figure 5.25, it is assumed that at the time of default, the default swap
premium buyer will make a final accrual payment of the default swap premium sNAT,,
which is typically the case in reality.

Integrating discount factors, we can derive the present value of the swap premium pay-

ments from figure 5.25 as:
[AosiNAT, + (1= A, )5 NAT, Je ™™™
+{(1=A7)[XisiNAT, + (1= A} )s,NAT, [}e ™™
+{(1=A5)(1=X)[X5s,NAT, + (1= A5 )s,NAT, [}e ™™
F (1= X)) (1= 251 = A5 A, NAT; + (1= A3 )s,NAT, Jle ™™™, .71



The Pricing of Credit Derivatives 159

N(1-RR, - RR.a)
Ay

N(1 - RR, - RR,a)

1-2,
time t=0 t=1 t=2 t=3 t=4

Figure 5.26: Binomial tree of the default swap payoff

If we set the swap premium s constant in time, i.e. s, = s, =s; ..., and cancel several

terms in equation (5.71), we get for T time periods:

T t—2
SNAT e ™ + z |:SNA’Ctler”T‘ H(l -\ )i| (5.72)

t=2 u=0

Let’s now look at the process for the payoff that the default swap buyer receives from
the default swap seller in case of default of the reference asset. This payoff in practice is
typically N — NRR, — NRR,a or N(1 — RR, — RR,a), where N is the notional amount, RR,
is recovery rate of the reference entity, and a is accrued interest on the reference obliga-
tion from the last coupon date until the default date.

The payoff is paid only in the event of default. Using the grid points from figure 5.25,
we can build a tree as in figure 5.26.

Integrating discount factors, we derive the present value of the expected payoff from

ﬁgure 5.26 as:

X,N(1—RR, —RR,a)e ™" +(1— A5 )A'N(1—RR, —RR,a)e "™
+(1=2,)(1=A)AN(I—RR, —RR,a)e ™" ... (5.73)

Generalizing equation (5.73), we get for the present value of the expected payoft:

T t—2
AoN(1—RR, —RR,a)e ™" + 2|:N(1 —RR, —RR,a) A\_e "™ H(l -\, )}. (5.74)
u=0

t=2

Combining equations (5.72) and (5.74), we derive the present value of the default swap

from the viewpoint of the default swap buyer as:

T t—2
AoN(1—RR, —RR,a)e ™" + Z[N(l —RR, —RR,a) A_je "™ H(l -\, )}

t=2 u=0

T t—2
—sNATe ™ + ) [SNA’Ct_le_““T‘ [Ta-2, )}. (5.75)

t=2 u=0
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Setting equation (5.75) to zero and solving the equation for the default swap premium s,

we get:

T t—2
AXoN(1—RR, —RR,a)e ™™ + Z‘:N(l —RR, —RR,a) Xe = [J(1-2, )}

t=2 u=0

s =

T

t—2
NAT e ™" + z [NArt_le‘“'”‘ (1-X, )}
0

t=2 u=

(5.76)

The swap premium s in equation (5.76) is the fair or mid-market default swap premium,
since it gives the swap a value of zero. The fair default swap premium s multiplied with AT

is paid at cach time t, starting at t + 1 until T or default, whichever occurs sooner.

Example 5.19:  Given is a default swap with a notional amount N of $1,000,000,
and an assumed recovery rate of the reference entity RR, of 40%. The swap termi-
nates in 1 year (time 2). The default swap premiums are paid annually and the prob-
ability of default A in 6 months (time 1) is 10% and in 1 year (time 2) is 30%. The
accrued interest, a, of the underlying bond from the last bond coupon date to time
1 will be 1% and to time 2, 4%. The 6-month and 1-year interest rates are 5% and
6%, respectively. What is the annual default swap premium s?
Following equation (5.76), the numerator is:

1,000,000 X (1— 0.4 — 0.4 % 0.01) X %9 x 0.1
+1,000,000 X (1— 0.4 — 0.4 X 0.04) X ¢ % % 0.3 (1—0.1) = 206,626

and the denominator is
1,000,000 X 0.5 X %5 41,000,000 X 0.5X ¢V x (1-0.1) = 911,449

Hence the swap premium is 206,626/911,449 = 22.67%.
See www.dersoft.com/ex519.xls for this example.

2. The KKM model including counterparty default risk, which is not
correlated to reference asset default

Counterparty default risk is the risk that a counterparty does not honor its obligation. As men-
tioned earlier, this type of default swap is also termed a vulnerable default swap. Counter-
party default risk can be easily integrated in the model as derived so far. In the default swap
(consider figure 2.2) the default swap buyer has counterparty default risk, since the default
swap seller has a potential future obligation in the amount of N(1 — RR, — RR,a) to the
default swap buyer. This type of risk is included in the Kettunen, Ksendzovsky, and Meiss-
ner model.

In a standard default swap (consider figure 2.2), the default swap seller also has coun-

terparty default risk, if the swap premium s is paid periodically, and additionally if the
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default swap premium s is an above market premium. (If the swap premium s is a below
market premium, the default swap will have a negative present value for the default swap
seller, so there is no risk; consider figure 5.19.) This type of counterparty default risk is
not included in the Kettunen, Ksendzovsky, and Meissner model. Naturally, if the default
swap premium is paid upfront, the default swap seller has no counterparty default risk,
since the default swap buyer has no future obligation.

In this section we are excluding the correlation between the default of the reference asset
and the counterparty. If the default probability of two entities is not correlated, the joint
probability of default is simply the multiplication of the individual default probabilities. So
if the default probability of the reference entity r, A, is 2% and the default probability of
counterparty c, A5, is 3%, the joint probability of default, in the case where the default
probabilities are independent, is 0.006%. Formally: A(r M ¢) = A" X A°.This property will
be applied in this section.

In order to include counterparty default risk, both trees, the payoff tree as well as the
swap premium payment tree, will expand to a quadruple tree. Let’s start with the payoff tree.

The default swap payoff tree: ~ Define:

A exogenous, risk-neutral probability of default of counterparty ¢, during time t to t +
1, which is expressed in years as AT,, viewed at time 0, given no earlier default of the
counterparty ¢

RR.: Exogenous recovery rate of the counterparty

Si(t): Fair value of the default swap at time t excluding counterparty risk (i.e. the swap value

including the notional amount that gives the default swap a present value of zero).

We assume that if both reference entity and the counterparty default, with probability
ALY, the standard payoff in case of default of the reference asset will be reduced by the
recovery rate of the counterparty. Hence the payoff will be N(1 — RR, — RR;a)RR.. There
will be no payoff if neither the reference entity nor the counterparty default, probability
(1 = A)(1 = X%). There will be the standard payoff N(1 — RR, — RR.a) if only the refer-
ence entity defaults, probability A'(1 — A°). We assume that if only the counterparty defaults,
probability (1 — A)A", the counterparty will pay the time t value of the default swap, St),
multiplied by the recovery rate of the counterparty, S(t) RR.. This can be represented as
in figure 5.27.

Including discount factors, we derive from figure 5.27 the present value of the payoff of

a two-period default swap as:

[AGAGN(1—RR, —RR,a)RR . +(1— A% )(1—A5)N X 0+ A5 (1—A5)N(1—RR, —RR a)
+(1=25)A5S(DRR , Je ™™
+(1=25)(1=25)[MAN(I —RR, —RR,a)RR, +(1 =X} )(1—A;)N X 0
+A; (1= A )N(1—RR,— RR,a)+ (1= A, A (S;(2RR ) ]e ™.
(5.77)

Generalizing equation (5.77) for T periods, we derive:
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N(1-RR —RRa)RR,

N(1-RR, —RRaRR,

N(1-RR, —RRa)

S(2) RR,

S(1) RR,
time t=0 t=1 t=2

Figure 5.27: Two-period payoff tree of a default swap including counterparty default risk

T
Y A[NoALN(1—RR, —RR,a)RR, + X (1— A5 )N(1-RR, —RR,a) +
t=1

t—2

(1= X )Xo (ORR Je = T (1= ) (1=} (5.78)

u=0

The default swap premium payment tree: ~ Let’s now look at the default swap premium payment
tree. In the case of no default of the reference entity or the counterparty, probability (1 —
A)(1 — X, the standard swap premium payment sNAT, will apply. The same swap premium
sNAT, will be paid in case of the default of the reference asset and no default of the coun-
terparty, probability A'(1 — A%).

In case of both the reference entity and the counterparty defaulting, probability A, the
final swap premium payment of the default swap buyer depends on the national bankruptcy
law and the specific terms of the default swap contract. Principally three scenarios exist.

Scenario 1:  The default swap buyer makes no final accrual payment and receives the payoft
N(1 — RR, — RR,a)RR..

Scenario 2:  The default swap buyer makes a final accrual payment of the minimum of
his obligation and the payment of the default swap seller: min [sNAT, N(1 — RR, —
RR,a)RR]. This scenario nets the obligations in case of sSNAT 2 N(1 — RR, — RR,a)RR,
and gives a payoff of N(1 — RR, — RR,a)RR, — sNAT in case of N(1 — RR, — RR,a)RR,
> sNAT.

Scenario 3:  The default swap buyer makes a final accrual payment of sSNAT. However, this
payment may be higher than the reduced, recovery rate dependent, final payment of the
default swap seller N(1 — RR, — RR,a)RR..
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min[s,NAT,,
N(1-RR,—RRaRR
min[s,;NAT,, ( ;~ RRARR
N(1-RR,—RRaRR]

(-2 -A)
S,NAT,

M(1-219

S,NAT,
(L -ADAE

(1-2915
min[s,NAT, S(2)RR ]
min[s;NAT,, S(1)RR]

time t=0 t=1 t=2

Figure 5.28: Two-period swap premium tree of a default swap including counterparty default risk

In case of the counterparty defaulting but not the reference entity, probability (1 — A)A",
the final swap premium payment of the default swap buyer depends again on the national
bankruptcy law and the specific terms of the default swap contract. Principally the modi-

fied three scenarios are now:

Scenario 1:  The default swap buyer makes no final accrual payment and receives the payoff
N(1 — RR, — RR,a)RR..

Scenario 2:  The default swap buyer makes a final accrual payment of the minimum of his
obligation and the payment of the default swap seller: min [sNAT, Sy(t) RR.]. This sce-
nario nets the obligations in case of sSNAT > S(t) RR. and gives a payoff of Sy(t) RR. —
sNAT in case of Nsy(t) RR.= sNAT.

Scenario 3:  The default swap buyer makes a final accrual payment of sSNAT. However, this
payment may be higher than the reduced, recovery rate dependent, final payment of the
default swap seller Si(t) RR..

Of all scenarios, scenarios 2 and 3 reflect best the international and US bankruptcy law.
Scenario 1 is based on a “walk away clause,” that allows the solvent party to cease payments
but receive the recovery rate of the defaulting party. Most derivatives contracts do not
include such a clause. Scenario 2 is based on netting agreements, which are a standard pro-
vision of the legal documentation of OTC derivatives, making scenario 2 a realistic choice.
However, also scenario 3 can be considered realistic: Often solvent parties honor their oblig-
ation to their defaulting counterparty, even though the defaulting counterparty cannot
honor its obligations. This is done for public relations reasons.

In the following analysis, we will apply scenario 2: Hence, we derive the swap premium
payment tree as seen in figure 5.28.

From ﬁgure 5.28 we get for the present value of the swap premium payments:
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{N,X, min[sNAT,, N(1—RR, —RR,a)RR . ]+ (1= X, J(1= A5 )s; NAT, + X (1— A5 )s, NAT,
+ (1= X )AS min[sNAT,, S(DRR J}e "
+ (1= X% )(1 =A% ){XAS min[s, NAT,, N(1—RR, —RR,a)RR ]+ (1= A} )(1— A )sNAT,
+ X (1= A9)s:NAT, +(1—A7)AS min[s; NAT,, S;(2RR, J}e ™™ (5.79)

Assuming a constant swap premium s, i.e, $; =8, =83 . . ., generalizing equation (5.79)
for T periods and simplifying the notation by using min[sNAT,_;, N(1 — RR, — RR,a)RR ]
= min[x,] and min[sNAT_,, S(t)RR ] = min[y,], we derive:

2{[7% A 1m1n X, +(1 )( b I)SNATt AL 1( K;,l)SNA’CH

t—2

+(1= X)X minfy, e (1= 20 )(1-25)} (5.80)

u=0

From equations (5.78) and (5.80) we derive the value of the default swap from the view-
point of the default swap buyer as:

T
2 {[NoAoN(1—RR, —RR,a)RR, + A (1- X, )N(1—RR, —RR a)
t=1

t—2

+ (1= N A8 (ORR Je = [T (1= 25 ) (1=}

- Z{[ A min[x, ]+ (l - )(1 - N )SNA’CH + 7\,2,1(1 - )SNA’CH

t=1
t—2

+(1= N )X miny, e H(l —N)(1=-2)) (5.81)

u=0

Setting equation (5.81) to zero and solving for the fair default swap premium s, which gives
the default swap a value of zero, we derive:

T
Z{[Nl_]ki_lN(l —RR, —RR,a)RR, + A, (1= X, )N(1—RR, —RR,a)

t=1

(1= N NS ORR Je = [T0=2)(1-24)}

s=

2{[7ut A min[x /s + - )NA’CH +No, (1 - )NATH

+(1= X)X min[y, ]/s]e™™ H(1 -N)(1-2X)} (5.82)
u=0

Equation (5.82) with A° = 0 is identical to equation (5.76), which is the equation for the
fair default swap premium excluding counterparty default risk. Equation (5.82) with RR,
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=0and A°> 0 results in a default swap premium that is lower than the default swap premium
without counterparty risk of equation (5.76), which satisfies the no-arbitrage condition with
respect to counterparty default risk. A high recovery rate of the counterparty RR, can,
however, result in a default swap premium s that is higher than the default swap premium
excluding counterparty default risk. This is the case in scenario 1, because the swap
premium payments cease, but due to the high recovery rate of the counterparty the payoff
will increase and with it the default swap value and consequently the premium s.

It is also interesting to note that the default swap premium s is negatively related to the
recovery rate of the reference entity, hence ds/0RR, < 0. This is because the recovery rate
is deducted from the payoff, which is N(1-RR;-RR;a). Hence with a higher recovery rate
RR,, the value of the default swap and with it the default swap premium s decreases.
However, the swap premium has a positive dependence on the recovery rate of the coun-
terparty: ds/0RR, > 0. This is because a default swap buyer is willing to pay a higher default
swap premium s, if the payoff will be higher due to a higher recovery rate RR..

Let’s explain equation (5.82) in an example.

Example 5.20: Let’s alter example 5.19 and include counterparty default risk. In
example 5.19 we had a default swap with a notional amount N of $1,000,000 and an
assumed recovery rate of the reference asset RR, of 40%. The swap terminates in 1
year (time 2). The default swap premiums are paid annually and the probability of
default A of the reference asset in six months (time 1) is 10% and in 1 year (time 2)
is 30%.

The accrued interest, a, of the underlying bond from the last bond coupon date to
time 1 will be 1% and to time 2, 4%. The 6-month and 1-year interest rates are 5%
and 6%, respectively.

In order to include counterparty default, we first derive the fair value of the above
default swap without counterparty default risk at time 1 of 22.67% (see
www.dersoft.com/ex520.xls). Furthermore we assume that the probability of
default A° of the counterparty in 6 months (time 1) is 20% and in 1 year 40% (time
2). What is the default swap premium s including counterparty default risk for an
assumed recovery rate of the counterparty RR_ is 5%?

Following equation (5.82) the numerator is:

[0.1%0.2x1,000,000 X (1—0.4—0.4 X 0.01)+0.1X (1—0.2) X 1,000,000 X
(1—0.4—0.4x0.01)+(1—0.1) X 0.2 X 1,000,000 X 0.2267 X 0.05] X ¢ "0
+{[0.3% 0.4 X 1,000,000 X (1—0.4—0.4 X 0.01)+0.3 X (1—0.4) X 1,000,000 X
(1—0.4—0.4%0.01)+(1—0.3) X 0.4 X 1,000,000 X 0.3504 X 0.05] X e "'}
(1—0.1)x (1-0.2) =126,055

Following equation (5.82) we derive for period 1, min[x] = min[100,000, 29,800]
= 29,800 and min[y] = min[100,000, 5,960] = 5,960 and for period 2, min[x] =
min[100,000, 29,200] = 29,200 and min[y] = min[100,000, 17,520] = 17,520 (sce
www.dersoft.com/ex520.xls).

Hence, the denominator in equation (5.82) is:
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[0.1X 0.2 % 29,800/0.2000 + (1—0.1) X (1—0.2) X 500,000 +0.1 X (1—0.2) X 500,000
+(1=0.1)X 0.2 X 5,960/0.2000] X ¢ % 4+[0.3 X 0.4 X 29,200/0.2000
X (1—0.3) X (1—0.4) X 500,000+ 0.2 X (1—0.4) X 500,000 +(1—0.2) X 0.4
X 17,920/0.2000] X e ***!(1—0.1) x (1—0.2) = 630,195

Hence, the default swap premium including counterparty default risk is
126,055/630,195 = 20.00%. So including counterparty default risk, the default swap
premium has decreased from 22.67% (see example 5.19) to 20.00% or by (22.67 —
20.00) / 22.67 = 11.77%. For scenario 1, the decrease of the default swap premium
is 6.32% and for scenario 3, 32.74%.

3.  The KKM model including reference entity—counterparty
default correlation

So far we have assumed that the risk-neutral default probability of the reference entity A
and the risk-neutral default probability of the counterparty A° are not correlated. As stated
above, the joint probability of two entities defaulting is simply the multiplication of the indi-
vidual default probabilities, if the companies’ default is not correlated. Formally: A(r M c)
= A" X A%, Also note that A(x) =1 — A",

If the default probabilities of the reference entity r and the counterparty c are corre-

lated, we apply equation (5.61):
M) =p( 1)y [A () T - () |+ ] .61)

where =1 < p(A', X%) < 1 is the correlation coefficient, which can be derived from equity
correlation. The individual risk-neutral default probabilities A" and A are derived by cali-
brating the model.

The probability of neither the reference asset nor the counterparty defaulting, i.e. A(t
M €) can be derived from the addition law of basic probability theory (see figure 5.23):

AMruc)=N+X =Arnc). (5.65)
From equation (5.65) it follows that:
AMrng)=1-AMruc)=1-[A+X = A(rNc)] (5.83)

From equation (5.65) we can also derive the probability of the reference entity r default-
ing and not the counterparty ¢, A(r M ) (see figure 5.23 horizontally shaded area):

AMrnc)=N —=Arne). (5.84)

Note that equation (5.84) with zero correlation, is equal to A'(1 — A°) from part 2 of

this section, which excluded correlation altogether. In case of zero correlation PN, Ay =
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0, and from equation (5.61) it follows that A(r M c) = A'A°. Substituting this into the right
side of equation (5.84), we derive A" — AA° or A'(1 — A).

Naturally, the probability of the counterparty ¢ defaulting and not the reference entity
r, M(c M F), (see vertically shaded area in figure 5.23), is:

AMcNt)=A —=A(rNc). (5.85)

Example 5.21: Let’s alter example 5.20 to include a default correlation between
the reference entity and the counterparty. The default probability of the reference
asset for the next year is 10% and for the counterparty 20%. Let’s assume from equity
correlation, the default correlation p(r,c) is 0.5.

For period 1 we derive: From equation (5.61) the probability of joint default
AMrc)=0.5% \/[0. 1=(0.1)J0.2=(0.2)°] +[0.1x 0.2] =8% From cquation
(5.83) the probability of both the reference entity and the counterparty not default-
ingis M N =1—AMrUc)=1-[0.1+0.2—0.08] = 78%. The probability of
the reference entity r defaulting and not the counterparty c, AMr N ©), is, following
equation (5.84), A(r N ) = 0.1 — 0.08 = 2%. The probability of counterparty c
defaulting and not the reference entity r, M(c N F), is A(c N F) = 0.2 = 0.08 = 12%.

For period 2, we have from example 5.19, A =30% and A° = 40%. We assume
the same correlation coefficient as in period 1, 0.5. Using the same equations (5.61),
(5.83) to (5.85), we derive for period 2: Mr M ¢) = 23.22%, MF N €) = 53.22%,
Ar N T) = 6.78%, and A(c N T) = 16.78%.

Using these probabilities instead of the non-correlated default probabilities A
(1 =A)(1 = X%, (1 = M)A and A'(1 — A°), we derive for scenario 2 a default swap
premium of 6.81%, and 8.20% and 5.89% for scenarios 1 and 3, respectively (see

www.dersoft.com/ex521.xls). When excluding this reference entity—counterparty
default correlation (example 5.20) we had derived a default swap premium of 20.00%
for scenario 2, and 21.24% and 15.25% for scenario 1 and 3 respectively. Hence, we
realize the significant impact of the default correlation.

See www.dersoft.com/ex521.xls for this example.

The KKM model in combination with the Libor
Market Model (LMM)

The Kcttuncn—Kscndzovsky—Mcissncr (KKM) model can be Casily combined with any inter-
est rate term structure based model. Before we show how it is combined with the Libor
Market Model (LMM)), let’s first discuss basic properties of the LMM model.

The Libor Market Model

The Libor Market Model™ falls into the framework of the Heath-Jarrow-Morton (HJM)
1992 term structure model.” The main weakness of the HJM model is that interest rates
are expressed as instantancous rates, i.e. for infinitesimally short periods of time. These
rates are not observable in the market. In the LMM model, interest rates can be conve-

niently expressed as discrete forward rates.
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Hull and White (2000a) show that a one-factor Libor Market Model can be discretized as

k 2
Fk(th) _ Fk(tj)exp|:(z A’CiFi(tj)A;—j—1Ak—j—1 _ Ak—j—] jATj +Ak—j—] c /7AT]_:| (5.86)

5 1+ATE(Y) 2

where
Fi(t): forward interest rate between time k and k + 1, seen at time t, with compound-
ing of AT,
AT;: time between horizontal nodes i and i + 1, expressed in years
€:  random drawing from a standard normal distribution
A:  forward rate volatility term for time t, to t,;. Assuming AT is constant, A can be

derived iteratively using:

k-2
A= kol - D A, (5.87)
v=0

where Oy is a caplet’s volatility between time t, and tyy;.

Figure 5.29 shows a non-recombining one-factor five-period LMM model. At each node,
an entire interest rate curve is generated. The number displayed highest at each node rep-
resents the spot rate, the number displayed second highest represents the one-period

forward rate, etc.

Pricing Default Swaps on the KKM model on the basis of the LMM
model

Kettunen, Ksendzovsky, and Meissner (2003) derive the value of the European-style default
swap including reference asset—counterparty default correlation using a Monte-Carlo

implementation of the LMM model via the following steps:

1 The default probability of the reference asset is simulated by a one-factor LMM
model. Hence, in equations (5.86) and (5.87), the forward interest rates and their
volatilities are replaced by the forward default probabilities of the reference asset and its
volatilities.

2 The default probability of the counterparty is also simulated by a one-factor LMM
model. Hence, in equations (5.86) and (5.87), the forward interest rates and their
volatilities are replaced by the forward default probabilities of the counterparty and its
volatilities.

3 The default correlation between the reference asset and the counterparty is inte-
grated into the model with equations (5.61), (5.83), (5.84), and (5.85).

4 A random number between 0 and 1 is generated to dictate which of the four differ-
ent default scenarios occurs: No default A(F M €), only reference asset default A(r N ©),
only counterparty default A(c M F), or both reference asset and counterparty default
A(r M c). If cither the reference asset or the counterparty or both default, a random number
between 0 and 1 is generated and multiplied with the length of the time step to simulate
the exact default time in the specific time step.
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Figure 5.29: One-factor LMM model for 3-month interest rates with a 2% spot rate input and
forward rate inputs of 2.25%, 2.5%, 2.75%, and 3% for periods 2, 3, 4, 5, respectively; caplet
volatility inputs are 16%, 17%, 16%, and 15% for periods 2, 3, 4, 5, respectively

The model can be found at www.dersoft.com/Immtree.xls

5 The payoff and the premium payment of the default swap are calculated taking into
account the specific default scenario. Table 5.6 presents the payoffs and premium payments
when the observed time step is one year, the coupon of the reference asset is paid annu-
ally, and the premium of the default swap is paid annu.ally.34

6 The payoff (if other than zero) is discounted back to time zero using the interest rate
term structure (that is modeled using LMM). The premium payment of the default swap is
also discounted back to time zero using the interest rate term structure (that is modeled
using LMM) and added to the previously discounted premium payments.

7 If there is no default during the time step and the maturity of the default swap is not
reached, steps 1 to 6 are repeated until maturity or default is encountered. (See table 5.6
column “How to proceed.”)

8 The accumulated discounted payoffs are divided by the accumulated discounted
premium payments to derive the swap premium s, following equation (5.82), which
includes the default correlation between the reference asset and the counterparty of equa-
tions (5.61) and (5.83) to (5.85). The swap premium s is derived as the average of all trials.

9 The steps 1 to 8 are repeated until the desired accuracy is achieved (recommended
at least 100,000 times).
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Table 5.6:  Payoffs and premium payments for the four default scenarios

Default Payoff Premium payment Paid at How to
scenario proceed
A TrMc — sN sy Continue to next

time step (if
not maturity)

A NE (1 —RR, —RRcTH)N sNT, T, Stop trial

AecNT)  S(Ty) RR, Min(sNT,, S(T)RR) Ty Stop trial

A (cMr) (1 = RR, — RR.cT))RR.N Min[sNTg, (1 — RR, — Ty Stop trial
RR.cTy) RR.N]

where

RR.:  Exogenous recovery rate of the counterparty

RR;: Exogenous recovery rate of the reference entity

Ty:

Randomly simulated default time between the last node and the consecutive node, expressed in years

Si(Ty): Fair value of the default swap from the time the default swap was issued until the time of reference asset

w

default without the possibility of counterparty default. S(T,) includes the notional amount N

Accrued interest on the reference asset from the last coupon date until the default date, hence a =
¢ Ty, where ¢ = coupon of the reference asset

Default swap premium

Notional amount of the swap

A visual basic program that follows the previously mentioned nine steps is available at

www.dersoft.com/dslmmkkm.xls. The program requires the inputs:

Forward interest rates and caplet volatilities;

Forward default probabilities of the reference asset and reference asset volatilities;
Forward default probabilities of the counterparty and counterparty volatilities;
Default correlation between the reference asset and counterparty;

Recovery rate of the reference asset;

Recovery rate of the counterparty;

Maturity of the default swap;

Coupon of the reference asset and coupon payment frequency;

Default swap premium payment frequency;

Length of time step (0.25, 0.5, and 1 year are currently available).

The program provides a 95% confidence interval for the simulated result so that the accu-

racy of the result can be evaluated.

if

It is interesting to note that the model derives a zero value for the default swap premium,
the correlation coefficient p(A’, A) is 1, the default probabilities and the default

volatilities of the reference asset and the counterparty are identical, and the recovery rates

are zero. In this case, if the reference asset defaults, the counterparty will default, making

the default swap useless. The reader can easily verify this feature when using the model.
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Pricing TRORs

So far we have discussed several models that evaluate default swaps and credit-spread
options. We have not explicitly mentioned how to price TRORs. The reason is simple.
TRORs can be evaluated on the basis of default swaps. In chapter 2 we had derived equa-
tions (2.2a) and (2.2b):

Receiving in a TROR = Short a default swap + Long a risk-free asset
Paying in a TROR = Long a default swap + Short a risk-free asset

Consequently, in order to price a TROR, we can simple derive the price of a default

swap and add a long or short position of a risk-free asset.
Further research in valuing credit derivatives

In the options market, the Black-Scholes equation and its modifications have been widely
accepted as the benchmark model. No such model currently exists for pricing and hedging
credit derivatives. Currently structural models and reduced form models compete to estab-
lish dominance in the market. An approach such as the one of Duffie and Lando (2001) that
includes structural as well as reduced form elements could prove successful. Kamakura has
already launched a hybrid Jarrow-Merton default probability model, which includes ele-
ments of structural and reduced form models.*

Further research will also focus on integrating most or all of the crucial input variables
(see table 5.1) in credit derivatives models. Research will also focus on relaxing many of
the restrictions that exist with current credit derivatives models. In a recent article Jarrow
and Yildirim (2002) derive a model in which the process for interest rates and the process
for default are correlated. Valuing exotic default swaps such as yield curve swaps, differen-
tial swaps, or Libor in arrears swaps and index amortizing swaps, as well as exotic types of

options such as barrier options, lookback options, or average options also await exploration.

SuMMARY OF CHAPTER 5

Numerous input variables and their correlations are necessary to price a credit derivative. Among
the most crucial inputs are the default probability of the reference asset and the default probability
of the counterparty, and the reference asset—counterparty default correlation.

The two main approaches to value credit derivatives are structural models and reduced form models
(also termed intensity models). Both models have their roots in the seminal Merton 1974 contingent
claim methodology, though structural models have closer ties to Merton.

Structural models endogenize the bankruptcy process by modeling assets and liabilities of a
company as in the Merton model. Structural models can be divided into firm value models and first-
time passage models. In firm value models bankruptcy occurs when the asset value of a company is
below the debt value at the maturity of the debt. In first-time passage models, bankruptcy occurs
when the asset value drops below a pre-defined, usually exogenous barrier, allowing for bankruptcy
before the maturity of the debt.
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Reduced form models abstract from the explicit economic reasons for the default (i.e. they do
not assess the asset-liability structure of the firm to explain the default). Rather, reduced form
models use debt prices as a main input to model the bankruptcy process. Default is modeled by a
stochastic process with an exogenous default intensity or hazard rate, which, multiplied by a certain
time frame, results in the risk-neutral default probability also called pseudo- or martingale default prob-
ability. The value of the hazard rate is derived by calibration of the variables of the stochastic process.

Numerous types of structural and reduced form models exist, focusing on different aspects of the
default process. Current research concentrates on the creation of a coherent combination of struc-
tural and reduced form models.
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(QQUESTIONS AND PROBLEMS

Answers, available for instructors, are on the Internet. Please email gmeissne(@aol.com for the site.

5.1 Explain why the pricing of credit derivatives is more difficult than the pricing of derivatives in the equity,
commodity,forei(qn exchange, orﬁxed income markets.

5.2 What are the three main approaches for pricing credit derivatives? Characterize and criticize them briefly.

5.3 Of the numerous inputfactors, which ones do you believe are the most importantfor pricing a credit
derivative? Discuss.

5.4 Explain why in trading practice the default swap premium is often derived from the asset swap spread.

5.5 Derive the price range of a default swap using hedging arguments.

5.6 Derive the probability Qfdgraultfor period I in a simple I-step binomial tree. Using this result, derive
the probability of default for period 2 in a 2-step binomial model.

Mi—r

i

5.7 Explain the market price of risk equation: Xi=

. Give a numerical example showing that the

market price of risk decreases for an asset that has a higher market price of risk than the arbitrage-free
market price of risk Y.
5.8 Explain why a zero-coupon bond is not a martingale. Do you think a stock price is a martingale?

5.9 Show that the Black-Scholes equation for a put P = —SN(—d;) + KefrTN(—dz) with
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5.10 Do you think it is reasonable to value a credit-spread option on a modified Black-Scholes equation, where
the spread is modeled as a single variable? What are the drawbacks?

5.11  Discuss the original Merton equation Ey =V,N(dl) — De ""N(d,) where

ln( VSrT )+10§T
4, =—Pe¢ 2 and d,=d,—o VT.
o VT
What is the probability of default in the Merton model? Explain.

5.12  The probability of default in the original Merton model can also be derived via a put option. Explain.

5.13  Discuss the derivation of the probability of default in first-time passage models. Why have first-time
passage models not been too successful in trading practice?

5.14  Discuss the vulnerable option pricing approach in the Jarrow Turnbull 1995 model.

5.15  Why is it necessary to transform historical transition probabilities into risk-neutral (martingale) transi-
tion probabilities in the derivatives pricing process?When should historical probabilities, and when should
risk-neutral probabilities be applied?

5.16  Why is the reference asset—counterparty default correlation important when pricing default swaps?
Discuss how the reference asset—counterparty default correlation can be incorporated in a default swap
pricing process.

5.17  Show how TRORs can easily be evaluated on the basis of default swap pricing.
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CHAPTER SIix

Risk MANAGEMENT WITH CREDIT DERIVATIVES

Any virtue can become a vice if taken to an extreme, and models are only approximations of a complex real
world. The practitioners should use the models only tentatively, assessing their limitations carefully in each
application. (Robert Merton in 1998, just before the LTCM crash nearly caused a global financial

meltdown)

In chapter 4 we have discussed how individual credit derivatives such as default swaps,
TRORs, and credit-spread options hedge single asset exposure. We will now analyze how
the credit risk of a portfolio of credit risky assets can be evaluated and managed. Risk man-
agement is the process of identifying risk, measuring the risk, and managing it. Managing
risk means reducing the risk to levels that regulators require and that the management is

comfortable with. Risk can be reduced by:

* simply eliminating risky positions (e.g selling the risky asset);

* entering into a cash position that offsets the risk (e.g. a long position in a risky bond
can be offset by shorting a bond with a high correlation to the risky bond);

* reducing the risk by entering into a derivate position (e.g. buying a default swap to

hedge default risk).

The VAR Concept

The VAR (value at risk) concept is widely accepted and established in the risk management
divisions of financial and non-financial institutions. VAR answers the crucial question: what
is the maximum amount we can lose due to a certain type of risk!, within a certain time
frame, with a certain probability? VAR is expressed as a single number and is therefore easily
understood by the senior management. Before we look how to derive a credit VAR number,
let’s first investigate VAR due to market risk, termed market VAR.

Market VAR for a single linear asset

A linear asset is an asset that moves by x units if the underlying instrument moves by x
units. Stocks, currencies and commodities are linear assets. Derivatives are non-linear
assets. Let’s consider a credit-spread put option: If the credit-spread moves by x units, the

credit-spread put price will move by more or less than x.
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For a single lincar asset S, the market VAR is the worst loss due to market price move-
ments. Market VAR is the difference between the mean return W of an asset S and a

maximum loss return m:
VAR(S) =W —m. (6.1)

If we assume that the return of S, (S;— Si;)/S_;, is normally distributed, we can express
the maximum loss return m via a confidence interval expressed by O, the mean [, and the
standard deviation G (the third and fourth moment of a normal distribution, skewness, and
kurtosis are 0):

m=—-00C+U (6.2)

where

o: x-axis value of a cumulative distribution; e.g. for a cumulative normal distribution
N, a 95% confidence interval gives 00 = 1.65; for a 99% confidence interval ¢ =
2.33; formally: N(1.65) = 95%, N(2.33) = 99%, (sce table A.1 in the appendix)

O(S): standard deviation, Std, of returns ((S; — S.))/S; -)); O(S) can be more

conveniently interpreted as the volatility of asset price S, calculated as

G(S)= \/%Z[ln(si/si_l)— ],L]2 where UL = lZIn(si/si_l ). This is because the
n—

i=1 i=1

standard deviation of returns Std ((S; — Si;)/S;;) is equal to the volatility of prices,
O (S)), hence Std ((S; — Si.1)/Si1) = O(S).

Combining equations (6.1) and (6.2), we derive for VAR:
VAR(S) = 0.0. (6.3)

Equation (6.3) states that the maximum loss, VAR, is simply expressed as the volatility of
an asset price O, which is adjusted by the choice of a certain confidence level, expressed
by 0. In case of a normally distributed return, as seen in figure 6.1, the mean is zero and
the standard deviation is unity.2 Hence for the standardized normal distribution as in figure
6.1, we derive a VAR of 0. More precisely, VAR is the distance from the mean of zero to
—0, which is oL

In figure 6.1 we chose an alpha of —1.65. Since N(—1.65) = 5%, this means that there
is a 5% chance that the loss will be higher than 1.65 standard deviations. It also means that
there is a 95% probability that the loss will not exceed 1.65 standard deviations.

If we assume that the underlying asset return is not normally distributed, we can gen-
erate O, from existing tables of other distributions. This concept will be applied to credit
VAR, termed CAR.

Market VAR for a certain time frame

The volatility G in equation (6.3) is expressed as a daily volatility, i.e. for the time horizon

of one day. This is typically the case in reality since end-of-day prices are used. Volatility can
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Figure 6.1: VAR, which represents the maximum expected loss due to market price changes, on

a 95% confidence level and the unexpected loss

casily be transformed into any time frame by multiplying it with the square root of
that time frame. For example a daily volatility, Gy, is transformed into a yearly volatility,
O carty, Dy multiplying by N252 , assuming there are 252 trading days in a year: G, X N252
= Oycaty A daily volatility is transformed into a 10-day volatility by multiplying by the square
root of 10: Caaity X V10 = Gjoayy.

Using this transformation and adding the notional amount N to equation (6.3), we derive

the VAR for an x-day time period as:
VAR(S) = Noiovx (6.4)

where O is the daily volatility and x is expressed in days.

In equation (6.4) we are using the volatility concept, which calculates the standard devi-
ation of relative price differences: (S;— Si)/S,-; = In(5;/S;_;). Since we are applying the
normal standard distribution to calculate VAR, we are implicitly assuming that the relative
change of the price of asset S, (S§;— Si_;)/S._;, termed market return, is normally distrib-
uted, see figure 6.1. Also, since the volatility is calculated around the mean (of relative price
changes), the VAR that we are calculating is the VAR with respect to that mean.

Let’s explain equation (6.4) in a numerical example.

Example 6.1: A company owns $1,000,000 worth of asset S. The daily volatility
of asset S is 1%. What is the 10-day market VAR for a confidence level of 99%?

We first find the value for o for the 99% confidence level from table A.1 in the
appendix, or with Excel function normsinv(0.99) = 2.33. Following equation (6.4)
the market VAR is: VAR (S) = $1,000,000 X 0.01 X 2.33 X V10 = $73,681. Hence,
the company is 99% sure that it will not lose more than $73,681 within the next 10
days due to market price changes of asset S.
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Figure 6.2: The VAR in a numerical example

The number $73,681 is the 10—day VAR on a 99% confidence level. This means that on
average once in a hundred 10-day periods (so once every 1,000 days), this VAR number of
$73,681 will be exceeded. If we have roughly 252 trading days in a year, a company will
expect to exceed the VAR roughly once every 4 years. The Basel Committee of the BIS con-
siders this as too often. Hence, they require that banks hold 3-times the 10-day VAR, which
means that they will expect to exceed their VAR approximately once every 12 years. In
example 6.1, a VAR capital charge of §73,681 X 3 = $221,043 is required by the BIS
regulators.

Currently investment banks use a daily time horizon for their trading books to calculate
the VAR. This is in line with the daily marking to market of the trading portfolio. For invest-
ment portfolios such as retirement funds, which are less volatile, typically a monthly time

horizon for VAR is applied.
Accumulated expected loss

As derived from equation (6.4), VAR is the notional amount N times the absolute Ol-value,
multiplied with the volatility G of the asset for a time period of x days. Let’s have a look
at a numerical example in figure 6.2.

In figure 6.2, VAR is 4. This can be derived by the numerical values of N = $100, o0 =
1.65, G =2.425%, for a one-day time horizon, so x = 1. Hence, from equation (6.4), VAR
=$100 X 1.65 X 0.02425 X V1= $4. Naturally, if the position in the asset would be N =
$1,000,000, the VAR would result in $40,000.

From figure 6.2, we can also derive the accumulated expected loss, AEL, within VAR. Tt
can be interpreted as the sum of all losses, which will not be exceeded for a certain time
frame, for a certain probability. It is the surface from d to the mean, where d is the value
on the x-axis corresponding to a certain O. In figure 6.2, d = —3. Since the mean is 1, AEL
is the area from —3 to 1. So in figure 6.2 the accumulated expected loss AEL, is 4 X 10 +
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3X 14+ 2 X 14 4+ 1 X 24 = 134. For continuous time and continuous price change, the

accumulated expected loss is:

AEL= [ 0(x)dx (6.5)

d

where d is the value on the x-axis corresponding to a certain 0.

We can also derive the average expected loss, AVEL, which is the accumulated loss per unit
of observation. This unit is typically one day in trading practice. If so, in figure 6.2 we have
10+ 14 + 14 + 24 = 62 observation days. Hence, in the example in figure 6.2, the expected
loss per day, AVEL, is 134/62 = 2.16. Formally,

1 n
AVEL=—) d,AP, 6.6
nZ (6.6)

i=1

where n is the total number of days, d; the number of days on which the i-th price change
occurred, and AP, the price change for d;.

As mentioned above, VAR expresses the expected worst loss for a certain time frame for
with a certain probability. Hence the unexpected accumulated loss, UAL, is the area from

—oo to d. For continuous price change we derive:
d
UAL= [ ¢(x)dx. (6.7)

VAR with respect to zero

In equations (6.3) and (6.4) we have calculated the VAR with respect to the return mean,
which may not be zero as in figure 6.2. If we choose to disregard this positive mean and
want to derive the VAR with respect to a relative price change of zero, which gives us the
absolute loss, we have to adjust equation (6.4). We derive:

VAR (zero) = No(S)oiv'x — ix (6.8)

where x is the time period of observation, expressed in days, and W is the return mean of
the underlying asset.

Using the same values as above, i.e. N =$100, 00 = 1.65, G =2.425%, x =1, and L =
1, from figure 6.2 we derive, following equation (6.8), VAR (zero) = $100 X 1.65 X 0.02425
XAV1—1x%x1= $3. This result can be directly observed from ﬁgure 6.2 as the distance

between 0 and —3 on the x-axis.
Market VAR for a portfolio of linear assets

In order to derive the market VAR for a portfolio of linear assets, we have to take into

account the correlation of the assets p of a portfolio P. We can slightly alter equation (6.4):
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VAR(P) = 6(P)oivx (6.9)

where the volatility G(P) is now defined as:

G(P):\/iipi,jﬁiﬁjcisj) (6.10)

=1 j=1

where 3, and B are the invested notional amounts (price S times quantity q) of asset i and
j, respectively, and ;; is the correlation coefficient of the returns of i and j. Hence, the
term G(P) includes the notional amounts of assets i and j via {3, and 3. Therefore the notional

amount N does not appear in equation (6.9).

Example 6.2:  Given is a portfolio of two assets i and j. $1,000,000 is invested in
asset i, which has a daily volatility of 1%. $2,000,000 is invested in asset j, which has
a daily volatility of 3%. The correlation coefficient of the assets is +0.5. What is the
10-day market VAR on a 95% confidence level?

From equation (6.10), we first derive G(P) as:

1X1,000,000X%1,000,000%X0.1x0.014+0.5X1,000,000x2,000,000X0.01X0.03

+0.5%2,000,000%1,000,000X 0.03X0.01+1x 2,000,000 2,000,000X0.03X0.03
=4.300.000.000.

~/4,300,000,000 = 65,574

We find the value of 0l for the 95% confidence level from table A.1 in the appen-
dix or with Excel function normsinv(0.95) = 1.65.
Following equation (6.9), the VAR for the portfolio of the two linear assets is:

$65,574 X 1.65X ~10 = $342,149.

Hence, we are 95% sure that the portfolio will not result in a higher loss than
$342,149 in the next 10 days due to market price changes of assets i and j.

Market VAR for non-linear assets

In order to derive the VAR for non-linear assets, we have to include the non-linearity feature
in the calculation. For bonds the non-linearity is measured by the first and second partial
mathematical derivative, duration and convexity (ignoring higher orders). For options the
non-linearity feature is measured by the first and second partial mathematical derivative,
delta and gamma. Let’s discuss how the VAR for options can be derived.

Market VAR for a portfolio of options

The non-linearity of options is measured by the delta and gamma (ignoring the third and
higher orders). The delta 0 is the first partial mathematical derivate of an option function
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with respect to the underlying asset. Expressing 0 for a discrete change in the underlying

rice S, we have:
P 5

o= ap (6.11)
AS
where P is the option portfolio value and S the price of an asset in the portfolio.
Equation (6.11) expresses how much the portfolio value changes, AP, for a discrete
change of the price, AS, of an asset in the portfolio.
In order to capture the curvature of the option function (the change of the delta) we use

the second mathematical derivative, the gamma I':

AP
T A (6.12)

Equation (6.12) expresses how much the delta of portfolio changes, Ad = A’P, for a
discrete change of the price, AS, of an asset in the portfolio.

To derive the VAR value for a portfolio of options, we have to ideally include the delta
and gamma in equation (6.10) (while ignoring highcr orders) and we can then apply
equation (6.9).

To find the impact of delta and gamma on the portfolio, typically a Taylor series approx-

imation® is applied in practice. It results in:

AP
—=0+0.5T'AS (6.13)
AS

where AP is again a discrete change of the portfolio for AS, a discrete change in the price
of an asset price in the portfolio, 0 is the delta, d = AP/AS, and ' = A’P/AS’.

The Taylor approximation gives good results for small changes in S and small gamma
values. However, for big changes in the underlying S and high gamma values, equation (6.13)
overestimates portfolio changes. Since big changes of the underlying are crucial in risk
management, the Taylor series approximation of equation (6.13) cannot be considered a
good choice. This is why in trading practice, often just the delta, the delta + 0.5 times
gamma, or delta + gamma are applied. For a test of these approximations sce
www.dersoft.com/Taylortest.xls.

In the following analysis we will use the approximation delta + gamma. In most cases
this approximation does not significantly overestimate portfolio changes for big changes in
the underlying S and mostly gives better results than just using the delta.

The delta and gamma will be included in equation (6.10) via the B terms. Hence, we
apply equation (6.14):

o(P) = \/iipi,j[}fﬁfoicj, (6.14)

=1 j=1
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where B* is defined as the notional amount invested in an asset (price S X quantity q) times

delta plus gamma: B* = (S x Q) O+1).

Example 6.3: A portfolio consists of two options. Option 1 on stock i has a delta
of 0.4 and a gamma of 0.04. Option 2 on stock j has a delta of 0.5 and a gamma of
0.05. Stock i has a price of $60 and stock j has a price of $70. The daily volatility of
asset 1 is 1%, the daily volatility of asset j is 3%. The correlation coefficient of the
daily changes between asset i and asset j is +0.5. The portfolio consists of 100 shares
of stock i and 200 shares of stock j. What is the 10-day VAR of the portfolio on a 99%
confidence interval?

First we derive B = (60 X 100) X (0.4 + 0.04) = 2,640 and B¥ = (70 x 200) x
(0.5 +0.05) = 7,700.

The 0Ol-value, representing a 99% confidence level, can be again found in table A.1
in the appendix or with Excel function normsinv(0.99) = 2.33.

Using equation (6.14), the value of G(P) is:

1X2,640X2,640X0.01X0.01+0.5X 2,640 X 7,700 X 0.01X 0.03
+0.5X 7,700 X 2,640 X 0.03 X 0.01+1X 7,700 X 7,700 X 0.03 X 0.03 =60,156.

V60,156 = 245.

Using equation (6.9), the VAR value for the option portfolio is:
245%2.33%x~10 =1,805.

Hence we are 99% certain that the option portfolio will not result in a loss of more
than $1,805 within a 10-day time horizon due to price fluctuation of the underlying
assets in the portfolio.

See www.dersoft.com/ex63.xls for this example.

Credit at Risk (CAR)

In analogy to market VAR, credit at risk (CAR) can be defined as the maximum loss due to
default or credit deterioration risk, within a certain time frame, with a certain probability.
To calculate VAR we used two inputs: The volatility of daily prices G, and a certain confi-
dence level of the normal distribution, represented by @, see equation (6.3). Both inputs
are problematic when calculating CAR. Daily changes in the credit quality of a debtor are
currently not available. Hence, CAR is usually calculated for a larger time frame than VAR,
usually for one year. Also, the normal distribution cannot be applied since credit returns
are highly skewed, as seen in figure 6.3.

Figure 6.3 shows the probability of moving from one credit class to another within a
certain time frame, typically a year. Hence figure 6.3 reflects the transition matrix for a

single A rated asset as in table 5.5, including asset prices.
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Figure 6.4: CAR, which represents the expected loss due to credit deterioration, and the

unexpected loss

Naturally, staying in the same credit class, in figure 6.3 class A has the highest probabil-
ity. Figure 6.3 shows that in case of an upgrade of the bond from single A to AA or AAA,
the price increase of the bond is rather small. But in case of a downgrade, the price decrease
is significant. The event of a strong price decrease, however, has a low probability, as seen
in figure 6.3. For continuous credit classes, we derive from figure 6.3 in combination with
the VAR concept of figure 6.1, figure 6.4.

Using the concept of equation (6.3), CAR can be approximately derived as the credit-
volatility of the underlying asset G multiplied with a certain confidence level, which is
represented by 0. This is an approximation, since the third and fourth moment of the

underlying distribution are not implicitly included, but only comprised by o:

CAR =00 (6.15)
where O is the value expressing a certain confidence level for a certain credit distribution
and O is annual credit volatility.

Adding the notional amount N and a time frame z, expressed in years, we derive:

CAR =NooVz. (6.16)
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Figure 6.5: Credit and price distribution of a downgraded bond, currently rated B

Finding the annual credit volatility G for the underlying credit is currently (year 2004)
not easy, since the market for credit is still in its infancy. However, with a growing credit
market, more data and data providers will be available to generate reliable and consistent
credit volatility data.

A more critical question when evaluating CAR in equation (6.16) is to find a credit func-
tion that gives realistic values for Ol. This is not an easy task, since the credit distribution
function of an asset differs with respect to the current rating. Investment grade bonds (rated
AAA to BBB) principally have a credit function as shaped as in figure 6.3 and 6.4. However,
bonds that have been downgraded to junk bond status (rated lower than BBB to CCC), can
be assumed to have a more normally shaped credit distribution, typically with a fat left tail
as seen in figure 6.5.

Since the bond in figure 6.5 has a current price of slightly above 70, we can assume that
it was downgraded from a higher rating and its inception price of 100, assuming no inter-
est rate effects. In figure 6.5 we can also observe that junk bonds typically have a higher
probability to default (rating D) than to be downgraded (to CCC).

For a newly issued bond with a junk rating (with a par price of 100), the distribution
would be a combination of figures 6.3 and 6.5. Hence, the question which distribution to
use depends on the current rating, the past rating change, the recovery rate, and factors
such as country, sector, seniority, maturity, coupon, yield, duration, convexity, and higher

orders of the credit function.
Determining CAR of investment grade bonds

As derived above, for investment grade bonds we can generally assume a credit distribu-
tion as in figures 6.3 and 6.4. Figures 6.3 and 6.4 equate roughly to an inversely scaled

lognormal distribution. The well-known lognormal distribution is:

_(n(x-0)-w)’
207

1

(P(X)=me (6.17)
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Figure 6.6: Lognormal distribution with =0, 6 = 0.6 and 6 = zero

where L is a scale parameter, O is a shape parameter, and 0 is a location parameter, which

Inx

allows a linear (horizontal) transformation of the distribution. Using In ¢* = ¢™ = x, we
derive some important properties of the lognormal distribution. If a variable X is lognor-
mally distributed, the logarithm of X, In (X), is normally distributed. This property is used

by Black-Scholes in the equation (5.9):

Since the stock price S in the term d; is assumed to be lognormally distributed,
In(S/Ke™) is normally distributed. Hence to derive N(d;), we can use tables of a normal
distribution. Also, if x is normally distributed, then X = ¢ is lognormally distributed.

Assuming In(X) is normally distributed, we derive from the properties of the normal
distribution the mean [ = E(In(X)) and the variance 6° = Var (In(X))." From the proper-
ties of the lognormal distribution, we derive E(X) = 9?2 and Var(X) = " +c52/2(e<52 —1).
For L = 0 and small 67 it follows that E(X) = 1 and 6(X) = «/Var(X). See spreadsheet
www.dersoft.com/Ind.xls for a lognormal distribution. Graphically equation (6.16) with
an inverse scaling of the x-axis compared to figure 6.4 is as shown in figure 6.6.

For the lognormal distribution, software such as Statistica or SAS exists, which gives O
values for certain confidence levels and certain values of U and G. Table A.2 in the appen-
dix also gives O-values for a lognormal distribution. Let’s derive CAR in a numerical

example.

Example 6.4: The annual credit volatility (the standard deviation of credit quality
changes) of asset i is 5%. Assuming the credit changes of asset i are roughly lognor-
mally distributed with )L = 0 as in figures 6.4 and 6.6, what is the 1-year CAR on a
95% confidence level for a notional amount of $1,000,000?

From table A.2 in the appendix, or with statistical software we derive Ol for a 95%

confidence level of 4.175. (This is derived from N(d = 1) = 0.5 and N(d = 5.175) =
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0.95, see table A.2.) From equation (6.16) we derive a CAR of 1,000,000 X 4.175
X 0.05 X V1= $208,750.

Hence we are 95% sure that asset i will not result in a loss of more than $208,750
due to credit deterioration within one year.’

Accumulated expected credit loss

As derived for market VAR in equation (6.5), we can easily derive the accumulated expected
credit loss, AECL, within CAR. It can be interpreted as the sum of all losses, which will
not be exceeded for a certain time frame, for a certain probability due to credit risk. It is
the surface from the mean to d (see figure 6.5), where d is a value on the x-axis repre-

senting a certain QL. Hence we derive:

AECL= | ¢(x)dx. (6.18)

mean

To evaluate the integral of equation (6.18), we can use statistical software such as
Statistica or SAS. Alternatively, table A.2 in the appendix gives values for equation (6.18).
Equation (6.18) expresses the expected accumulated credit loss. The unexpected accu-
mulated credit loss, UACL, is the area from d to infinity, where d again corresponds to a

certain O(-value . Hence:

UACL = [ ¢(x)dx. (6.19)

d

CAR for a portfolio of assets

In order to evaluate the CAR for a portfolio of assets, we can apply the portfolio concept
for market risk, VAR, equations (6.9) to (6.14). Let’s incorporate the fact that credit risk
is typically non-linear: If the credit quality of a highly rated asset changes by one unit (for
example from AA to A) the resulting price change of the portfolio will typically not be one.
Furthermore, the magnitude of the price change will typically be different for lower rate
assets (for example from B to CCC). Hence, we have to apply equations (6.11) to (6.14).
Slightly altering equations (6.11) to (6.14), we derive for the credit-delta J,:

AP

6. =—
Ac

(6.11a)

where P is the portfolio value and c the credit quality of an asset in the portfolio.
Equation (6.11a) expresses how much the portfolio value changes, AP, for a discrete

change of the credit quality, Ac, of an asset in the portfolio. The credit ratings AAA to D
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are ordinal measures. In order to derive metric measures, we can assign asset prices to each
credit rating on the basis of historical data.

In order to capture the curvature of the credit function (the change of the delta) we use
the second mathematical derivative, the credit-gamma I'.:

_ AP

I .
Ac’?

c

(6.12a)

Equation (6.12a) expresses how much the portfolio delta changes, A§ = A’P, for a dis-
crete change in the credit quality, Ac, of an asset in the portfolio.

To derive the CAR value for a portfolio of credits, we have to again include the delta
and gamma in equation (6.10a). The delta and gamma are included in equation (6.10a) via
the B terms. Hence we derive:

GJP)z\/iipi,jBfB?‘Gioj (6.10a)

=1 j=1

where B* is defined as the notional amount invested in an asset (price S X quantity q) times
the credit-delta plus the credit-gamma: B* = (S X q) (8, + I'",). For a discussion on this
approximation, see the above section “Market VAR for a portfolio of options” and
www.dersoft.com/ Taylortest.xls. O; and G; in equation (6.10a) and consequently G (P) are
expressed as annual volatilities.

To evaluate CAR, we use the result of (6.10a) and input it into the following equation:
CAR =00 (P)Vz (6.15a)

where z is a time period, expressed in years.
The notional amount N is again not included in equation (6.15a), since it is included in
the B* terms of equation (6.10a). Let’s now derive the portfolio CAR in a numerical

example.

Example 6.5: A portfolio consists of two assets. Asset i has a credit-delta of 2
(meaning that if the credit quality of asset i changes by one unit, the portfolio value
changes by 2) and a credit-gamma of 0.3. Asset j has a credit-delta of 3 and a credit-
gamma of 0.4. Asset i has a price of $90 and asset j has a price of $95. The annual
credit-volatility of asset i is 4%, the annual credit-volatility of asset j is 5%. The cor-
relation coefficient of the annual credit-volatility changes of asset i and asset j is +0.3.
The portfolio consists of 10,000 assets of i and 20,000 assets of j. What is the 1-year
CAR of the portfolio on a 95% confidence level assuming the credit quality changes
are roughly lognormally distributed?

First we derive B¥ = (90 X 10,000) X (2 + 0.3) = 2,070,000 and B¥ = (95 x
20,000) X (3 + 0.4) = 6,460,000.

Using equation (6.10a), the value of G (P) is:
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1X2,070,000% 2,070,000 0.04 X 0.04 4 0.3% 2,070,000 X 6,460,000 X 0.04 X 0.05
+0.3X6,460,000% 2,070,000X 0.05% 0.04 +1X 6,460,000 X 6,460,000 X 0.05X 0.05
=127,231,480,000.

V127,231,480,000 =356,695.

Using equation (6.15a), the CAR of the portfolio is:
356,695 X 4.18 X V1 =1,490,985.

Hence, we are 95% certain that the portfolio will not lose more than §1,490,985
within 1 year due to credit deterioration risk.
See www.dersoft.com/ex65 for this example.

Reducing portfolio CAR with credit derivatives

If the senior management is concerned with the CAR number, it may require the traders
to reduce CAR. As explained in the beginning of the chapter, this can be done in princi-
pally three ways:

* simply eliminating risky positions (e.g. selling the risky asset);
* entering into a cash position that offsets the credit risk (e.g. a long position in a risky
bond can be offset by shorting a bond with a high correlation to the risky bond);

. rcducing the risk by entering into a derivate position.

In chapter 4, we have already explained how credit derivatives can reduce the risk of a single
asset. We can use this concept to derive the impact of this single asset hedge on a portfo-

lio of assets.
Reducing CAR with default swaps

Let’s reconsider example 6.5 and let’s hedge asset j with a default swap. As mentioned in
chapter 4 (see example 4.25), the BIS grants an 80% risk offset for positions in the trading
book that are hedged with a default swap.

Example 6.6:  As in example 6.5, we assume that a portfolio consists of two assets.
Asset i has a credit-delta of 2 and a credit-gamma of 0.3. Asset j has a credit-delta of
3and a credit—gamma of 0.4. Asset i has a price of $90 and asset j has a price of $95.
The annual credit-volatility of asset i is 4%, the annual credit-volatility of asset j is
5%. The correlation coefficient of the annual credit-volatility changes of asset i and
asset j is +0.3. The portfolio consists of 10,000 assets of i and 20,000 assets of j.

In example 6.5, we derived a CAR of $1,490,985 on a 95% confidence level for
a l-year time horizon. Let’s assume the combined risk-ratio of equation (4.6) is
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smaller than 8% and traders have to reduce CAR. To reduce the CAR number, the
traders buy a default swap on asset j with the same notional amount as asset j. The
BIS grants an 80% risk offset for positions hedged with a default swap (see section
“Regulatory Capital Relief” in chapter 4). Since B¥ expresses the credit risk (i.e. how
much the value of asset j changes for a change in credit quality), we can do the approx-
imation of relating the 80% capital relief to B¥. Hence, we derive the reduced B as
0.2 X (95 X 20,000) X (3 + 0.4) = 1,292,000.

Using equation (6.10a), the value of G (P) is:

12,070,000 2,070,000 X 0.04 X 0.04 +0.3% 2,070,000 X 1,292,000 X 0.04 X 0.05
+0.3X1,292,000% 2,070,000X 0.05X 0.04 +1x1,292,000%1,292,000X 0.05X 0.05
=14,238,218,000.

/14,238,328,000 =119,324.

Using equation (6.15a) the CAR of the portfolio is:
$119,324 X 4.18 X V1 = $498,774.

Consequently, with a default swap that grants an 80% risk offset, the portfolio CAR
reduces from $1,490,985 to $498,774. If the default swap had been on asset i, the
CAR would reduce to $1,372,496, which the capable reader may verify herself.

See www.dersoft.com/ex66.xls for this example.

Reducing CAR with TRORs

As mentioned earlier in chapter 4, the BIS grants a 100% risk offset for positions hedged
in the trading book with a TROR. Let’s alter again example 6.5 and hedge asset j with a
TROR.

Example 6.7:  Asin example 6.5, we assume that a portfolio consists of two assets.
Asset i has a credit-delta of 2 and a credit-gamma of 0.3. Asset j has a credit-delta of
3and a credit—gamma of 0.4. Asset i has a price of $90 and asset j has a price of §95.
The annual credit-volatility of asset i is 4%, the annual credit-volatility of asset j is
5%. The correlation coefficient of the annual credit-volatility changes of asset i and
asset j is +0.3. The portfolio consists of 10,000 assets of i and 20,000 assets of j.

In example 6.5 we derived a CAR of $1,490,985 on a 95% confidence level for a
1-year time horizon. Let’s again assume the combined risk-ratio of equation (4.6) is
smaller than 8% and traders have to reduce CAR. The traders enter into a TROR on
asset j where they pay the TROR and receive 6ML. The TROR has the same notional
amount as asset j. Since the BIS grants a 100% risk offset for hedged TROR positions
in the trading book, the CAR of asset j is zero. Hence, the CAR of the portfolio is
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simply the CAR of asset i. From equation (6.15a), the CAR of asset iis (90 X 10,000)
X (240.3) X4.18 X 0.04 = 346,104 This result can also be derived with equations
(6.15a) and (6.10a) with ¥ = 0.

Hence, we find that the portfolio CAR when asset j is hedged with a TROR that
has a 100% risk offset, reduces from $1,490,985 to $346,104. Had the TROR been
done on asset i, the portfolio CAR would reduce to $1,350,140, which the reader
may verify again her/himself.

Reducing CAR with credit—spread options

In chapter 2, section “Hedging with credit-spread options,” we concluded that a credit-
spread put hedges a long position in an asset with respect to credit deterioration risk and
default risk. Hence a credit-spread put provides a hedge with respect to the same risks as
a default swap. The BIS has not specifically granted a certain risk offset for credit-spread
options. However, from our conclusion in chapter 2, the BIS should grant a similar offset
as for default swaps, which is — as mentioned above — 80%. In this case, hedging the port-
folio in example 6.6 with a credit-spread put would result in the same reduction of the

CAR as hedging with a default swap.

The correlation of credit risk management
with market risk management and operational
risk management

As discussed in chapter 4, market risk and credit risk are clearly related: A decrease in the
market price of an asset due to interest rate increases, can increase the probability of default,
and hence reduce the credit quality of a firm. Conversely, a decrease in the credit quality
can increase the sensitivity of the firm to market price changes, and hence increase market
risk. Empirical studies confirm this correlation — see Duffee (1998), as well as Das and
Tufano (1996) and Longstaff and Schwartz (1995).

We can assume that the impact of credit risk on operational risk is rather small. For
example, a credit quality deterioration should not significantly increase the exposure to legal
or criminal risks. However, operational risk can impact credit risk. If a company suffers
from operational damage, the default risk may increase. Consequently, the correlation
between market risk, credit risk, and operational risk should ideally be incorporated when
calculating portfolio risk.

As mentioned in chapter 4, equation (4.6), in October 2002 the BIS defined a combined
minimum capital requirement ratio for market, credit, and operational risk. However, equa-
tion (4.6) does not incorporate any correlation between the three types of risk. In addi-
tion, the five credit risk management models discussed below do not include a correlation
between the risks. They assume that credit risk, market risk, and operational risk are inde-
pendent and add the risk numbers. This leads to an overstating of the total risk number.

So far we have discussed theoretical aspects of market and credit risk management. In

the following, we will analyze and compare five established credit risk management models.
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Recent Advances in Credit Risk Management — A Comparison
of Five Models®

In the following, we will discuss five of the most widely used credit risk models in today’s
risk-management practice. Three of the five models have their roots in the Black-Scholes-
Merton contingent claim methodology: KMV’s Portfolio Manager, JP Morgan’s CreditMetrics
and Kamakura’s Risk Manager. Furthermore, CSFP’s actuarial-based Credit+ and McKinsey’s

econometric-based Portfolio View will be analyzed.

Credit risk models — structural versus reduced form

A key debate among academics and credit risk managers is whether structural models or
reduced form models are more appropriate to model the default process of a 4:0mpany.7 Both
models have their roots in the Merton contingent claim methodology, though the structural
models have closer ties to Merton. Structural models endogenize the bankruptey process
by modeling assets and liabilities of a company as in the Merton model. The total loss dis-
tribution is often derived with the help of empirical databases.®

Reduced form models exogenously derive the risk-neutral probability of default by mod-
cling the credit-spread of the company’s risky bond.’ They abstract from the company’s
specific data, therefore being called “reduced” form.

Reduced form models derive the risk-neutral default probability]0 from the price of a
credit-risky zero-coupon bond B:

B=c¢ ""N[(1—A)+ARR] (6.20)

where ¢ is the discount factor, N is the notional amount of the bond, 0 < A < 1 is the
risk-neutral probability of default, and 0 £ RR < 1 is the recovery rate. It is easy to see that
if the default probability A is zero, the bond price will be the (now risk-free) discounted
notional amount e "'N. In case the default is certain (i.e. A = 1), the bond price B will be
the discounted notional amount ¢ "N multiplied by the recovery rate. If the recovery rate
RR is zero, it has no effect on the bond price. If the recovery rate is 1, the default proba-
bility A is irrelevant for deriving the bond price.

The elegant equation (6.20) has a drawback though. It has 2 unknowns, A and RR.
Solving for A gives the probability of default as:

1 Be'"
k—(l_RRj(l— N ) (6.21)

To derive A, RR has to be determined exogenously. This is typically the case in reduced

form models."!
Developed reduced form models add realism to equations (6.20) and (6.21). In an often-
cited article, Jarrow, Lando, and Turnbull (1997) include credit ratings of the company and
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model the transition of the credit rating via a Markov process through eight discrete credit
states, from AAA to default. (See chapter 5.) Jarrow (1997) addresses the drawback of
focusing on illiquid debt prices by including equity prices in the model. The equity price
process contains a “bubble” component, relating to jumps in high-tech stocks. Debt prices
include a liquidity premium due to the large spread in risky debt bonds. Further contribu-
tions of reduced form modeling are Brennan-Schwartz (1980); Iben-Litterman (1991);
Longstaff-Schwartz (1995); Das-Tufano (1996); Duffee (1998); Schoenbucher (1997);
Henn (1997); Duffie-Singleton (1997); Brooks-Yan (1998); Madan-Unal (1998); Duffie-
Singleton (1999); Duffie (1999); Duffie-Lando (2001); Das-Sundaram (2000); Hull-White
(2000); Wei (2001); Martin-Thompson-Brown (2001); and Jarrow-Yildirim (2002). For a
survey article comparing the default swap evaluation equations of the Jarrow-Turnbull
(1995), Brooks-Yan (1998), Duffee (1998), Das-Sundaram (2000), and Hull-White (2000)
models, see Cheng (2001).

Key features of credit risk models
Credit risk models have to answer several critical questions. For a single credit they are:

*  Default risk: What is the probability of default of a single debtor?
*  Credit deterioration or migration risk: What is the probability of change in asset value due
to changes in credit rating of the debtor?

*  Loss amount: Given default or downgrade, what is the extent of the loss?

For a portfolio of assets the same questions arise on an aggregate level. Therefore, default
correlations, the extent to which the default and migration risk of debtors are related, have
to be considered.

Addressing all issues in a single model is not a trivial matter. Arguably, the most critical
feature is the probability of default. Nonetheless, with the exception of CSFP’s actuarial
model, all models discussed below also include migration risk.

Credit risk models can be classified due to various criteria. The most crucial criteria are
as follows.

A first broad categorization can be the model type, which reflects the principal concep-
tual framework. Structural models and reduced form models, as well as actuarial and
econometric frameworks can be differentiated. The modeled input variables differ strongly
among the credit risk models. Merton-based structural models postulate a stochastic
process for the assets and liabilities of a company. In most reduced form models the term
structure of credit risky spreads is Markovian, i.e. the stochastic process for the credit
spread only depends on credit spread at the beginning of the process, not its past process.
Actuarial models input a univariate “risk-factor” and econometric models use macroeco-
nomic variables such as the unemployment rate, inflation rate, GDP growth rate, long-term
interest rates, etc., as inputs.

On first sight distributional assumptions of the underlying variables and the aggregate
default probability vary strongly in today’s credit risk models. In Merton’s model the under-
lying asset follows a lognormal distribution, which implies a normal distribution of asset
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returns. However, today’s credit risk management models often derived the default distri-
bution with the help of empirical databases. "2 Reduced form models typically use a discrete
binomial, multinomial, or continuous term structure framework to model short-term inter-
est rates. The bankruptcy process can be approximated as a Cox process (a double Poisson
process). The processes are usually assumed to be independent of each other although new
approaches dispense with the independence assumption.13 Actuarial models use a gamma
distribution to model the “risk-factor” and aggregate default probabilities with the
actuarial-standard Poisson distribution. In econometric models the macroeconomic vari-
ables are assumed normally distributed and are transformed into default probabilities, often
scaled with the help of a logit function.

As mentioned in the beginning of this chapter, in reality the density distribution of credit
risk is highly skewed and can be approximated by the density of a lognormal distribution,
see figures 6.3 to 6.6.

The default distribution assumptions of certain credit models can be harmonized and
expressed for a portfolio with identical first two moments (mean [l and standard deviation
G). CSFP’s actuarial model applies a specific form of the gamma distribution:

X

X =—1 e_Exm_1
f(x) BT (@) :

where

oo

F(OL) = J. e *x*'dx and o= HZ/GZ and B: 62/“” M

x=0

Koyluoglu and Hickman show that a special case of the Merton approach results in:

=g < P0)

)= Vpo(®™'(x))

where c is a critical value for the normally distributed underlying variable, p is the asset
correlation, @(x) is the standard normal density, and @7'(x) is the inverse cumulative stan-
dard normal density. For McKinsey’s econometric model, the probability function can be

shown to be:

()= — {ln((l—X)/X)—u}

Vx(1—x) \%

where U and V represent a constant and a random term of the macroeconomic regression,
respectively. N Applying these equations, we derive the default distribution probability func-
tions for the different models. They are shown in figure 6.7.
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Figure 6.7: Default rate distribution for different models

Table 6.1: Skewness and kurtosis of the default rate distribution

for different models with harmonized input parameters

Skewness Kurtosis
Gamma 0.8326 —-0.7917
Econometric 1.2441 0.1606
Merton 1.0997 —0.2064

From figure 6.7 we can see that the distributions of the different models are quite similar,
as seen in table 6.1 which lists the similar third and fourth moments, skewness and
kurtosis.'®

Figure 6.7 also shows that the models are virtually identical for crucial higher default
rates, resulting in even closer third and fourth moments for these default rates than in table

6.1.

Correlations assumptions: ~In chapter 5, we had derived an equation (5.61) to evaluate the

joint probability of default for two entities whose default probability is correlated:

A o) =p(, KWK =) o - () ]+ [An)

Following the CAPM school of thought, a portfolio is exposed to systematic risk (also called
market risk or common risk) and unsystematic risk (also called company specific or idiosyn-
cratic risk). The diversifiable unsystematic risk is not correlated and therefore does not con-
tribute to the asset return correlation. However, the systematic risk influences the asset

return correlation (e.g. the joint default probability of the two companies in the same indus-
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try should be higher than the joint default probability of two companies in different indus-
tries) and should be included in the process of deriving joint probabilities of default.
Ideally, all systematic based correlations of assets in a portfolio should be analyzed to
derive joint probabilities of default. However, the number of covariance terms C in a covari-
ance matrix increases exponentially with the number of assets n: C =n(n — 1)/2. There-
fore the need for aggregating correlations is evident. KMV’s structural model uses a three
level factor structure with k common factors to aggregate correlations. This reduces the
covariance terms to kn + k(k — 1)/2. JP Morgan’s CreditMetrics assumes that companies
with the same credit rating have homogencous default rate probabilities. CSFP’s actuarial
model assumes a pair-wise correlation of systematic factors in each sector and aggregates
default rate probabilities among sectors. In McKinsey’s econometric model the regression
coefficients include correlations of the systematic factors. Reduced form models include

company correlations in the stochastic Markov process of modeling credit-spreads.

Bottom-up versus top-down: ~ The term bottom-up refers to an inductive procedure, i.e. ana-
lyzing sub-units to assess characteristics of a whole population. Thus, for credit models it
means analyzing credit risk for a single asset and aggregating risks via correlation and dis-
tributional assumptions. This procedure is appropriate if the single assets are relatively
heterogeneous and the number of assets is low. The top-down approach is a deductive
procedure, i.e. analyzing characteristics of a population to generate results for individual
units. In today’s credit risk models the inductive bottom-up process is dominating. Only
CSFP’s actuarial model, which analyzes homogeneously assumed credits on a sector level,

can be considered top-down.

Economic data: ~ Default rates of companies are higher in a recession than they are in an eco-
nomic expansion. Therefore, including macroeconomic data, such as the GDP growth rate,
inflation rate, interest rates, the unemployment rate, etc., in a credit risk model is benefi-
cial for the process of generating realistic default rate probabilities. Naturally, the cost of
modeling economic data is an increase in the complexity of the model. Of the credit models
that are discussed here, naturally McKinsey’s econometric model incorporates economic
data. Furthermore, KMV’s Portfolio Manager and JP Morgan’s CreditMetrics as well as

new developments in reduced form models can include economic variables.

The Models in Detail

KMV’ Portfolio Manager17

One of the most widely employed credit risk management models in today’s practice is
Moody’s-KMV’s Portfolio Manager. Moody’s acquired KMV in April 2002 to create
Moody’s KMV (M-KMV). In the following, we will refer to the Moody’s-KMV model as
the KMV model or KMV’s Portfolio Manager.

Of all the three Merton-based models discussed here, KMV’s model has the closest ties

to the original Merton model. The underlying variable is the firm’s assets, which grow with
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Figure 6.8: Deriving the default probability EDF in the KMV model

the expected return of the asset including servicing debt and dividends. The change in the
firm’s assets V is monitored against the change of the firm’s debt. Bankruptcy principally
occurs when the asset value drops below a default point Dp, which KMV defines as between
V—-Dp
Vo

short and long term debt. A distance to default, DD is defined DD = . DD is

mathematically identical with risk-neutral d, from the Merton model:

The probability of default, termed expected default frequency, EDF, is a representation of the
risk-neutral N(—d,) from the Merton model; N is again the cumulative distribution of asset
returns. N is not necessarily normally or lognormally distributed, but derived with the help
of empirical asset return data. Graphically, a simplified version of KMV’s model can be seen
in figure 6.8, where r is the expected asset growth rate of the asset value and the time
horizon is T.

Figure 6.8 outlines the basic relationship between the default probability EDF and the
distance to default DD. The higher the debt and the lower the asset growth, the lower the
distance to default, thus the higher the default probability EDF. Therefore, the default prob-
ability EDF has an inverse relationship to the distance to default, as shown in figure 6.9.

The individual firm-specific functional relationship EDF (DD) can either be derived by
this theoretical approach, which includes default correlations, or with economic data. In
the latest version of Portfolio Manager, clients can also choose to derive EDFs on the basis
of KMV’s large historical internal database. KMV claims that their EDFs have high predic-
tive power, i.e. increase sharply before the actual default occurs.'® In 2001, KMV launched
an Internet version called CreditEdge, which provides daily upgrades of EDFs for more
than 25,000 publicly traded cornpanies.19
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EDF

Figure 6.9: The default probability EDF as a function of the distance to default DD
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Figure 6.10:  Credit return and market return for investment grade bonds

JP Morgan’s CreditMetrics™

In 1998 JP Morgan spun off its credit risk management software development division into
RiskMetrics Group (RMG). In the following, we will refer to JP Morgan’s/RMG’s model
as JP Morgan’s model or CreditMetrics.

The Merton-based CreditMetrics model estimates the value change of a portfolio by
modeling the change in credit quality on the basis of historical transition matrices. As
discussed in the beginning of the chapter (see figures 6.3 to 6.6), in practice, credit quality
changes cannot be assumed to be normally distributed, but are highly skewed as seen in
figure 6.10.

As mentioned, the credit return distribution in figure 6.10 is typical for investment grade
bonds (AAA to BBB). For junk bonds, which have been downgraded, the distribution func-
tion will be more normally distributed as shown in figure 6.5.

The basis for modeling credit quality changes in JP Morgan’s approach is the transition
matrix, which provides historical probabilities of transition from one credit state to another.

A transition matrix was displayed in chapter 5, table 5.5 (reproduced below).
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One-year historical transition matrix of year 2002 (numbers in %)

Rating at Year-end

Aaa Aa A Baa Ba B Caa Default WR

Initial Aaa 86.82 7.75 0 0 0 0 0 0 5.43
Rating  Aa 1.38 82.23 12.12 0.14 0 0 0 0 4.13
A 0 2.18 82.83 8.86 1.01 0.47 0.08 0.16 4.43

Baa 0.17 0.17 246 7947 7.55 2.04 1.87 1.19 5.09

Ba 0 0.18 0.18 2.39 72.38 13.26 2.03 1.47 8.10

B 0 0 0.14 0.41 2.71 72.9 9.76 4.88 9.21

Caa 0 0 0 0 0.34 3.42 56.85 27.74 11.64

Source: Moody’s Investor Service, April 2003. WR represents companies that had been rated initially but are
not rated at year-end

Historical transition matrices often contain anomalies. In table 5.5 for example, the prob-
ability of an A rated company to move to Aaa is lower (0%) than the probability of a Baa
rated company to move to Aaa (0.17%). CreditMetrics uses Markov processes to smooth
these anomalies.

In order to derive the cumulative default distribution for a portfolio, Monte Carlo sim-
ulation generates a path and terminal value for the credit rating changes of each asset. The
terminal value is stored and added to derive the cumulative default distribution.

The credit rating changes of the assets can be assumed to be correlated. CreditMetrics
incorporates these correlations derived from equity price correlations via a copula approach.
This approach derives the distribution of random variables from their marginal distribu-
tions. The non-normal univariate variables are joined to multivariate normal variables. The
derivation of joint transition correlations of various companies can then be achieved using
properties of the multivariate normal distribution.”'

CreditGrades is the latest version of CreditMetrics. It is an equity-based model, which also
includes balance sheet information to derive the credit-spread of publicly traded compa-
nies. CreditGrades addresses a major problem of CreditMetrics, which applied credit rating
as a primary resource to evaluate the potential credit migration and default probability. As
a consequence, in the CreditMetrics model, two corporate bonds within the same rating
class could not be differentiated with respect to transition- and default probability. Credit-
Grades estimates the issuer-specific risk that allows default probability differentiation across
issuers even within a certain rating/sector/maturity bucket. Further new developments
of RMG are CreditManager, which allows portfolio credit risk management as well as

CDOManager for synthetic structures and a platform for valuing hedge fund exposure.
Kamakura’s Risk Manager22

Kamakura’s original Risk Manager is a reduced form model, based on the findings of
Kamakura’s research director Robert Jarrow. As discussed, reduced form models exoge-

nously generate an arbitrage-free process for the spread between risk-free and risky bonds
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to derive the default probability. Reduced form models use the arbitrage-free martingale
framework, which underlies the Merton model.

As mentioned above, key equations in the reduced form models are equations (6.20) and
(6.21). Thus implementing reduced form models requires a liquid bond market. This is
often not the case in reality, especially compared with rather liquid equity prices. Also,
reduced form models assume that the risky bond prices incorporate the correct default
information, and thus assume that the risky bond market is “default-efficient.” This is
not the case in reality. Credit risky bond prices often overstate the probability of default
compared to historical default rates.”

The reliance on bond data must be seen as a drawback of reduced form models. Con-
sequently new reduced form approaches incorporate equity prices. Jarrow (1997, 2001)
treats equity as “last seniority” debt and models the equity value € as the sum of the present
value of liquidating dividends paid in case of default S, a bubble component 0, and the

present value of regular dividends D:

E()=S5()+6()+ Y D 6.22)

where r is defined as the zero-coupon bond yield of a bond issued by the risky firm, reflect-
ing the risk of the dividends. The bubble component 8 in equation (6.22) is introduced to
reflect inflated stock prices, especially high-tech stock prices. However, since most high-
tech stocks do not pay a dividend, equation (6.22) cannot be used to model them. Never-
theless, the introduction of bond illiquidity premiums, macroeconomic data, and company
correlations in the default process is adding realism to reduced form models.

In the recent past, Kamakura has integrated features from structural models in its soft-
ware. A “Merton Structural” model that derives default probabilities as well as a hybrid
“Jarrow-Merton” are available. Since November 2002 Kamakura also provides daily default
probabilities for listed companies.

CSFP’s Credit Risk+*

In November 1998, CSFP (Credit Suisse Financial Products) was merged into CSFB (Credit
Suisse First Boston). However, we will still refer to CSFP’s approach as CSFP’s model or
CSFP’s Credit Risk+. This model utilizes concepts applied in the actuarial industry. Similar
to reduced form models, Credit Risk+ is non-causal, i.e. it does not analyze the reasons of
the default. Furthermore, Credit Risk+ models only default risk, not migration risk. The
relative simplicity of the models allows a specification of the loss distribution as a conve-
nient closed form solution.

The probability of n defaults, f(n), is assumed to follow the well-known one parameter

Poisson distribution:

-
f(n)=" :'L (6.23)
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where W is the expected number of defaults, derived as the sum of probabilities of default

for each counterpart i, p;, so W= Zpi. The Poisson distribution has a mean | and a
i=1

standard deviation «/7 , and the default events of counterparties i are independent. CSFP

acknowledges that in reality default rate standard deviations are much larger than \/E and

that defaults are correlated. These issues are addressed by modeling the mean default rate

W itself as a Gamma distributed variable with mean U and volatility G,,.

Correlations are not modeled explicitly but are incorporated by the default rate volatil-
ity G, and sector aggregate analysis. Each sector is assumed to share the same systematic
risk factors. CSFP justifies not explicitly modeling correlations with the instability of default
rate correlations and the lack of empirical data. CSFP also questions the approach of other
models of deriving default correlations from equity correlations, claiming the instability
of this dependence. CSFP’s computationally and mathematically straightforward top-down

model is suited for portfolios of homogeneous credits.

McKinsey’s Credit Portfolio View?”

McKinsey’s Credit Portfolio View derives migration probabilities and the default
distribution with a macroeconomic-based, multi-factor, lagged, linear regression analysis.
Company-specific data are not analyzed. The core model can be specified with three
equations.

The probability of default for a single creditor in a country or sector j and time t, p;, is

scaled between 0 and 1 by the logit function:

1

P e

whereY is a macroeconomic index, derived by the linear regression:

YJ-,t = Bj,o +ﬁj,1xj’lyt +l.))j,2xj’2,t +... -I-Bj,txj,m,t Vi

The m macroeconomic variables x;, e.g. GDP growth rate, inflation, unemployment rate,
etc., of country or sector j, are each derived by a linear, autoregressive, two-period lagged
function:
Xijt = OCi,j,t +ai,j,lxi,j,t—l +ai,j,2xi,j,t—2 + Di,j,t

where v; and 'V, are normally distributed innovations.

Simplified, McKinsey’s model can be expressed as shown in figure 6.11.

The probability density distribution f(p;) can be derived from the individual p;s by Monte
Carlo simulation.

McKinsey conducts empirical tests to verify their claim that systematic portfolio risk is

largely driven by macroeconomic data. McKinsey finds that much of the variation of default
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f(p)
A
f(X) ¢ i Default rate of
o Recession i - Country or
! Transformation sector |, p;
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Expansion

v
Economic
variables x

Figure 6.11:  Probability density generation in the McKinsey model

rate risk can be explained by their model, shown in an R? of 0.9 for most of 10 industrial
countries. McKinsey also justifies their multi-factor model by a principal component analy-
sis, finding that second and third factors contribute with 10.2% and 6.2%, respectively, to
the explanation of correlated systematic default risk.

Results

A summary of the models is given in table 6.2.
So what’s the best model?

Which model a credit risk manager should use depends on the nature of the credit-risky
portfolio, scope of the risk-management, and availability of data. For heterogeneous port-
folios depending highly on specific company data, structural models are relevant. For port-
folios with underlying liquid bond markets, reduced form models can be appropriate. Their
arbitrage-free pricing framework can also be a good fit for trading desks. For managers of
homogenecous portfolios, not concerned with migration risk, computationally less demand-
ing actuarial models may be sufficient. For homogeneous portfolios with high dependence
on economic conditions, econometric models can be the right choice.

Furthermore the models are becoming more and more similar, since the architects of
the models are implementing the advantageous features of their competitors (e.g. reduced
form approaches modeling equity prices rather than illiquid bond prices). It can be expected
that the conceptual differences of the models will further decrease over time.

It should also be noted that the mathematical framework of today’s models produce quite

similar results, if input parameters are harmonized. Nevertheless, input parameter harmo-
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Table 6.2:  Summary of key features of the credit models
KMV’s JP Morgan’s Kamakura’s CSFP’s McKinsey’s
Portfolio CreditMetrics Risk Credit Credit
Manager Manager Risk+ Portfolio
View
Model type Merton-based. Merton-based. Merton-based. Actuarial Econometric
Structural Structural / Reduced
Reduced From
Form
Underlying Firm’s Credit Bond Risk Macroeconomic
variables assets changes spread factor variables
Distribution Lognormal/ Empirical Binomial for Gamma for Normal for
assumptions empirical for credit bond spread; risk factor; macro-
for firm’s changes Poisson to Poisson to variables;
assets aggregate aggregate Logit to
aggregate
Correlation Asset Asset Default rates Default rates Macroeconomic
assumptions correlation correlation and recovery correlated variables
approximated approximated rates within correlated
by equity by equity correlated sectors on country
correlation correlation within rating or sector
within rating classes level
classes
Includes Yes Yes Yes No Yes
migration
risk
Includes Can Can Can No Yes
economic
factors
Bottom-up/ Bottom-up Bottom-up Bottom-up Top-down Bottom-up
Top-down

nization, though theoretically possible, might not be reasonable. Input variables of the models

do vary and it might not be sensible to align company specific data of structural models with

bond spread data of reduced form models or macroeconomic data of econometric models.

Further research will focus on models that integrate market, credit, and operational risk

in a coherent way, as well as combining structural and reduced form models. The imple-

mentation of credit-risky derivatives also awaits further research.

SuMMARY OF CHAPTER 6

Credit at Risk, CAR, answers the crucial question: What is the maximum loss due to default or credit

deterioration risk, within a certain time frame, with a certain probability?

To calculate CAR, we can apply the concept of the established market VAR. However, the two

inputs: volatility of credit quality G and a certain confidence level, expressed by @, are problematic
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when calculating CAR. Daily changes in the credit quality of a debtor are not available. Hence, CAR
is usually calculated for a longer time frame than VAR, typically for one year. Also, the distribution
of credit quality is highly skewed, which prohibits the use of the convenient normal distribution. An
inversely scaled lognormal distribution gives a reasonable approximation of the skewed credit quality.

An analysis of five of the most widely used credit risk management software tools finds that the
models produce quite similar results, if the input variables are harmonized. Nevertheless, the input
variables are quite different in nature and an alignment, while possible, might not be reasonable. Dif-
ferences in the models can be expected to decrease in the future, since the architects of the models
are integrating positive components of their competitors.

The question which model a credit risk manager should implement depends on the nature of the
credit-risky portfolio, scope of the risk-management, and availability of data. For heterogeneous
portfolios depending highly on specific company data, structural models are relevant. For portfolios
with underlying liquid bond markets, reduced form models can be appropriate. Their arbitrage-free
pricing framework can also be a good fit for trading desks. For managers of homogeneous port-
folios, not concerned with migration risk, computationally less demanding actuarial models may
be sufficient. For homogeneous portfolios with high dependence on economic conditions, eco-

nometric models can be appropriate.
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QUESTIONS AND PROBLEMS

Answers, available for instructors, are on the Internet. Please email gmeissne@aol.com for the site.

6.1 How can risk generally be reduced in the financial markets? Name three transactions.

6.2 Define market VAR. What are the assumptions of market VAR?

6.3 How is credit at risk, CAR, related to market value at risk, VAR? Why is it more difficult to calculate
CAR, compared with VAR?

6.4 Can we assume that the probability distribution for CAR is constant? Derive the probability distribution
for a bond that was issued with CCC rating and has since been upgraded to BB.

6.5 Discuss how CAR can be reduced with a default swap. Compare this reduction with the reduction of CAR
using a TROR and a credit-spread option.

6.6 How is credit risk management related to market risk management and operational risk management?
Should this correlation be taken into account when calculating a combined market, credit, and opera-
tional risk number?

6.7 What are key questions that a credit risk management model has to answer? Categorize current credit
risk management models. What are key features of credit risk management models?

6.8 Discuss the reduced form equation B = ¢ 'N[(1 — A) + A RR]. What are the shortcomings of this
equation?

6.9 How is the distance to default DD in the KMV model related to d, in the original Merton model? How
is the expected default frequency, EDF, related to N(—d,) in the original Merton model?

6.10  Discuss which credit risk management model is best suited in which environment. Do you believe any

model is superior?

NoTEs

For the different types of risk, see figure 4.1.

2 This means that the standard deviation of the standard normal distribution is 1. It also means
that the (absolute) units on the x-axis represent standard deviations from the zero mean.
One standard deviation from the mean represents 34.13% (0.8413 — 0.5 in table A.1 in the
appendix), two standard deviations from the mean is 47.72% (0.9772 — 0.5 in table A.1 in the
appendix).

3 See Naftci, S., “An Introduction to the Mathematics of Financial Derivatives,” San Diego:
Harcourt Inc., 1996, pp. 58ff for an introduction on Taylor series expansion. See Platen, E.,
“An introduction to numerical methods for stochastic differential equations,” Acta Numerica,

1999, pp. 195244, for a detailed analysis on Taylor series expansion.
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From basic statistics

E(X) = z XiP(Xi)

for discrete distributions (P = Probability) and

oo

E(X) = [ xf(x)dx

—oo

for continuous distributions. Also

Var(X) = 2"‘ (x;— M)P(Xi)

for discrete distributions and

Var(X) = ]: (x— }J.)2 f(x)dx

for continuous distributions.

In this example we have made the simplifying assumption that credit risk is linear, i.e. that the
credit delta is 1. See example 6.6 for a credit delta unequal to 1.

The following analysis is based on the article: Meissner, G., and K. Nielsen, “Recent Advances
in Credit Risk Management — A Comparison of 5 models,” Derivatives Use, Trading and Regula-
tion, vol. 7, no. 2, 2001, pp. 76-93. A survey on software companies that sell derivatives soft-
ware can be found each year in the January issue of Risk Magazine.

See chapter 5 for a detailed discussion of structural models versus reduced form models for
pricing credit derivatives.

See, for example, KMV, “Modeling Default Risk,” KMV internal publication, 1999.

See Jarrow and Turnbull (1995); Jarrow, Lando, and Turnbull (1997); and Duffie and Singleton
(1999).

For the difference between the hazard rate also called default intensity, and default probability,
see chapter 5.

Jarrow, R., “Default Parameter Estimation using Market Prices,” Financial Analyst Journal, Sep-
tember/October 1997, 57(5), pp. 75-91.

See, for example, KMV, “Modeling Default Risk,” KMV internal publication, 1999.

See Jarrow and Turnbull (1995) and Lando (1998).

Credit Risk+, “A Credit Risk Management Framework,” 1997.

Koyluoglu, U., and A. Hickman, “Reconcilable Differences,” Risk Magazine, October 1998.
For more on skewness and kurtosis see http://mathworld. wolfram.com/Skewness.html and
http:/ /mathworld. wolfram.com/Kurtosis.html.

See www.moodyskmv.com; KMV, “Modeling default risk,” 1999; KMV, “Uses and Abuses of
Bond Default Rates,” 1998; KMV, “A Comment on Market vs. Accounting-Based Measures of
Default Risk,” 1993; KMV, “Portfolio Management of Default Risk,” 1998.

KMYV, “A Comment on Market vs. Accounting-Based Measures of Default Risk,” KMV internal
publication, 1993.

Cass, D., “KMYV gives itself a CreditEdge,” Risk Magazine, July 2001, p. 10.
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20

21

22

23

24

25

See www.riskmetrics.com; see also “Introduction to CreditMetrics”, JP Morgan internal
publication, 1997,

For a good introduction to copulas see Romano, C., “Applying copula function to Risk
Management,” www.icer.it/workshop/Romano.pdf; and Rank, ]., “Copulas in Financial Risk
Management,” Oxford University, www.gloriamundi.org/picsresources/jr.pdf.

See www.kamakuraco.com; Jarrow, R., “An Introduction to Kamakura Credit Risk Modeling,”
Kamakura Corporation, 2001; Jarrow, R., and R. van Deventer, Integrating Interest Rate Risk and
Credit Risk in Asset and Liability Management, Risk Publications, 1998; Jarrow, R., “Default Para-
meter Estimation Using Market Prices,” Financial Analyst Journal, September/October 1997,
57(5), pp. 75-91.

One of the first studies to point this out was Altman, E., “Measuring Corporate Bond Mortal-
ity and Performance,” Journal of Finance, 44, 1989, pp. 90222,

See http://www.cstb.com/creditrisk/ and CSFP, “Credit Risk+, A Credit Risk Management
Framework,” 1997, CSFP internal publication.

Wilson, G., “Portfolio Credit Risk,” Economic Policy Review, October 1998, 14(3) pp. 51-96;
Wilson, T., “Portfolio Credit Risk (I),” Risk Magazine, September 1997, pp. 111-19; Wilson, T.,
“Portfolio Credit Risk (II),” Risk Magazine, October 1997, pp. 56—61.
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Table A.1:  Cumulative standard normal distribution table (with [L = 0 and G = 1). The numbers in the
table show N(d), see equations (5.9) and (5.9a)

d 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

—0.0 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.4681 0.4641
—0.1 0.4602 0.4562 0.4522 0.4483 0.4443 0.4404 0.4364 0.4325 0.4286 0.4247
—0.2  0.4207 0.4168 0.4129 0.4090 0.4052 0.4013 0.3974 0.3936 0.3897 0.3859
—0.3 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
—0.4 0.3446 0.3409 0.3372 0.3336 0.3300 0.3264 0.3228 0.3192 0.3156 0.3121
—0.5 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776
—0.6 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451
—0.7 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177 0.2148
—0.8 0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894 0.1867
—0.9 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1611

—1.0 0.1587 0.1562 0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401 0.1379
—1.1 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170
—-1.2 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003  0.0985
—1.3 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
—1.4 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
—1.5 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559
—1.6 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
—1.7 0.0466 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367
—1.8 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
—1.9 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233

—2.0 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183
—-2.1 0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143
—-2.2 0.0139 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.0116 0.0113 0.0110
—2.3 0.0107 0.0104 0.0102 0.0099 0.0096 0.0094 0.0091 0.0089 0.0087 0.0084
—2.4 0.0082 0.0080 0.0078 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064
—2.5 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048
—2.6 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036
—2.7 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026
—2.8 0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019
—-2.9 0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014
—-3.0 0.0014 0.0013 0.0013 0.0012 0.0012 0.0011 0.0011 0.0011 0.0010 0.0010
—3.1 0.0010 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007
—3.20.0007 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005
—3.3 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003
—3.4 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002
—3.5 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
—3.6 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
—3.7 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
—3.8 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
—3.9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
—4.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table A.1:  Continued

d 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.1 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.3 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
0.4 0.6651 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.5 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852
0.8 0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389
1.0 0.8413 0.8348 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
1.1 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830
1.2 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015
1.3 0.9032 0.9049 0.9066 0.9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177
1.4 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319
1.5 0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441
1.6 0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545
1.7 0.9554 0.9564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633
1.8 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706
1.9 0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767
2.0 0.9772 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817
2.1 0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0.9846 0.9850 0.9854 0.9857
2.2 0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0.9887 0.9890
2.3 0.9893 0.9896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916

0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 0.9934 0.9936
0.9938 0.9940 0.9941 0.9943 0.9945 0.9946 0.9948 0.9949 0.9951 0.9952
0.9953  0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964
0.9965 0.9966 0.9967 0.9968 0.9969 0.9970 0.9971 0.9972 0.9973 0.9974
0.9974 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981
0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986
0.9986 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990
0.9990 0.9991 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9993 0.9993
0.9993  0.9993 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9995
0.9995 0.9995 0.9995 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 0.9997
0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9998
0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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Appendix

Table A.2:  Cumulative standard lognormal distribution (with © =0, L =0, and 6 = 1)
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d 0.000 0.025  0.05 0.075 0.1 0.125  0.15 0.175 0.2

0.225

0.00  0.0000 0.0001 0.0014 0.0048 0.0107 0.0188 0.0289 0.0407 0.0538
0.25 0.0828 0.0984 0.1143 0.1305 0.1469 0.1633 0.1798 0.1961 0.2123
0.50  0.2441 0.2597 0.2750 0.2900 0.3047 0.3192 0.3333 0.3471 0.3607
0.75 0.3868 0.3994 0.4117 0.4237 0.4354 0.4469 0.4580 0.4689 0.4795
1.00  0.5000 0.5098 0.5195 0.5288 0.5380 0.5469 0.5556 0.5641 0.5723
1.25 0.5883 0.5960 0.6035 0.6108 0.6180 0.6249 0.6317 0.6384 0.6449
1.50  0.6574 0.6635 0.6694 0.6752 0.6808 0.6863 0.6917 0.6970 0.7022
1.75 0.7121 0.7169 0.7217 0.7263 0.7308 0.7352 0.7395 0.7437 0.7479
2.00  0.7559 0.7598 0.7636 0.7673 0.7709 0.7745 0.7780 0.7814 0.7848
2.25 0.7913 0.7945 0.7976 0.8006 0.8036 0.8065 0.8093 0.8121 0.8149
2.50  0.8202 0.8228 0.8254 0.8279 0.8303 0.8327 0.8351 0.8374 0.8397
2.75 0.8441 0.8463 0.8484 0.8505 0.8525 0.8545 0.8565 0.8584 0.8603
3.00 0.8640 0.8658 0.8676 0.8693 0.8711 0.8727 0.8744 0.8760 0.8776
3.25 0.8807 0.8823 0.8837 0.8852 0.8867 0.8881 0.8895 0.8909 0.8922
3.50 0.8949 0.8961 0.8974 0.8987 0.8999 0.9011 0.9023 0.9035 0.9046
3.75 0.9069 0.9080 0.9091 0.9101 0.9112 0.9122 0.9132 0.9142 0.9152
4.00 0.9172 0.9181 0.9191 0.9200 0.9209 0.9218 0.9226 0.9235 0.9244
4.25 0.9260 0.9269 0.9277 0.9285 0.9292 0.9300 0.9308 0.9315 0.9323
450 0.9337 0.9344 0.9351 0.9358 0.9365 0.9372 0.9378 0.9385 0.9391
4.75 0.9404 0.9410 0.9416 0.9422 0.9428 0.9434 0.9440 0.9446 0.9451
5.00 0.9462 0.9468 0.9473 0.9478 0.9484 0.9489 0.9494 0.9499 0.9504
5.25 0.9514 0.9518 0.9523 0.9528 0.9532 0.9537 0.9541 0.9546 0.9550
5.50  0.9559 0.9563 0.9567 0.9571 0.9575 0.9579 0.9583 0.9587 0.9591
5.75 0.9599 0.9602 0.9606 0.9610 0.9613 0.9617 0.9620 0.9624 0.9627
6.00 0.9634 0.9637 0.9641 0.9644 0.9647 0.9650 0.9653 0.9657 0.9660
6.25 0.9666 0.9669 0.9672 0.9674 0.9677 0.9680 0.9683 0.9686 0.9688
6.50  0.9694 0.9696 0.9699 0.9702 0.9704 0.9707 0.9709 0.9712 0.9714
6.75 0.9719 0.9721 0.9724 0.9726 0.9728 0.9731 0.9733 0.9735 0.9737
7.00 09742 0.9744 0.9746 0.9748 0.9750 0.9752 0.9754 0.9756 0.9758
7.25 0.9762 0.9764 0.9766 0.9768 0.9770 0.9771 0.9773 0.9775 0.9777
7.50  0.9780 0.9782 0.9784 0.9786 0.9787 0.9789 0.9791 0.9792 0.979%4
7.75 0.9797 0.9799 0.9800 0.9802 0.9803 0.9805 0.9806 0.9808 0.9809
8.00  0.9812 0.9814 0.9815 0.9816 0.9818 0.9819 0.9820 0.9822 0.9823
8.25 0.9826 0.9827 0.9828 0.9830 0.9831 0.9832 0.9833 0.9835 0.9836
8.50  0.9838 0.9839 0.9841 0.9842 0.9843 0.9844 0.9845 0.9846 0.9847
8.75 0.9850 0.9851 0.9852 0.9853 0.9854 0.9855 0.9856 0.9857 0.9858
9.00  0.9860 0.9861 0.9862 0.9863 0.9864 0.9865 0.9866 0.9867 0.9868
9.25 0.9869 0.9870 0.9871 0.9872 0.9873 0.9874 0.9875 0.9876 0.9876
9.50 0.9878 0.9879 0.9880 0.9881 0.9881 0.9882 0.9883 0.9884 0.9885
9.75 0.9886 0.9887 0.9888 0.9888 0.9889 0.9890 0.9891 0.9891 0.9892
10.00 0.9893 0.9894 0.9895 0.9896 0.9896 0.9897 0.9898 0.9898 0.9899

0.0679
0.2283
0.3739
0.4899
0.5804
0.6512
0.7072
0.7519
0.7881
0.8176
0.8419
0.8622
0.8792
0.8935
0.9058
0.9162
0.9252
0.9330
0.9398
0.9457
0.9509
0.9555
0.9595
0.9631
0.9663
0.9691
0.9717
0.9740
0.9760
0.9779
0.9795
0.9811
0.9824
0.9837
0.9849
0.9859
0.9869
0.9877
0.9885
0.9893
0.9900




GLOSSARY OF NOTATION

a: Mean reversion: The degree with which a variable is drawn to its long-term mean b.

b Long-term mean of a variable; in term structure models, the long-term mean of interest
rate r.

B: Price of a risky bond.

Ce Coupon of a bond, paid at time t.

C: Price of a call, European style.

Cr: Credit quality.

d,, d,: Intermediate results in the Black-Scholes model; d; and d, represent x-axis values of the
standard normal distribution.

d: The default swap premium compared to the asset swap spread x. When d is used in con-
junction with a variable, it represents an infinitesimal small change in that variable.

dz: Wiener process, which involves the multiplication of a random drawing from a standard-
ized normal distribution with the square root of the time interval between two samples.

D: Duration of a bond. In chapter 5: A company’s debt; also a derivative in chapter 5.

D, pv: A derivative viewed at time t with maturity T, where the counterpart has, on a netted
basis, a future obligation.

e=2.7182 ...

E: Expectation value. In chapter 5, sharcholders’ equity.

E,: Present value of equity.

"E: Present value of an exchange option.

F: Face value of a risky bond.

g: Risk weight of the protection seller.

h: Hazard rate, also called default intensity. The hazard rate multiplied by a certain time
frame, results in the risk-neutral default probability A for that time frame.

i Horizontal parameter of node (i,j) in a Hull-White model.

I: The return of the firm’s equity or asset index.

j: Vertical parameter of node (i,j) in a Hull-White model.

k: Exogenous constant in the Black and Cox exponential default boundary.

K: Strike price.

n,: Number of nodes on each side of the central node at time mAt in a Hull-White trinomial

model.
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The notional amount of a security. In chapter 5, the cumulative standard normal
distribution.

Operational status.

In chapter 3, price of a European style put. In chapter 5, probability. Also the price of a
risk-free bond price in the Jarrow-Turnbull 1995 and the Briys-de Varenne 1997 model.
In chapter 6, an option portfolio.

Zero-coupon bond maturing at time m + 1 in a Hull-White trinomial model.
Probability of moving from node (m,k) to node (m + 1,j);

Used in the Hull-White trinomial model to derive the present value of a security at time
m that pays $1 if node (i,j) is reached and zero otherwise.

In chapter 2, the return on a risk-free asset. In chapter 4, risk weight of the underlying
obligor. In chapter 5, short-term interest rate. Also risk-free return.

The risk weight for the buyer of credit derivatives as defined by the New Basel Capital
Accord.

Discrete interest rate for time At in a term structure model.

Discrete interest rate for time At on a tree that is evenly spaced and has a zero slope.
Measures the impact of operational damage on credit quality.

Recovery rate of the counterparty.

Recovery rate of the reference entity.

Default swap premium.

Stock price. In chapter 5, it denotes the credit-spread in the modified Black-Scholes
equation.

A certain point in time. If specific points in time are necessary, an index is attached to t.
For example, t, is the point in time in n years.

Maturity date of the option or bond.

Value of a company’s assets.

Current value of assets.

Weight applied to the underlying exposure; set to 0.15 by the BIS for all credit deriva-
tives recognized as giving protection. Also a parameter in term structure models.
Wealth.

Asset swap spread; the spread above Libor, which represents the credit quality difference
to a risk-free asset.

Yield of risk-free and risky assets, respectively.

Yield of a bond; represents the profit of a bond, if the bond is purchased at the current
market price and held to maturity, assuming the bond does not default.

Underlying variable in a Wiener process.

Drift rate for the short interest rate in the Das-Sundaram model. In the Hull-White model,
a variable that transforms an evenly spaced zero-slope tree into a tree that matches the
upward (or downward) slope of the term structure. In chapter 6, x-axis value of a cumu-
lative distribution.

Drift rate of the swap rate in the Das-Sundaram Model. In chapter 6, invested notional
amounts (price S times quantity q).

Second partial derivative of an option function; measure of the curvature of an option
function; change in the delta.

Exogenous constant in the Black and Cox exponential default boundary.

Partial derivative operator.

Discrete change in a variable.

Transition Matrix in Jarrow-Lando-Turnbull 1997 model.
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TC.:

a9 R

risk-neutral probability of no default by counterparty or reference asset during the life of
the swap.

Risk premium or risk adjustment, which transforms historical transition probabilities into
martingale probabilities; also exogenous constant in the Longstaff-Schwartz 1995 model.
In a term structure model, it is the function chosen so that the model fits the current term
structure. In chapter 5, also used for trading strategy.

Exogenous, risk-neutral probability of default of reference entity r, during time t to
t+ 1, which is expressed in years as AT,, viewed at time 0, given no earlier default of the
reference entity r (A" is used instead of A if counterparty default risk A° is part of the
analysis).

Exogenous, risk-neutral probability of default of counterparty ¢, during time t to t + 1,
which is expressed in years as AT,, viewed at time 0, given no earlier default of the coun-
terparty c.

Drift rate or the average expected growth rate of the relative change of a stock price. In
chapter 5, it is the expected return of a risky asset.

Probability of default of the counterparty.

Correlation coefficient.

Volatility of the underlying asset.

Volatility of the swap rate in the Das-Sundaram model.

Risk-neutral probability of default of a counterparty at time t and no earlier default of the
reference entity.
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Accrued Interest The accumulated interest of an investment from the last payment date.

Actuarial Risk  The risk that an insurer made substantially incorrect assumptions on determin-
ing the expected net present value of the contract.

Add-up credit default swap or linear credit default swap A default swap in which the
investor is exposed to all reference entities of a basket.

American-Style Options Options that can be exercised at any time before or at the option
maturity date.

Antithetic Variable Technique A method to reduce computations when simulating trials (as
in the Monte Carlo method) by changing the sign of the random sample.

Arbitrage A risk-free profit, achieved by simultaneously buying and selling equivalent securities
on different markets. In trading practice often more widely defined as a strategy trying to exploit
price differences.

Asset Swap A swap based on the fixed rate of an asset. Typically that fixed rate is swapped into
Libor plus a spread.

Asset Swap Spread  Spread over Libor that is paid in an asset swap. Reflects the credit quality
of the issuer.

Attachment point  The number or the amount of defaults necessary to trigger a payoft in a basket
default swap or a tranche of a CDO.

Back testing  Testing how well current VAR or CAR numbers or other methods would have per-
formed in the past.

Backwardation Backwardation is the situation in the commodity market where the futures price
is lower than the spot price. See also contango.

Bank for International Settlements (BIS) The BIS is an international organization which
fosters cooperation among central banks and other agencies in pursuit of monetary and financial
stability.

Banking book  constitutes the account where a bank’s conventional transactions such as loans,
bonds, deposits, and revolving credit facilities are recorded. (compare Trading book.)

Bankruptcy A party not honoring its obligations to its creditors and whose assets are therefore
administered by a trustee.

Barrier option  An option, which can be knocked-in or knocked-out. A barrier option is cheaper
than a standard option.
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Basel Committee Committee of the BIS, established in 1975. It functions as a supervisory
authority, establishing the regulatory framework for financial institutions.

Basis The difference between the spot price and the futures price of a security.

Basis Point  One hundredth of one percentage point, i.e. 0.01%.

Basis Risk  The risk that the basis changes.

Basket Credit Default Swap A default swap with several reference entities.

Bid  The highest price a buyer is willing to pay for a security.

Binary Default Swap also called Digital Default Swap. The payoff in the event of default is a
fixed amount, which is specified at the commencement of the swap.

Binomial Model A model in which the price of a security can only move two (bi) ways, typi-
cally up or down.

BIS See Bank for International Settlements.

BISTRO  Broad Index Securitized Trust Obligation; First synthetic structure issued by JP Morgan
in 1997 in the form of a CLO (collateralized loan obligation).

Black-Scholes Model A mathematical model suggested by Fisher Black and Myron Scholes in
1973 to find a theoretical price for European options on an underlying security that pays no div-
idends.

Brady Bonds Bonds issued by emerging countries in the early 1990s, which were guaranteed by
US Treasury bonds.

Calibration The process of finding values for the input parameters of a model, so that the model’s
output matches market values.

Call option  The right but not the obligation to buy an underlying asset at the strike price at a
certain date (European style) or during a certain period (American style).

Cancelable Default Swap A swap, in which one or both parties have the right to terminate the
swap.

Cap A contract, which gives the cap owner the right to pay a fixed interest rate (strike) and receive
a Libor rate. If the cap owner has a floating rate loan, the cap acts as an insurance against rising
interest rates.

Capital Adequacy Capital requirements set by the Basel Committee of the BIS for different
types of risk.

Capital Asset Pricing Model (CAPM) A model that demonstrates the relationship between
risk and return.

Caplet A single interest rate option of a cap.

CAR  Credit at Risk, the maximum loss in a certain time frame, with a certain probability, due to
credit risk.

Cash Settlement Type of settlement of derivatives where a cash amount is paid to the profiteer.
See also physical settlement.

CDO  See collateralized bond obligation.

CME  Chicago Mercantile Exchange.

Collar  The purchase of a call and simultaneous sell of a put, where the call strike is higher than
the put strike. In the interest rate market, the purchase of a cap and simultaneous sell of a floor,
where the cap strike is higher than the floor strike.

Collateral An asset pledged by a debtor as a guarantee for repayment.

Collateralized Bond Obligation (CBO) A tranched debt structure in with each tranche
reflects a different credit risk profile. Bonds serve as collateral.

Collateralized Debt Obligation (CDO) A term that refers to a collateralized bond obligation
(CBO), collateralized loan obligation (CLO), or collateralized mortgage obligation (CMO).
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Collateralized Loan Obligation (CLO) A tranched debt structure in which each tranche
reflects a different credit risk profile. Loans serve as collateral.

Collateralized Mortgage Obligation (CMO) A tranched debt structure in which each
tranche reflects a different prepayment option. Mortgages serve as collateral.

Contango The situation in the commodity market where the futures price is higher than the spot
price. See also backwardation.

Contingent Default Swap Swap in which the payoff is triggered if both the standard credit
event and an additional event occur.

Continuously Compounded Interest Rate An interest rate, where interest is compounded
in infinitesimally short time units. (See also instantaneous interest rate.)

Control Variate Technique A method to reduce computations when simulating trials (as in the
Monte Carlo method) applicable for two similar derivatives.

Convertible A bond issued by a company that can be converted into shares of that company
during the life of the bond.

Convertible Arbitrage A long position in convertible security and a short position in the under-
lying stock.

Convexity The second partial derivative of a bond with respect to the yield. Convexity measures
the curvature of the bond function or the change in the duration for an infinitesimally small change
of the yield.

Copula A function, applied in risk management, that joins univariate distribution functions to
form multivariate distribution functions.

Correlation Demonstrates the extent to which two variables move together over time.

Correlation Coefficient A standardized statistical measure that takes values between —1 and
+1; defined as the covariance divided by the standard deviations of the two variables.

Counterparty A partner in a financial transaction.

Counterparty Risk The risk that the counterparty does not honor its obligation.

Covariance A statistical measure that shows the extent to which two variables are related to each
other.

Coverage Ratios Ratios that are analyzed to help determine the credit rating of synthetic struc-
tures.

Covered Call A short call option position and a long position in the underlying security.

Covered Call Writing  See covered call.

Credit at Risk (CAR) The maximum loss in a certain time frame, with a certain probability,
due to credit risk.

Credit Default Swap  See default swap.

Credit Derivative A Future, Swap, or Option that transfers credit risk from one counterparty
to another.

Credit Deterioration Risk  The risk that the credit quality of the debtor decreases. In this case,
the value of the assets of the debtor will decrease, resulting in a financial loss for the creditor.
(See also migration risk.)

Credit Event The ISDA 1999 documentation defines six credit events: Bankruptcy, Failure to
pay, Obligation Acceleration, Obligation Default, Repudiation/Moratorium, and Restructuring.

Credit Linked Note A security in which the interest payment and/or repayment of the notional
is linked to a credit event.

CreditMetrics A transition-matrix based model developed by JP Morgan to value portfolio
credit risk.

Credit Rating  An assessment of the credit quality of a debtor, expressed in categories from AAA
to D.
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Credit Risk  The risk of a financial loss due to a reduction in the credit quality of a debtor. Con-
sists of credit deterioration risk and default risk.

Credit Risk+ An actuarial based model developed by Credit [??Swiss] Suisse Financial Products
to value portfolio credit risk.

Credit Risk Premium  See credit-spread.

Credit-spread (also referred to as credit risk premium) The excess in yield of a security with
credit risk over a comparable security without credit risk.

Credit-spread Option A credit-spread put option generates a payoff if the creditworthiness of
a security falls below a strike level. A credit-spread call option generates a payoff if the credit-
worthiness of a security is above a strike level.

Credit-spread Range Note In a credit-spread range note, the investor receives an above market
coupon if the credit spread stays within a predetermined range, and may additionally incur a
penalty if the credit-spread is outside a predetermined range.

Credit-spread Swap A swap that exchanges a fixed credit-spread for Libor.

Credit Triangle An approximate relationship between the swap premium s, the hazard rate A,
and the recovery rate RR; see equation (5.45).

Credit Value at Risk See credit at risk.

Currency Swap An exchange of interest rate payments in different currencies on a pre-
determined notional amount and in reference to pre-determined interest rate indices.

Default A party not honoring its obligations to its creditors.

Default Correlation A measure of joint default probability of two or more firms.

Default Exposure (also called loss given default) The amount of loss that will be incurred if
the reference asset or counterparty defaults.

Default Intensity See hazard rate.

Default Probability = The likelihood that a debt instrument or counterparty will default within
a certain time. See also hazard rate.

Default Risk  The risk that a debtor may be unable to make interest and notional payments.

Default Swap (also credit default swap) An insurance against default if the underlying asset
is owned. The default swap buyer makes an upfront or annual payments. The default swap seller
promises to make a payment in case of default of a reference asset.

Default Swap Option The right to enter into a default swap (see also cancelable default swap)

Default Swap Premium (also termed default swap spread, fee, or fixed rate) Price of a default
swap.

Default Swap Spread  Sece default swap premium.

Delta The change in the value of a derivative for an infinitesimally small change in the price (or
rate) of the underlying security.

Derivatives A security whose value is at least in part derived from the price of an underlying asset.

Digital Default Swap See binary default swap.

Discount Factor The number that a cash flow occurring at a future date is multiplied with, to
bring it to its present value.

Discount Rate The interest rate that is used in the discount factor.

Distance to Default A term derived by KMV displaying the difference between the value of
assets and the value of liabilities at a certain future point in time. Mathematically identical with
the risk-neutral d, in the Merton model.

Drift Rate The average change of a variable in a stochastic process.

Duration A measure of the relative change in the value of a bond with respect to a change in its
yield to maturity. Also measures the average time that an investor has to wait to get his invest-
ment back.
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Economic Capital Capital that is required to protect against unexpected loss.

Efficient Market Hypothesis A hypothesis that asset prices include all relevant information.
Past asset price patterns are irrelevant.

Equity Swap A swap in which the price or return of an equity or equity index is exchanged
against Libor.

European Style Option  An option that can only be exercised on the maturity date.

Excess Yield The difference between the yield of a risky bond and the yield of a risk-free bond.

Exchange Option An option to exchange one asset for another.

Exotic Option Options, whose payoff, evaluation and hedging is different, typically more
complex than that of standard options.

Expected Default Frequency (EDF) A term from KMV’s model for the probability of default.
Real world representation of the risk-netural N(—d,) in the Merton model.

FairValue Value of a futures contract that does not offer any arbitrage opportunities with respect
to the cash market.

Finite Difference Method A method to solve differential equations by transferring the differ-
ential equations into difference equations and solving these iteratively.

Firm Value Model A type of structural model. In firm value models, bankruptcy occurs when
the asset value of a company is below the debt value at the maturity of the debt.

FirstTime Passage Model A type of structural model. In first time passage models, bankruptcy
occurs when the asset value drops below a pre-defined, usually exogenous barrier, allowing for
bankruptcy before the maturity of the debt.

First-to-default Basket Credit Swap See N-to-default basket swap.

Floating Rate An interest rate that periodically changes according to a certain reference rate i.c.
Libor.

Floor Opposite of a cap. A contract which gives the floor owner the right to receive a fixed inter-
est rate (strike) and pay a Libor rate.

Forward A transaction in which the price is fixed today, but settlement takes place at a future
date.

Funded Transaction A transaction in which the buyer pays an upfront premium as in a purchase
of a bond, an option or CDO (see unfunded transaction).

Future A standardized forward that trades on an exchange. The notional, price, maturity, quality,
deliverability, type of settlement, trading hours, etc., are standardized.

Gamma Second partial derivative of the option function with respect to the underlying price. A
measure for the curvature of the option function. Gamma is the change in the delta of an option
for an infinitesimally small change in the price of the underlying.

Generalized Wiener Process A process in which a variable grows with an average drift rate.
Superimposed on this growth rate is a stochastic term, which adds volatility to the process.

Geometric Brownian Motion A process in which the relative change of a variable follows a
generalized Wiener process.

Haircut A factor, input into an equation that changes the exposure in a collateralized transaction.
Supervisors may allow banks to calculate their own haircuts if certain standards are met.

Hazard Rate (also termed default intensity) The risk-neutral probability of default. Multi-
plied with a certain time frame, results in the probability of default.

Hedging Reducing risk, i.e. entering into a second trade to reduce the risk of an original trade.

Iboxx An index based on default swap prices. Launched as a rival index to the Trac-x.

Implied Volatility ~ Volatility that is implied by observed option prices when inverting the option
pricing (typically Black-Scholes) formula.

In Arrears Refers to a later date, at which a payment is made.
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Instantaneous Interest Rate An interest rate that is applied to an infinitesimal short period of
time (see also continuously compounded interest rate).

Interest Rate Coverage Ratio Determines the credit quality of a synthetic structure. It is
derived by dividing the total interest rates to be received in a structure by the interest rate lia-
bility of each tranche.

Interest Rate Swap  An exchange of interest rate payments on a pre-determined notional amount
and in reference to pre-determined interest rate indices.

Intrinsic Value The payoff when the option is exercised. For a call, the intrinsic value is the
maximum of the spot price minus the strike price and zero; For a put the intrinsic value is the
maximum of the strike price minus the spot price and zero.

Investment Grade Bond A bond with a rating of BBB and higher.

Junk Bond (also High Yield Bond) A bond with a rating lower than BBB.

KMV Market-leading software company for managing credit portfolio risk. Main product is Port-
folio Manager.

Knock-In Option  Type of barrier option. It gets knocked-in (starts existing) if the underlying
price reaches or breaks a certain level.

Knock-out Option  Type of barrier option. It gets knocked-out (stops existing) when the under-
lying price reaches or breaks a certain level.

Kurtosis Fourth moment of a distribution; measure of the fatness of the tails of the distribution.

Libor London Interbank Offered Rate; an interest rate paid by highly rated borrowers; fixed daily
in London.

Libor Market Model A term structure model, in which interest rates are conveniently
expressed as discrete forward rates.

Liquidity Premium Premium, which lowers an asset price due to asset illiquitity.

Lognormal Distribution A distribution with a fat right tail. A variable follows a lognormal dis-
tribution if the logarithm of the variable is normal. Often applied for stock price behavior, as in
the Black-Scholes model.

Long Position A trading position, which generates a profit if the underlying instrument increases
in price (opposite of short position).

Loss Given Default (LGD) See default exposure.

Market Price of Risk See Sharpe ratio.

Market Risk The risk of loss due to an unfavorable movement in market factors.

Markov Process A stochastic process assuming that all information about a variable is already
incorporated in the current price. Hence past price patterns are irrelevant.

Mark-to-Market The daily adjustment of an account to reflect profits and losses.

Martingale Process A stochastic process with a zero drift rate. Hence the expected future value
of a variable is the current value.

Maturity The date a transaction or a financial instrument is due to end.

Mean Reversion The tendency for a price or a rate to revert back towards its long-term mean.

Migration Probability The probability of a firm’s credit rating to move to another rating

Migration Risk The risk of a debtor being downgraded to a lower rating category; equivalent
to credit deterioration risk of rated companies.

Monte Carlo Simulation A technique for approximating the price of a derivative by randomly
sampling the evolution of the underlying security.

Moratorium/Repudiation (a) A standstill or deferral of the reference entity with respect to
the underlying reference obligation; or, (b) if the reference entity disaffirms, disclaims, repudi-
ates, or rejects the validity of the reference obligation.

Netting  Offsetting assets with liabilities in the event of default.
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Newton-Raphson Method (also called Newton method) An iterative search procedure for
finding the solution of complex, but differentiable equations.

Normal Distribution (also Gaussian Distribution or Bell Curve) A probability distribu-
tion forming a symmetrical curve. Often assumed for the return of securities.

Notching Automatically downgrading a single debt in a CDO that had not been rated. This leads
to a downgrading of the entire CDO structure.

Notional Amount (also called Principal Amount) Dollar amount of a security or transaction.
In swaps used as the basis for payment calculations.

N-to-default basket swap A swap in which a payoff is triggered when the N-th reference entity
defaults. If N = 1, this swap is a first-to-default basket credit swap.

Numeraire The price of a security in which other securities are measured.

Obligation Acceleration  An obligation that has become payable before it otherwise would have
been due to a credit event.

Off-Balance-Sheet A transaction that does not have to be included in the figures on the balance
sheet of the party concerned.

Offset The process whereby purchases and sales of identical contracts are netted out, leaving only
the net profit (or loss).

Operational Risk  The risk of direct or indirect loss resulting from inadequate or failed internal
processes, people, and systems or from external events (BIS definition).

Overcollateralization ratio Mecasures how many times the collateral (assets) in a synthetic
structure can cover the liabilities that an SPV owes its investors.

Over the Counter (OTC) A transaction dealt directly between counterparties, hence not on an
exchange.

Physical Settlement Type of settlement of derivatives where physical delivery and payment of
the underlying asset takes place (see cash settlement).

Pit  The area of the floor of an exchange where a certain contract is traded.

Poisson Distribution A distribution with a mean [l and a standard deviation \/7 , often applied
in the actuarial industry.

Portfolio View McKinsey’s econometric-based model to manage portfolio credit risk.

Premium The price of a financial transaction (see also credit risk premium and credit spread).

Present Value Current value of discounted future cash flows.

Principal Component Analysis A method of deriving risk values by defining historically based
components that explain the risk.

Put option  The right but not the obligation to sell an underlying asset at the strike price at a
certain date (European style) or during a certain period (American style).

Put—Call Parity An cquation stating that a put price + the underlying price is equal to the call
price + the discounted strike. This holds for European style calls and puts with identical strike
and maturity. If put—call parity is violated, arbitrage opportunities exist.

QBI  Quarterly Bankruptcy Index, an index based on personal bankruptcy filings in a certain
quarter.

QBI Futures Contract A futures contract based on the QBI, traded on the CME.

QBI Options Contract An option contract on the Future QBI Contract, traded on the CME.

Random Walk A term expressing the random, not predictable process of a variable. The ran-
domness is typically generated by a drawing from a standard normal distribution.

Range note (also called fairways) In a range note, the owner receives an above market coupon,
if a certain variable, e.g. the 6ML (6 Month Libor), stays inside a predetermined range, and may
additionally incur a penalty if the variable is outside a predetermined range (see also Credit-spread
range note).
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Recovery Rate The percentage of the notional amount that a creditor receives in case of default.

Reduced Form Model A type of model that does not include the asset—liability structure of
the firm to generate default probabilities. Rather, reduced form models use debt prices as a main
input to model the bankruptcy process.

Reference Obligation The obligation that, if in default, triggers the default swap payment.

Repo Repurchase agreement. A securitized loan: In a Repo, a security is sold with a guarantee
that it will be repurchased at a later date at a fixed price.

Repudiation  See moratorium.

Risk-Adjusted Return on Capital (RAROC) The expected return divided by the economic
capital that is required to support the transaction.

Risk Averse An attitude toward risk that causes an investor to prefer an investment with a certain
return to an investment with the same expected return but higher uncertainty.

Risk-free Rate An interest rate that can be achieved without risk. Typically the interest rate for
securities issued by an AAA-rated government.

Risk-neutral An attitude toward risk that leads an investor to be indifferent between investment
A with a certain expected return and investment B with the same expected return but higher
uncer tainty.

Sharpe Ratio (also termed Market Price of Risk) Return of a risky asset minus the return of
the risk-free asset, divided by the standard deviation of the risky asset.

Short Position A trading position, which generates a profit if the underlying instrument
decreases in price (opposite to long position).

Short Selling  Selling a security that is borrowed.

Short Squeeze A term for traders buying a security to increase the price since they know the
security has to be bought back by (short) sellers.

Short Straddle  An option strategy where both a call and a put with the same strike price, same
underlying, and same maturity are sold.

Skewness Third moment of a distribution function. Measure of the asymmetry of a distribution.

Smile Effect A term referring to the higher implied volatilities of out-of-the-money options and
in-the-money options compared to at-the-money options.

Solvency The ability of a corporation to meet its long-term obligations.

Special-Purpose Corporation (SPC) See special-purpose vehicle.

Special-Purpose Entity (SPE) Sce special-purpose vehicle.

Special-Purpose Vehicle (SPV) Legal entity, separate from the parent bank, typically highly
rated.

Spot Price  The price of a security for immediate (in practice often two days) delivery.

Stochastic Process A process tracking the movement of a random variable.

Straddle An options strategy where you buy both a call and a put with the same strike price on
the same underlying asset.

Strangle An option strategy consisting of a call and a put with different strike prices on the same
underlying asset and same maturity.

Stress Testing  Testing how well CAR or VAR would have performed assuming extreme market
moves.

Strike Price For a call option, the price at which the underlying security may be bought; for a
put option, the price at which the underlying security may be sold.

Structural Model A type of model that derives the probability of default by analyzing the capital
structure of a firm, especially the value of the firm’s assets compared to the value of the firm’s
debt.

Swap  The agreement between two parties to exchange a series of cash flows.
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Swaption (also swap option) An option on a swap. A payer swaption allows the owner to pay
a fixed swap rate and to receive a floating rate. A receiver swaption allows the owner to receive
a swap rate and to pay a floating rate.

Synthetic Structure A financial structure in which credit risk is assumed by a credit derivative.

Systematic Risk (also called market risk or common risk) Risk associated with the move-
ment of a market or market segment as opposed to distinct elements of risk associated with a spe-
cific security. Systematic risk cannot be diversified away.

Term Structure Model A stochastic, binomial, or multinomial discrete or continuous model
for the process of short-term interest rates.

Theta The change in price of a derivative for an infinitesimal change in time.

Time Value The portion of an option’s premium that is attributed to uncertainty. Time value
equals the option price minus the intrinsic value.

Total Rate of Return Swap (TROR)  An unfunded long or short position in bond or loan. One
party pays Libor + a spread, the other party pays the return (price change + coupon).

Trac-x (also termed Dow Jones Trac-x) A family of credit derivatives indexes based on a certain
basket of default swaps.

Trading book Comprises instruments that are explicitly held with trading intent or in order to
hedge other positions in the trading book. (Compare Banking book.)

Tranches Segments of deals or structures, typically with different risk levels.

Transition Matrix A matrix showing the probability of a firm to move to other rating categories
within a certain time frame.

Uncovered (Naked) Option  An option without a position in the underlying that could be used
to fulfill the obligation of the option.

Unexpected Loss Loss amount exceeding VAR or CAR.

Underlying The security that a derivative is based on and which at least in part determines the
price of the derivative.

Unfunded Transaction A transaction in which the buyer does not pay an upfront premium as
in a swap, a futures contract or a TROR (see funded transaction)

Unsystematic Risk (also called idiosyncratic risk or specific risk) Risk that can be largely
climinated by diversification within an asset class.

VAR Value at Risk; the maximum loss in a certain time frame, with a certain probability, due to
a certain type of risk.

Vega First partial derivative of the option function with respect to implied volatility. A measure-
ment of the sensitivity of the value of an option to changes in implied volatility.

Volatility A measure of the degree of movements in the relative price of a security. The standard
deviation of relative price movements.

Vulnerable Option  An option, whose price includes the possibility of default of the option seller.

Wiener Process A process in which the movement of a variable for a certain time interval is
determined by a random drawing from a distribution, multiplied by the square root of the time
interval.

Yield Curve Shows the relationship between yields and their maturities.

Zero-Coupon Bond A bond that does not pay any coupons.
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default swaps 25
OECD status 56
relief 85-91
Rendleman-Bartter model (CRR model) 114, 138
Repon 57
Repos (repurchase agreements) 29-30
and TRORs, relationship between 301
reputational risk 67
reverse Repos 76, 82-3
risk management 178, 205-10
credit at risk 185-93
models 194-205
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value at risk 178-85
RiskMetrics Group (RMG) 200, 201
risk-neutrality 102-3, 1046, 110
risk premium 150
Robert Half International Inc. 67
Russian debt crisis (1998) 4-5

Saa, Rodriguez 5, 18
safety covenants, Black-Cox model 122
Savings and Loan (S&L) institutions 4
Schuldscheine 57
self-financing trading strategy 109-10
Sharpe, William 109
Sharpe ratio 109
short squeeze, definition 40 n. 6
Singapore 85, 86
South-East Asian financial crisis (1997-1998) 4
South Korea 4
special-purchase vehicles (SPVs) 44—5, 469, 59
specific credit—market risk 65
specific operational—credit risk 68
speculation 25
Standard & Poors (S&P)
notching 55
ratings 147
synthetic structure ratings 51-3, 55
website 52
stochastic process, definition 107
strict priority rule, Briys-de Varenne model 126,
127
structural credit risk models 194, 195
structural pricing models 97, 118
Black-Cox 1976 model 1223
Briys-de Varenne 1979 model 125-7
first-time passage models, critical appraisal of
128
Kim-Ramaswamy-Sundaresan 1993 model 1234
Longstaff-Schwartz 1995 model 124-5
Merton 1974 model and extensions 118-22
swaps
credit-spread 36-8, 69
cross currency 46-8
definition 37
hedging 63
interest rate swaps 135-8
see also default swaps; total rate of return swaps
synthetic structures 16, 42, 43, 59-61
CDOs 44-51
CLNs 424
cost reduction 76
investing in 57-9
market 6, 7
rating 51-5
successful 55-7
tranched basket default swaps 25, 4950
tranched portfolio default swaps 25, 49
systematic risk 197-8
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tax collection, Russian debt crisis 45

Taylor series expansion 184

technology risk 66

term structure models 11418

Thailand 4

total rate of return swaps (TRORs) 16, 25-6
arbitrage 28, 301, 81-3
and asset swaps, difference between 28-9
benefits 31
CAR reduction 1923
convenience 78
cost reduction 75-6
and credit-spread swaps, relationship between 38
and default swaps, difference between 27-8
definition 26
and equity swaps, difference between 29
hedging with 27, 69
market 6-7
pricing 171
reasons for 26-7
regulatory capital relief 90
and Repos, relationship between 29-31
yield enhancement 70

Trac-x 12

trading book 88, 901

traditional pricing models 97

tranched basket default swaps (TBDSs) 25, 49-50

tranched portfolio default swaps (TPDSs) 25, 49—50

tranching 45
CDOs 45,4951
mortgage-backed securities 45
transition matrix
Jarrow-Lando-Turnbull model 139-44, 147
JP Morgan’s CreditMetrics 2001

Treasury bond futures 63

UBS Warburg 56-7
unexpected accumulated credit loss (UACL)
189
unexpected accumulated loss (UAL) 182
United States of America
bankruptcy filings 9
Brady bonds 3,9

market for credit derivatives 6, 7
Savings and Loan crisis 4

unsystematic risk 197

value at risk (VAR) 178
accumulated expected loss 181-2
definition 177 n. 30
Jarrow-Lando-Turnbull model 146
market VAR for a certain time frame 179-81
market VAR for non-linear assets 183
market VAR for a portfolio of linear assets 1823
market VAR for a portfolio of options 1835
market VAR for a single linear asset 178-9
with respect to zero 182
Vasicek 1977 model 128
and Briys-de Varenne model 126
and Jarrow-Turnbull model 130
and Longstaff-Schwartz model 124, 125
Vega play 74
Vega risk 64
VIX 64
volatility risk 63, 64
vulnerable derivatives
Jarrow-Lando-Turnbull model 145-6
options 1345
swaps 137-8, 153, 160
VXN 64

weighted average rating factor (WARF) 53
Westpac 51

Wiener process 107-8

World Bank 3, 4

WorldCom 66

yield enhancement 70
covered credit-spread call selling strategy 71-2
covered credit-spread collar strategy 72
covered credit-spread put selling strategy 71
covered credit-spread straddle strategy 72-3
credit-spread forward strategy 73-5

yield to maturity
of bonds 40-1n. 11
of CLNs 42,43



