
Chapter 10
Credit Derivatives

Credit derivatives are option contracts that provide protection against default
risk in a creditor-debtor relationship, by transferring risk to a third party.
This chapter reviews the construction and properties of key credit derivatives,
such as Credit Default Swaps (CDSs) and Collateralized Debt Obligations
(CDOs). We also discuss counterparty default risk through the computation
of Credit Valuation Adjustments (CVAs).
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10.1 Credit Default Swaps (CDS)

In this chapter, we work with a tenor structure {t = Ti < · · · < Tj = T} that
represents a sequence of possible payment dates. We also let τ be a default
time, and given a filtration (Ft)t∈R+ , we consider the enlarged filtration
(Gt)t∈R+ given by Gt := Ft ∨ σ(τ ), t ⩾ 0, which contains the additional
information given by τ , see Definition 9.3.
Credit Default Swap (CDS) provide protection purchased at time t against
potential default occurring at times Tk, k = i+ 1, . . . , j, by making a fixed
payment Si,j

t (the premium leg) at times Ti+1, . . . ,Tj . On the other hand,
the issuer of the contract makes a compensation payment 1 − ξk+1 to the
buyer in case default occurs at time Tk+1, where ξk+1 is the recovery rate
associated with the maturity Tk+1, k = i, . . . , j − 1.

Definition 10.1. A Credit Default Swap (CDS) is a contract consisting in:
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- A premium leg: the buyer is purchasing protection at time t against de-
fault at time Tk, k = i+ 1, . . . , j, and has to make fixed spread payments
Si,j

t at times Ti+1, . . . ,Tj between t and T in compensation.
- A protection leg: the seller or issuer of the contract makes a compensa-

tion payment 1 − ξk+1 to the buyer in case default occurs at time Tk+1,
k = i, . . . , j − 1.

Detailed information on the notional amounts outstanding of credit default
swap (CDS) contracts can be obtained from the Bank for International Settle-
ments. We note in particular that the outstanding notional amount of CDS
contracts has decreased from its historical high of $61 trillion at year-end
2007 to $9 trillion at year-end 2024.

In what follows, according to Lemma 9.4 and Proposition 9.5 we let

P (t,Tk) := E

[
1{τ>Tk} exp

(
−
w Tk

t
rsds

) ∣∣∣Gt

]
= 1{τ>t}E

[
exp

(
−
w Tk

t
(rs + λs)ds

) ∣∣∣Ft

]
, 0 ⩽ t ⩽ Tk,

denote the zero-recovery default bond price with maturity Tk, k = i, . . . , j−1,
and we let

P (t,Ti,Tj) :=
j−1∑
k=i

δkP (t,Tk+1)

be the (default) annuity numéraire, cf. e.g. Relation (19.27) in Privault
(2022).

Proposition 10.2. The discounted value V P(t,T ) at time t of the premium
leg is given by

V P(t,T ) = Si,j
t P (t,Ti,Tj), (10.1)

where δk := Tk+1 − Tk, k = i, . . . , j − 1.

Proof. We have

V P(t,T ) = E

[
j−1∑
k=i

Si,j
t δk1{τ>Tk+1} exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Gt

]

=

j−1∑
k=i

Si,j
t δkE

[
1{τ>Tk+1} exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Gt

]

= Si,j
t

j−1∑
k=i

δkP (t,Tk+1)
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= Si,j
t P (t,Ti,Tj).

□

For simplicity, the above proof does not take into account a possible accrual
interest term over the time interval [Tk, τ ] when τ ∈ [Tk,Tk+1] in the value
of the premium leg.

Proposition 10.3. The value V D(t,T ) at time t of the protection leg is
given by

V D(t,T ) = E

[
j−1∑
k=i

1(Tk,Tk+1](τ )(1 − ξk+1) exp
(

−
w Tk+1

t
rsds

) ∣∣∣ Gt

]
,

(10.2)
k = i, . . . , j − 1.

From Lemma 9.4 and (10.4), we have the following corollary.

Corollary 10.4. The value V D(t,T ) at time t of the protection leg is given
by

V D(t,T ) = 1{τ>t}

j−1∑
k=i

E

[
(1 − ξk+1)

(
exp

(
−
w Tk

t
λsds

)
− exp

(
−
w Tk+1

t
λsds

))
× exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Ft

]
.

Proof. From Lemma 9.4 and (10.4), we have

V D(t,T ) =
j−1∑
k=i

E

[
1(Tk,Tk+1](τ )(1 − ξk+1) exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Gt

]

=

j−1∑
k=i

E

[
(1{Tk<τ} − 1{Tk+1<τ})(1 − ξk+1) exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Gt

]

= 1{τ>t}

j−1∑
k=i

E

[
(1 − ξk+1)

(
exp

(
−
w Tk

t
λsds

)
− exp

(
−
w Tk+1

t
λsds

))
× exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Ft

]
.

□

In order to make the deal fair to both parties, the CDS contract is priced
in terms of the swap rate Si,j

t (or spread) computed by equating the values
V D(t,T ) and V P(t,T ) of the premium (10.1) and protection (10.2) legs, as
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V P(t,T ) = V D(t,T ), (10.3)

i.e. from the relation

V P(t,T ) = Si,j
t P (t,Ti,Tj)

= E

[
j−1∑
k=i

1(Tk,Tk+1](τ )(1 − ξk+1) exp
(

−
w Tk+1

t
rsds

) ∣∣∣ Gt

]
= V D(t,T ),

which yields

Si,j
t =

1
P (t,Ti,Tj)

j−1∑
k=i

E

[
1(Tk,Tk+1](τ )(1 − ξk+1) exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Gt

]
(10.4)

=
1

P (t,Ti,Tj)

j−1∑
k=i

E

[
(1{Tk<τ} − 1{Tk+1<τ})(1 − ξk+1) exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Gt

]

=
1{τ>t}

P (t,Ti,Tj)

j−1∑
k=i

E

[
(1 − ξk+1)

(
exp

(
−
w Tk

t
λsds

)
− exp

(
−
w Tk+1

t
λsds

))
× exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Ft

]
.

The spread Si,j
t , which is quoted in basis points per year and paid at regular

time intervals, gives protection against defaults on payments of $1. For a
notional amount N the premium payment will become N × Si,j

t .

Fig. 10.1: CDS price evolution on Credit Suisse during year 2023.

As seen in Figure 10.1, in late 2022, Credit Suisse’s credit default swap
(CDS) spreads climbed sharply as markets grew increasingly worried about
the bank’s financial health.
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In the case of a non-random recovery rate ξk, the value at time t ∈ [0,T ]
of the protection leg becomes

j−1∑
k=i

(1 − ξk+1)E

[
1(Tk,Tk+1](τ ) exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Gt

]
.

In particular, in the case of a constant recovery rate ξ, we find

Si,j
t =

1 − ξ

P (t,Ti,Tj)

j−1∑
k=i

E

[
1(Tk,Tk+1](τ ) exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Gt

]
,

and if τ and t are constrained to take values in the tenor structure {Ti, . . . ,Tj},
we get

Si,j
t =

1 − ξ

P (t,Ti,Tj)
E
[
1(t,Tj ](τ ) exp

(
−
w τ

t
rsds

) ∣∣∣ Gt

]
.

Estimating a deterministic failure rate

In case the rates r(s), λ(s) and the recovery rate ξk+1 are deterministic, the
spread Si,j

t satisfies

Si,j
t P (t,Ti,Tj) = 1{τ>t}

j−1∑
k=i

(1 − ξk+1) exp
(

−
w Tk+1

t
r(s)ds

)
×
(

exp
(

−
w Tk

t
λ(s)ds

)
− exp

(
−
w Tk+1

t
λ(s)ds

))
.

Given that

P (t,Ti,Tj) =

j−1∑
k=i

(Tk+1 − Tk)P (t,Tk+1), Ti ⩽ t ⩽ Ti+1,

we can write

Si,j
t

j−1∑
k=i

(Tk+1 − Tk) exp
(

−
w Tk+1

t
(r(s) + λ(s))ds

)
= 1{τ>t}

j−1∑
k=i

(1 − ξk) exp
(

−
w Tk+1

t
r(s)ds

)(
exp
(

−
w Tk

t
λ(s)ds

)
− exp

(
−

w Tk+1

t
λ(s)ds

))
.
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In particular, when r(t) and λ(t) are written as in (9.7) and assuming that
ξk = ξ is constant, k = i, . . . , j, we get, with t = Ti and writing δk =
Tk+1 − Tk, k = i, . . . , j − 1,

Si,j
Ti

j−1∑
k=i

δk exp
(

−
k∑

p=i

δp(rp + λp)

)

= 1{τ>t}(1 − ξ)

j−1∑
k=i

exp
(

−
k∑

p=i

δp(rp + λp)

)(
eδkλk − 1

)
.

Assuming further that λk = λ is constant, k = i, . . . , j, we have

Si,j
Ti

j−1∑
k=i

δk exp
(

−
k∑

p=i

δprp − λ
k∑

p=i

δp

)
(10.5)

= (1 − ξ)

j−1∑
k=i

(
eλδk − 1

)
exp

(
−

k∑
p=i

δprp − λ
k∑

p=i

δp

)
,

which can be solved numerically for λ, cf. Sections 4 and 5 of Castellacci
(2008) for the , and Exercises 10.1-10.2.

10.2 Collateralized Debt Obligations (CDO)

A CDO is a structured investment product constructed by splitting the above
portfolio into n ordered tranches numbered i = 1, 2, . . . ,n, where tranche n◦i
represents a percentage pi% of the total portfolio value. We let

αl := p1 + p2 + · · · + pl, l = 1, 2, . . . ,n, (10.6)

denote the corresponding cumulative percentages, with α0 = 0 and αn =
p1 + p2 + · · · + pn = 100%.

The tranches are ordered according to decreasing default risk, tranche n◦1
being the riskiest one (“equity tranche”), and tranche n◦n being the safest
(“senior tranche”), while the intermediate tranches are referred to as “mez-
zanine tranches”. In practice, losses occur first to the “equity” tranches, next
to the “mezzanine” tranche holders, and finally to “senior” tranches.
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Credit Derivatives are continuing to enjoy major growth in the financial markets, aided
and abetted by sophisticated product development and the expansion of product
applications beyond price management to the strategic management of portfolio risk.  As
Blythe Masters, global head of credit derivatives marketing at J.P. Morgan in New York
points out: “In bypassing barriers between different classes, maturities, rating categories,
debt seniority levels and so on, credit derivatives are creating enormous opportunities to
exploit and profit from associated discontinuities in the pricing of credit risk”.


With such intense and rapid product development  Risk Publications is delighted to
introduce the first Guide to Credit Derivatives, a joint project with J.P. Morgan, a
pioneer in the use of credit derivatives, with contributions from the RiskMetrics Group,
a leading provider of risk management research, data, software, and education.


The guide will be of great value to risk managers addressing portfolio concentration risk,
issuers seeking to minimise the cost of liquidity in the debt capital markets and investors
pursuing assets that offer attractive relative value.


Introduction







With roots in commercial, investment, and merchant banking, J.P.Morgan today is a
global financial leader transformed in scope and strength.  We offer sophisticated
financial services to companies, governments, institutions, and individuals, advising on
corporate strategy and structure; raising equity and debt capital; managing complex 
investment portfolios; and providing access to developed and emerging financial
markets.


J.P. Morgan’s performance for clients affirms our position as a top underwriter and
dealer in the fixed-income and credit markets; our unmatched derivatives and emerging
markets capabilities; our global expertise in advising on mergers and acquisitions;
leadership in institutional asset management; and our premier position in serving
individuals with substantial wealth.


We aim to perform with such commitment, speed, and effect that when our clients have a
critical financial need, they turn first to us.  We act with singular determination to
leverage our talent, franchise, résumé, and reputation - a whole that is greater than the
sum of its parts - to help our clients achieve their goals.


Leadership in credit derivatives


J.P. Morgan has been at the forefront of derivatives activity over the past two
decades.  Today the firm is a pioneer in the use of credit derivatives - financial
instruments that are changing the way companies, financial institutions, and investors
in measure and manage credit risk.


As the following pages describe, activity in credit derivatives is accelerating as users
recognise the growing importance of managing credit risk and apply a range of
derivatives techniques to the task.  J.P. Morgan is proud to have led the way in
developing these tools - from credit default swaps to securitisation vehicles such as
BISTRO - widely acclaimed as one of the most innovative financial structures in
recent years.


We at J.P. Morgan are pleased to sponsor this Guide to Credit Derivatives, published
in association with Risk magazine, which we hope will promote understanding of
these important new financial tools and contribute to the development of this activity,
particularly among end-users. 


In the face of stiff competition, Risk magazine readers voted J.P. Morgan as the highest overall
performer in credit derivatives rankings. J.P. Morgan was was placed:
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1sr credit default swaps - investment grade
1st credit default options
1st exotic credit derivatives
2nd credit default swaps -  emerging
2nd basket default swaps
2nd credit-linked notes


For further information, please contact:
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Blythe Masters (New York)
Tel: +1 (212) 648 1432
E-mail: masters_blythe@jpmorgan.com


J. P. Morgan Securities Ltd
Jane Herring (London)
Tel: +44 (0) 171 779 2070
E-mail: herring_jane@jpmorgan.com
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Muneto Ikeda (Tokyo)
Tel: +81 (3) 5573-1736
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C reditM e trics


Launched in 1997 and sponsored by over 25 leading global financial institutions,
CreditM e trics is the benchm a rk in managing the risk of credit portfolios.  Backed
by an open and transparent me thodology, CreditM e trics enables users to assess the
overall level of credit risk in their portfolios, as we ll to identify  identify ing risk
concentrations, and to compute both econom ic and regulatory  capital.


CreditM e trics is currently  used by over  100 clients around the world including
banks, insurance companies, asset managers,  corporates and regulatory  capital.


C reditManager


CreditManager  is the softwa re imp lementation of CreditM e trics, built and
supported by the R iskM e trics G roup.


Implementable on a desk-top PC, CreditM anager allows users to capture, calculate
and display  the inform a tion they need to manage  the risk of individual credit
derivatives, or a portfolio of credits.  CreditM anager handles most credit
instruments including bonds, loans, com m itments, letter of credit, market-driven
instruments such as swaps and forwards,  as we ll as the credit derivatives as
discussed in this guide.  W ith a direct link to the CreditManager  website , users of
the software  gain access to valuable credit data including transition m a trices,
default rates, spreads, and correlations.  Like CreditM e trics, CreditManager  is
now  the world’s most widely used portfolio credit risk management system .


For more information on CreditMetrics and CreditManager, including the
Introduction to CreditMetrics, the CreditMetrics Technical Document, a demo of
CreditManager, and a variety of credit data, please visit the RiskMetrics Groups
website at www.riskmetrics.com, or contact us at:


Sarah Xie Rob Fraser
RiskMetrics Group RiskMetrics Group
44 Wall St. 150 Fleet St.
New York, NY 10005 London ECA4 2DQ
Tel: +1 (212) 981 7475 Tel: +44 (0) 171 842 0260







1.   Background and overview: The case for credit derivatives


What are credit derivatives?


D e riva tives  grow th in the lat ter  part  of  the 1990s continues along at  least  three
dimens ions.  Firstly ,  new  p roducts  are em e rging as the tradit ional building
blocks – forw a rds  and options  – have spaw n e d  second and  third generation
derivat ives that  span com p lex hybr id,  contingent ,  and path-dependent  r isks.
Secondly,  new  a p p lica tions  a re  expanding der ivat ives  use  beyond the specific
managem e n t of  price and event  r isk to the stra tegic managem e n t of portfolio
risk,  balance sheet  grow th,  shareholder  value,  and overal l  business
performance .  Finally ,  der ivat ives  are  being extended beyond m a instream
interest  rate,  currency ,  com m odity ,  and equity  m arkets to  new under ly ing risks
including catastrophe, pollution, electricity , inflat ion,  and credit .


Cred it derivatives fi t  neatly  into this three-dim e n sional  schem e .  Unti l  recently,
credit rem a ined one of  the m a jor  componen ts of business r isk for w h ich no
tailored risk-managem e n t products existed.   Credit  r isk m a n a g e m e n t for the
loan portfolio manager  m e a n t a strategy  of  por tfolio diversif ication backed by
line  lim its, w ith  an  occas ional  sale  of  positions  in  the  secondary  m a rket.
D e riva tives users  rel ied on purchasing insurance,  le t ters  of  credit ,  or  guarantees,
or  negotiating  co lla teralized  m a rk-to-m a rket  credi t  enhancem e n t provisions in
Mas te r  Agreements .  C o rporates ei ther carried open exposures  to  key
customers’ accounts  receivable  or  purchased insurance,  where avai lable,  f rom
factors.  Y e t these  s tra tegies are inefficient,  largely  because  they  do  no t separate
the m a n a g e m e n t of credit  r isk from  the asset  w ith  w h ich that  r isk is  associated.


For example, consider a corporate bond, which represents a bundle of risks, including
perhaps duration, convexity, callability , and credit risk (constituting both the risk of
default and the risk of volatility  in credit spreads).  If the only way to adjust credit risk
is to buy or sell that bond, and consequently affect positioning across the entire bundle
of risks, there is a clear inefficiency.  Fixed income derivatives introduced the ability
to manage duration, convexity, and callability  independently of bond positions; credit
derivatives complete the process by allowing the independent management of default
or credit spread risk.







Formally, credit derivatives are bilateral financial contracts that isolate specific aspects
of credit risk from an underlying instrument and transfer that risk between two parties.
In so doing, credit derivatives separate the ownership and management of credit risk
from other qualitative and quantitative aspects of ownership of financial assets.  Thus,
credit derivatives share one of the key features of historically successful derivatives
products, which is the potential to achieve efficiency gains through a process of market
completion. Efficiency gains arising from disaggregating risk are best illustrated by
imagining an auction process in which an auctioneer sells a number of risks, each to
the highest bidder, as compared to selling a “job lot” of the same risks to the highest
bidder for the entire package.  In most cases, the separate auctions will yield a higher
aggregate sale price than the job lot.  By separating specific aspects of credit risk from
other risks, credit derivatives allow even the most illiquid credit exposures to be
transferred from portfolios that have but don’t want the risk to those that want but
don’t have that risk, even when the underlying asset itself could not have been
transferred in the same way.


What is the significance of credit derivatives?


Even today, we cannot yet argue that credit risk is, on the whole, “actively” managed.
Indeed, even in the largest banks, credit risk management is often little more than a
process of setting and adhering to notional exposure limits and pursuing limited
opportunities for portfolio diversification.  In recent years, stiff competition among
lenders, a tendency by some banks to treat lending as a loss-leading cost of relationship
development, and a benign credit cycle have combined to subject bank loan credit spreads
to relentless downward pressure, both on an absolute basis and relative to other asset
classes.  At the same time, secondary market illiquidity, relationship constraints, and the
luxury of cost rather than mark-to-market accounting have made active portfolio
management either impossible or unattractive.  Consequently, the vast majority of bank
loans reside where they are originated until maturity.  In 1996, primary loan syndication
origination in the U.S. alone exceeded $900 billion, while secondary loan market volumes
were less than $45 billion.







However, five years hence, commentators will look back to the birth of the credit
derivative market as a watershed development for bank credit risk management
practice.  Simply put, credit derivatives are fundamentally changing the way banks
price, manage, transact, originate, distribute, and account for credit risk.  Yet, in
substance, the definition of a credit derivative given above captures many credit
instruments that have been used routinely for years, including guarantees, letters of
credit, and loan participations.  So why attach such significance to this new group of
products?  Essentially, it is the precision with which credit derivatives can isolate and
transfer certain aspects of credit risk, rather than their economic substance, that
distinguishes them from more traditional credit instruments.  There are several distinct
arguments, not all of which are unique to credit derivatives, but which combine to
make a strong case for increasing use of credit derivatives by banks and by all
institutions that routinely carry credit risk as part of their day-to-day business.


First, the Reference Entity, whose credit risk is being transferred, need neither be a
party to nor aware of a credit derivative transaction.  This confidentiality enables
banks and corporate treasurers to manage their credit risks discreetly without
interfering with important customer relationships.  This contrasts with both a loan
assignment through the secondary loan market, which requires borrower notification,
and a silent participation, which requires the participating bank to assume as much
credit risk to the selling bank as to the borrower itself.


The absence of the Reference Entity at the negotiating table also means that the terms
(tenor, seniority, compensation structure) of the credit derivative transaction can be
customized to meet the needs of the buyer and seller of risk, rather than the particular
liquidity or term needs of a borrower.  Moreover, because credit derivatives isolate
credit risk from relationship and other aspects of asset ownership, they introduce
discipline to pricing decisions.  Credit derivatives provide an objective market pricing
benchmark representing the true opportunity cost of a transaction.  Increasingly, as
liquidity and pricing technology improve, credit derivatives are defining credit spread
forward curves and implied volatilities in a way that less liquid credit products never
could.  The availability and discipline of visible market pricing enables institutions to
make pricing and relationship decisions more objectively.
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Second, credit derivatives are the first mechanism via which short sales of credit
instruments can be executed with any reasonable liquidity and without the risk of a
short squeeze.  It is more or less impossible to short-sell a bank loan, but the
economics of a short position can be achieved synthetically by purchasing credit
protection using a credit derivative.  This allows the user to reverse the “skewed”
profile of credit risk (whereby one earns a small premium for the risk of a large loss)
and instead pay a small premium for the possibility of a large gain upon credit
deterioration.  Consequently, portfolio managers can short specific credits or a broad
index of credits, either as a hedge of existing exposures or simply to profit from a
negative credit view.  Similarly, the possibility of short sales opens up a wealth of
arbitrage opportunities.  Global credit markets today display discrepancies in the
pricing of the same credit risk across different asset classes, maturities, rating cohorts,
time zones, currencies, and so on.  These discrepancies persist because arbitrageurs
have traditionally been unable to purchase cheap obligations against shorting
expensive ones to extract arbitrage profits.  As credit derivative liquidity improves,
banks, borrowers, and other credit players will exploit such opportunities, just as the
evolution of interest rate derivatives first prompted cross-market interest rate arbitrage
activity in the 1980s.  The natural consequence of this is, of course, that credit pricing
discrepancies will gradually disappear as credit markets become more efficient.


Third, credit derivatives, except when embedded in structured notes, are off-balance-
sheet instruments.  As such, they offer considerable flexibility in terms of leverage.  In
fact, the user can define the required degree of leverage, if any, in a credit investment.
The appeal of off- as opposed to on-balance-sheet exposure will differ by institution:
The more costly the balance sheet, the greater the appeal of an off-balance-sheet
alternative.  To illustrate, bank loans have not traditionally appealed as an asset class
to hedge funds and other nonbank institutional investors for at least two reasons:  first,
because of the administrative burden of assigning and servicing loans; and second,
because of the absence of a repo market.  Without the ability to finance investments in
bank loans on a secured basis via some form of repo market, the return on capital
offered by bank loans has been unattractive to institutions that do not enjoy access to
unsecured financing.  However, by taking exposure to bank loans using a credit
derivative such as a Total Return Swap (described more fully below), a hedge fund can
both synthetically finance the position (receiving under the swap the net proceeds of
the loan after financing) and avoid the administrative costs of direct ownership of the
asset, which are borne by the swap counterparty.  The degree of leverage achieved
using a Total Return Swap will depend on the amount of up-front collateralization, if
any, required by the total return payer from its swap counterparty.  Credit derivatives
are thus opening new lines of distribution for the credit risk of bank loans and many
other instruments into the institutional capital markets.
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This article introduces the basic structures and applications that have emerged in
recent years and focuses on situations in which their use produces benefits that can be
evaluated without the assistance of complex mathematical or statistical models. The
applications discussed will include those for risk managers addressing portfolio
concentration risk, for issuers seeking to minimize the costs of liquidity in the debt
capital markets, and for investors pursuing assets that offer attractive relative value.
In each case, the recurrent theme is that in bypassing barriers between different asset
classes, maturities, rating categories, debt seniority levels, and so on, credit
derivatives create enormous opportunities to exploit and profit from associated
discontinuities in the pricing of credit risk.







The most highly structured credit derivatives transactions can be assembled
by combining three main building blocks:


1      Credit (Default) Swaps
2      Credit Options
3      Total Return Swaps


Credit (Default) Swaps


The Credit Swap or (“Credit Default Swap”) illustrated in Chart 1 is a bilateral
financial contract in which one counterparty  (the Protection Buyer) pays a periodic
fee, typically expressed in basis points per annum, paid on the notional amount, in
return for a Contingent Payment by  the Protection Seller following a Credit Event
with respect to a Reference Entity.


The definitions of a Credit Event, the relevant Obligations and the settlement
mechanism used to determine the Contingent Payment are flexible and determined by
negotiation between the counterparties at the inception of the transaction.


Since 1991, the International Swap and Derivatives Association (ISDA) has made
available a standardized letter confirmation allowing dealers to transact Credit Swaps
under the umbrella of an ISDA Master Agreement.  The standardized confirmation
allows the parties to specify the precise terms of the transaction from a number of
defined alternatives.  In July 1999, ISDA published a revised Credit Swap
documentation, with the objective to further standardize the terms when appropriate,
and provide a greater clarity of choices when standardization is not appropriate (see
Highlights on the new 1999 ISDA credit derivatives definitions).


The evolution of increasingly standardized terms in the credit derivatives market
has been a major development because it has reduced legal uncertainty that, at
least in the early stages, hampered the market’s growth.  This uncertainty
originally arose because credit derivatives, unlike many other derivatives, are
frequently triggered by a defined (and fairly unlikely) event rather than a defined
price or rate move, making the importance of watertight legal documentation for
such transactions commensurately greater.


2.   Basic credit derivative structures and applications







Figure 1: Credit (default) swap
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Failure to meet payment obligations when due (after giving effect to the
G race Period, if any, and only if the failure to pay  is above the payment
requirement specified at inception),


Bankruptcy  (for non-sovereign entities) or Moratorium  (for sovereign
entities only),


Repudiation,


M a terial adverse restructuring of debt,


Obligation Acceleration or Obligation Default.  While Obligations are
generally defined as borrowed money, the spectrum o f Obligations goes
from one specific bond or loan to payment or repayment of money,
depending on whether the counterparties want to m irror the risks of direct
ownership of an asset or rather transfer macro exposure to the Reference
entity .


A  Credit Event is most commonly defined as the occurrence of one or more of
the follow ing:


(i)


(ii)


(iii)


(iv)


(v)


The Contingent Payment can be effected by  a  cash settlement mechanism
designed to mirror the loss incurred by  creditors of the Reference Entity
following a Credit Event.  This payment is calculated as the fall in price of the
Reference Obligation below par at some pre-designated point in time after the
Credit Event.  Typically , the price change w ill be determ ined through the
Calculation Agent by reference to a poll of price quotations obtained from
dealers for the Reference Obligation on the valuation date.  Since most debt
obligations become due and payable in the event of default, plain vanilla loans
and bonds w ill trade at the same dollar price following a default, reflecting the
market’s estimate of recovery value, irrespective of maturity or coupon.
A lternatively, counterparties can fix the Contingent Payment as a predeterm ined
sum , known as a “binary” settlement.







The other settlement method is for the Protection Buyer to make physical
delivery  of a portfolio of specified Deliverable Obligations in return for payment
of their face amount.  Deliverable Obligations may be the Reference Obligation or
one of a broad class of obligations meeting certain specifications, such as any
senior unsecured claim against the Reference Entity. The physical settlement
option is not always available since Credit Swaps are often used to hedge
exposures to assets that are not readily transferable or to create short positions for
users who do not own a deliverable obligation.


Further standardisation of terms with 38 presumptions for terms that are not specified


The new ISDA documentation aims for further standardisation of a book of definitions.  Where parties do not
specify particular terms, the definitions may provide for fallbacks.  For example, where the Calculation Agent
has not been specified by the parties in a confirmation to a transaction, it is deemed to be the Protection
Seller.


Tightening of the Restructuring definition


Previous Restructuring definition referred to an adjustment with respect to any Obligation of the Reference
Entity resulting in such Obligation being, overall, “materially less favorable from an economic, credit or risk
perspective” to its holder, subject to the determination of the Calculation Agent.  The definition has been
amended in the new ISDA documentation and now lists the specific occurrences on which the Restructuring
Credit Event is to be triggered.


“The Matrix”: Check-list approach for specifying Obligations and Deliverable Obligations


Selection of (1) Categories and (2) Characteristics for both Obligations and Deliverable Obligations.
Counterparties have to choose one Category only for Obligations and Deliverable Obligations but may select
as many respective Characteristics as they require.


New concepts/timeframe for physical settlement


For physically-settled default swap transactions, the new  documentation introduces the concept of Notice of
Intended Physical Settlement, which provides that the Buyer may elect to settle the whole transaction, not to
settle or to settle in part only.  The Buyer has 30 days after delivery of a Credit Event Notice to notify the other
part of its intentions with respect what it intends to physically settle after which if no such notice is delivered,
the transaction lapses.


Dispute resolution


New  guidelines to address parties’ dissatisfaction with the recourse to a disinterested third party.  The
creation of an arbitration panel of experts has been considered.


Materiality clause


In certain contracts, the occurrence of a Credit Event has to be coupled with a significant price deterioration
(net of price changes due to interest rate movements) in a specified Reference Obligation issued or
guaranteed by the Reference Entity.  This requirement, known as a Materiality clause, is designed to ensure
that a Credit Event is not triggered by a technical (I.e, non-credit-related) defaut, such as a disputed or late
payment or a failure in the cleaning systems.  The Materiality clause has disappeared from the main body of
the new ISDA confirmations, and is now the object of an annex to the document.


A few highlights on the new 1999 ISDA credit derivatives definitions


Addressing illiquidity using Credit Swaps







Credit Swaps, and indeed all credit derivatives, are mainly inter-professional
(meaning non-retail) transactions.  Averaging $25 to $50 million per transaction,
they range in size from a few million to billions of dollars.  Reference Entities
may be drawn from a wide universe including sovereigns, semi-governments,
financial institutions, and all other investment or sub-investment grade corporates.
Maturities usually run from one to ten years and occasionally beyond that,
although counterparty  credit quality concerns frequently limit liquidity for longer
tenors.  For corporates or financial institutions credit risks, five-year tends to be
the benchmark maturity, where greatest liquidity can be found.  While publicly
rated credits enjoy greater liquidity, ratings are not necessarily a requirement.
The only true limitation to the parameters of a Credit Swap is the willingness of
the counterparties to act on a credit view.


Illiquidity  of credit positions can be caused by any number of factors, both
internal and external to the organization in question.  Internally, in the case of
bank loans and derivative transactions, relationship concerns often lock portfolio
managers into credit exposure arising from key client transactions.  Corporate
borrowers prefer to deal with smaller lending groups and typically place
restrictions on transferability and on which entities can have access to that
group.  Credit derivatives allow users to reduce credit exposure without
physically removing assets from their balance sheet.  Loan sales or the
assignment or unwinding of derivative contracts typically require the notification
and/or consent of the customer.  By contrast, a credit derivative is a confidential
transaction that the customer need neither be party to nor aware of, thereby
separating relationship management from risk management decisions.


Similarly, the tax or accounting position of an institution can create significant
disincentives to the sale of an otherwise relatively liquid position – as in the case
of an insurance company that owns a public corporate bond in its hold-to-maturity
account at a low tax base.  Purchasing default protection via a Credit Swap can
hedge the credit exposure of such a position without triggering a sale for either tax
or accounting purposes.  Recently, Credit Swaps have been employed in such
situations to avoid unintended adverse tax or accounting consequences of
otherwise sound risk management decisions.


More often, illiquidity results from factors external to the institution in question.
The secondary market for many loans and private placements is not deep, and
in the case of certain forms of trade receivable or insurance contract, may not
exist at all.  Some forms of credit exposure, such as the business concentration
risk to key customers faced by many corporates (meaning not only the default
risk on accounts receivable, but also the risk of customer replacement cost), or
the exposure employees face to their employers in respect of non-qualified
deferred compensation, are simply not transferable at all.  In all of these cases,
Credit Swaps can provide a hedge of exposure that would not otherwise be
achievable through the sale of an underlying asset.
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Exploiting a funding advantage or avoiding a disadvantage via credit swaps


When an investor owns a credit-risky asset, the return for assuming that credit
risk is only the net spread earned after deducting that investor’s cost of funding
the asset on its balance sheet.  Thus, it makes little sense for an A-rated bank
funding at LIBOR flat to lend money to a AAA-rated entity that borrows at
LIBID.  After funding costs, the A-rated bank takes a loss but still takes on risk.
Consequently, entities with high funding levels often buy risky assets to generate
spread income.  However, since there is no up-front principal outlay required for
most Protection Sellers when assuming a Credit Swap position, these provide an
opportunity to take on credit exposure in off balance-sheet positions that do not
need to be funded.  Credit Swaps are therefore fast becoming an important
source of investment opportunity and portfolio diversification for banks,
insurance companies (both monolines and traditional insurers), and other
institutional investors who would otherwise continue to accumulate
concentrations of lower-quality assets due to their own high funding costs.


On the other hand, institutions with low funding costs may capitalise on this
advantage by funding assets on the balance sheet and purchasing default
protection on those assets.  The premium for buying default protection on such
assets may be less than the net spread such a bank would earn over its funding
costs.  Hence a low-cost investor may offset the risk of the underlying credit but
still retain a net positive income stream.  Of course, as we will discuss in more
detail, the counterparty  risk to the Protection Seller must be covered by this
residual income.  However, the combined credit quality of the underlying asset
and the credit protection purchased, even from a lower-quality  counterparty , may
often be very high, since two defaults (by both the Protection Seller and the
Reference Entity) must occur before losses are incurred, and even then losses will
be mitigated by the recovery rate on claims against both entities.


Lowering the cost of protection in a credit swap


Contingent credit swap


Contingent credit swaps are hybrid credit derivatives which, in addition to the
occurrence of a Credit Event require an additional trigger, typically the
occurrence of a Credit Event with respect to another Reference Entity or a
material movement in equity prices, commodity prices, or interest rates.  The
credit protection provided by a contingent credit swap is weaker -thus cheaper-
than the credit protection under a regular credit swap, and is more optimal when
there is a low correlation between the occurrence of the two triggers.







Dynamic credit swap


Dynamic credit swaps aim to address one of the difficulties in managing credit
risk in derivative portfolios, which is the fact that counterparty exposures
change with both the passage of time and underlying market moves.  In a swap
position, both counterparties are subject to counterparty credit exposure, which
is a combination of the current mark-to-market of the swap as well as expected
future replacement costs.


Chart 2 shows how projected exposure on a cross-currency swap can change in
just a few years.  At inception in May 1990, prevailing rates implied a
maximum exposure at maturity of $125 million on a notional of $100 million.
Five years later, as the yen strengthened and interest rates dropped, the
maximum exposure was calculated at $220 million.  By January 1996, the
exposure slipped back to around $160 million..


Figure 2:The instability of projected swap exposure
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Swap counterparty exposure is therefore a function both of underlying market
volatility, forward curves, and time.  Furthermore, potential exposure will be
exacerbated if the quality of the credit itself is correlated to the market; a fixed
rate receiver that is domiciled in a country whose currency has experienced
depreciation and has rising interest rates will be out-of-the-money on the swap
and could well be a weaker credit.







An important innovation in credit derivatives is the Dynamic Credit Swap (or
“Credit Intermediation Swap”), which is a Credit Swap with the notional linked to
the mark-to-market of a reference swap or portfolio of swaps.  In this case, the
notional amount applied to computing the Contingent Payment is equal to the
mark-to-market value, if positive, of the reference swap at the time of the Credit
Event (see Chart 3.1).  The Protection Buyer pays a fixed fee, either up front or
periodically, which once set does not vary with the size of the protection
provided.  The Protection Buyer will only incur default losses if the swap
counterparty and the Protection Seller fail.  This dual credit effect means that the
credit quality of the Protection Buyer’s position is compounded to a level better
than the quality of either of its individual counterparties.  The status of this credit
combination should normally be relatively impervious to market moves in the
underlying swap, since, assuming an uncorrelated counterparty, the probability of
a joint default is small.


Dynamic Credit Swaps may be employed to hedge exposure between margin calls on
collateral posting (Chart 3.5).  Another structure might cover any loss beyond a pre-
agreed amount (Chart 3.2) or up to a maximum amount (Chart 3.3).  The protection
horizon does not need to match the term of the swap; if the Buyer is primarily
concerned with short-term default risk, it may be cheaper to hedge for a shorter
period and roll over the Dynamic Credit Swap (Chart 3.4).


Figure 3:The instability of projected swap exposure
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A Dynamic Credit Swap avoids the need to allocate resources to a regular mark-to-
market settlement or collateral agreements.  Furthermore, it provides an alternative to
unwinding a risky position, which might be difficult for relationship reasons or due to
underlying market illiquidity.
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Where a creditor is owed an amount denominated in a foreign currency, this is analogous
to the credit exposure in a cross-currency swap.  The amount outstanding will fluctuate
with foreign exchange rates, so that credit exposure in the domestic currency is dynamic
and uncertain.  Thus, foreign-currency-denominated exposure may also be hedged using a
Dynamic Credit Swap.


Total (Rate of) Return Swaps


A Total Rate of Return Swap (“Total Return Swap” or “TR Swap”) is also a bilateral
financial contract designed to transfer credit risk between parties, but a TR Swap is
importantly distinct from a Credit Swap in that it exchanges the total economic
performance of a specified asset for another cash flow.  That is, payments between the
parties to a TR Swap are based upon changes in the market valuation of a specific
credit instrument, irrespective of whether a Credit Event has occurred.


Specifically, as illustrated in Chart 4, one counterparty (the “TR Payer”) pays to the other
(the “TR Receiver”) the total return of a specified asset, the Reference Obligation.  “Total
return” comprises the sum of interest, fees, and any change-in-value payments with respect
to the Reference Obligation.  The change-in-value payment is equal to any appreciation
(positive) or depreciation (negative) in the market value of the Reference Obligation, as
usually determined on the basis of a poll of reference dealers.  A net depreciation in value
(negative total return) results in a payment to the TR Payer.  Change-in-value payments may
be made at maturity or on a periodic interim basis. As an alternative to cash settlement of the
change-in-value payment, TR Swaps can allow for physical delivery of the Reference
Obligation at maturity by the TR Payer in return for a payment of the Reference Obligation’s
initial value by the TR Receiver. Maturity of the TR Swap is not required to match that of the
Reference Obligation, and in practice rarely does.  In return, the TR Receiver typically
makes a regular floating payment of LIBOR plus a spread (Y b.p. p.a. in Chart 2).


Figure 4: Total return swap
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Synthetic financing using Total Return Swaps


When entering into a TR Swap on an asset residing in its portfolio, the TR Payer has
effectively removed all economic exposure to the underlying asset.  This risk transfer
is effected with confidentiality and without the need for a cash sale.  Typically, the
TR Payer retains the servicing and voting rights to the underlying asset, although
occasionally certain rights may be passed through to the TR Receiver under the terms
of the swap.  The TR Receiver has exposure to the underlying asset without the initial
outlay required to purchase it.  The economics of a TR Swap resemble a synthetic
secured financing of a purchase of the Reference Obligation provided by the TR
Payer to the TR Receiver.  This analogy does, however, ignore the important issues of
counterparty credit risk and the value of aspects of control over the Reference
Obligation, such as voting rights if they remain with the TR Payer.


Consequently, a key determinant of pricing of the “financing” spread on a TR Swap (Y
b.p. p.a. in Chart 2) is the cost to the TR Payer of financing (and servicing) the
Reference Obligation on its own balance sheet, which has, in effect, been “lent” to the
TR Receiver for the term of the transaction.  Counterparties with high funding levels
can make use of other lower-cost balance sheets through TR Swaps, thereby facilitating
investment in assets that diversify the portfolio of the user away from more affordable
but riskier assets.


Because the maturity of a TR Swap does not have to match the maturity of the underlying
asset, the TR Receiver in a swap with maturity less than that of the underlying asset may
benefit from the positive carry associated with being able to roll forward short-term
synthetic financing of a longer-term investment.  The TR Payer may benefit from being
able to purchase protection for a limited period without having to liquidate the asset
permanently.  At the maturity of a TR Swap whose term is less than that of the Reference
Obligation, the TR Payer essentially has the option to reinvest in that asset (by continuing
to own it) or to sell it at the market price.  At this time, the TR Payer has no exposure to
the market price since a lower price will lead to a higher payment by the TR Receiver
under the TR Swap.


Other applications of TR Swaps include making new asset classes accessible to investors
for whom administrative complexity or lending group restrictions imposed by borrowers
have traditionally presented barriers to entry.  Recently insurance companies and levered
fund managers have made use of TR Swaps to access bank loan markets in this way.
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Credit Options


Credit Options are put or call options on the price of either (a) a floating rate note, bond,
or loan or (b) an “asset swap” package, which consists of a credit-risky instrument with
any payment characteristics and a corresponding derivative contract that exchanges the
cash flows of that instrument for a floating rate cash flow stream.  In the case of (a), the
Credit Put (or Call) Option grants the Option Buyer the right, but not the obligation, to sell
to (or buy from) the Option Seller a specified floating rate Reference Asset at a pre-
specified price (the “Strike Price”).  Settlement may be on a cash or physical basis.


Figure 5: Credit put option
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The more complex example of a Credit Option on an asset swap package described in
(b) is illustrated in Chart 5.  Here, the Put buyer pays a premium for the right to sell to
the Put Seller a specified Reference Asset and simultaneously enter into a swap in
which the Put Seller pays the coupons on the Reference Asset and receives three- or
six-month LIBOR plus a predetermined  spread (the “Strike Spread”).  The Put seller
makes an up-front payment of par for this combined package upon exercise.


Credit Options may be American, European, or multi-European style.  They may be
structured to survive a Credit Event of the issuer or guarantor of the Reference Asset (in
which case both default risk and credit spread risk are transferred between the parties),
or to knock out upon a Credit Event, in which case only credit spread risk changes
hands


As with other options, the Credit Option premium is sensitive to the volatility of the
underlying market price (in this case driven primarily by credit spreads rather than the
outright level of yields, since the underlying instrument is a floating rate asset or asset
swap package), and the extent to which the Strike Spread is “in” or “out of” the money
relative to the applicable current forward credit spread curve.  Hence the premium is
greater for more volatile credits, and for tighter Strike Spreads in the case of puts and
wider Strike Spreads in the case of calls.  Note that the extent to which a Strike Spread on
a one-year Credit Option on a five-year asset is in or out of the money will depend upon
the implied five-year credit spread in one year’s time (or the “one by five year” credit
spread), which in turn would have to be backed out from current one- and six-year spot
credit spreads.







Yield enhancement and credit spread/downgrade protection


Credit Options have recently found favor with institutional investors as a source
of yield enhancement.  In buoyant market environments, with credit spread
product in tight supply, credit market investors frequently find themselves
underinvested.  Consequently, the ability to write Credit Options, whereby
investors collect current income in return for the risk of owning (in the case of a
put) or losing (in the case of a call) an asset at a specified price in the future is an
attractive enhancement to inadequate current income.


Buyers of Credit Options, on the other hand, are often institutions such as banks
and dealers who are interested in hedging their mark-to-market exposure to
fluctuations in credit spreads: hedging long positions with puts, and short positions
with calls.  For such institutions, which often run leveraged balance sheets, the off-
balance-sheet nature of the positions created by Credit Options is an attractive
feature. .  Credit Options can also be used to hedge exposure to downgrade risk,
and both Credit Swaps and Credit Options can be tailored so that payments are
triggered upon a specified downgrade event.


Such options have been attractive for portfolios that are forced to sell
deteriorating assets, where preemptive measures can be taken by structuring
credit derivatives to provide downgrade protection.  This reduces the risk of
forced sales at distressed prices and consequently enables the portfolio manager
to own assets of marginal credit quality at lower risk.  Where the cost of such
protection is less than the pickup in yield of owning weaker credits, a clear
improvement in portfolio risk-adjusted returns can be achieved.







Hedging future borrowing costs


Credit Options also have applications for borrowers wishing to lock in future
borrowing costs without inflating their balance sheet.  A borrower with a known future
funding requirement could hedge exposure to outright interest rates using interest rate
derivatives.  Prior to the advent of credit derivatives, however, exposure to changes in
the level of the issuer’s borrowing spreads could not be hedged without issuing debt
immediately and investing funds in other assets.  This had the adverse effect of
inflating the current balance sheet unnecessarily and exposing the issuer to
reinvestment risk and, often, negative carry.  Today, issuers can enter into Credit
Options on their own name and lock in future borrowing costs with certainty.
Essentially, the issuer is able to buy the right to put its own paper to a dealer at a pre-
agreed spread.  In a further recent innovation, issuers have sold puts or downgrade puts
on their own paper, thereby providing investors with credit enhancement in the form of
protection against a credit deterioration that falls short of outright default (whereupon
such a put would of course be worthless).  The objective of the issuer is to reduce
borrowing costs and boost investor confidence.







Generic investment considerations: Building tailored credit derivatives structures


Maintaining diversity in credit portfolios can be challenging. This is particularly true
when the portfolio manager has to comply with constraints such as currency
denominations, listing considerations or maximum or minimum portfolio duration.
Credit derivatives are being used to address this problem by providing tailored
exposure to credits that are not otherwise available in the desired form or not available
at all in the cash market.


Under-leveraged credits that do not issue debt are usually attractive, but by
definition, exposure to these credits is difficult to find. It is rarely the case,
however, that no economic risk to such credits exists at all. Trade receivables,
fixed price forward sales contracts, third party indemnities, deep in-the-money
swaps, insurance contracts, and deferred employee compensation pools, for
example, all create credit exposure in the normal course of business of such
companies. Credit derivatives now allow intermediaries to strip out such unwanted
credit exposure and redistribute it among banks and institutional investors who find
it attractive as a mechanism for diversifying investment portfolios. Gaps in the
credit spectrum may be filled not only by bringing new credits to the capital
markets, but also by filling maturity and seniority gaps in the debt issuance of
existing borrowers.


In addition, credit derivatives help customize the risk/return profile of a financial
product. The credit risk on a name, or a basket of names, can be “re-shaped” to meet
investor needs, through a degree of capital/coupon protection or in contrary by
adding leverage features. The payment profile can also be tailored to better suit
clients’ asset-liability management constraints through step-up coupons, zero-coupon
structures with or without lock-in of the accrued coupon.


Credit-Linked Notes can be used to create funded bespoke exposures unavailable
in the capital markets.


Unlike credit swaps, credit-linked notes are funded balance sheet assets that offer
synthetic credit exposure to a reference entity in a structure designed to resemble a
synthetic corporate bond or loan. Credit-linked notes are frequently issued by special
purpose vehicles (corporations or trusts) that hold some form of collateral securities
financed through the issuance of notes or certificates to the investor. The investor
receives a coupon and par redemption, provided there has been no credit event of the
reference entity. The vehicle enters into a credit swap with a third party in which it
sells default protection in return for a premium that subsidizes the coupon to
compensate the investor for the reference entity default risk.


3.    Investment Applications







Figure 1: The credit-linked note issued by a special purpose vehicle
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The investor assumes credit risk of both the Reference Entity and the underlying
collateral securities. In the event that the Reference Entity defaults, the underlying
collateral is liquidated and the investor receives the proceeds only after the Credit
Swap counterparty  is paid the Contingent Payment. If the underly ing collateral
defaults, the investor is exposed to its recovery regardless of the performance of
the Reference Entity. This additional risk is recognized by the fact that the yield on
the Credit-L inked Note is higher than that of the underlying collateral and the
premium on the Credit Swap individually .


In order to tailor the cash flows of the Credit-Linked Note it may be necessary to make
use of an interest rate or cross-currency swap. At inception, this swap would be on-
market, but as markets move, the swap may move into or out of the money. The
investor takes the swap counterparty credit risk accordingly.


Credit-Linked Notes may also be issued by a corporation or financial institution. In this
case the investor assumes risk to both the issuer and the Reference Entity to which
principal redemption is linked.


Credit overlays


Credit overlays consist of embedding a layer of credit risk, in credit derivatives form,
into an existing financial product. Typically, the credit overlay will be added onto an
interest rate, equity or commodities structure thus creating a hybrid product with
more attractive risk/returns features.







For example, combining the principal risk of a credit-linked note with an equity option,
allows to significantly improve the participation in the option payoff.


Example: using a credit overlay in an equity-linked product


• An SPV issues structured notes indexed on a basket of
food company equities


• With the proceeds from the note issuance, the SPV
purchases AAA-rated Asset Backed Securities which will
remain in the vehicle until maturity


• The SPV enters into a credit swap with Morgan in which
Morgan buys protection on the same basket of food
company credit exposures


• The Credit Swap is overlaid onto the AAA-rated securities,
thus creating credit and equity Linked Notes referenced on
the basket of food companies


• The yield on the Credit Linked Notes is used to fund the
call option on the equity basket, the Credit Overlay allows
for an enhanced Participation in the Equity Basket
Performance


• At maturity, the investor receives par plus the payout of the
call option.  Should a Credit Event occur on the Underlying
Portfolio of Reference Entitites, the principal repaid at
maturity would be reduced by the amount of losses
incurred under the Credit Event


Similar structures where the basket is replaced by an equity-index
also enjoy strong investor appeal


Using credit overlays as part of an asset restructuring


Portfolio managers may also express an interest to repackage some of their holdings, re-
tailoring their cashflows to better suit asset-liabilities management constraints. The addition
of a credit risk overlay to the repackaged assets effectively creates a funded credit derivative,
the existing portfolio being used as collateral to the structure. By using credit derivatives as
part of such restructuring, the investor achieves three goals: (i) restructuring the cashflows
into a more desirable profile, (ii) diversifying the investment portfolio and (iii) enhancing the
return of the newly created note.







Achieving superior returns by introducing leverage in a credit derivatives
structure


Tranched credit risk:


Simply, leverage in a credit structure is the process of re-apportioning risk and return.
Leverage is commonly introduced in a basket of credits by tranching the portfolio into junior
and senior pieces. The protection seller who commits to indemnify the protection buyer
against the first X% lost as a result of credit events (see Exhibit) effectively has a leveraged
position, his underlying exposure being much larger than his notional at stake.


If the size of the first-loss piece is large enough to stand more than one credit event – i.e.
absent any first-to-default trigger-, the portion of notional having suffered a loss will either
be liquidated at the time of default, or settled at maturity. In most first-loss structures, the
coupon will step-down after the credit event, to reflect the reduction in the notional at stake.
However, in less risky tranches, such as second-loss (or mezzanine) pieces, it is often
possible to build a coupon-protection feature without substantially deteriorating the overall
return.


First-loss or mezzanine credit positions can be transferred either in unfunded form or
via credit-linked notes. Examples of traded mezzanine credit linked notes include the
Bistro securities described in the previous chapter. In addition, more recent variations
of leveraged credit linked notes have combined credit derivatives and existing
Collateralized Bond Obligation (CBO) technology to create structures where the
portfolio of credit default swaps is not static but managed by a third party, who may be
the investor himself.


Figure 2: Tranched Credit Risk
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First-to-default credit positions


In a first-to-default basket, the risk buyer typically takes a credit position in each credit
equal to the notional at stake. After the first credit event, the first-to-default note (swap)
stops and the investor no longer bears the credit risk to the basket. First-to-default Credit
Linked Note will either be unwound immediately after the Credit Event – this is usually
the case when the notes are issued by an SPV - or remain outstanding – this is often the
case with issuers - in which case losses on default will be carried forward and settled at
maturity. Losses on default are calculated as the difference between par and the final price
of a reference obligation, as determined by a bid-side dealer poll for reference obligations,
plus or minus, in some cases, the mark-to-market on any embedded currency/interest rate
swaps transforming the cashflows of the collateral.


First-to-default structures are substantially pair-wise correlation plays, and provide
interesting yield-enhancing opportunities in the current tight spread environment. The yield
on such structures is primarily a function of (i) the number of names in the basket, i.e. the
amount of leverage in the structure and (ii) how correlated the names are. The first-to-default
spread shall find itself between the worse credit’s spread and the sum of the spreads, closer to
the latter if correlation is low, and closer to the former if correlation is high (see Exhibit).
Intuition suggests taking first-to-default positions to uncorrelated names with similar spreads
(hence similar default probabilities), in order to maximize the steepness of the curve below,
thus achieving a larger pick-up above the widest spread.


Returns can be further improved via the addition of a mark-to market feature, whereby
the investor also takes the mark-to-market on the outstanding credit default swaps.
Valuation of that mark-to-market can be computed by comparing the reference spread to
an offer-side dealer poll of credit default swap spreads.
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Figure 3: First-to-default spread curve
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An alternative way to create a leveraged position for the investor is to use zero coupon
structures, i.e. delay the coupon payments in a credit linked note, and reinvest the accruals.


De-leveraging exposures to riskier credit through a degree of capital and/or
coupon protection


Finally, leverage can be introduced by overlaying a degree of optionality for the protection
buyer’s benefit.  Substitution options whereby the protection buyer has the right to
substitute some of the names in the basket, by another pre-defined set of names or any
other credit but subject to a number of guidelines, allow for significant yield enhancement.


By providing the flexibility to customize the riskyness of cashflows, credit derivative
structures can alternatively be used as a way to access new, riskier asset classes. An investor
with a high-grade corporates portfolio of credits may want to invest in a high-yield name,
without significantly altering the overall risk profile of his holdings. This can be done by
protecting part or whole of the principal of a swap/note. In some case, a minimum guaranteed
coupon might be offered in addition to principal protection.


Example 1:


A 20-year USD capital-guaranteed credit linked note on Venezuela can be decomposed
into a combination of (i) a zero-coupon Treasury and (ii) a series of Venezuela-linked
annuity-like streams representing the coupons purchased from the note proceeds less
the cost of the Treasury strip


While, as mentioned earlier, delaying the interest payments can be a powerful mean to
enhance returns, equally, the leverage thus created can be significant.


Example 2:


Consider a 15-year zero-coupon structure on an emerging market/high yield credit where a
credit event occurs after 13 years: the accrued amount lost this close to maturity is
significant.  Some investors may not want or may not be allowed (for regulatory purposes)
to put such a large amount of coupon at stake.  Such risk can be reduced by building-in an
accruals lock-in feature, whereby if a credit event occurs, the investor receives, at maturity,
whatever coupon amount has accrued up to the credit event date.







To summarize, we have seen that credit derivatives allow investors to invest in a wide
range of assets with tailored risk-return profile to suit their specific requirements. The
asset can be a credit play on a portfolio of names, with or without leverage. We have also
seen how to add a degree of credit exposure into a non-credit product, via an overlay
mechanism. The nature and extent of the credit risk embedded in an asset determines the
pricing of the asset, which is the focus of the next chapter.







Predictive or theoretical pricing models of Credit Swaps


A common question when considering the use of Credit Swaps as an investment or a risk
management tool is how they should correctly be priced.  Credit risk has for many years
been thought of as a form of deep out-of-the-money put option on the assets of a firm.  To
the extent that this approach to pricing could be applied to a Credit Swap, it could also be
applied to pricing of any traditional credit instrument.  In fact, option pricing models have
already been applied to credit derivatives for the purpose of proprietary “predictive” or
“forecasting” modeling of the term structure of credit spreads.


A model that prices default risk as an option will require, directly or implicitly, as parameter
inputs both default probability and severity of loss given default, net of recovery rates, in
each period in order to compute both an expected value and a standard deviation or
“volatility” of value.  These are the analogues of the forward price and implied volatility in a
standard Black-Scholes model.


However, in a practical environment, irrespective of the computational or theoretical
characteristics of a pricing model, that model must be parameterized using either market data
or proprietary assumptions.  A predictive model using a sophisticated option-like approach
might postulate that loss given default is 50% and default probability is 1% and derive that
the Credit Swap price should be, say, 20 b.p.  A less sophisticated model might value a credit
derivative based on comparison with pricing observed in other credit markets (e.g., if the
undrawn loan pays 20 b.p. and bonds trade at LIBOR + 15 b.p., then, adjusting for liquidity
and balance sheet impact, the Credit Swap should trade at around 25 b.p.).  Yet the more
sophisticated model will be no more powerful than the simpler model if it uses as its source
data the same market information.  Ultimately, the only rigorous independent check of the
assumptions made in the sophisticated predictive model can be market data.  Yet, in a
sense, market credit spread data presents a classic example of a joint observation problem.
Credit spreads imply loss severity given default, but this can only be derived if one is
prepared to make an assumption as to what they are simultaneously implying about default
likelihoods (or vice versa).  Thus, rather than encouraging more sophisticated theoretical
analysis of credit risk, the most important contribution that credit derivatives will make to the
pricing of credit will be in improving liquidity and transferability of credit risk and hence in
making market pricing more transparent, more readily available, and more reliable.


4.    Pricing Considerations







Mark-to-market and valuation methodologies for Credit Swaps


Another question that often arises is whether Credit Swaps require the development of
sophisticated risk modeling techniques in order to be marked-to-market.  It is important in
this context to stress the distinction between a user’s ability to mark a position to market
(its “valuation” methodology) and its ability to formulate a proprietary view on the correct
theoretical value of a position, based on a sophisticated risk model (its “predictive” or
“forecasting” methodology).  Interestingly, this distinction is recognized in the existing
bank regulatory capital framework: while eligibility for trading book treatment of, for
example, interest rate swaps depends on a bank’s ability to demonstrate a credible
valuation methodology, it does not require any predictive modeling expertise.


Fortunately, given that today a number of institutions make markets in Credit Swaps,
valuation may be directly derived from dealer bids, offers or mid market prices (as
appropriate depending on the direction of the position and the purpose of the valuation).
Absent the availability of dealer prices, valuation of Credit Swaps by proxy to other credit
instruments is relatively straightforward, and related to an assessment of the market credit
spreads prevailing for obligations of the Reference Entity that are pari passu with the
Reference Obligation, or similar credits, with tenor matching that of the Credit Swap, rather
than that of the Reference Obligation itself.  For example, a five-year Credit Swap on XYZ
Corp. in a predictive modeling framework might be evaluated on the basis of a postulated
default probability and recovery rate, but should be marked-to-market based upon prevailing
market credit spreads (which as discussed above provide a joint observation of implied
market default probabilities and recovery rates) for five-year XYZ Corp. obligations
substantially similar to the Reference Obligation (whose maturity could exceed five years).
If there are no such five-year obligations, a market spread can be interpolated or extrapolated
from longer and/or shorter term assets.  If there is no prevailing market price for pari passu
obligations to the Reference Obligation, adjustments for relative seniority can be made to
market prices of assets with different priority in a liquidation.  Even if there are no currently
traded assets issued by the Reference Entity, then comparable instruments issued by similar
credit types may be used, with appropriately conservative adjustments.  Hence, it should be
possible, based on available market data, to derive or bootstrap a credit curve for any
reference entity.


Constructing a Credit Curve from Bond Prices


In order to price any financial instrument, it is important to model the underlying risks on
the instrument in a realistic manner.  In any credit linked product the primary risk lies in
the potential default of the reference entity: absent any default in the reference entity, the
expected cashflows will be received in full, whereas if a default event occurs the investor
will receive some recovery amount.  It is therefore natural to model a risky cashflow as a
portfolio of contingent cashflows corresponding to these different default scenarios
weighted by the probability of these scenarios.







Example: Risky zero coupon bond with one year to maturity.


At the end of the year there are two possible scenarios:


1.  The bond redeems at par; or
2.  The bond defaults, paying some recovery value, RV.


The decomposition of the zero coupon bond into a portfolio of contingent cashflows is
therefore clear1.


PV


(1 - P D)


P D)
RV


100


PV =        [(1 - PD ) X 100 + PD X RV]


Recovery Value


(1 + r risk free)  


1


This approach was first presented by R. Jarrow and S. Turnbull (1992): “Pricing Options
on Financial Securities Subject to Default Risk”, Working Paper, Graduate School of
Management, Cornell University.


This approach to pricing risky cashflows can be extended to give a consistent valuation
framework for the pricing of many different risky products.  The idea is the same as that
applied in fixed income markets, i.e. to value the product by decomposing it into its
component cashflows, price these individual cashflows using the method described above
and then sum up the values to get a price for the product.







This framework will be used to value more than just risky instruments.  It enables the
pricing of any combination of risky and risk free cashflows, such as capital guaranteed
notes - we shall return to the capital guaranteed note later in this section, as an example of
pricing a more complex product.  This pricing framework can also be used to highlight
relative value opportunities in the market.  For a given set of probabilities, it is possible to
see which products are trading above or below their theoretical value and hence use this
framework for relative value position taking.


Calibrating the Probability of Default


The pricing approach described above hinges on us being able to provide a value for the
probability of default on the reference credit.  In theory, we could simply enter
probabilities based on our appreciation of the reference name’s creditworthiness and
price the product using these numbers.  This would value the product based on our view
of the credit and would give a good basis for proprietary positioning.  However, this
approach would give no guarantee that the price thus obtained could not be arbitraged
against other traded instruments holding the same credit risk and it would make it
impossible to risk manage the position using other credit instruments.


In practice, the probability of default is backed out from the market prices of traded
market instruments.  The idea is simple: given a probability of default and recovery value,
it is possible to price a risky cashflow.  Therefore, the (risk neutral) probability of default
for the reference credit can be derived from the price and recovery value of this risky
cashflow.  For example, suppose that a one year risky zero coupon bond trades at 92.46
and the risk free rate is 5%.  This represents a multiplicative spread of 3% over the risk
free rate, since:


100


(1 + 0.05)(1 + 0.03)
= 92.46


If the bond had a recovery value of zero, from our pricing equation we have that:


                                  1


         (1.05)
92.46 = [(1 - PD) x 100 + PD x 0]


and so:


PD = 1 —
(1.03)
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So the implied probability of default on the bond is 2.91%.  Notice that under the zero
recovery assumption there is a direct link between the spread on the bond and the probability
of default.  Indeed, the two numbers are the same to the first order.  If we have a non-zero
recovery the equations are not as straightforward, but there is still a strong link between the
spread and the default probability:


100
(1 + s)


1
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=PD


(100 —  RV)
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(1 —  RV / 100)
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This simple formula provides a “back-of-the-envelope” value for the probability of default
on an asset given its spread over the risk free rate.  Such approximation must, of course, be
used with the appropriate caution, as there may be term structure effects or convexity
effects causing inaccuracies, however it is still useful for rough calculations.


This link between credit spread and probability of default is a fundamental one, and is
analogous to the link between interest rates and discount factors in fixed income markets.
Indeed, most credit market participants think in terms of spreads rather than in terms of
default probabilities, and analyze the shape and movements of the spread curve rather than
the change in default probabilities.  However, it is important to remember that the spreads
quoted in the market need to be adjusted for the effects of recovery before default
probabilities can be computed.  Extra care must be taken when dealing with Emerging
Market debt where bonds often have guaranteed principals or rolling guaranteed coupons.
The effect of these features needs to be stripped out before the spread is computed as
otherwise, an artificially low spread will be derived.


Problems Encountered in Practice


In practice it is rare to find risky zero coupon bonds from which to extract default
probabilities and so one has to work with coupon bonds.  Also the bonds linked to a
particular name will typically not have evenly spaced maturities.  As a result, it becomes
necessary to make interpolation assumptions for the spread curve, in the same manner as
zero rates are bootstrapped from bond prices.  Naturally, the spread curve and hence the
default probabilities will be sensitive to the interpolation method selected and this will
affect the pricing of any subsequent products.


Assumptions need to be made with respect to the recovery value as it is impossible, in
practice, to have an accurate recovery value for the assets.  It is clear from the equations
above that the default probability will depend substantially on the assumed recovery
value, and so this parameter will also affect any future prices taken from our spread
curve.







A more theoretical problem worth mentioning relates to the meaning of the recovery
assumption itself.  In the equations above, we have assumed that each individual cashflow
has some recovery value, RV, which will be paid in the event of default.  This allowed us
to price a risky asset as a portfolio of risky cashflows without worrying about when the
default event occurred. If this assumption held, we should expect to see higher coupon
bonds trading higher than lower coupon bonds in the event of default (since they would be
expected to recover a greater amount).  The reason this does not occur in practice is that,
while accrued interest up until the default is generally a valid claim, interest due post
default is generally not a viable claim in work-out.  As a result, when defaults do occur,
assets tend to trade like commodities and the prices of different assets are only
distinguished based on perceived seniority rather than coupon rate.  One alternative
recovery assumption is to assume that a bond recovers a fixed percentage of outstanding
notional plus accrued interest at the time of default.  Whilst this is more consistent with
the observed clustering of asset prices during default it makes splitting a bond into a
portfolio of risky zeros much harder.  This is because the recovery on a cashflow coming
from a coupon payment will now depend on when the default event occurred, whereas the
recovery on a cash flow coming from a principal repayment will not.


Using Default Swaps to make a Credit Curve


For many credits, an active credit default swap (CDS) market has been established.  The
spreads quoted in the CDS market make it possible to construct a credit curve in the same
way that swap rates make it possible to construct a zero coupon curve.  Like swap rates, CDS
spreads have the advantage that quotes are available at evenly spaced maturities, thus
avoiding many of the concerns about interpolation.  The recovery rate remains the unknown
and has to be estimated based on experience and market knowledge.


Strictly speaking, in order to extract a credit curve from CDS spreads, the cashflows in
the default and no-default states should be diligently modeled and bootstrapped to obtain
the credit spreads.  However, for relatively flat spread curves, approximations exist.  To
convert market CDS spreads into default probabilities, the first step is to strip out the
effect of recovery.  A standard CDS will pay out par minus recovery on the occurrence of
a default event.  This effectively means that the protection seller is only risking (100-
recovery).  So the real question is how much does an investor risking 100 expect to be
paid.  To compute this, the following approximation can be used:


(1 - RV/100)
≈ SMarketSRV = O


Notice the similarity between this equation and the earlier one derived for risky zero
coupon bonds.  Here the resulting zero recovery CDS spread is still a running spread.
However, as an approximation it can be treated as a credit spread, and therefore:







Default probability ≈1
(1 + SRV=0)
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This approximation is analogous to using a swap rate as a proxy for a zero coupon rate.
Although it is really only suitable for flat curves, it is still useful for providing a quick
indication of what the default probability is.  Combining the two equations above:


Default probability ≈1


 1    RV/100


SMarket1 +


1
t


Linking the Credit Default Swap and Cash markets


An interesting area for discussion is that of the link between the bond market and the CDS
market.  To the extent that both markets are trading the same credit risk we should expect
the prices of assets in the two markets to be related.  This idea is re-enforced by the
observation that selling protection via a CDS exactly replicates the cash position of being
long a risky floater paying libor plus spread and being short a riskless floater paying libor
flat1 .  Because of this it would be natural to expect a CDS to trade at the same level as an
asset swap of similar maturity on the same credit.


However, in practice we observe a basis between the CDS market and the asset swap
market, with the CDS market typically – but not always - trading at a higher spread than the
equivalent asset swap.  The normal explanations given for this basis are liquidity premia
and market segmentation.  Currently the bond market holds more liquidity than the CDS
market and investors are prepared to pay a premium for this liquidity and accept a lower
spread.  Market segmentation often occurs because of regulatory constraints which prevent
certain institutions from participating in the default swap market even though they are
allowed to source similar risk via bonds.  However, there are also participants who are
more inclined to use the CDS market.  For example, banks with high funding costs can
effectively achieve Libor funding by sourcing risk through a CDS when they may pay
above Libor to use their own balance sheet.







Another more technical reason for a difference in the spreads on bonds and default swaps
lies in the definition of the CDS contract.  In a default swap contract there is a list of
obligations which may trigger a credit event and a list of deliverable obligations which
can be delivered against the swap in the case of such an event.  In Latin American
markets the obligations are typically all public external debt, whereas outside of Latin
America the obligations are normally all borrowed money.  If the obligations are all
borrowed money this means that if the reference entity defaults on any outstanding bond
or loan a default event is triggered.  In this case the CDS spread will be based on the
spread of the widest obligation. Since  less liquid deliverable instruments will often trade
at a different level to the bond market this can result in a CDS spread that differs from the
spreads in the bond market.


For contracts where the obligations are public external debt there is an arbitrage relation
which ties the two markets and ought to keep the basis within certain limits.
Unfortunately it is not a cheap arbitrage to perform which explains why the basis can
sometimes be substantial.  Arbitraging a high CDS spread involves selling protection via
the CDS and then selling short the bond in the cash market. Locking in the difference in
spreads involves running this short position until the maturity of the bond.  If this is done
through the repo market the cost of funding this position is uncertain and so the position
has risk, including the risk of a short squeeze if the cash paper is in short supply.
However, obtaining funding for term at a good rate is not always easy.  Even if the
funding is achieved, the counterparty on the CDS still has a credit exposure to the
arbitrageur.  It will clearly cost money to hedge out this risk and so the basis has to be big
enough to cover this additional cost.  Once both of these things are done the arbitrage is
complete and the basis has been locked in.  However, even then, on a mark-to-market
basis the position could still lose money over the short term if the basis widens further.  So
ideally, it is better to account for this position on an accrual basis if possible.


Using the Credit Curve


As an example of pricing a more complex structure off the credit curve, we shall now
work through the pricing of a 5 year fixed coupon capital guaranteed credit-linked note.
This is a structure where the notional on the note is guaranteed to be repaid at maturity
(i.e. is not subject to credit risk) but all coupon payments will terminate in the event of a
default of the reference credit.  The note is typically issued at par and the unknown is the
coupon paid to the investor.  For our example we shall assume that the credit default
spreads and risk free rates are as given in Table 1:







Table 1: Cumulative Default Probabilities


Year Risk Free CDS Spread Cumulative default prob1


1 5.00% 7.00% 7.22%


2 5.00% 7.00% 13.91%


3 5.00% 7.00% 20.13%


4 5.00% 7.00% 25.89%


5 5.00% 7.00% 31.24%


The capital guaranteed note can be decomposed into a risk-free zero coupon bond and a
zero recovery risky annuity, with the zero coupon bond representing the notional on the
note and the annuity representing the coupon stream.  As the zero coupon bond carries no
credit risk it is priced off the risk free curve.  In our case:


 
100


Zero Price =
(1.05)5


=  78.35


So all that remains is to price the risky annuity.  As the note is to be issued at par, the
annuity component must be worth 100 - 78.35 = 21.65.  But what coupon rate does this
correspond to?  Suppose the fixed payment on the annuity is some amount, C.  Each
coupon payment can be thought of as a risky zero coupon bond with zero recovery.  So we
can value each payment as a probability-weighted average of its value in the default and no
default states as illustrated in Table 2:


Table 2: Coupon paid under a capital-protected structure


Y e a r Disco u n t  Factor F o rw a r d  V a l u e P V


1 0.9524 C*0.9278 +  0*0 .0722 C*0.8837


2 0.9070 C*0.8609 +  0*0 .1391 C*0.7808


3 0.8638 C* 0.7988 +  0*0 .2013 C*0.6900


4 0.8227 C*0.7411 +  0*0 .2589 C*0.6097


5 0.7835 C*0.6876 +  0*0 .3124 C*0.5388


So the payment on the annuity should be:


C = 21.65 / (0.8837 + 0.7808 + 0.6900 + 0.6097 + 0.5388)
C = 6.18







81.68
(78.35 + 3.33)


Valuing a fixed coupon capital guaranteed note
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Counterparty considerations:  pricing the two-name exposure in a credit
default swap


In a credit swap the Protection Buyer has credit exposure to the Protection Seller
contingent on the performance of the Reference Entity.  If the Protection Seller defaults,
the Buyer must find alternative protection and will be exposed to changes in
replacement cost due to changes in credit spreads since the inception of the original
swap.  More seriously, if the Protection Seller defaults and the Reference Entity
defaults, the Buyer is unlikely to recover the full default payment due, although the final
recovery rate on the position will benefit from any positive recovery rate on obligations
of both the Reference Entity and the Protection Seller.


Counterparty risk consequently affects the pricing of credit derivative transactions.
Protection bought from higher-rated-counterparties will command a higher premium.
Furthermore, a higher credit quality premium; protection purchased from a counterparty
against a Reference Entity is less valuable if a simultaneous default on the two names
has a higher probability.


The problem of how to compute and charge for counterparty credit exposure is in large
part an empirical one, since it depends on computing the joint likelihood of arriving in
different credit states, which will in turn depend on an estimate of credit quality
correlation between the Protection Seller and Reference Entity, which cannot be directly
observed.  Fortunately, significant efforts have been undertaken in the area of default
correlation estimation in connection with the development of credit portfolio models such
as CreditMetrics.


The following expression describes a simple methodology for computing a “counterparty
credit charge” (CCC), as the sum of expected losses due to counterparty (CP) default
across N different time periods, t, and states of credit quality (R) of the Reference Entity
(RE) from default through to AAA.  Given an estimate of credit quality correlation, it is
possible to estimate the joint likelihood of the Reference Entity being in each state,
given a counterparty default, from the respective individual likelihoods or arriving in
each state of credit quality.  Since loss can only occur given a default of the
counterparty, we are interested only in the default likelihood of the counterparty.
However, since loss can occur due to changes in the mark-to-market (MTM) of the
Credit Swap caused by credit spread fluctuations across different states of the
Reference Entity, we are interested in the full matrix of credit quality migration
likelihoods of the Reference Entity.


Typically, the counterparty credit charge is subtracted from the premium paid to the
Protection Seller and accounted for by the Protection Buyer as a reserve against
counterparty credit losses.


     


CCC = (100% - Recovery Rate CP )*  Σ   Σ Prob Joint {CP In defaultRERating = R } * Op Rating = R


CP   = Counterparty


RE   = Reference Entity


N     = Number of time periods, t


R     = Rating of the Reference Entity in time t


Op   = Price of an option to replace a risky exposure to RE instate R at time t with a
riskless exposure, ie. When RE has defaulted, value is (100% - Recovery Rate RE)
ie. When RE has not defauled , value is (100% - MTM of Credit Swap, based on credit
spreads)


tN  AAA


t=t0  R=Def







The evolution of the credit derivatives has not been an isolated event.  The facility afforded
by credit derivatives to more actively manage credit risk is certainly notable in its own right.
However, this facility to manage risk would be incomplete without methods to identify
contributors to portfolio risk.  Not surprisingly, the advent of public portfolio credit risk
models has coincided with the growth of the credit derivatives markets.  The models now
allow market participants to recognize sources of risk, while credit derivatives provide
flexibility to manage these sources.


In this chapter, we will survey the various publicly available credit models, and describe
the CreditMetrics model in greater detail.  We will then describe a number of practical uses
of the CreditMetrics model.


Credit portfolio models – a survey


The year 1997 was an important one for the analysis of credit portfolios, with the
publication of three models for portfolio credit risk.  In order of publication, the models
were:


• 


CreditMetrics, published as a technical document by J.P.Morgan, and now further
developed by the RiskMetrics Group,k LLC, who also markets a software
implementation, CreditManager,


CreditRisk + published as a technical document by CreditSuisse, Finanacial
Products, and


Credit Portfolio View, published as two articles in Risk magazine by Thomas
Wilson of McKinsey and Company.


Thus, in the span of just over six months, the number of publicly documented models
for assessing portfolio risk grew from zero to three.  That there were three differing
approaches to the same problem might have led to an emphasis on modeling
discrepancies, but it led instead to a greater emphasis that the problem – credit risk in
a portfolio context – was crucial to address.


5.  CreditMetrics – A portfolio approach to credit risk
managemen







The three models above, and indeed any conceivable model of portfolio credit risk,
share two features.  The first is the treatment of default as a significant downward
jump in exposure value, which necessitates default probabilities and loss severities
as inputs; the second is the development of some structure to describe the
dependency between defaults of individual names.


It is important to realize that none of the three models above provide the default
probabilities of individual names as output, and so all three must rely on external sources
for this parameter.  In fact, the default probability for a given issuer or counterparty is
analogous to the volatility of an asset when considering market risk; that is, it is the
foremost (though not necessarily only) descriptor of the stand alone risk of the exposure in
question.  However, the situation in credit risk is more complicated.  For an exposure to a
foreign currency, it is possible to observe that currency’s exchange rate over time and
arrive at a reasonable estimate of the rate’s volatility.  For an exposure to a particular
counterparty, looking at the counterparty’s history tells us nothing about its likelihood of
defaulting in the future; in fact, that we have an exposure at all is a likely indication that
the counterparty has not defaulted before, though it certainly could default in the future.


Since the examination of individual default histories is not helpful, a number of
methods have been developed to estimate default probabilities.  The first is to score or
rank individual names, categorize names historically according to their credit score,
and then measure the proportion of similar names that have defaulted over time.  This
is the approach taken by the rating agencies, wherein they have credit ratings (scores)
for a vast array of names and over a long history, and report, for example, the
proportion of A-rated names that default within one year.  For portfolio models, it is
possible to extrapolate from this information, and assign A-rated names the historical
default probability for that rating. For names large enough to carry ratings, the results
provided by the agencies are most commonly used because of the widespread
acceptance of their ratings and the large coverage and history of their databases.  For
smaller, non-rated names, other credit scoring systems can be utilized in a similar
vein.  Additionally, this approach can be extended to one where the fluctuation of
default rates over time is explained by factors such as interest rates, inflation, and
growth in productivity.


Clearly, the approach mentioned above involves a tradeoff:  historical default information
becomes useful, but at the expense of granularity.  That is, it is necessary to sacrifice name
specific information, and use default probabilities that are only particular to a given credit
rating or score.  In order to ascertain the default probability for a particular name, the two
most common methods utilize, where possible, current market information rather than
history.  One approach is to observe the price of a name’s traded debt, and to suppose that
the discrepancy between this price and the price of a comparable government security is
attributable to the possibility that the name may default on its debt.  A second approach is
to utilize the equity markets, and extract a firm’s default probability from its equity price,
the structure of its liabilities, and the observation that equity is essentially a call option on
the assets of the firm.2







While the three models each treat the value changes resulting from defaults, and thus
require default probabilities as inputs, the CreditMetrics model also treats value changes
arising from significant changes in credit quality, such as a ratings downgrade, short of
default.  This additional capacity of the model necessitates additional data, namely the
probabilities of such quality changes.  The probabilities are available also from the
agency approaches mentioned above.  We will discuss this data further in the next
section.


The most significant structural difference between the three models is in how they
construct dependencies between defaults.  The CreditRisk+ model builds dependencies by
stipulating that all names are subject to one or more systemic and volatile default rates.  In
the simplest case, all names depend on one default rate.  In some scenarios, the rate is high
and all the names have a greater chance of defaulting, while in others the rate is lower, and
the names all have a lesser chance of defaulting.  The default probabilities discussed earlier
represent the average default rate in this context.  The dependence of many names on a
mutual default rate essentially creates a correlation between the names, and the volatility of
the default rate, which is an input to the model, determines the level of correlation.  The
Credit Portfolio View model also treats the variation in default rates (and more generally,
in rating change probabilities) but rather than simply assigning a volatility to the rate, the
model explains the fluctuations in the default rate through fluctuations in macroeconomic
variables.  In the CreditMetrics model, rather than explaining a systemic factor like the
default rate, we model each name’s default as contingent on fluctuations in the assets of the
individual firm.  The dependency between individual defaults is then built by modeling the
correlations between firm asset values.


Although there appear to be fundamental differences in the three approaches; in fact
the frameworks are quite similar.  Naturally, the publication of so many approaches
was followed by efforts to compare them.  The consensus of the comparisons has been
that if the model inputs are set consistently, the models will give very similar results.
Empirical comparisons have shown some discrepancies, though due to inconsistent
model inputs rather than disparities in the model frameworks.  Thus, the burden has
passed from developing frameworks to identifying good data.


We move now to a more detailed discussion of the CreditMetrics model and its
required imputs.







An overview of the CreditMetrics model


As we have already discussed, CreditMetrics models the changes in portfolio value
that result from significant credit quality moves, that is, defaults or rating changes.
The model takes information on the individual obligors in the portfolio as inputs, and
produces as output the distribution of portfolio values at some fixed horizon in the
future. From this distribution, it is possible to produce statistics which quantify the
portfolio’s absolute risk level, such as the standard deviation of value changes, or the
worst case loss at a given level of confidence.  While this gives a picture of the total
risk of the portfolio, we may also analyze our risks at a finer level, examining the risk
contribution of each exposure in the portfolio, identifying concentration risks or
diversification opportunities, or evaluating the impact of a potential new exposure.
Examples and applications of these outputs will be provided in the next section.
Here, we describe the model itself in more detail.


The model is best described in three parts:


1.  The definition of the possible “states” for each obligor’s credit
quality , and a description of how  likely obligors are to be in any
of these states at the horizon date.


2. The interaction and correlation between credit migrations of
different obligors.


3. The revaluation of exposures in all possible credit states.


Step 1 – the states of the world


The definition of an obligor’s possible credit states typically amounts to selecting a
rating system, whether an agency system or an internal one, whether a coarse system
with seven states, or a fine one with plus or minus states added.  The crucial element
here is that we know the probabilities that the obligor migrates to any of the states
between now and the horizon date.  That the user provides this information to the
model is what differentiates CreditMetrics from a credit scoring model.  The most
straightforward way to present the probabilities is through a transition matrix; an
example appears in Table 1. A transition matrix characterizes a rating system by
providing the probabilities of migration (within a specified horizon) for all of the
system’s states.







Table 1: Example one-year transition matrix - Moody’s rating system


Aaa Aa A Baa Ba B Caa D
Aaa 93.38% 5.94% 0.64% 0.00% 0.02% 0.00% 0.00% 0.02%
Aa 1.61% 90.53% 7.46% 0.26% 0.09% 0.01% 0.00% 0.04%
A 0.07% 2.28% 92.35% 4.63% 0.45% 0.12% 0.01% 0.09%
Baa 0.05% 0.26% 5.51% 88.48% 4.76% 0.71% 0.08% 0.15%
Ba 0.02% 0.05% 0.42% 5.16% 86.91% 5.91% 0.24% 1.29%
B 0.00% 0.04% 0.13% 0.54% 6.35% 84.22% 1.91% 6.81%
Caa 0.00% 0.00% 0.00% 0.62% 2.05% 4.08% 69.19% 24.06%


Among the most widely available transition matrices are those produced by the major
rating agencies, which reflect the average annual transition rates over a long history
(typically 20 years or more) for a particular class of issuers (e.g. corporate bonds or
commercial paper).  While this information is useful, and the agency default rates have
become benchmarks for describing the individual categories, the use of average transition
matrices for credit portfolio modeling is often criticized for its failure to capture the credit
cycle. In other words, since the matrices only represent averages over many years, they
cannot account for the current year’s credit transitions being relatively benign or severe.
A number of methods are now available to address this.  One is to select smaller periods
of the agency history, and create matrices based, for example, only on the transitions in
1988 to 1991.  A second is to explicitly model the relationship between transitions and
defaults and macroeconomic variables, such as spread levels or industrial production.
Regardless of the transition matrix ultimately chosen as the “best”, because of the
difficulties inherent in default rate estimation, it is prudent to examine the portfolio under
a variety of transition assumptions.


Step 2 – revaluation


While the first step concerns the description of migrations of individual credits, to
complete the picture, we need a notion of the value impact of these moves.  This brings
up the issue of revaluation.  In short, we assume a particular instrument’s value today is
known, and wish to estimate its value, at our risk horizon, conditional on any of the
possible credit migrations that the instrument’s issuer might undergo.







Consider a Baa-rated, three year, fixed 6% coupon bond, currently valued at par.  With a
one year horizon,  the revaluation step consists of estimating the bond’s value in one year
under each possible transition.  For the transition to default, we value the bond through an
estimate of the likely recovery value.  Many institutions use their own recovery
assumptions here, although public information is available.  For the non-default states, we
obtain an estimate of the bond’s horizon value by utilizing the term structure of bond
spreads and risk-free interest rates.  In the end, we arrive at the values in Table 2. With the
information in Table 2, we have all of the stand-alone information for this bond;
consequently, we can calculate the expectation and standard deviation of the bond’s value
at the horizon.


Rating at 
horizon


Probability Accrued 
Coupon


Bond 
value


Bond plus 
coupon


Aaa 0.05% 6.0 100.4 106.4
Aa 0.26% 6.0 100.3 106.3


A 5.51% 6.0 100.1 106.1


Baa 88.48% 6.0 100.0 106.0
Ba 4.76% 6.0 98.5 104.5
B 0.71% 6.0 96.2 102.2
Caa 0.08% 6.0 93.3 99.3
D 0.15% 6.0 40.1 46.1


Mean 99.8 105.8
St. dev. 2.36 2.36


Table 2: Values at Horizon for three year 6% Baa bond


To incorporate other types of exposures only involves defining the values in each
possible future rating state of the underlying credit.  Essentially, this amounts to
building something like Table 2.  For some exposure types (for example, bonds and
loans), all that is necessary to build this table are recovery assumptions and spreads,
while for others (commitment lines or derivative contracts), further information is
required.  Assuming a riskless derivative counterparty, the simple credit derivatives of
the previous chapter can be incorporated in the same way.  To account for
counterparty risk as well involves some slight enhancements, but is not complicated.1







Step 3 – building correlations


The final step is to construct correlations between exposures.  To do this, we posit an
unseen "driver" of credit migrations, which we think of as changes in asset value.  Our
approach is conceptually similar to, and certainly inspired by, the equity based models
mentioned previously.  The intuition behind these models is that default occurs when
the value of a firm’s assets drops below the market value of its liabilities.  In our case,
we do not seek to observe asset levels, nor to use asset information to predict defaults;
the stand-alone information for each name (in particular the name's probability of
default) is provided as a model input through the specification of the transition matrix.
Rather, assets are used only to build the interaction between obligors.


To begin our construction of correlations, we assume that asset value changes are
normally distributed.  We then partition the asset change distribution for each name
according to the name's transition probabilities.  For the Baa-rated obligor above (with
default probability equal to 0.15%), the default partition (which conceptually can be
thought of as the obligor’s liability level) is chosen as the point beyond which lies 0.15%
probability; the CCC partition is then chosen to match the obligor's probability of
migrating to CCC, and so on.  The result is illustrated in Figure 1.


Figure 1: Partition of asset change distribution for a Baa obliger
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A common misinterpretation of this step is that by using a normal distribution for asset
value changes, we are somehow not accounting for the well documented non-normality in
the returns of credit driven assets.  This is not the case, as it is only the driver of credit
changes for which we assume a normal distribution, but not the changes in asset values
themselves.  In fact, if we consider the values (from Table 2) with the partition in Figure
1, we see that a two standard deviation increase in asset value produces an appreciation of
0.1, whereas an equally likely two standard deviation decrease produces a depreciation of
1.5; similarly, a three standard deviation asset value increase yields an appreciation of 0.3,
but an equivalent decrease yields a depreciation of 59.9.  This is the type of skew that is
expected in credit distributions.


In the portfolio framework, once the partitions are defined for every obligor, it only
remains to describe the correlation between asset value changes.  Rather than attempting to
observe these changes directly, we take correlations in equity returns as a proxy for the
asset value correlations.  This is primarily a practical decision, and allows us to then
estimate correlations using reliable data.  As in the prior two steps, however, it is crucial to
examine the sensitivity of the model to uncertainties in the data.  While the correlation
estimates are designed to be stable and applicable over long horizons such as one year,
market events may rapidly change correlation structures; to evaluate the impact of these
changes, it is recommended to analyze the portfolio under both normal and "stressed"
correlation conditions.1


With the correlations defined, the model is completely specified.  In principle, it is
possible to explicitly calculate the probabilities of all joint rating transitions (e.g.
obligor 1 defaults, obligor 2 downgrades, obligor 3 stays the same rating, etc.).  In
practice, it is faster to obtain the portfolio distribution through a Monte Carlo
approach.  Thus, for a single scenario, we draw from a multivariate normal
distribution to produce asset value changes, read from the partitions to identify the
changes with new rating states and exposure values, and aggregate the individual
exposures to arrive at a portfolio value for the scenario. Examples of this process for
strongly and weakly correlated two obligor portfolios are illustrated in Figures 2 and
3. Repeating this process over a large number of scenarios, we accumulate a large
number of equally likely portfolio values, and are able to estimate the Value at Risk,
and other descriptive statistics, of the portfolio.


Figure 2:  Two Baa bonds, strong correlation.  Mean=199.6, St.Dev.=4.13.







Applications


Estimation of economic capital


The first application of the approach outlined above is to evaluate the absolute risk of
a portfolio.  To do so, it has become common to report the portfolio’s Value at Risk
(VaR) – the maximum amount the portfolio might lose over a given time horizon,
with a given level of confidence.  For trading portfolios, it is common to report the
VaR for a one day horizon with a 95% confidence level, corresponding roughly to the
maximum portfolio daily loss over one month, or a ten day horizon with a 99%
confidence level, corresponding to the maximum two week loss over a five year
period.  In these cases, VaR is used mostly as a communication tool; traders and
managers have intuition for the worst loss over these timeframes, and so VaR is
informative.  For credit portfolios, with a horizon such as one year, even VaR at a low
confidence level like 90% gives a worst case one year loss over a ten year period.


Beyond its use as a communication tool, VaR for credit portfolios is more appropriate
to assess economic capital.  For a bank investing in a portfolio on a funded basis, a key
question is how much capital needs to be allocated to cover worst case portfolio losses.
At an institutional level, the question is how much capital the institution needs to protect
against major downturns and guarantee solvency.  In both cases, it is easy to frame the
problem in terms of VaR.  Figure 4 presents a portfolio distribution that might result
from an application of CreditMetrics.  The left-most vertical bar represents the value
below which the portfolio will fall with 0.1% probability; the second bar from the left
represents the level below which the portfolio will fall with 1% probability.  Thus, with
capital equal to the distance from the mean value to the left-most bar, there is a 99.9%
chance that the capital will be sufficient to absorb the portfolio loss, and thus only a
0.1% chance of insolvency.


Figure 4: Portfolio distribution and economic capital
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With the availability of portfolio models and the visibility of agency transition matrices,
it has become common for institutions to choose a target rating, and take the default
probability for this rating as a VaR confidence level.  Thus, if an institution wishes to
maintain a Baa rating, they would take the 0.15% default probability from Table 1, and
compute their required economic capital at a 99.85% confidence level.  Moreover, the
institution would assess new transactions by their contribution to the capital at this
level.  In the remainder of this section, we will discuss the risk contribution outputs of
the model, and how these may be used for active risk management.







Identification of risk reducing transactions


With the liquidity concerns that accompany credit portfolios, the portfolio manager is
often limited to decisions to continue to hold an exposure or to sell it entirely.  While
the impact of a sale on the portfolio’s expected return is straightforward and involves
only an analysis of the exposure in question, the risk impact of a sale involves the entire
portfolio.  Clearly, other things being equal, the sale of an exposure that represents an
overconcentration of the portfolio (whether to a single obligor or to an industry sector)
will reduce portfolio risk more than the sale of an exposure that represents less
concentration.  To quantify this point, we define an exposure’s marginal risk as the
amount the portfolio risk will be reduced were we to sell the exposure.


In Figure 5, we present the marginal risks for a sample portfolio.  Each point
represents an exposure, with the exposure’s size indicated on the horizontal axis, and
the exposure’s marginal risk as a percent of its size indicated on the vertical axis.  For
each exposure, the product of its horizontal and vertical positions gives its total
marginal risk; thus, curves such as the one in the figure indicate exposures with the
same risk contribution.  We have identified the exposure to Obligor X, a Baa-rated
obligor in the financial sector, as the largest risk contributor.


Figure 5: Marginal risks for sample 50 bond portfolio
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There are two factors that may account for the Obligor X exposure’s large risk
contribution.  One is that it is very risky, even on a stand-alone basis; this could be the case
here, as the Obligor X exposure is quite large relative to the portfolio, and could embody a
significant obligor concentration.  The second is that the exposure is strongly correlated
with other exposures in the portfolio, and is contributing to a large industry or sector
concentration.  In general, these two factors act in concert, but we may investigate the
relative importance of the two by examining a strategy that eliminates the correlation risk
but leaves the stand-alone risk unchanged.


The strategy is to sell the exposure to Obligor X, and replace the exposure by one with
identical stand-alone characteristics (coupon, credit rating, maturity, etc.) but with no
correlation to the rest of the portfolio.  In this way, the stand-alone risk is unchanged,
but we eliminate any risk that derives from the Obligor X exposure’s dependence on
other exposures.  In our case, this provides a significant risk reduction.  In Figure 6, we
present the new marginal statistics, and see that what had been our largest risk
contributor is now in line with the other exposures.  Additionally, we see in Table 3,
that our reallocation has the effect of materially reducing the absolute portfolio risk,
with no impact at all on expected return.  While such an opportunity may not always be
available, this example illustrates the benefits of better diversification, and suggests that
portfolio managers might seek out opportunities, whether through direct sales and
purchases as here or through derivative transactions, to manage their portfolio
concentrations.


Figure 6: Marginal risks for sample 50 bond portfolio, after reallocation
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Table 3: Effect of reallocation on portfolio risk


Before 
reallocation


After 
reallocation Reduction


Expected return 5.3% 5.3% 0%
Standard deviation 659, 800 585, 100 11%
5th Percentile loss 897, 700 856, 200 4.6%
1st percentile loss 2,623, 000 2,483, 000 5.3%


Decisions to extend and price credit


While the previous analysis focused on existing exposures, it is often desirable to be
more prospective.  When an asset manager faces the decision to take on a new
exposure, or a bank ponders extending the credit of an existing obligor, it is necessary
to examine the effect of this new position on the portfolio risk.  This effect will affect
both the choice to take on exposure, and how this exposure is priced.  Ideally, we would
like run the model to reassess the portfolio given any potential transaction.  In practice,
we are not likely to conceive of every possible transaction we are likely to face, nor
would the risk contribution of so many hypothetical deals be informative.


To reduce the problem, it is convenient to group our exposures – by rating and
industry sector, for example – and communicate the risk contribution of additional
exposure to these groups.  Here, the marginal analysis of the previous section is
less appropriate; we are not interested in the effect of removing a sector altogether,
but rather in the effect of adding to the sector incrementally.  Thus, in this case, we
report the impact of a small percentage increase in our exposure to each sector and
rating.  The results for the sample bond portfolio are presented in Figure 7 .







Figure 7: Incremental Standard deviation by credit rating and industry sector
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Not surprisingly, we see that Baa-rated obligors in the financial sector (such as Obligor
X) will contribute more risk as we increase our exposure to this sector.  In addition, Ba-
rated exposures in the financial and energy sectors also represent high incremental risk,
suggesting that credit be extended less liberally to these sectors, or at least that these
concentrations be reflected in the pricing of further exposures.  The higher ratings appear
attractive for all sectors, though the returns here may not be as enticing as for the lower
ratings.  Most striking, however, is the diversification opportunity into Ba-rated obligors
in the energy sector, where there is the potential to obtain comparable yields to Ba-rated
financials or energy companies, but with a fraction of the incremental risk.


Risk-based credit limits


A third application of the model is to set credit limits based on risk contributions.
Traditionally, limits have been set based on exposure size (e.g. no single exposure greater
than $20 million) or on rating (e.g. no exposure to sub-investment grade names).  We could
represent these limits by vertical and horizontal lines, respectively, on plots such as Figure
5.  As we discussed previously, however, points along the curve in Figure 5 represent
equal risk contributions; thus it is more sensible to set limits like the curves, stipulating that
an exposure contribute more than a given amount to portfolio risk.







Ultimately, we would like to link the exposure limit for each obligor to the return
available in the market for such an exposure.  Obligor and industry concentration
effects are such that the risk contribution of an individual obligor increases with the size
of the exposure to the obligor; further, the risk increase is greater at higher exposure
levels.  This relationship is illustrated in the left plot of Figure 8.  For each increment in
exposure to the obligor, a higher return is required to compensate for the increased risk.
At some point, this required return will be greater than the return available.  The point
of intersection between the required and available returns, as shown on the right of
Figure 8, should serve as a target for the exposure to the obligor.


Figure 8: Exposure targets based on risk-return tradeoff
Risk-based pricing as a mechanism for “soft” limit setting
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Conclusions


Employees of the RiskMetrics Group are often asked whether CreditMetrics (or for that
matter, credit portfolio models in general) has succeeded.  Perhaps the best way to
evaluate its success is to return to three reasons given in 1997 for the release of the
model:


�    To build liquidity and transparency in the credit markets,


�    To improve the dialogue with regulators, and


�    To improve the dialogue with clients







To the first point, while it would be presumptive to claim credit models as a cause, it is
likely more than coincidental that volume and variety in the credit markets have
increased steadily since 1997.  New bond issuance in the United States hit a record
level in 1997, and increased a further 17% in 1998; meanwhile, the growth of issuers
in the European Community has outpaced the rest of the world.  In securitizations,
particularly Collateralized Debt Obligations, where the understanding of portfolio
effects is crucial, yearly volume increased four-fold from 1996 to 1998, and is on pace
for another 20% gain in 1999.  All of this has been accompanied by the rise of the
credit derivatives that are the subject of this volume.


Certainly, regulators took notice of the portfolio models, particularly given the model
sponsors’ implicit (and at times explicit) criticism of the Bank for International
Settlements (B.I.S.) capital rules.  The Federal Reserve Bank of New York hosted a
conference on the future of capital regulation in February, 1998, and the Bank of England
and the Financial Services Authority hosted another conference on credit risk modeling
in September, 1998.  Following this interest were consultative papers by Committee on
Banking Supervision of the B.I.S.:  one in April, 1999 on the state of credit risk
modeling, and a second in June, 1999 proposing changes in the capital adequacy
regulations.  Though the proposed changes do not yet account for portfolio effects, they
do represent a significant step toward accurately recognizing credit quality in the
calculation of regulatory capital.


Lastly, the interest from clients has been overwhelming.  JP Morgan and the
RiskMetrics Group have distributed over 15,000 copies of the CreditMetrics
Technical Document, while the CreditMetrics website continues to receive three to
five thousand hits per month.  CreditManager, the software implementation of the
model, is now installed at over 100 institutions worldwide.  As volume and liquidity
continue to increase, particularly in Europe and emerging markets, and as
opportunities for risk management through derivatives continue to develop, we
expect the interest in credit portfolio models to only accelerate in the future.
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The advent of credit derivatives to the international banking forum has yet to be
greeted with a definitive regulatory response from the Bank of International
Settlements (BIS) for uniform global application. Rather, regulators regionally,
through their publication of guidelines for banks within their respective jurisdictions,
have part fuelled and part responded to the rapid growth of the credit derivatives
market, a growth which has seen, in the U.S. alone, volume in terms of notional
outstanding increase by over 400% over the last two years.1


This chapter outlines the regulatory approach to credit derivatives and discusses
certain variations in the treatments of specific issues from jurisdiction to jurisdiction.


Treatment of credit derivatives in the Banking Book


The reduction in risk effected though buying protection on an asset via a credit
derivative is seen as analogous to that afforded by a bank guarantee on that asset, and in
consequence the regulatory approach to the former is consistent with the well-
established approach to the latter as set forth in the Basle Capital Accord.1


‘Unfunded’ credit derivatives


As the credit exposure of the Protection Seller to the Reference Entity in a credit
derivative transaction is substantially identical to that of a lender to or bondholder of the
same Reference Entity, the capital which the Protection Seller is required to hold
against the position is just as it would be if a standby letter of credit or guarantee had
been written. Accordingly, notional exposure of the Protection Seller on the Banking
Book is registered for the purposes of calculating regulatory capital, dependent upon the
risk weighting of the Reference Entity asset forth in the 1998 Basle Accord; namely
100% for corporates, 20% for OECD banks and 0% for OECD sovereigns.1


Capital relief is afforded the Protection Buyer provided that it can be demonstrated that
the credit risk of the underlying asset has been transferred to the Protection Seller. Should
the terms of the credit derivative not adequately capture the risk parameters of the
underlying instrument – for example through restrictive definitions of credit events or
stringent materiality thresholds – then protection cannot be recognised. Where it is, it has
normally been the case in regulatory determinations thus far that the risk weighting of the
underlying assets may be replaced by that of the Protection Seller. For example,
protection referenced to a loan to a European corporate bought in credit derivative form
from an OECD bank would have the effect of re-weighting the asset from 100% to the
risk weighting of the OECD bank, 20%.


6. Bank regulatory treatment  of credit derivatives







While treatment of the bank buying protection in this way recognises some of the
reduction of risk effected in such a transaction, it is not evident that to require the same
amount of capital to be held against a position not at risk until default of two independent
credits as against a position at risk to default of one of them only is to recognise
adequately the much lower risk profile of the bank in the former scenario. Indeed, in the
interests of encouraging prudent and effective risk management techniques by banks, this
is an issue highlighted by the Basle Committee on Banking Supervision


Basle Committee on Banking Supervision


•  69. The committee is aware that the Accord does not fully capture the extent of the risk-
reduction that can be achieved by credit risk mitigation techniques.  Under the Accord’s
current substitution approach, the risk-weight of the collateral or guarantor is simply
substituted for that of the original obligor.  For example, a 100% risk -weighted loan
guaranteed by a bank attracts the same risk-weight as the bank guarantor.  However, in the
above example, a bank would only suffer losses if both the loan and its guarantor default.


•  70. On this basis, the size of the capital requirement might more appropriately depend on
the correlation between the default probabilities of the original obligor and the guarantor bank.
If the default of the guarantor were certain to be accompanied by the default of the borrower,
then the current substitution approach would be appropriate.  But, if the probabilities of
default are essentially unrelated, then a smaller capital charge than currently exists would be
justified.  In this context, the Committee has considered whether it would be possible to
acknowledge the double default effect by applying a simple haircut to the capital charge that
currently results from substituting the risk weight of the hedging instrument for that of the
underlying obligor.  Such a haircut would need to be set at a prudently low level.


Annex 2 Section E No. 2 (69-72), “A New Capital Adequacy Framework” (June 1999)


The regulatory treatment of the Protection Buyer in a credit derivatives transaction
also serves to highlight some of the inadequacies of the present risk weighting
system, whereby a bank buying protection from a corporate – be it even one of the
highest credit rating – may not reduce capital held against the protected asset.


Funded’ credit derivative structures
‘Funded’ credit derivatives – i.e. Credit Linked Note (CLN) structures – are usually
distinguished in regulatory treatises from their ‘unfunded’ brethren, albeit that
regulatory treatment of the two are very similar.1


For the Protection Buyer, where an asset is fully or partly hedged by a funded credit
derivative, the efficacy of the hedge is again recognised in a reduction of the risk
weighting for the Buyer. The risk weighting of the hedged asset is replaced with that
of the collateral to the credit swap, i.e. where the collateral is cash or government
securities which are 0% risk weighted, there is no capital requirement against the
hedged asset.







The exposure of the Noteholder – the equivalent of a Protection Seller in a ‘funded’
credit derivative transaction – is to the Reference Credit, to the collateral, and often
(and in varying degrees) to the Protection Buyer, but regulations have thus far
diverged in their approach to this exposure. APRA’s suggested treatment is
conservative in that the risk weighting of the Seller’s exposure is calculated by
summing the risk weights of the Protection Buyer and the Reference credit. BAKred,
considers that as the amount of the redemption depends both on the financial
standing of the debtor of the reference asset and also on that of the buyer, the
weighting of the exposure should be at the higher of the risk weightings of the Buyer
and Reference credit. The UK FSA guidance additionally captures situations where
the issuer of the CLN is a Special Purpose Vehicle (SPV), such that, consistent with
the BAKred, the weighting of the exposure is recorded at the higher of the risk
weights of the reference obligor and the counterparty  holding the funds and, where
applicable, the collateral security .3


 ‘Basket’ structures


For the Protection Buyer in a first-to-default basket structure, protection is recognised
in respect of one of the assets within the basket only. The asset with the lowest risk
weighting or smallest dollar amount is usually considered protected and assigned the
risk weighting of the Protection Seller. However the FSA in the UK affords the
Protection Buyer discretion in the choice of asset recognised as protected3.


The regulatory approach of the FRB and OFSI to first-to-default baskets is for the
Protection Seller to weight their exposure at the level of the riskiest asset in the basket.
That this treatment does not contemplate the increased probability of default from
exposure to each of the assets in the basket, implying that the risk of selling protection on
a basket of assets with one or more weighted at 100% is equivalent to selling protection
on just one of those 100% risk weighted assets has caused other regulators to take a more
much more conservative approach, summing the individual risk weighted exposures in
the basket such that the resulting capital charge is capped at the maximum payout
possible under the swap (i.e. effectively a deduction from capital). The regulators
advocating this approach, however, acknowledge its “shortcoming”, particularly in cases
where assets in the basket are strongly correlative, in which case the UK FSA and the
Commission Bancaire advocate bespoke treatment on a case-by-case basis. In the words
of APRA4;


“The shortcoming of this alternative approach is that it ignores the first-to-
default feature of the basket product; by assuming an exposure to each asset in
the basket it can be argued that this approach is particularly conservative.”


“n principle then, the appropriate capital treatment is one that incorporates
the default correlations between asset values as well as the first-to-default
aspect of the credit derivative.”







Asset mismatches


Key to the utility of credit derivatives is that a bank’s credit exposure arising through
ownership of a certain obligation of a certain entity may be completely hedged
without making explicit reference to that obligation. For example, a bank with a
bilateral loan to a corporate might have difficulties in finding a counterparty willing
to sell credit protection referenced to that loan, and instead buy protection referenced
to a more well-known and liquid bond of the same company.


It is of paramount concern to regulators that from a credit perspective the hedged
asset be identical to the reference asset in the credit derivative (or, where there is no
reference asset, that the hedged asset is eligible for protection under the terms of the
credit derivative), i.e. that if a default occurs on the hedged asset, a credit event will
be triggered simultaneously under the credit derivative, and recovery rates will be the
same.


In consequence, for protection to be recognised and the capital requirement reduced,
the two obligations should be issued by the same legal entity, and the reference asset
should be pari passu or lower in seniority of claim than the hedged asset. The UK FSA,
BAKred, FRB and APRA also require that there be mutual cross-default clauses
between the assets, albeit that while it is necessary that that the default of an underlying
should trigger the credit derivative, it is not clear why the reverse should apply.


Where the hedged asset is exactly the same from a credit perspective as the reference
asset, its risk weighting is replaced with that of the Protection Seller. On the whole,
however, although asset mismatches do not necessarily manifest zero risk reduction,
regulators have tended to be conservative in the treatment of their occurrence even to the
extent of not allowing any regulatory capital relief on the position thus hedged. The
Commission Bancaire in France, on the other hand, grasps the problem of non-identical
credit hedging in the same currency by limiting the capital reduction effect through the
application of a flat 10% deduction from the hedge notional which can be recognised for
capital purposes .


Maturity mismatches


Under certain conditions it can be preferable (principally on the basis of cost
efficiency) to hedge an asset of distant maturity for a shorter period. The
problem with this strategy  is that the Protection Buyer retains forward exposure
to – and hence a forward capital requirement for – credit risk of the underly ing
asset. However, in the example of a ten year asset hedged through a seven year
credit derivative transaction, there is real economic risk reduction which ought
to be recognised in some risk weighted asset reduction.







If the hedge has in excess of one year remaining tenure but does not cover the full
maturity of the hedged asset, many regulators impose an additional risk weight of
50% of the unhedged weighting of the hedged asset to take account of the forward
exposure. For example, the weighting of a 100% risk weighted asset guaranteed by
a 20% risk weighted counterparty  would be 70%.


The assumption this represents is that forward exposure resulting from maturity
mismatching is analogous in risk terms to a committed but undrawn credit facility to
a corporate (which is risk weighted at 50%). The key distinction, however, is that
whereas an undrawn commitment may become drawn at any time without notice
(whereupon the facility would become 100% risk weighted to the extent of draw-
down), potentially doubling the capital requirement, the fixed maturity of the credit
derivative hedge means that a bank knows in advance precisely when the additional
capital will be required. Given that it is generally accepted by regulators that an
unfunded commitment to a corporate borrower is weighted at 50%, albeit that it may
be drawn down on at any time, it would seem to be an inconsistency that where a ten
year asset is hedged for the next seven, and hence the likelihood of the additional
capital requirement in the first seven years is contingent solely on the credit of the
OECD bank, the risk weighting should be greater than 50% in the years prior to the
maturity of the hedge. Indeed, since a hedge to maturity with an OECD bank on a
drawn corporate loan is recognised in a re-weighting to 20% (a re-weighting which
the Basle Committee has acknowledged may be overly conservative), it is
questionable whether in the years prior to the maturity of the hedge the credit
position of the bank is such that the risk weighting should be much greater than 20%.
Given the economic efficacy of hedging practices such as this, the current
regulations would seem to be a disincentive to prudent risk management.







In recognition of this, the Australian regulator APRA uses a “straight line” method,
which recognises protection on the percentage of the underlying asset that is covered
by the hedge. Hence for a 10 year asset protected by a 9 year credit derivative, 90% of
the exposure would be risk weighted according to the Protection Seller, with the
remaining 10% of exposure weighted at the level of the underlying asset. Again, the
credit derivative must have a remaining maturity of at least one year to be recognised
as a hedge.


Pursuit of the ideal economic compromise often leads to the step-up and call structure.
Take for example a ten year loan held by a bank which expects the fee for protection on
that asset to be lower in four years time than it is today. To capture that upside, while
prudently protecting against the possibility of severe downside (spreads widen
significantly), the bank buys a four year into six step-up callable credit swap whereby the
fee for protection increases after four years, at which time the bank has the right but not
the obligation to call the swap. Such a structure effectively manifests a total hedge on the
loan to maturity for the first four years, eliminating a significant portion of the forward
exposure, depending on the level of step up. Most regulatory treatises do not opine on the
step up and call, but concern often arises as to the level of step-up. The Financial
Services Authority in the UK, for example, treats the call date as the maturity of the
derivative, giving no credit at all for the post-call protection.


Currency mismatches


Table 1: Specific fisk factors for trading book assets
(Basle Capital Accord standardised approach)


Category Remaining 
maturity


Weighting 
factor


Equivalent         
"risk-weighting"


Government N/A 0.00 0.00
Qualifying 6 months or less 


Over 6 to 24 
months             


Over 24 months


0.25                     
1.00                                                                   


3.125%      
12.500%                             


Other N/A 8.00 100%


1.60 20.000%







Where the credit derivative hedge is denominated in a currency different to that of the
underlying instrument, the regulatory approach has been various. The BAKred
requires regular mark-to-market procedures, whereby the hedge notional is re-marked
to the currency of the underlying instrument to determine in what amount the
underlying instrument may be considered hedged, while in the United Kingdom and
Francea fixed reduction in notional protection recognised has been adopted (UK
8%,France 10%), albeit that the FSA allows full notional protection to be recognised
where adequate cross currency hedging is demonstrated4.


Treatment of credit derivatives in the Trading Book


Trading book eligibility is generally driven by qualitative requirements of an intent to
trade or hedge the position, coupled with the requirement that the position be marked-
to-market through the income statement1.


Assets in trading accounts are subject to the BIS-mandated market risk capital rules.
Under these rules, capital must be held for general market risk, specific risk, and
counterparty risk. The regulations outlined below apply to the standard method used
to calculate regulatory capital, but in most jurisdictions banks may apply to have
their own internal models approved for assessing general market and specific risks.


Specific Risk


As with general market risk, there is general provision for banks to elect either to adopt
the standardised approach to specific risk or to use their own internal models.. Table 1
illustrates standardised specific risk factors that vary by the category of the underlying
instrument and by maturity. These differ most notably from the older banking book risk-
weightings in the case of “qualifying” debt positions. Qualifying positions include OECD
bank debt and OECD corporate debt if investment grade or of equivalent quality and
issued by a corporate with instruments listed on a recognised stock exchange. For
qualifying debt positions, the risk factors equate to weightings of 3.125% for positions
with tenor of six months or less, 12.5% for positions with tenor of more than six but no
more than 24 months, and 20% for positions with tenor of over 24 months. Non-qualifying
debt carries a factor equivalent to 100%, and OECD government debt has a factor of 0%.
This is most significant in that the market risk capital rules link capital charges to maturity
and credit quality and consequently treat open exposures to investment grade corporates
significantly more favourably than exposures held in the banking book.







The guidelines set forth by regulators for the treatment of credit derivatives in the
trading book under the standardised approach envisage some netting of specific risks in
long and short positions, but only in the case of substantially “matched” positions,
usually defined as those with identical maturities, reference assets, and structures. The
requirement for identical structures means that a loan or bond may only be hedged with
a Total Return Swap of identical maturity referencing that specific asset, but not with a
Credit Swap, even one with identical maturity and referencing that specific asset. In
addition, Total Return Swaps and Credit Swaps may only be offset by identical
transactions but not by each other. Offsetting positions that do not meet the necessary
requirements to be considered matched do not achieve any capital relief but require
capital against the specific risk of either the long or the short position, whichever is
greater. Given the additional requirement to hold capital against counterparty risk, this
treatment can result in increased capital requirements.


Counterparty Risk


As with all derivatives, the amount of counterparty risk capital required will depend on
a value representing the current replacement cost of the contract if positive, found by
marking the contract to market, plus an add-on to reflect potential future exposure,
determined by reference to maturity and underlying risk type. Although no factors have
yet been developed for credit derivatives specifically, the conservative approach
adopted by the Federal Reserve requires the use of equity add-ons for investment grade
exposures and commodity add-ons for others. The UK FSA applies interest rate factors
to investment grade and equity to all other assets. Risk-weighting then proceeds
according to the weighting of the swap counterparty (0% for OECD sovereigns, 20%
for OECD banks, 50% for corporates).


Large Exposures


The Basle Committee suggested in their best practice guide for bank supervisors,
Measuring and controlling large credit exposures (1991) that the limit for single
exposures be between 10-25% of total capital. Where counterparty exposure to a
Protection Seller is generated through the purchase of protection on a large credit
position, for example on a portfolio of loans in a synthetic securitisation transaction,
regulators generally consider that this exposure should not necessarily be reported as a
large exposure for large exposures reporting purposes. Indeed, the FSA in the UK, and
BAKred in Germany both prudently allow the Protection Buyer in a credit swap to
choose whether to record their large exposure to the counterparty or to the underlying
asset, notwithstanding which exposure they choose to register for capital adequacy
purposes2.







The UK FSA provides that Protection Sellers in funded credit derivatives must record
their exposure to both the reference asset and the counterparty. Where the credit
derivative is referenced to multiple assets, the Seller must record large exposures for all
the assets.


The rules for credit derivative hedges where the Buyer may reduce their large
exposures are particularly stringent. Maturity mismatches are treated as undrawn
commitments for capital requirements, and as such are counted as large exposures.
Hence a credit derivative with a shorter maturity precludes the possibility of reducing a
large exposure. Nor do the UK FSA allow protection to be recognised for large
exposures purposes where the base currency of a funded credit derivative is different
from that of the underlying asset1.


The BAKred rules are even more stringent, requiring that the counterparty to an
unfunded credit derivative in the banking book is a Zone A government or central bank
in order for the reduction in exposure to be recognised for large exposures purposes. In
the trading book, a reduction in exposure is permitted regardless of the nature of the
counterparty, but an additional exposure to the Protection Seller must be counted. As
per the UK FSA rules no reduction in exposure is permitted if the assets have different
residual maturities for any type of credit derivative contract.


The Protection Seller in a TRS or CLN contract must consider their exposure to both
the obligor of the reference asset and the Protection Buyer, albeit that only the higher
of the exposures to the Buyer or to the reference asset need to be considered for the
purposes of determining utilisation. For the Seller in a credit default swap, the
Protection Seller must count the exposure to the reference asset obligor only, as for the
BAKred treatment of options1.


The New Capital Adequacy Framework


In part due to the development of the credit derivatives market and the enhanced risk
management capabilities afforded banks through their use, the Basle Committee on
Banking Supervision is seeking to introduce a new capital adequacy framework to
replace the 1988 Basle Capital Accord. The Committee’s much-anticipated proposal,
“A New Capital Adequacy Framework” released on June 3 1999, sets out a number of
potential changes to the Accord and is aimed as soliciting responses from interested
parties.







Key to the proposal is the modification of the current arbitrary system for risk-
weighting bank assets in an attempt more accurately to reflect credit risk. As such the
committee is proposing the use of external credit rating agencies to risk-weight issuer
obligations. The Committee has also raised the possibility of banks using internal credit
ratings and credit risk modelling, but recognise the difficulty in a broad application of
both these methods at present. Implementation of these proposals which will have
broad implications for the banking industry in particular and the credit markets, in
particular the credit derivatives market, in general.


Risk weighting by credit rating


The greatest risk-weighting changes proposed are to exposures at both ends of the
credit spectrum across all types of credit entity. In respect of sovereigns it is proposed
that the current system of discrimination solely according to their OECD status be
formally replaced by risk weighting according to the credit rating of the sovereigns
themselves. Hence exposures to non-OECD sovereigns rated triple- or double-A such
as Singapore and Taiwan would carry much lower (0%) risk weightings, while
exposures to OECD sovereigns rated below Aa3/AA- such as Mexico, Poland, Greece
and Turkey, presently weighted at 0%, will be attract higher capital requirements.


The same would be true with respect to OECD and non-OECD bank exposures, albeit
that for their treatment the Committee proposes two options, one based on the risk of
the sovereign in which the bank is incorporated, the other on the assessment of the
individual bank, and is seeking feedback on which (or a combination) is more
appropriate.


In respect of corporates, the new proposals do not affect those rated anywhere
between single-A  to single-B, but w ill make a significant difference to the
funding costs of those with triple-A and double-A ratings, who would be
weighted at 20% , the same weighting to which OECD bank exposures are
subject under the current regime.


The table below provides a broad summary of the risk weightings suggested by the
Committee for sovereigns, banks and corporates based on external ratings.







Table 2: Proposed BIS capital adequacy risk-weightings by risk type


* Risk-weighting based on risk-weighting of sovereign in which the bank is incorporated,
whereby bank assigned one category worse than its sovereign (for example, if sovereign has
a 20% risk-weighting, the bank would achieve 50%)


** Risk-weighting based on the assessment of the individual bank


Source: Basle Committee on Capital Adequacy, A New Capital Adequacy Framework, June 1999


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


Sovereigns 0% 20% 50% 100% 150% 100%
Banks-Option 1* 20% 50% 100% 100% 150% 100%
Banks-Option 2* 20% 50% 50% 100% 150% 50%


Corporates 20% 100% 100% 100% 150% 100%


Re-weighting other exposure types


The table below outlines risk-weighting proposals of the Committee for other types of
exposure;


Table 3: Other exposure types


Securitisation AAA to AA- 20%
A+ to A- 50%
BBB+ to BBB- 100%
BB+ to BB- 150%
Below B+ or unrated Deducted from capital


Mortgage assets Residential Mortgages Risk weighting remains at 50%
“… (commercial mortgages) do not, in principle, justify
other than a 100% weighting of the loans secured”


Commercial Mortgages


Credit conversion factor of off-balance sheet commitments, presently 0% for
obligations shorter than a year, increase to 20%, unless the obligation is
unconditionally cancellable or provides for effective cancellation upon deterioration
in borrower’s credit quality.


364 day bank facilities


Other risks The Committee is also in the process of implementing a framework to assess capital
requirements for interest rate risk in the banking book and operational risk







Implications for the credit derivatives market


Implementation of the new Basle proposals will significantly alter banks’ regulatory
capital management imperatives and hence can be expected to change the complexion
of the credit derivatives market. The hedging of bank exposures, for example, thus far
principally driven by banks managing economic exposure in respect swap
counterparty exposures, will likely increase in volume as regulatory capital
requirements increase for exposures to banks rated below double-A. This is also likely
for lower-rated OECD sovereigns, while the converse would be true of highly rated
corporate and non-OECD sovereign exposures.


Another effect on the credit derivatives market may arise from the much-enlarged
universe of providers of capital-effective credit protection which the proposals
potentially envisage. Assuming the treatment outlined in section 1 (above) is extended
so that a bank buying protection on a 100% risk-weighted exposure from a highly
rated corporate may re-weight the exposure to 20%, the demand from banks for credit
protection from non-banks will greatly increase. Apart from the obvious benefits to
non-banks already active in the credit derivatives market, therefore, new capital
adequacy regulations promise to open it up to corporates more generally.


The new Basle proposals are a clear signal that economic risk is to play a much greater
role in determining bank capital adequacy requirements. This has far-reaching
implications for the credit derivatives market as the regulatory regime increasingly
fosters the prudent and sophisticated management of economic capital.
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Since 1997, credit derivatives have entered the mainstream of global structured finance
as tools in a number of large, high profile securitisations of assets that cannot as easily
be managed using more traditional techniques. By combining credit derivatives with
traditional securitisation tools in collateralised loan obligations (CLOs) or mortgage
backed securitisations (MBSs), for example, structures can be tailored to meet specific
balance sheet management goals with much greater efficiency. Specifically, credit
derivatives have assisted banks in reducing economic and/or regulatory capital,
preserving a low funding-cost advantage, and maintaining borrower and market
confidentiality.


Traditional Securitisation


Consider a portfolio of bank loans to corporations. Traditional securitisation
techniques for such a portfolio would involve the creation of a CLO, in which the
originating bank would assign or participate its loans to a special purpose vehicle
(SPV), which in turn would issue two or more classes of securities in the capital
markets. Typically, the originating bank would retain much of the economic risk to
the pool of loans by purchasing the most junior (equity) tranche of the SPV
securities. The extent to which the transaction would achieve regulatory capital
relief for the bank would depend upon the size of the retained first loss position.
According to the low level recourse rules governing securitisations in the US, a
retained first loss piece of 8% or greater would result in no capital relief, but smaller
retained first loss positions would result in required capital equal to the lesser of 8%
and the size of the recourse position.


7.  Synthetic securitisation







While a CLO can achieve a number of goals including regulatory capital relief,
financing of a loan portfolio, and off-balance sheet treatment of the portfolio for GAAP
purposes, it has certain inefficiencies. For example, for a bank that enjoys low-cost
unsecured financing, the cost of funding usually achieved by such transactions is
unattractive, since even the most senior, typically triple A rated, securities are sold at
the relatively high Libor “plus” spreads which prevail in the asset-backed securities
market. Thus, in seeking to manage regulatory capital, the bank is effectively forced to
accept an inefficient financing cost. Moreover, transferring the legal ownership of
assets to the SPV via assignment requires borrower notification and (often) consent,
introducing the risk of adverse relationship consequences. The alternative of
participating loans to the vehicle will normally cause the vehicle’s overall rating to be
capped at that of the originating bank with adverse consequences for the overall cost of
funding and more generally on capacity for the originating bank’s name in the market.
Structures that avoid this particular problem can be structurally and legally complex
and require extensive rating agency involvement, which in sum impedes the speed with
which such a transaction can normally be executed. Finally, CLOs cannot be readily
applied to loans that are committed but undrawn, such as revolving credit lines, or
backstop liquidity facilities.


Synthetic securitisations


As alternatives to traditional securitisation, transactions have been and are being
developed that make use of credit derivatives to transfer the economic risk but not the
legal ownership of the underlying assets. Credit derivatives can be used to achieve the
same or similar regulatory capital benefits of a traditional securitisation by transferring
the credit risk on the underlying portfolio. However, as privately negotiated
confidential transactions, credit derivatives afford the originating bank the ability to
avoid the legal and structural risks of assignments or participations and maintain both
market and customer confidentiality.


Thus, credit derivatives are stimulating the rapidly growing asset-backed securitisation
market by stripping out and repackaging credit exposures from the vast pool of risks
that do not naturally lend themselves to securitisation, either because the risks are
unfunded (off-balance sheet), because they are not intrinsically transferable, or
because their sale would be complicated by relationship concerns. In so doing, by
enhancing liquidity and bringing new forms of credit risk to the capital markets, credit
derivatives enable both buyers and sellers of risk to benefit from the associated
efficiency gains. We introduce both CLN and credit-swap structures on the following
sections.







Credit-Linked Notes


In several securitisations, the credit risk of loans on the originating bank’s balance
sheet has been transferred to the securitisation SPV via the sale of credit-linked notes
rather than the assignment or participation of the loans themselves. CLNs are funded
assets that offer synthetic credit exposure to a reference entity or a portfolio of entities
in a structure designed to resemble a corporate bond or loan. The simplest form of CLN
is a bank deposit issued by the originating bank whose principal redemption is linked to
a credit event of a reference credit. Alternatively, CLNs may be issued by an SPV that
holds collateral securities (usually government securities, repurchase agreements on
government securities, or high quality (triple-A) asset backed securities) which are
financed through the issuance of those notes. The SPV enters into a credit swap with
the originating bank in which it sells default protection in return for a premium that
subsidises the coupon to compensate the investor for the reference entity default risk. In
each case, the investor receives a coupon and par redemption, provided there has been
no credit event of the reference entity. The value of a CLN as opposed to a traditional
sale or participation of assets is that a) the structure is confidential with respect to the
bank’s customers and b) the CLN or credit swap terms generally allow the bank the
flexibility to use the contract as a hedge for any senior obligation of the reference entity
(including loans, bonds, derivatives, receivables and so on).


Broad Index Secured Trust Offering (“BISTRO”)


Since late 1997, the market has seen several innovative structures which have exploited
the unfunded, off-balance sheet nature of credit derivatives (as opposed to funded CLNs)
to allow a bank to purchase the credit protection necessary to mimic the regulatory capital
treatment of a traditional securitisation while preserving its competitive funding
advantage. Such structures have the advantage of being equally applicable to the exposure
of both drawn and undrawn loans.


This type of structure is exemplified by a transaction known as BISTRO, a J.P. Morgan
proprietary product which has been applied to more than $20 billion of bank credit risk
since its first introduction in December 1997. In this structure, an originating bank buys
protection from J.P. Morgan on a portfolio of corporate credit exposures via a portfolio
credit swap. Morgan, in turn, purchases protection on the same portfolio from an SPV.
The credit protection may be subject to a “threshold” (In Chart 11, equal to 1.50%)
relating to the aggregate level of losses which must be experienced on the reference
portfolio before any payments become due to the originating bank under the portfolio
credit swap. Since this threshold represents economic risk retained by the originating
bank, it is analogous to the credit enhancement or equity stake that a bank would
provide in a traditional securitisation using a CLO.







The BISTRO SPV is collateralised with government securities or repurchase
agreements on government securities which it funds through the issuance of notes
which are credit-tranched and sold into the capital markets. In a critical departure from
the traditional securitisation model, the BISTRO SPV issues a substantial smaller note
notional, and has substantially less collateral, than the notional amount of the
reference portfolio. Typically, the BISTRO collateral will amount to only 5-15% of
the portfolio notional. Thus, only the first 5-15% of losses (after the threshold, if any)
in a particular portfolio are funded by the vehicle, leaving the most senior risk position
unfunded. The transactions are structured so that, assuming the portfolio has a
reasonable amount of diversification and investment grade-average credit quality, the
risk of loss exceeding the amount of BISTRO securities sold is, at most, remote, or in
rating agency vernacular, better than “triple A.”


To achieve regulatory capital relief, it is necessary for the originating bank to make use
of a third party bank (J.P. Morgan in this example) to intermediate between the BISTRO
SPV and itself because of the large notional mismatch between the underlying portfolio
and the hedge afforded by the SPV. Provided that the third party bank is able to apply
internal models to its residual risk position in a trading book, this risk will not consume a
disproportionate amount of regulatory capital for the intermediating bank.


Figure 1: BISTRO structure
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Credit derivative structures such as BISTRO significantly reduce the legal, systems,
personnel and client relationship costs associated with a traditional securitisation. They
reduce the amount of time needed to execute a transaction of significant size. They can
achieve efficient leverage in leaving the senior most risks in diversified portfolios
unfunded and distributing substantial volumes of credit risk in much smaller capital
markets transactions. In addition, while a traditional securitisation can efficiently hedge
only funded credit risk, a credit derivative transaction can hedge a much broader universe
of credit exposures including unfunded commitments, letters of credit, derivatives,
revolvers, settlement lines, mortgage insurance lines, and trade receivables. Furthermore,
synthetic securitisation technology can be applied to any asset class to which traditional
securitisation can be applied, for example commercial and residential mortgages, car
loans, personal loans, and unrated middle-market corporate loans. The wider universe of
credits available via a credit derivative structure means a larger, more diverse, portfolio
can be executed with clear benefits in terms of cost, regulatory capital, and economic risk.
Furthermore, in a BISTRO, the originating bank (should it so chose) avoids any linkage of
the transaction to its own name, thereby avoiding reputation risk with respect to the
market and individual borrowers. This arms-length nature of the BISTRO is a benefit
when rating agencies assess credit implications for the bank.


Investor considerations – case study: value in BISTRO


As banks become more active in managing their portfolios, and as they determine that
CLOs may not always fit their needs, there has been strong growth in the synthetic
securitisation market. This growth has been further driven by;


� Investor preference to maintain returns and increase portfolio
diversity without going down the credit curve


� Developments, such as J.P. Morgan’s CreditMetrics  , in the
application of credit portfolio theory, together with investor
acceptance of rating agency portfolio analysis


� The simplicity, from both a bank’s and investor’s point of view,
of a pure, straightforward credit risk position







J.P. Morgan introduced the first BISTRO in December 1997 and since that time the
market for this product has expanded to over $2 billion (with underlying exposure in
excess of $23 billion). Like other ABS, BISTRO notes have been fully collateralised
by assets – so far government bonds (U.S. Treasuries) rather than credit-risky assets -
but unlike other ABS are actually exposed to the credit risk of a reference portfolio
which is larger than the notes themselves (e.g., $1 billion of BISTRO notes backed by
$1 billion of Treasuries may be exposed to the credit risk of a $10 billion reference
portfolio). As seen in the diagram above, credit risk is introduced into the BISTRO
Trust through the portfolio credit swap. Under the terms of this portfolio credit swap,
Morgan Guaranty Trust Company of New York (“MGT”) pays a fee to the BISTRO
Trust in return for which the trust is obligated to make a contingent payment to MGT
at maturity if credit events occur. Payments will be made by the BISTRO Trust only
after, and to the extent that, losses due to credit events have exceeded the first-loss
threshold. Tranched notes issued by the BISTRO Trust effectively assume layers of
portfolio credit risk like any other ABS or CLO.


Credit events are based on industry-standard ISDA credit swap definitions and
include bankruptcy, failure to pay, cross acceleration, restructuring or repudiation.
Losses are assessed either by a computation of final work-out value for companies
emerging from bankruptcy prior to maturity or by soliciting bids from the market for
senior unsecured obligations.


The ongoing fee paid by MGT under the portfolio credit swap is the source of the
spread component of the coupon on the BISTRO notes, while the underlying Treasury
collateral is the source of the majority of the coupon: e.g., a 6.00% coupon might result
from 5.40% paid from Treasuries and 0.60% paid by MGT. Past BISTRO transactions
have also used an interest rate swap to allow the Trust to issue LIBOR-based floating
rate notes.


Relative Value – credit considerations


BISTRO synthetic securitisations to date have been characterised by strong credit
quality and highly diverse reference portfolios.


Levels of diversification, measured by number of entities, average exposure per entity
and number of industries represented, are reflected in Moody’s diversity scores for
BISTRO portfolios which, in comparison, are similar to CLOs and higher than CBOs:







Table 1: Average diversity score


BISTRO 40-90


CLOS 40-90
CBOs 25-35


BISTRO portfolios thus far have been solidly investment grade in respect of their
weighted average rating, and each reference entity within the portfolios has been rating
agency rated. Strong investment-grade credit portfolios exhibit considerably lower loss
characteristics than those of sub-investment grade and consumer assets (such as single-
B consumer loan pools, before the addition of credit enhancement, and the double-B
debt portfolios common in other corporate credit securitisations), and of course lower
loss volatility and severity than single-name corporate bonds. In addition, timing of
defaults is end-weighted for higher rated portfolios: according to historical corporate
bond default research, the average time to default for speculative-grade credits is much
shorter than that for investment-grade credits.


All exposures within the BISTRO portfolios are at the senior unsecured level for which
rating agency studies have shown historical recovery rates upon default to have been around
50%.


In transactions executed to date, investors know the specific names and amounts of
exposures comprising the BISTRO portfolio at issue. Banking secrecy laws
(particularly in Europe), however, mean that it can be necessary to restrict disclosure
of the underlying names while revealing other key characteristics such as industry,
rating, domicile and notional amount. In order to enhance flexibility to the issuer,
furthermore, where portfolios are high quality, it can be preferable for certain limited
substitution of exposures in the portfolio to be allowed.


Credit enhancement provides a similar multiple of protection against historical loss
experience relative to comparably-rated securities. First-loss protection is provided via
the threshold amount which is analogous to the first-loss excess spread position in
credit card ABS trusts or the first-loss equity piece in a CLO. The threshold amount in
BISTRO is fully subordinated to the investor’s position. Losses are first absorbed by
this threshold and then allocated up through the BISTRO capital structure, so that
senior classes benefit from credit enhancement provided by both the fully subordinated
junior classes and the threshold.







As noted, synthetic securitisation investors are exposed to a pool which is several
times the principal amount of notes issued (e.g., $1 billion of BISTRO notes may be
exposed to a $10 billion pool, whereas $1 billion of CLO notes would be exposed to
only a $1 billion pool.) This difference is explicitly taken into account in the rating
agency analysis, which essentially “equalises” an investor’s loss exposure between
these two structures through the required credit enhancement levels. In fact,
BISTRO investors receive similar loss coverage protection when compared on an
“apples-to-apples” basis to a CLO pool of similar quality.


Relative Value – structural considerations


The BISTRO structure also benefits from minimal sponsor/servicer risk: exposure to
MGT is only in respect of the spread over government collateral. In addition, neither
MGT nor any third party actively manages or trades the reference portfolios, which to
date have been static throughout the life of the transaction. Furthermore, credit events
are determined with reference to publicly available information and losses are valued in
a transparent way that is not reliant upon any single institution’s servicing capability.


Relative Value – cash flow considerations


Coupon payments derive from the government collateral and MGT until maturity. Even
following a credit event, investors are guaranteed to receive timely interest payments
on the full principal to maturity, since this interest is derived from the fixed coupon
received on the underlying government securities plus the spread paid by MGT in the
form of credit swap fees. On the other hand, in traditional ABS, the coupon is
dependent upon cash receipts on the underlying assets, and losses are passed through to
investors as incurred over the life of the transaction. In these structures, such shortfalls
or defaults would generally cause investors in these transactions to stop receiving their
coupon (or to receive their coupon on a reduced amount of securities if partial
writedowns occur). In effect, the guaranteed coupon provides an additional and unique
source of credit and yield enhancement for BISTRO investors.







Principal repayment is protected from market value declines and exposed only to
losses from credit events at maturity. Losses on BISTRO securities can arise only
from credit events on entities in the reference portfolio, so market value declines will
not affect the cash flow of the notes or the capitalisation of the transaction.
Furthermore, thus far, BISTRO notes have had hard bullet maturities, irrespective of
the occurrence of credit events, with the principal repayment to BISTRO investors
attributable to the bullet repayment of principal on the underlying Treasury securities.
Unlike CLOs and other ABS structures, losses arising from any credit events in the
BISTRO portfolio will be settled at maturity. This payment mechanism is an
advantage of BISTRO notes relative to traditional ABS and corporate bonds, which
are typically exposed to principal shortfalls and defaults throughout their life.


BISTRO notes have no prepayment risk and unlikely 20-day extension risk. If there is a
credit event within 20 business days of the maturity date, the maturity will be extended
by 20 business days to ensure proper settlement. In sum, the structure provides “clean”
cash flows resembling corporate bonds.


Relative Value – liquidity


Key to J.P. Morgan’s BISTRO programme has been a desire to establish a broad
benchmark in synthetic securitisation technology in order to enhance liquidity and ease
of relative value assessment, with the result that terms, structural mechanics and
documentation of recent BISTRO transactions have become reasonably standardised,
and a secondary market for AAA notes has developed, improved by third-party dealer
participation in some underwritings.


Synthetic securitisation structures have been benefiting from increased investor focus
on structured products. Investors are becoming increasingly aware of the structures
and their similarities to CLOs as they become an established vehicle for risk
transference, with wide and growing applicability of BISTRO technology for a
number of financial institutions and financial assets. Furthermore, the senior notes on
BISTRO structures have been ERISA-eligible which further expands the universe of
potential investors in the United States.


Relative Value – spread considerations


BISTRO provides an opportunity for investors to enhance yield by taking leveraged
exposure to high quality assets rather than single name exposure to lower-rated credits
which would likely be more sensitive to an economic downturn.







While the spread environment has been volatile, both AAA-rated and BBB-rated
BISTRO notes continue to offer an attractive yield pick-up relative to comparable
spread product. Although BISTRO spreads still reflect the novelty of the product and,
to a certain extent, a desire by investors to be paid for structure, this differential is
likely to shrink over time as investors become increasingly comfortable with the
structure and as liquidity improves.







The use of credit derivatives has grown exponentially since the beginning of the
decade. Transaction volumes have picked up from the occasional tens of millions of
dollars to regular weekly volumes measured in hundreds of millions, if not billions, of
dollars. Banks remain among the most active participants, but the end-user base is
expanding rapidly to include a broad range of broker-dealers, institutional investors,
money managers, hedge funds, insurers, and reinsurers, as well as corporates. Growth
in participation and market volume is likely to continue at its current rapid pace, based
on the unequivocal contribution credit derivatives are making to efficient risk
management, rational credit pricing, and ultimately systemic liquidity. Credit
derivatives can offer both the buyer and seller of risk considerable advantages over
traditional alternatives and, both as an asset class and a risk management tool,
represent an important innovation for global financial markets with the potential to
revolutionise the way that credit risk is originated, distributed, measured, and
managed.


Credit derivatives and portfolio credit risk modeling


Advances in the application of modern portfolio theory to credit portfolios have
revealed powerful arguments for more active credit risk management. For example,
loans have a lower default correlation than their corresponding equity correlation (due
to the low likelihood that two remote events will occur simultaneously). The
implication of low default correlations is that the systematic risk in a credit portfolio is
small relative to the nonsystematic or individual contribution to risk of each asset. The
greater the component of nonsystematic risk in a portfolio, the greater the benefits of
diversification, and vice versa. To view the problem another way, indices provide good
hedges of risk in equity portfolios, but not in debt portfolios: It takes many more names
to fully diversify a credit portfolio than an equity portfolio, but when those
diversification benefits are achieved, they are considerable. An inadequately diversified
portfolio, on the other hand, can result in significantly lower return on risk ratios than
would seem intuitively obvious. The conclusion? Given the opportunity, portfolio
managers should actively seek to hedge concentrated risks and diversify with new ones.


8.  Conclusion







The evolution of better models for credit risk measurement and better tools for credit
risk management are mutually reinforcing: traditionally, without the tools to transfer
credit risk, it was not possible to properly respond to the recommendations of a
portfolio model. Conversely, without a portfolio model, the contribution of credit
derivatives to portfolio risk-return performance has been difficult to evaluate.
However, as such technology becomes more widespread, as the necessary data
become more accessible and as credit derivative liquidity improves, the combined
effect on the way in which banks and others evaluate and manage credit risks will be
profound. Banks have already adopted a more proactive approach to trading and
managing credit exposures, with a corresponding decline in the typical holding period
for loans. It is becoming increasingly common to observe banks taking exposure to
borrowers with whom they have no meaningful relationships and shedding exposure to
customers with whom they do have relationships to facilitate further business. Such
transactions are occurring both on a one-off basis and increasingly via the use of large
bilateral portfolio swaps, which in a sense are simply a less radical and more effective
solution than a bank merger to the problem of a poorly diversified customer base.
Banks increasingly have the ability to choose whether to act as passive hold-to-
maturity investors or as proactive, return-on-capital driven originators, traders,
servicers, repackagers, and distributors of the loan product. Ironically, this process will
resemble the distribution techniques employed by those institutions that have been
disintermediating banks in the capital markets for years. It also seems inevitable that
greater transaction frequency and the availability of more objective pricing will
prompt a movement toward the marking-to-market of loan portfolios.
ì
í


Other implications


While it is true that banks have been the foremost users of credit derivatives to date, it
would be wrong to suggest that banks will be the only institutions to benefit from them.
Credit derivatives are bringing about greater efficiency of pricing and greater liquidity
of all credit risks. This will benefit a broad range of financial institutions, institutional
investors, and also corporates in their capacity both as borrowers and as takers of trade
credit and receivable exposures. Just as the rapidly growing asset backed securitisation
market is bringing investors new sources of credit assets, the credit derivatives market
will strip out and repackage credit exposures from the vastly greater pool of risks which
do not naturally lend themselves to securitisation, either because the risks are unfunded
(off-balance-sheet), because they are not intrinsically transferable, or because their sale
would be complicated by relationship concerns. By enhancing liquidity, credit
derivatives achieve the financial equivalent of a “free lunch” whereby both buyers and
sellers of risk benefit from the associated efficiency gains.







It is not surprising, then, to learn that credit derivatives are a group of products that,
while innovative, are coming of age. When they first emerged in the early 1990s,
credit derivatives were used primarily by derivatives dealers seeking to generate
incremental credit capacity for derivatives counterparties with full credit lines. Since
then, they have evolved into a tool used routinely by commercial and investment
banks and other institutional investors in the course of credit risk management,
distribution, structuring, and trading, with liquidity beginning to rival or even exceed
that of the secondary loan trading market in the United States and the asset swap
market in Europe. Most recently, corporate risk managers have begun to explore the
use of the product as a mechanism for hedging their own costs of borrowing, as well
as managing credit exposures to key customers. No official numbers are available on
European market volumes however the OCC statistics suggest that the U.S. credit
derivatives market outstanding notional volume is approximately $229 billion (market
defined as US commercial banks and foreign branches in the US). The market is
dominated by three main players with Morgan Guaranty Trust holding 48% market
share. While these numbers are tiny relative to the size of the global credit markets
and other derivatives markets (both measured in the trillions of dollars), today credit
derivatives remind many of the nascent interest rate and equity swap markets of the
1980s – a product whose potential for growth derives from both enormous need and
an enormous underlying marketplace. For risk managers, credit derivatives are a
flexible tool to restructure the illiquid components of credit portfolios. For
institutional investors, they represent a new asset class that may be engineered to meet
the demands of the investor and extract relative value.







Credit derivatives continue to increase in both number and complexity of
products as existing products are fine-tuned or new products developed. The
glossary below, provided by J.P. Morgan is a concise, yet invaluable, guide to
the latest products and structures on offer.


Asset Swap


A package of a cash credit instrument and a corresponding swap that transforms the
cashflows of the non-par instrument (bond or loan), into a par (floating interest rate)
structure.  Asset swaps typically transform fixed-rate bonds into par floaters, bearing a
net coupon of Libor plus a spread, although cross-currency asset swaps, transforming
cashflows from one currency to another are also common.


BISTRO


BISTRO (Broad Index Secured Trust Offering), the synthetic securitisation programme
developed by J.P. Morgan, is a vehicle that transfers tranched credit exposure to large,
diversified portfolios of commercial or consumer loans from the securitising bank to
investors.  Over $50 billion of bank credit risk has been securitised using BISTRO
technology since December 1997.


Capital-protected credit-linked note (CLN)


A credit-linked note where the principal is partly or fully guaranteed to be repaid at
maturity.  In a 100% principal-guaranteed credit-linked note, only the coupons paid
under the note bear credit risk.  Such a structure can be analysed as (i) a Treasury strip
and (ii) a stream of risky annuities representing the coupon, purchased from the note
proceeds minus the cost of the Treasury strip.


Credit (default ) swap


A bilateral financial contract in which one counterparty (the protection buyer or buyer)
pays a periodic fee, typically expressed in basis points per annum on the notional
amount, in return for a contingent payment by the other counterparty (the protection
seller or seller) after a credit event of the reference entity.  The contingent payment is
designed to mirror the loss incurred by creditors of the reference entity in the event of
its default.  The settlement mechanism may be cash or physical.


9.  Glossary







Credit event


Determined by negotiation between the parties at the outset of a credit (default) swap.
Markets standards include the existence of publicly available information confirming
the occurrence, with respect to the reference credit, of bankruptcy, repudiation,
restructuring, failure-to-pay, cross-default or cross-acceleration.


Credit (default) swap


A bilateral financial contract in which one counterparty (the protection buyer or buyer)
pays a periodic fee, typically expressed in basis points per annum on the notional
amount, in return for a contingent payment by the other counterparty (the protection
seller or seller) after a credit event of the reference entity. The contingent payment is
designed to mirror the loss incurred by creditors of the reference entity in the event of
its default. The settlement mechanism depends on the liquidity and availability of
reference obligations.


Credit option


Put or call options on the price of either (a) a floating rate note, bond, or loan or (b) an
asset swap package, consisting of a credit-risky instrument with any payment
characteristics and a corresponding derivative contract that exchanges the cash flows
of that instrument for a floating rate cash flow stream, typically three- or six-month
Libor plus a spread.


Credit spread option


A bilateral financial contract in which the protection buyer pays a premium, usually up
front, and receives the present value of the difference between the spread prevailing on
the exercise date between the yield of the reference obligation and some benchmark
yield (usually Treasuries or Libor) and the strike spread, if positive (a credit spread cap
or call), or alternatively if negative (a credit spread floor or put).


Credit-linked note


A security, typically issued from a collateralised special Purpose vehicle (SPV), which
may be a company or business trust, with redemption and/or coupon payments linked to
the occurrence of a credit event. Credit-linked notes may also be issued on an
unsecured basis directly by a corporation or financial institution.







Dynamic credit swap or credit intermediation swap


A credit swap with a dynamic notional that for a fixed-fee provides the protection
buyer with a contingent payment that matches the mark-to-market on any given day of
a specified derivative (or other market-sensitive instrument).


Substitution option


A bilateral financial contract in which one party buys the right to substitute a specified
asset or one of a specified group of assets for another asset at a point in time or
contingent upon a credit event.


Two-name exposure


Credit exposure that the protection buyer has to the protection seller, which is
contingent on the performance of the reference credit. If the protection seller defaults,
the buyer must find alternative protection and will be exposed to changes in
replacement cost due to changes in credit spreads since the inception of the original
swap. More seriously, if the protection seller defaults and the reference entity defaults,
the buyer is unlikely to recover the full default payment due, although the final
recovery rate on the position will benefit from any positive recovery rate on obligations
of both the reference entity and the protection seller.


Total (rate of) return swap


A bilateral financial contract in which the total return of a specified asset is exchanged
for another cash flow. One counterparty (the TR payer) pays the total return (interest
plus fees plus price appreciation less price depreciation) of a specified asset, the
reference obligation, and (usually) receives Libor plus a spread from the other
counterparty (the TR receiver). Price appreciation or depreciation may be calculated
and exchanged at maturity or on an interim basis.


First-to-default swap


A credit default swap where the protection seller takes on exposure to the first entity
suffering a credit event within a basket. The credit position in each name in the basket
is typically equal to the notional of the first-to-default swap. Losses are capped at the
notional amount.







First-loss swap


Credit default swaps whereby the protection seller commits to indemnify the protection
buyer for a pre-defined amount of losses incurred following one or more credit events
in the portfolio.
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Notes on Financial Risk and Analytics
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Fig. 10.2: A representation of CDO tranches.

The size of the CDO market was over $200 billion before the 2008 financial
crisis, and subsequently almost vanished. It is currently rebounding, and is
expected to reach $40 billion by 2027.

Consider a portfolio consisting of N = j− i bonds with default times τk ∈
(Tk,Tk+1], k = i, . . . , j − 1, and recovery rates ξk ∈ [0, 1], k = i+ 1, . . . , j.

CDOs can attract different types of investors.

• Unfunded investors (usually in the higher tranches) are receiving premium
payments, and are making payments in case of default.

• “Short” investors make premium payments and receive protection in case
of default as in a Credit Default Swaps (CDS).

• Funded investors (usually in the lower tranches) are investing in risky
bonds to receive principal payments at maturity, they are the first in line
to incur losses.

Synthetic CDOs

Synthetic CDOs are based on N = j − i bonds that can potentially generate
a cumulative loss

Lt :=
j−1∑
k=i

(1 − ξk+1)1{τk⩽t} ∈ [0,N ],

at time t ∈ [Ti,Tj ], based on the default time τk and recovery rate ξk+1 of
each involved bond, k = i, . . . , j − 1, with N = j − i.

When the first loss occurs, tranche n◦1 is the first in line, and it loses the
amount

L1
t = Lt1{Lt⩽p1N} +Np11{Lt>p1N} = N min(Lt/N , p1).
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In case Lt > p1N , then tranche n◦2 takes the remaining loss up to the amount
Np2, that means the loss L2

t of tranche n◦2 is

L2
t = (Lt −Np1)1{p1N<Lt⩽(p1+p2)N} +Np21{Lt>(p1+p2)N}

= (Lt −Np1)1{p1N<Lt⩽α2N} +Np21{Lt>α2N}

= (Lt −Np1)
+
1{Lt⩽α2N} +Np21{Lt>α2N}

= min((Lt −Np1)
+,Np2)

= Max(min(Lt,Np1 +Np2) −Np1, 0)
= Max(min(Lt,Nα2) −Np1, 0).

By induction, the potential loss taken by tranche n◦l is given by

Ll
t = (Lt −Nαl−1)1{αl−1N<Lt⩽αlN} +Npl1{Lt>αlN}

= (Lt −Nαl−1)
+
1{Lt⩽αlN} +Npl1{Lt>αlN}

= min((Lt −Nαl−1)
+,Npl) (10.7)

= Max(min(Lt,Nαl) −Nαl−1, 0),

where αl := p1 + p2 + · · · + pl, l = 1, 2, . . . ,n.

Eventually, tranche n◦n will take the loss

Ln
t = (Lt −Nαn−1)1{αn−1N<Lt} = (Lt −Nαn−1)

+.

Super senior AAA

Senior Aaa

Mezzanine Aa

Mezzanine Baa

Equity

Fig. 10.3: A Titanic-style representation of cumulative tranche losses.

The CDO tranche n◦l, l = 1, 2, . . . ,n, can be decomposed into:

- A premium leg: the short investor in tranche n◦l is purchasing protection
at time t against default at time Tk, k = i+ 1, . . . , j, by making fixed
payments Sl

t at times Ti+1, . . . ,Tj . Such premia can be received by the
unfunded investor.
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Payments are quoted as a proportion of the outstanding amount Npl −
Ll

Tk+1
proportionally to the rate Sl

t, and are made at times Tk+1 until
k = j − 1 or LTk+1 = 100%, whichever comes first

Consequently, the discounted value at time t of the premium leg for the
tranche n◦l is

V P
l (t,T ) = E

[
j−1∑
k=i

Sl
tδk(Npl −Ll

Tk+1
) exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Gt

]

= Sl
t

j−1∑
k=i

δkE

[
(Npl −Ll

Tk+1
) exp

(
−
w Tk+1

t
rsds

) ∣∣∣ Gt

]
,

(10.8)

for l = 1, 2, . . . ,N .

- A protection leg: the short investor receives compensation payments against
default, which can be paid by the unfunded investors. Noting that at each
default time τk ∈ (Tk,Tk+1], k = i, . . . , j − 1, the loss Ll

t taken by tranche
n◦l increases by the amount ∆Ll

τk
= Ll

τk
−Ll

τ−
k

, the value at time t of the
protection leg for tranche n◦l can be written as

V D
l (t,T ) = E

[
j−1∑
k=i

1[Ti,Tj ](τk)∆Ll
τk

exp
(

−
w τk

t
rudu

) ∣∣∣ Gt

]
. (10.9)

By applying integration by parts on [Ti,Tj ] and using the fact that Ll
Ti

=
0, l = 1, 2, . . . ,n, the value of the protection leg can be rewritten as
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l (t,T ) = E

[w Tj
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(

−
w s

t
rudu

)
dLl

s
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]
= E
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]
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−
w s

t
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)
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sds
∣∣∣Gt

]
= E

[
exp

(
−
w Tj

t
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)
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]
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rs exp
(
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)
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sds
∣∣∣Gt

]
.

The spread Sl
t paid by tranche n◦l is computed by equating the values

V P
l (t,T ) = V D

l (t,T )

of the protection and premium legs in (10.8) and (10.9), which yields
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Sl
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⩾ 0,

l = 1, 2, . . . ,n.

Expected tranche loss

The loss of tranche n◦l can be written from (10.7) using the nonlinear function
fl defined as

fl(x) := min((x−Nαl−1)
+,Npl),

see Figure 10.4, as

Ll
t = min((Lt −Nαl−1)

+,Npl) = fl(Lt),

where αl−1 is defined in (10.6), l = 1, 2, . . . ,n.
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Fig. 10.4: Function fl(x) = min((x − Nαl−1)
+, Npl).

Hence, the expected loss of tranche n◦l, can be written as

E[Ll
t] = E

[
min((Lt −Nαl−1)

+,Npl)
]
= E[fl(Lt)], l = 1, 2, . . . ,n,

which can be estimated by the Monte Carlo method when the default times
are generated according to (8.11).
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On the other hand, in the framework of the multiple default time model
of Chapter 8, the expected tranche loss E[Ll

t] can be computed using (8.8)
given the value of the parameter M , as

E[Ll
t] =

1√
2π

w ∞

−∞
E [fl(Lt) | M = m] e−m2/2dm, l = 1, 2, . . . ,n.

The cumulative loss Lt can be modeled as a discrete random variable, with
for example

P

(
Lt = N −

j−1∑
k=i

ξk+1

)
= P(τi ⩽ t, . . . , τj−1 ⩽ t),

and
P(Lt = 0) = P(τi > t, . . . , τj−1 > t),

which requires the knowledge of the joint distribution of the default times
τi, . . . , τj−1. Alternatively, if the τ ′

ks are identically distributed with common
cumulative distribution function

Fτ (t) = P(τk ⩽ t), k = i, . . . , j − 1,

and
ak = a, ξk = ξ, k = i+ 1, . . . , j,

we have

P(τ ⩽ T | M = m) = Φ
(

Φ−1(Fτ (T )) − am√
1 − a2

)
, m ∈ R,

from (8.8). If in addition the τ ′
ks are independent, then Lt has the binomial

distribution

P(Lt = (1 − ξ)k | M ) =

(
N

k

)
(1 − P(τ ⩽ T | M ))N−k(P(τ ⩽ T | M ))k

=

(
N

k

)(
1 − Φ

(
Φ−1(Fτ (T )) − aM√

1 − a2

))N−k (
Φ
(

Φ−1(Fτ (T )) − aM√
1 − a2

))k

,

k = 0, 1, . . . ,N , conditionally to the value of M .

Cumulative expected tranche loss

In the framework of the multiple default time model of Chapter 8, the ex-
pected cumulative loss Lt over all tranches can be computed using (8.8) given
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the value of the parameter M , as

E[Lt | M = m] =

j−1∑
k=i

E
[
(1 − ξk+1)1{τk⩽t} | M = m

]
=

j−1∑
k=i

(1 − ξk+1)P (τk ⩽ t | M = m)

=

j−1∑
k=i

(1 − ξk+1)Φ

Φ−1(P(τk ⩽ t)) + akm√
1 − a2

k

 .

From this formula, the α-percentile loss of the portfolio can be estimated as

E[Lt | M = m] =

j−1∑
k=i

(1 − ξk+1)Φ

Φ−1(P(τk ⩽ T )) − akΦ−1(α)√
1 − a2

k

 ,

where m = Φ−1(α), i.e. α = Φ(m) = P(M ⩽ m).

In addition, when the parameter M is normally distributed, the expected
loss E[Lt] can be written as

E[Lt] =
w ∞

−∞
E [Lt | M = m]ϕ(m)dm

=
1√
2π

w ∞

−∞
E [Lt | M = m] e−m2/2dm.

Such (Gaussian) Merton (1974) and Vašiček (2002) type models have been
implemented in the 2004 Basel II recommendations on Banking Supervision
(2005). Namely in Basel II, banks are expected to hold capital in prevision of
unexpected losses in a worst case scenario, according to the Internal Ratings-
Based (IRB) formula:

j−1∑
k=i

(1 − ξk+1)

Φ

Φ−1(P(τk ⩽ T )) − akΦ−1(α)√
1 − a2

k

− P(τk ⩽ T )

 ,

(10.10)
which represents the difference between the α-percentile loss

E[Lt | M = m] =

j−1∑
k=i

(1 − ξk+1)Φ

Φ−1(P(τk ⩽ T )) − akΦ−1(α)√
1 − a2

k

 ,

264 "

This version: April 28, 2026
https://personal.ntu.edu.sg/nprivault/indext.html

https://personal.ntu.edu.sg/nprivault/indext.html


Notes on Financial Risk and Analytics

and the unconditional loss

E[Lt] =

j−1∑
k=i

E
[
(1 − ξk+1)1{τk⩽t}

]
=

j−1∑
k=i

(1 − ξk+1)E
[
1{τk⩽t}

]
=

j−1∑
k=i

(1 − ξk+1)P(τk ⩽ t)

obtained when a = 0. The confidence level α is typically set at α = 0.999
i.e. m = Φ−1(0.999) = 3.09, cf. Relation (2.4) of Aas (2005). Recall
that the function

x 7−→ Φ

Φ−1(x) + akΦ−1(α)√
1 − a2

k


always lies above the graph of x when ak < 0, as shown in Figure 10.5, hence
(10.10) is always positive.
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Fig. 10.5: Internal Ratings-Based (IRB) formula.

10.3 Credit Valuation Adjustment (CVA)

Credit Valuation Adjustments (CVA) aim at estimating the amount of capital
required in the event of counterparty default, and are specially relevant to the
2010 Basel III regulatory framework. Other credit value adjustments (XVA)
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Figure 1
Credit Loss Distribution
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1 Introduction


In June 2004, the Basel Committee issued a revised framework on international
convergence of capital measurements and capital standards (Basel Committee on
Banking Supervision, 2004b), which will serve as the basis for national rulemak-
ing and implementation processes. The financial institutions may choose between
two approaches to calculate the capital requirement for credit risk; the standard-
ised approach (essentially a slightly modified version of the current accord) and
the internal-ratings-based (IRB) approach. In the IRB approach, institutions are
allowed to use their own measures for key drivers of credit risk as primary in-
puts to the capital calculation. Hence, this approach is regarded as a first step
towards supervisory recognition of advanced credit risk models and economic
capital calculations.


In the IRB approach, regulatory minimum capital for a credit risk portfolio
is calculated in a bottom-up approach, by determining capital requirements on
the asset level and adding them up. The capital requirements of assets are de-
rived from risk weight formulas, which were developed considering a special
credit portfolio model, the so-called Asymptotic Risk Factor (ASRF) model. Al-
though there is no cited source or documentation behind this model, it is widely
believed that the working paper version of Gordy (2003) was the precursor to the
actual formulas. This model is characterised by its computational simplicity and
the property that the risk weights of single credit assets depend only on the char-
acteristics of these assets, but not on the composition of the portfolio (portfolio
invariance).


In Chapter 2 we will give a description of the IRB approach, including the
theory used to derive the model, and the interpretation of its parameters. The
model framework for the advanced IRB approach is based on two main assump-
tions. These assumptions have some negative consequences that we will discuss
in Chapter 3. We will also indicate how the IRB approach may be modified to
deal with them.
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2 The advanced IRB approach


In the advanced IRB approach, regulatory capital requirements for unexpected
losses are derived from risk weight formulas, which are based on the so-called
Asymptotic Risk Factor (ASRF) model. In this model, credit risk in a portfolio
is divided into two categories, systematic and idiosyncratic risk. Systematic risk
represents the effect of unexpected changes in macroeconomic and financial mar-
ket conditions on the performance of borrowers. Idiosyncratic risk, on the other
hand, represents the effects of risk connected to individual firms. The idea behind
the ASRF model is that as the portfolio becomes more and more fine-grained, in
the sense that the largest individual exposures account for a smaller and smaller
share of total portfolio exposure, idiosyncratic risk is diversified away on the
portfolio level. The great advantage of the ASRF model is that the capital charge
for a lending exposure is based solely on loan-specific information. This allows
one to calculate capital charges on a decentralised loan-by-loan basis first, and
then aggregate these up to the portfolio-wide VaR afterwards. In Section 2.1 we
review this model. In Section 2.2 we give the actual formula used to compute
the economic capital requirement in the advanced IRB framework, and finally in
Section 2.3 we describe the interpretation of the parameters in this framework.


2.1 The Asymptotic Risk Factor approach
The ASRF approach assumes that the bank credit portfolio consists of a large
number of relatively small exposures. If this is the case, idiosyncratic risk asso-
ciated with individual exposures tends to be cancelled out, and only systematic
risks that affect many exposures have a material effect on portfolio losses. In the
ASRF approach, all systematic risk, like industry or regional risk, is modelled
with only one systematic risk factor. We first describe how default of a single firm
is modelled in Section 2.1.1. Then, we outline how the single firm models can be
used to derive a formula for the economic capital of the whole credit portfolio in
Section 2.1.2. Finally, in Section 2.1.3 we give a slightly altered version of this for-
mula, obtained when we group the clients into a set of relatively homogeneous
subportfolios.


2.1.1 Default of one firm
The ASRF approach is derived from an adaptation of the single asset model of
Merton (1974). In this approach, loans are modelled in a standard way as a claim
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on the value of a firm. The value of the firm’s assets is measured by the price
at which the total of the firm’s liabilities can be purchased. Thus, the total value
of the firm’s assets is equal to the value of the stock plus the value of the debt.
Loan default occurs if the market value of the firm’s assets falls below the amount
due to the loan. Thus the default distribution of a firm is a Bernoulli distribution,
derived from the distribution of the value of the firm’s asset returns.


We start by assuming that the normalised asset return Ri of firm i in the credit
portfolio is driven by a single common factor Y and an idiosyncratic noise com-
ponent εi:


Ri =
√


ρi Y +
√


1− ρi εi, (2.1)


where Y and εi are i.i.d. N(0, 1), meaning that Ri is considered to have a stan-
dardised Gaussian distribution. The component εi represents the risk specific to
institution i and Y a common risk to all firms in the portfolio (representing the
state of the macro economy). It should be noted that the interpretation of the Ri’s
as asset returns is merely intuitive, it is irrelevant to know the firms’ true asset
returns in this approach. It follows from Equation (2.1) that the assets of all firms
are multivariate Gaussian distributed and the assets of two firms i and j are cor-
related with the linear correlation coefficient E[Ri, Rj] =


√
ρi
√


ρj
1. Moreover, the


correlation between the asset return Ri and the common factor Y is
√


ρi. Hence,√
ρi is often interpreted as the sensitivity to systematic risk.


We define a binary random variable Zi for each firm, which takes on value
1 (meaning that the ith obligor defaults) with probability pi and value 0 with
probability 1− pi. According to the theory of Merton (1974), we have


Zi,k = 1 if Ri,k ≤ Φ−1(pk) and Zi,k = 0 if Ri,k > Φ−1(pk),


where Φ(·) is the cumulative distribution function of the standard Gaussian dis-
tribution.


The parameter pi is the unconditional default probability of obligor i. If the
outcome of the systematic risk factor was known, we could calculate the condi-
tional probability of default by


P (Zi = 1|Y = y) = P (Ri ≤ Φ−1(pi)|Y = y)


= P (
√


ρi Y +
√


1− ρi εi ≤ Φ−1(pi)|Y = y)


= P (εi <
Φ−1(pi)−√ρi Y√


1− ρi


|Y = y)


= Φ


(
Φ−1(pi)−√ρi y√


1− ρi


)
.


1. It should be noted that asset return correlations and default correlations are not the same.
Typically, the default correlation is much smaller than the asset correlation (Frey et al., 2001b), see
Appendix B for how they are related.
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2.1.2 Portfolio loss
Vasicek (1977) showed that under certain conditions, Merton’s single asset


model can be extended to a model for the whole portfolio. The portfolio model
used in the advanced IRB approach (Gordy, 2003; Pykhtin and Dev, 2002) is very
similar to Vasicek’s model. Inputs supplied by the bank include the exposure at
default (EAD), the probability of default (PD), the loss given default (LGD) and
the effective remaining maturity (M). Given these inputs, the IRB capital charge
is computed by calculating capital charges on a decentralised loan-by-loan basis,
and then aggregating these up to a portfolio-wide capital charge. In what follows,
we describe the IRB approach in more detail.


Assume that we have a portfolio with N clients with different exposures Ei,
asset correlations ρi, probabilities of default pi and loss given defaults si. Define
the exposure weight wi of client i by wi = Ei/


∑N
i=1 Ei, and let the portfolio loss


per dollar of exposure be given by


L =
N∑


i=1


wi si Zi.


Provided that the clients depend on the same unique risk factor and no obligor
accounts for a significant fraction of the portfolio, it can be shown (see Appendix
A.1) that as the number of clients in the portfolio N →∞, the α-percentile of the
resulting portfolio loss distribution approaches the asymptotic value


qα(L) =
N∑


i=1


wi siΦ


(
Φ−1(pi) +


√
ρiΦ


−1(α)√
1− ρi


)
. (2.2)


Note that what is actually computed here is not the total capital charge, but the
capital charge per dollar of exposure.


Even though no bank can have an infinite number of loans, the asymptotic
nature of the results does not diminish their practical usefulness. Gordy (2000)
shows that the quantile is well-approximated by its asymptotic value for homo-
geneous portfolios of reasonable size, and according to Schönbucher (2002a) the
approximation error becomes unacceptable only if very low asset return corre-
lations (ρ < 1%), very few obligors (less than 500), or extremely heterogeneous
exposure sizes (for instance one dominating obligor) are considered.


The remarkable property of Equation (2.2), apart from its simplicity is the
asymptotic capital additivity; the total capital for a large portfolio of loans is the
weighted sum of the marginal capitals for individual loans. In other words, the
capital required to add a loan to a large portfolio depends only on the properties
of that loan/obligor and not on the portfolio it is added to. If this is the case, the
credit model is said to be portfolio invariant. Note that portfolio-invariance de-
pends strongly on the asymptotic assumption, and especially on the assumption
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of a single systematic risk-factor. Moreover, portfolios that are not asymptotically
fine-grained, in the sense that any single obligor represents a negligible share
of the portfolio’s total exposure, contain undiversified idiosyncratic risk. In this
case, the marginal contributions to the economic capital depend on the rest of the
portfolio.


2.1.3 Homogeneous sectors
Grouping the clients into relatively homogeneous subportfolios might be conve-
nient from an administrative point of view. In this section, we show that this also
results in relatively simple capital formulas. Assume that the credit portfolio of
a financial institution can be split into K homogeneous subportfolios. Each sub-
portfolio k contains nk identical clients with respect to the exposure Ek, the asset
correlation ρk, the probability of default pk and the expected loss given default
rate sk. The loss Lk of subportfolio k is given by


Lk = Ek sk


nk∑
i=1


Zi,k.


We further assume that all clients in the entire credit portfolio depend on the
same unique risk factor Y 2. This means that the total loss of the portfolio is given
by


L =
K∑


k=1


Lk =
K∑


k=1


Ek sk


nk∑
i=1


Zi,k.


If we assume that the number of clients in each subportfolio n1, ..., nK →∞, it
can be be shown (see Appendix A.2) that the α-percentile of the resulting asymp-
totic portfolio loss distribution is given by


qα(L) =
K∑


k=1


Ek skΦ


(
Φ−1(pk) +


√
ρkΦ


−1(α)√
1− ρk


)
. (2.3)


Hence, the α-percentile of the loss distribution of the entire portfolio is just the
sum of the α-percentiles of the loss distributions of the subportfolios, meaning
that the capital can be calculated separately for all subportfolios and then aggre-
gated by simple addition. Vasicek (2002) shows that if the portfolio contains a
sufficiently large number of loans without being dominated by a few loans, this
approximation holds even for portfolios with unequal exposures.


2.2 The IRB economic capital formula
While it is never possible to know in advance the losses a bank will suffer in a par-
ticular year, a bank can forecast the average level of credit losses it can reasonably


2. This implies that the correlation between the asset returns in two different subportfolios k


and l is given by
√


ρk ×√ρl.
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expect to experience. These losses are referred to as expected losses (EL). Losses
above the expected levels are usually referred to as unexpected losses (UL). Insti-
tutions know that these losses will occur now and then, but they cannot know in
advance the time of their arrival and their severity. Banks are in general expected
to cover their EL on an ongoing basis, e.g. by provisions and write-offs, because it
represents just another cost component of the lending business. According to this
concept, capital is only needed for covering unexpected losses. Hence, in Basel II,
the banks are only required to hold capital against UL, meaning that the needed
capital per dollar of exposure is given by


Cα(L) = qα(L)− E(L) =
N∑


i=1


wi si


[
Φ


(
Φ−1(pi) +


√
ρiΦ


−1(α)√
1− ρi


)
− pi


]
, (2.4)


since the expected loss per dollar of exposure for the whole credit portfolio is
given by


E(L) =
N∑


i=1


wi si pi.


In Basel II, the confidence level α is set to 99.9%, i.e. an institution is expected to
suffer losses that exceed its economic capital once in a thousand years on average.


2.2.1 Maturity adjustments
Credit portfolios consist of instruments with different maturities. Empirical evi-
dence indicates that long-term credits are riskier than short-term credits. For in-
stance, downgrades from one rating category to a lower one, are more likely for
long-term credits. Moreover, maturity effects are stronger for obligors with low
probability of default. Consistent with these considerations, the Basel Commit-
tee has proposed a maturity adjustment mi to be multiplied with each term of
the economic capital computed from Equation (2.4). The maturity adjustment for
client i is given by (Basel Committee on Banking Supervision, 2004a)


mi =
1 + (M − 2.5) b(pi)


1− 1.5 b(pi)
,


where
b(pi) = (0.11852− 0.05478× log(pi))


2,


and M is the maturity. In Basel II, M is set to 2.5 years for all rating grades. The
maturity adjustment is only done for the corporate borrower portfolio.


2.3 Parameters
The parameters to be determined for each client in the IRB approach are


· pi, the probability of default for client i.
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· si, the loss given default for client i, which is the percentage of exposure the
bank might loose in case client i defaults.


·
√


ρi, the correlation between the asset return for client i and the common
factor.


· Ei, the exposure at default for client i, which is an estimate of the amount
outstanding in case client i defaults.


The institutions may choose between two different versions of the IRB ap-
proach; foundation IRB and advanced IRB. For any of the versions, the institu-
tions are allowed to determine borrowers’ probabilities of default (PD) in their
own way. However, the institutions using the advanced IRB approach are also
permitted to rely on their own estimates of loss given default (LGD) and ex-
posure at default (EAD). In what follows, we describe the interpretation of the
parameters in the Basel IRB framework.


2.3.1 Probability of default
The PDs are supposed to be obtained from the internal rating system of the bank.
According to the Basel Accord, they should be average quantities, reflecting ex-
pected default rates under normal business conditions.


Two kinds of models for determining probabilities of default are commonly
addressed in the literature; accounting based models and market based models.
Discriminant analysis and logistic regression models belong to the first class. The
popular Z-score (Altman, 1968) is based on linear discriminant analysis, while
Ohlsons O-Score (Ohlson, 1980) is based on generalised linear models (GLM)
with the logit link function. Newer accounting based models are founded on neu-
ral networks (Wilson and Sharda, 1994) and Generalised Additive Models (GAM)
(Berg, 2004).


The market models are based on the value of a firm, set by the market. One
well-known example is the Moody’s KMV model. Stock prices are commonly
used as proxies for the value of the firm. Hence, this kind of models require that
firms are registered on a stock exchange, a circumstance which is not fulfilled for
most small and medium sized borrowers.


2.3.2 Loss given default
In the capital formula in Equation (2.3) it is assumed that the loss given default
rate (which is equal to one minus the recovery rate) is known and non-stochastic
(Gordy, 2003). During an economic downturn, losses on defaulted loans are likely
to be higher than under normal business conditions, because for instance col-
lateral values may decline. Average loss severity figures over long periods of
time can understate LGD rates during an economic downturn, and may therefore
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need to be adjusted upward to appropriately reflect adverse economic conditions.
Hence, one should choose conservative values in order not to underestimate the
risk of the portfolio, and the Basel II capital formula requires that a “downturn”
LGD is estimated for each client/risk segment. Due to the evolving nature of
bank practices in the area of loss given default quantification, the Basel Commit-
tee has not proposed a specific rule for estimating the LGDs. Instead the banks
are required to provide their own estimates.


Note that since one is supposed to use a “downturn” LGD, the EL in Equa-
tion (2.4) is probably overestimated, since the “downturn” LGD will generally
be higher than the average one. Moreover, the capital requirement for defaulted
assets will be 0. According to the Basel Committee, the latter is not desirable,
since it does not cover systematic uncertainty in realised recovery rates for these
exposures. Hence, the committee has stated that an “average” LGD should be
used for computing the EL for defaulted assets. For performing loans however,
the “downturn” LGD should be used both to compute the loss percentile and the
expected loss.


2.3.3 Asset correlations
The asset correlations needed as input in the ASRF model, determine in short,
how the asset values of the borrowers depend on each other. It should be noted
that asset correlations and default correlations are not the same (see in Appendix
B how they are related to each other). The input correlations also specify how
the asset values of the borrowers depend on the general state of the economy,
represented by the systematic risk factor, Y .


In the IRB approach, the asset correlations are not to be estimated by the
banks. Instead they should be determined by formulas given by the Basel Com-
mittee. These formulas are based on two empirical observations (Lopez, 2004);


· asset correlations decrease with increasing probability of default


· asset correlations increase with firm size.


This means that the higher the probability of default, the higher the idiosyncratic
risk components of an obligor. Moreover, conditional on a certain probability of
default, assets of small and medium sized enterprises are less correlated. Hence, if
two companies of different size have the same PD, it follows that the larger one is
assumed to have a higher exposure to the systematic risk factor. In other words,
larger firms are more closely related to the general conditions in the economy,
while smaller firms are more likely to default for idiosyncratic reasons. The Basel
Committee has provided different formulas for computing the asset correlations
for different business segments. These are given in Appendix C.
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2.3.4 Exposure at default
Under the advanced IRB approach, banks are allowed to use their own esti-
mates of expected Exposure At Default (EAD) for each facility. Conceptually,
EAD consists of two parts, the amount currently drawn, and an estimate of fu-
ture draw downs of available, but untapped credit. Estimates of potential future
draw downs (i.e. how the client may decide to draw unused commitments) are
known as credit conversion factors (CCFs). Since the CCF is the only random or
unknown proportion of EAD, estimating EAD amounts to estimating this CCF.
The CCF is generally believed to depend on both the type of loan and the type of
borrower. For example CCFs for credit cards are likely to be different from CCFs
for corporate credit. At present, literature on these issues as well as data sources
are scarce, but some suggestions as to which characteristics of a credit should
be taken into account in EAD estimation is given Basel Committee on Banking
Supervision (2005).
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3 The assumptions behind the IRB
economic capital formula


The IRB economic capital formula given in Equation (2.4) is characterised by its
computational simplicity; there is an analytical formula for the calculation of
capital, and the model is perfectly additive. However, these strengths are also
the cause of its weaknesses. The main assumptions have some negative conse-
quences. In this chapter we will discuss these consequences and indicate how the
IRB approach may be modified to deal with them. First, Section 3.1 treats the two
most important underlying assumptions, and then Section 3.2 describes other re-
quirements of the IRB approach.


3.1 The two main assumptions
The development of the Basel II IRB approach was subject to some important re-
strictions in order to fit supervisory needs. There should be an analytical formula
for the calculation of capital. Moreover, the model should be perfectly additive,
or portfolio invariant, in the sense that the capital required for any given loan
should depend only on the risk of that loan and not on the portfolio it is added
to. These requirements impose strict assumptions on the diversification achieved
within a bank portfolio:


· It must be assumed that the bank’s credit portfolio is infinitely fine-grained,
in the sense that any single obligor represents a negligible share of the port-
folio’s total exposure.


· It is assumed that a single, common systematic risk factor drives all de-
pendence across credit losses in the portfolio, i.e. the bank must be well-
diversified across all geographic and industrial sectors in a large economy.


Both of these assumptions are not always met by banks, especially by smaller
institutions. If the first assumption is violated, IRB capital requirements may un-
derstate the true capital requirements, while the second assumption could result
in a potential overestimation of portfolio risk.


3.1.1 Assumption 1: Fine-grained portfolio
The asymptotic capital formula given by Equation (2.4) is strictly valid only for a
portfolio with infinitesimally small weights on its largest exposures. If a few large


Portfolio credit risk models 14



b692

Highlight



b692

Highlight



b692

Highlight



b692

Highlight







companies constitute a relatively large part of the credit portfolio, there will be
a residual of undiversified idiosyncratic (unsystematic) risk in the portfolio. No
real-world portfolios are in fact fine-grained portfolio, and therefore, one might
question the relevance of the asymptotic formula. The asymptotic capital formula
have been derived under the assumption that all the idiosyncratic risk is com-
pletely diversified away. Hence, it must underestimate the true capital, since any
finite-size portfolio carries some undiversified idiosyncratic risk. Gordy (2003)
shows that the remaining unsystematic risk is inversely proportional to the effec-
tive number of loans. This form of credit concentration risk is sometimes known
as granularity, and may be addressed via granularity adjustment to the economic
capital. The Basel Committee recognised this initially and introduced a granu-
larity adjustment in Basel Committee on Banking Supervision (2001). Since then,
at least four different approaches to granularity adjustment have been proposed
in the literature (Emmer and Tasche, 2005; Gordy, 2004; Martin and Wilde, 2002;
Pykhtin and Dev, 2002).


As shown in Section 2.2, the economic capital formula doesn’t give extended
regulatory capital requirements for risk concentrations. However, according to
the Basel II Accord banks will have to demonstrate to the supervisors that they
have established appropriate procedures to keep concentrations under control.
Therefore, there is a need for quantitative tools with which to monitor risk con-
centrations, as well as guidelines for capital buffers against such concentrations.
In Sections 3.1.1 and 3.1.2, we have a closer look at the two assumptions.


3.1.2 Assumption 2: Single systematic factor
The problem associated with assuming a single systematic risk factor is perhaps
more difficult to address analytically than the granularity risk, but has greater
consequences, especially for institutions with broad geographical and sectoral
diversification. A single-factor model cannot reflect segmentation effects, say by
industry branches. This failure to recognise the diversification effects of segmen-
tation could result in an overestimation of portfolio risk. Diversification is one
of the key tools for managing credit risk, and it is of vital importance that the
credit portfolio framework used to calculate and allocate credit capital effectively
models portfolio diversification effects.


In reality, the global business cycle is composed of many small economic changes,
which might be linked to geography (e.g. political shifts) or to prices of produc-
tion inputs (e.g., oil). If different industries and geographic regions may experi-
ence different cycles, they should be presented by distinct, though possibly corre-
lated, systematic risk factors. Recently, several authors have proposed such multi-
factor models, see e.g. Céspedes (2002); Céspedes et al. (2005); Chabaane et al.
(2004); Hamerle et al. (2003); Pykhtin (2004); Schönbucher (2002a); Tasche (2005).


Portfolio credit risk models 15



b692

Highlight



b692

Highlight



b692

Highlight







Moreover, commercial credit risk models like Creditrisk+ and the Portfolio Man-
ager software of Moody’s KMV, typically use multiple factors for determining
portfolio risk. Hence, the theoretical justification for the single factor model is
weak and does not correspond to best practice in banking.


3.2 Other assumptions
In this section we describe other requirements on which the IRB approach is
based. First, the IRB approach assumes that the LGD rate is deterministic and
independent of the PD, while there is a reason to believe that the opposite is
the case. This issue will be treated in Section 3.2.1. Second, the asset correlations
are determined from the PDs, using a downward sloping relationship which has
been rejected by many recent studies. We will come back to this in Section 3.2.2.
Finally, the IRB approach models the asset returns with a multivariate normal
distribution. However, many empirical investigations, see e.g. Frey et al. (2001a)
reject the normal distribution because it is unable to model dependence between
extreme events. In Section 3.2.3 we will have a closer look at this issue.


3.2.1 Loss given default
The IRB approach assumes that the LGDs are fixed deterministic quantities. The
argument for this is that the uncertainty of the LGD does not contribute signif-
icantly to the risk of the client when compared with the PD volatility. In reality
however, the LGD is not a fixed quantity and in the literature, it is quite common
to assume that the it is a random value between 0 and 1, see e.g. Altman et al.
(2003); Frye (2000); Hu and Perraudin (2002); Pykhtin (2003). The beta distribu-
tion is often considered appropriate for modelling the LGD, see e.g. Gupton and
Stein (2002), because it is bounded between two points and can assume a wide
range of shapes.


Although the Basel II Accord emphasises the need to consider correlation of
PD and LGD, the capital formula in Equation (2.3) is linear in LGD and implicitly
assumes independence. This assumption is made to simplify the IRB approach,
and has neither theoretical nor empirical support. Recently, several authors have
stated that there is reason to believe that there is a dependence between default
events and losses given default. For example, a negative cyclical downturn is
likely to produce an increase in the number of defaults, and at the same time a
decrease in the number of recoveries. The dependence between default events
and recovery rates may for instance be introduced through a factor that drives
both default events and recovery rates (Frye, 2000; Pykhtin, 2003).
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3.2.2 Asset correlations
As can be seen from Equation (C.1), Basel II assumes a downward sloping re-
lationship between the asset correlation and the probability of default, i.e. the
correlation between the assets of low-risk firms is assumed to be higher than the
ones between high-risk firms. Several studies have produced results that contra-
dict this relationship, see e.g. (Dietsch and Petey, 2004; Düllmann and Scheule,
2003; Hamerle et al., 2003; Rösch, 2002). If in reality the two effects do not offset
each other, or worse if they reinforce each other, this could lead to a gross under-
estimation of the size of extreme losses. While the negative relationship between
the asset correlation and the probability of default seems to be rejected by many
recent studies, the decreasing relationship of the asset correlation with decreasing
firm size is generally supported, see e.g. Dietsch and Petey (2004); Düllmann and
Scheule (2003).


It should also be noted that the economic capital formula in Equation (2.4) is
very sensitive to the asset correlation parameters. In particular, if the asset corre-
lations are a few percentage points higher than what Basel assumes for a high-risk
client (see Appendix B for how the asset correlation and probability of default are
related to each other), the required capital may be significantly higher. Similarly,
if it is lower that what Basel says for low-risk segments, their capital can be dras-
tically reduced. Hence, the degree of dependence between firms, i.e. the size of
correlations in this model, very strongly influences portfolio risk, especially for
high confidence levels α (Perli and Nayda, 2004; Wehrspohn, 2002).


An alternative to the formulas specified by the Basel Committee, is to estimate
the asset correlations from historical data. A direct estimation of these parame-
ters, however, is not possible since the asset values are not observable. This prob-
lem is sometimes bypassed by approximating asset returns by equity returns.
However, this solution requires that firms are registered on a stock exchange, a
circumstance which is not fulfilled for most small and medium sized borrowers.
An alternative approach is to use observed data on default rates to estimate the
asset correlations. Appendix C of Case (2003) presents a brief summary of empiri-
cal methods to estimate asset correlations in practice, both from historical default
rates and from historical economic-return-on-asset data.


3.2.3 Asset distributions
The Basel credit risk portfolio model makes use of a multidimensional normal
distribution. Many empirical investigations, see e.g. Frey et al. (2001a), reject the
normal distribution because it is unable to model dependence between extreme
events. The assumption of a joint Gaussian distribution for the obligors’ asset re-
turns has another weakness; it implies that it is very difficult to fit both the tails
and the main body of the portfolio credit loss distribution well (Schönbucher,
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2002b). Hence, other multivariate distributions and copulas have been consid-
ered, e.g. the multivariate Student’s t- and normal inverse Gaussian distribution
(Wehrspohn, 2002), the Student’s t- and the grouped t-copula (Daul et al., 2003),
other elliptical copulas (Frey et al., 2003; Schmidt, 2003) and Archimedean copu-
las (Frey et al., 2003).
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4 Summary


In this report we have reviewed the Basel II IRB approach, including the theory
used to derive its model, and the interpretation of its parameters. The IRB ap-
proach is a hybrid between a very simple statistical model of capital needs for
credit risk and a negotiated settlement. It is characterised by its computational
simplicity; there is an analytical formula for the calculation of capital, and the
model is perfectly additive. However, these strengths are, at the same time, the
cause of its weaknesses. The main assumptions have some negative consequences
that have been addressed in this report. Hence, the statistical model behind the
Basel II IRB approach is not best practice today, and certainly will not become
so in the future. Even the Basel Committee itself states that the IRB is work-in-
progress, and will remain so long after the implementation of Basel II (Basel Com-
mittee on Banking Supervision, 2004b). We have given some indications of how
the IRB approach may be modified to deal with its weaknesses.
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A Proofs of asymptotic capital rule


In Section 2.1, we presented two important results concerning the α-percentile
of the asymptotic portfolio loss distribution. The first, given by Gordy (2003);
Pykhtin and Dev (2002) and others, states that the asymptotic α-percentile of
the loss per dollar exposure of a portfolio with N clients with different expo-
sure weights wi, asset correlations ρi , probabilities of default pi and expected loss
given default rates si, is given by


qα(L) =
N∑


i=1


wi si Φ


(
Φ−1(pi) +


√
ρiΦ


−1(α)√
1− ρi


)
(A.1)


when N →∞, i.e. the number of clients in the portfolio becomes large, provided
the clients depend on the same unique risk factor and no obligor accounts for a
significant fraction of the portfolio. An outline of the proof of this result is given
in Appendix A.1.


The other, given by Schönbucher (2002a); Wehrspohn (2002) and others, states
that the asymptotic α-percentile of the loss of a homogeneous portfolio with a
total exposure of E distributed on N identical clients with respect to asset cor-
relations ρ, probabilities of default p, and expected loss given default rates s is
given by


qα(L) = E s Φ


(
Φ−1(p) +


√
ρΦ−1(α)√


1− ρ


)
, (A.2)


when N →∞, provided the clients depend on the same unique risk factor and no
obligor accounts for a significant fraction of the portfolio. The proof of this result
is given in Appendix A.2.


A.1 Asymptotic loss for heterogeneous portfolio
In this section, we outline the proof of the capital formula given in Equation (A.1).
For the full proof, see Gordy (2003). Assume that we have a portfolio with N


clients with different exposures Ei, asset correlations ρi, probabilities of default
pi and LGDs si. Assume further that they all depend on the same systematic risk
factor Y . Let the portfolio loss be given by


L =
N∑


i=1


Ei si Zi,


where Zi = 1 if obligor i defaults. Further define Ui = si Zi and assume that the
Uis are bounded on the interval [−1, 1], and, conditionally on Y , are mutually
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independent. Define the portfolio loss ratio LR as the ratio of the total losses to
the total portfolio exposure, i.e.,


LR =


∑N
i=1 Ei si Zi∑N


i=1 Ei


.


Assume now that the share of the largest exposure in the portfolio vanishes to
zero as the number of exposures in the portfolio increases. It then might be shown
that


lim
n→∞


LR − E[LR|Y ] = 0, (A.3)


where the conditional expectation is given by


E[LR|Y ] =


∑N
i=1 Ei E[Ui|Y ]∑N


i=1 Ei


. (A.4)


Hence, in the limit, we need only know the distribution of E[LR|Y ] to answer
questions about the distribution of LR. The proof is given in Appendix A of Gordy
(2003). It can also be shown that under the same assumptions


lim
n→∞


qα(LR)− qα (E[LR|Y ]) = 0. (A.5)


Strictly speaking, this result does not always hold, but it is approximately true for
all practical purposes. The proof is given in Appendix B of Gordy (2003). Equation
(A.5) allows substituting the quantiles of E[LR|Y ] (which may be relatively easily
to calculate) for the corresponding quantiles of the loss rato LR (which are hard to
calculate) as the portfolio becomes large. It should be emphasized that Equation
(A.5) is obtained with minimal restrictions on the make-up of the portfolio. The
assets may have quite varied PD, LGD and exposure sizes. Moreover, there is no
restriction on the relationship between Ei and the distribution of Ui. Hence if,
for instance, high-quality loans tend also to be the largest loans, the result is still
valid.


The final result is that


qα (E[LR|Y ]) = E[LR|qα(Y )]. (A.6)


To obtain this result, one must make some assumptions concerning the behaviour
of E[LR|Y ], to make sure that there is no complex dependence between the tail
quantiles of the loss distribution and the way the conditional expected loss for
each borrower varies with Y . The conditional expectation must for instance be
non-decreasing in Y , see Gordy (2003) for the proof. The result in Equation (A.6)
is important, because qα (E[LR|Y ]) in general may be quite complicated to com-
pute, while Equation (A.4) states that E[LR|qα(Y )] is simply the exposure-weighed
average of the individual assets’ conditional expected losses.
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From Equations (A.4),(A.5) and (A.6) we have that


lim
n→∞


qα(LR) = qα (E[LR|Y ]) = E[LR|qα(Y )] =


∑N
i=1 Ei E [Ui|Y = Φ−1(α)]∑N


i=1 Ei


. (A.7)


Further, since the LGDs are assumed to be known and deterministic (see Section
2.3.2)


E
[
Ui|Y = Φ−1(α)


]
= si E


[
Zi|Y = Φ−1(α)


]
= si P


(
Zi = 1|Y = Φ−1(α)


)
,


and from Section 2.1.1 we have


P
(
Zi = 1|Y = Φ−1(α)


)
= si Φ


(
Φ−1(pi)−√ρi Φ


−1(α)√
1− ρi


)
.


Inserting the expression for E [Ui|Y = Φ−1(α)] into Equation (A.7) and the defini-
tion of wi from Section 2.1.2, we get


lim
n→∞


qα(LR) =
N∑


i=1


wi si Φ


(
Φ−1(pi)−√ρi Φ


−1(α)√
1− ρi


)
,


which is equal to the formula in Equation (A.1).


A.2 Asymptotic loss for homogeneous portfolio
In what follows, we assume that we have a homogeneous portfolio containing N


identical clients with respect to asset correlations ρ, probabilities of default p, and
LGDs s. Moreover, the clients are assumed to depend on the same unique risk
factor. The aim of this section is give the proof the capital formula in Equation
(A.2). The proof is taken from Schönbucher (2002a).


The portfolio loss for a certain year is


L = E s X,


i.e. the loss fraction X multiplied with the total exposure of the portfolio, E, and
the loss given default rate, s. Since the two latter are assumed to be deterministic
quantities, it is sufficient to know the distribution of the loss fraction.


First, we are interested in determining the probability that exactly n out of the
N clients will default. Define


p(y) = P (Zi = 1|Y = y) = Φ


(
Φ−1(p)−√ρy√


1− ρ


)
, (A.8)


which is the probability of firm i defaulting, given that the systematic factor Y


takes the value y. Then conditional on Y = y, the probability of having n defaults
in the portfolio is binomially distributed:


P


(
N∑


i=1


Zi = n|Y = y


)
=


(
N


n


)
(p(y))n (1− p(y))N−n . (A.9)
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Using the law of iterated expectations, the probability of n defaults is the expected
value of the conditional probability of n defaults, i.e.


P


(
N∑


i=1


Zi = n


)
= E


[
P


(
N∑


i=1


Zi = n|Y = y


)]
(A.10)


=


∫ ∞


−∞
P


(
N∑


i=1


Zi = n|Y = y


)
φ(y) dy (A.11)


=


∫ ∞


−∞
(p(y))n (1− p(y))N−n φ(y) dy. (A.12)


With the probability of n defaults given as shown above, the distribution of the
number of defaults is


P


(
N∑


i=1


Zi ≤ m


)
=


m∑
n=0


∫ ∞


−∞
(p(y))n (1− p(y))N−n φ(y) dy. (A.13)


If N is very large, and the portfolio is infinitely granular (i.e. each exposure
is set to be equal to 1/N , with large N , a simplification of the model is possi-
ble (Schönbucher, 2002a). Conditional on a realisation y of the common factor Y ,
obligor defaults are independent of each other. Therefore, in a very large portfo-
lio, the law of large numbers ensures that the fraction of clients defaulting in the
portfolio given Y = y is equal to the individual conditional default probability in
Equation (A.8), i.e.


P


(
1


N


N∑
i=1


Zi = p(y)|Y = y


)
= 1.


Hence, if we know Y , then we can predict the fraction of clients that will default
with certainty.


We want to determine the distribution function of the loss fraction X = 1
N


∑N
i=1 Zi:


P (X ≤ x) = E [P (X ≤ x|Y = y)]


=


∫ ∞


−∞
P (X ≤ x|Y = y) φ(y) dy


=


∫ ∞


−∞
P (p(Y ) ≤ x|Y = y) φ(y) dy


=


∫ ∞


−∞
I (p(y) ≤ x) φ(y) dy


=


∫ ∞


−y∗(x)


φ(y) dy


= Φ(y∗).


Here, y∗(x) must be chosen such that p(−y∗(x)) = x 1, i.e.


y∗(x) =


√
1− ρΦ−1(x)− Φ−1(p)√


ρ
.


1. We also have that p(y) from Equation (A.8) decreases in y, such that p(y) ≤ x for y > −y∗(x).
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Hence,


P (X ≤ x) = Φ


(√
1− ρΦ−1(x)− Φ−1(p)√


ρ


)
.


If the α-percentile of the loss fraction distribution is denoted xα, we have that


Φ


(√
1− ρΦ−1(xα)− Φ−1(p)√


ρ


)
= α,


meaning that


xα = Φ


(
Φ−1(p) +


√
ρΦ−1(α)√


1− ρ


)
.


Hence, the α-percentile of the loss distribution is obtained as


qα(L) = E s Φ


(
Φ−1(p) +


√
ρΦ−1(α)√


1− ρ


)
, (A.14)


which is equal to the formula in Equation (A.2).
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B Portfolio variance and default cor-
relation


In general, the portfolio variance is the sum of the variances and covariances
of the portfolio components. Assuming that the PDs, exposures, and LGDs are
independent, and that the two latter are non-stochastic, the portfolio variance is
given by


σ2 =
N∑


i=1


N∑
j=1


κijσiσj


=
N∑


i=1


N∑
j=1


κij


√
wi si pi (1− pi)


√
wj sj pj (1− pj)


where N is the number of clients in the portfolio, and κij is the default correlation
between client i and j. In the Basel II model, the default correlation κij can be
computed from the asset correlations ρi and ρj using


κij =
Φ2


(
Φ−1(pi), Φ


−1(pj),
√


ρi
√


ρj


)− pi pj√
pi (1− pi) pj (1− pj)


. (B.1)


Here Φ2(·) is the bivariate normal cumulative distribution function.
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C Asset correlations in the IRB ap-
proach


The Basel Committee has provided different formulae for the asset correlations
for different business segments. We give the formulae for bank, sovereign and
corporate borrowers in Section C.1, and for retail portfolios in Section C.2.


C.1 Corporate, sovereign, interbank
The asset correlation function used for bank and sovereign exposures is given by


ρi = 0.12× 1− e−50pi


1− e−50
+ 0.24×


(
1− 1− e−50pi


1− e−50


)
. (C.1)


According to the Basel Committee (Basel Committee on Banking Supervision,
2004a), the proposed shape of the above exponentially decreasing functions are
in line with the findings of empirical studies. For corporate borrowers, the corre-
lations ρ are first computed by Equation (C.1) and then modified as follows


ρi − 0.04, Si ≤ 5 EUR


ρi − 0.04× (1− (Si − 5)/45), 5 EUR < S ≤ 50 EUR


ρ Si > 50 EUR.


Here, the Si is annual sales for firm i. Hence, for small firms the asset correlations
are lowered.


C.2 Retail
The Basel Committee has also provided specific mappings between probability of
default p and asset correlation ρ for the retail portfolios. The correlation formulae,
which have an empirical basis (Basel Committee on Banking Supervision, 2004a),
are as follows:


· Residental mortgages
ρi = 0.15,


· Qualifying revolving retail exposures


ρi = 0.04,
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· Other retail exposures


ρi = 0.03× 1− e−35p


1− e−35
+ 0.16×


(
1− 1− e−35p


1− e−35


)
.
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include the Funding Valuation Adjustments (FVA), Debit Valuation Adjust-
ments (DVA), Capital Valuation Adjustments (KVA), and Margin Valuation
Adjustments (MVA). The purpose of XVAs is also to take into account the
future value of trades and their associated risks. The real-time estimation of
XVA measures is generally highly demanding from a computational point of
view.

Net Present Value (NPV) of a CDS

As above, we work with a tenor structure {t = Ti < · · · < Tj = T}, and let

Π(t,Tj) := protection_leg − premium_leg

=

j−1∑
k=l

1(Tk,Tk+1](τ )(1 − ξ) exp
(

−
w Tk+1

t
rsds

)

−
j−1∑
k=l

Si,j
t δk1{τ>Tk+1} exp

(
−
w Tk+1

t
rsds

)

= (1 − ξ)

j−1∑
k=l

1(Tk,Tk+1](τ ) exp
(

−
w Tk+1

t
rsds

)

−
j−1∑
k=l

Si,j
t δk1{τ>Tk+1} exp

(
−
w Tk+1

t
rsds

)

=

j−1∑
k=l

(
(1 − ξ)1(Tk,Tk+1](τ ) exp

(
−
w Tk+1

t
rsds

)
−Si,j

t δk1{τ>Tk+1} exp
(

−
w Tk+1

t
rsds

))
(10.11)

denote the difference between the remaining protection and premium legs
from time Tl until time Tj , discounted to time t ∈ [0,Ti]. We note that from
the definition of the spread Si,j

t , see (10.3), we have E[Π(t,Tj) | Gt] = 0,
0 ⩽ t ⩽ Ti.

Definition 10.5. The Net Present Value (NPV) at time Tl of the CDS is
the conditional expected value

NPV(Tl,Tj) := E
[
Π(Tl,Tj) | GTl

]
of the difference between the values at time Tl of the remaining protection
and premium legs from time Tl until time Tj , where (Gt)t∈R+ is the filtration
(9.4) enlarged with the additional information on the default time τ .
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The Net Present Value (NPV) at time Tl of the CDS satisfies

NPV(Tl,Tj) := E
[
Π(Tl,Tj) | GTl

]
= E

[
j−1∑
k=l

1(Tk,Tk+1](τ )(1 − ξ) exp
(

−
w Tk+1

t
rsds

) ∣∣∣∣ GTl

]
(10.12)

−E

[
j−1∑
k=l

Si,j
t δk1{τ>Tk+1} exp

(
−
w Tk+1

t
rsds

) ∣∣∣∣ GTl

]

= (1 − ξ)

j−1∑
k=l

E

[
1(Tk,Tk+1](τ ) exp

(
−
w Tk+1

t
rsds

) ∣∣∣∣ Gt

]
− Si,j

t

j−1∑
k=l

δkP (t,Tk+1)

=

j−1∑
k=l

(
(1 − ξ)E

[
1(Tk,Tk+1](τ ) exp

(
−
w Tk+1

t
rsds

) ∣∣∣∣ Gt

]
− Si,j

t δkP (t,Tk+1)

)
which is the difference between the values at time Tl of the remaining pro-
tection and premium legs from time Tl until time Tj .

In addition to the credit default time τ we introduce a second (Gt)t⩾0-
stopping time ν ∈ [Tl,Tj ] representing the possible default time of the party
providing the protection leg. The Net Present Value NPV(ν,Tj) is estimated
when default occurs at time ν.

i) If NPV(ν,Tj) > 0 then a payment is due from the party providing the
protection leg, and only a fraction ηNPV(ν,Tj) of this payment may be
recovered, where η ∈ [0, 1] is the recovery rate of the party providing
protection in the CDS.

ii) On the other hand, if NPV(ν,Tj) < 0 then the original fee −NPV(ν,Tj)
is still due.

As a consequence, in the event of default at time ν ∈ [Tl,Tj ], the net present
value of the CDS at time ν is

ηNPV(ν,Tj)1{NPV(ν,Tj )>0} + NPV(ν,Tj)1{NPV(ν,Tj )<0}

= η
(
NPV(ν,Tj)

)+ −
(
NPV(ν,Tj)

)−
= η

(
NPV(ν,Tj)

)+ −
(

− NPV(ν,Tj)
)+

= η
(
NPV(ν,Tj)

)+
+
(
NPV(ν,Tj) −

(
NPV(ν,Tj)

)+)
= NPV(ν,Tj) − (1 − η)

(
NPV(ν,Tj)

)+, (10.13)

where x− := Max(0, −x), x ∈ R.

" 267

This version: April 28, 2026
https://personal.ntu.edu.sg/nprivault/indext.html

https://personal.ntu.edu.sg/nprivault/indext.html


N. Privault

Credit Valuation Adjustment (CVA)

Under the event of counterparty default at a time ν ∈ [Tl,Tj ], we estimate
the corresponding discounted payment estimated at time Tl as

ΠD(Tl,Tj) = 1{Tj<ν}Π(Tl,Tj)

+ 1{Tl<ν⩽Tj}

(
Π(Tl, ν) + exp

(
−
w ν

Tl

rsds

)(
η
(
NPV(ν,Tj)

)+ −
(

− NPV(ν,Tj)
)+))

= Π(Tl, ν) + exp
(

−
w ν

Tl

rsds

)(
η
(
NPV(ν,Tj)

)+ −
(

− NPV(ν,Tj)
)+)

= Π(Tl, ν) + exp
(

−
w ν

Tl

rsds

)(
NPV(ν,Tj) − (1 − η)

(
NPV(ν,Tj)

)+) ,

see Brigo and Masetti (2006), Brigo and Chourdakis (2009). As a conse-
quence, we derive the following result.

Proposition 10.6. The price at time Tl of the payoff ΠD(Tl,Tj) under
counterparty risk is given by

E
[
ΠD(Tl,Tj) | GTl

]
= NPV(Tl,Tj)

−(1 − η)E

[
1{Tl<ν⩽Tj} exp

(
−
w ν

Tl

rsds

)(
NPV(ν,Tj)

)+ ∣∣∣ GTl

]
.

Proof. From (10.11) and Definition 10.5, we note the relation

NPV(Tl,Tj) = E
[
Π(Tl,Tj) | GTl

]
= E

[
Π(Tl, ν) + exp

(
−
w ν

Tl

rsds

)
Π(ν,Tj)

∣∣∣GTl

]
= E

[
Π(Tl, ν) + exp

(
−
w ν

Tl

rsds

)
NPV(ν,Tj)

∣∣∣GTl

]
.

Hence, we have

E
[
ΠD(Tl,Tj) | GTl

]
= E

[
Π(Tl,Tj) | GTl

]
= E

[
Π(Tl, ν) + exp

(
−
w ν

Tl

rsds

)(
NPV(ν,Tj) − (1 − η)

(
NPV(ν,Tj)

)+) ∣∣∣GTl

]
= E

[
Π(Tl,Tj) − (1 − η) exp

(
−
w ν

Tl

rsds

)(
NPV(ν,Tj)

)+ ∣∣∣GTl

]
= NPV(Tl,Tj) − E

[
(1 − η) exp

(
−
w ν

Tl

rsds

)(
NPV(ν,Tj)

)+ ∣∣∣GTl

]
.

□
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The quantity

(1 − η)E

[
1{Tl<ν⩽Tj} exp

(
−
w ν

Tl

rsds

)(
NPV(ν,Tj)

)+ ∣∣∣ GTl

]
is called the (positive) Counterparty Risk (CR) Credit Valuation Adjustment
(CVA).

Exercises

Exercise 10.1 Show that the equation (10.5) admits a numerical solution
λ0 > 0.

Exercise 10.2 Credit default swaps. From the market data of Figures 10.6
and 10.7 on McDonald’s Corp, estimate the first default rate λ1 and the
associated default probability in the framework of (10.5), cf. also Castellacci
(2008).

Estimating Default Probabilities with Credit Default Swaps 

In order to compute the implied default for the shortest maturity, the 6-month CDS spread for McDonald’s 
Corp is extracted from Bloomberg as shown in the first screenshot below. The current market convention is for 
the premium to be fixed at 100bps with an upfront cash payment to settle the difference in value between the 
premium leg and the protection leg. However, the Bloomberg CDS valuation page computes the equivalent 
premium for the 6m CDS to be valued at zero at trade. The premium is computed to be 10.79bps. 

In order to calculate the default rate, the discount rates are needed for each premium payment date. 
Fortunately, Bloomberg provides the discount rates as well as show in the second screenshot. The following 
assumptions are also made to simplify the calculation: 

1) Fixed recovery rate of 40%  
2) Constant default rate for the tenor of the CDS 

Using equation 4.3 from the Correlated Default notes, the default rate is solved with a solver (see attached 
Excel file). The value λ1 is found to be 0.001798747. This gave an implied default probability of 0.001246026 
which is very close to that determined by the Bloomberg valuation model at 0.0013 as shown in the first 
screen shot. 

 

Fig. 10.6: Cashflow data.
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Fig. 10.7: Discount factors data.

Exercise 10.3 Consider

i) a tenor structure {t = Ti < · · · < Tj = T},
ii) a sequence

P (t,Tk) = exp
(

−
w Tk

t
r(s)ds

)
= e−(Tk−t)rk , k = i, . . . , j,

of deterministic discount factors, and
iii) a family

Q(t,Tk) = E

[
exp

(
−
w Tk

t
λsds

) ∣∣∣ Ft

]
of survival probabilities.

a) Show that the discounted value at time t of the protection leg equals

j−1∑
k=i

E

[
1(Tk,Tk+1](τ )(1 − ξ) exp

(
−
w Tk+1

t
r(s)ds

) ∣∣∣ Gt

]

= 1{τ>t}(1 − ξ)

j−1∑
k=i

P (t,Tk+1) (Q(t,Tk) −Q(t,Tk+1)) .

b) Letting δk := Tk+1 − Tk, k = i, . . . , j − 1, show that the discounted value
at time t of the premium leg, equals
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V P(t,T ) = 1{τ>t}S
i,j
t

j−1∑
k=i

δkP (t,Tk+1)Q(t,Tk+1).

c) By equating the protection and premium legs, find the value of Q(t,Ti+1)
with Q(t,Ti) = 1, and derive a recurrence relation between Q(t,Tj+1)
and Q(t,Ti), . . . ,Q(t,Tj).

Exercise 10.4 (Exercise 10.3 continued). From the spread data data on
the Coca-Cola Company in Table 10.1 and Figure 10.8, estimate the corre-
sponding survival probabilities Q(t,Ti), . . . ,Q(t,Tn) using discount factors
P (t,Ti), . . . ,P (t,Tn) of your choice.

k Maturity Tk S1,k
t (bp)

1 6M 0.5 10.97
2 1Y 1 12.25
3 2Y 2 14.32
4 3Y 3 19.91
5 4Y 4 26.48
6 5Y 5 33.29
7 7Y 7 52.91
8 10Y 10 71.91

Table 10.1: Spread market data.

Fig. 10.8: CDS Market data.
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