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CHAPTER 4

An Empirical Analysis of CDO Data

In Chapters 2 and 3 we have presented two models for the loss process of a credit
risky portfolio, where the focus was mainly on the modeling itself. This, and the
next, chapter are of a more applied nature. In the current chapter, which is based
on [LdVV08], we perform an empirical analysis on a large data set of CDO quotes.
By means of a regression analysis, we filter out the credit risk that is present in each
CDO tranche, to investigate the effects of correlation. Thereafter we consider three
different ways in which one can use a set of base correlations, obtained from market
quotes for CDO tranches, to value non-standard CDO tranches.

4.1 Introduction

Over the last decade, the growth in the credit derivatives market has been enormous.
First, the market for credit default swaps (CDS) on single names has become very
liquid. This was followed by the rapid development of the synthetic CDO market
over the last couple of years. Following this large growth in liquidity there has been
a need for models which can be calibrated to market quotes. Amongst practition-
ers, the one-factor Gaussian factor copula has become standard. In order to allow
for calibration an ad-hoc method has become popular, known as the base correlation
approach, presented in [MBAW04]. This method can not be regarded as a model ex-
plaining the observed market quotes, but rather as a fix of the standard one-factor
Gaussian copula model, much like implied volatilities in the equity derivatives mar-
kets. When considering non-standard tranches, i.e. tranches with non-standard at-
tachment and detachment levels, tranches with non-standard maturities or tranches
on non-standard indices, some mapping choices have to be made. There are multiple
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78 Chapter 4 · An Empirical Analysis of CDO Data

ways to map the observed base correlation skew to different maturities or different
baskets and three of them are considered in this paper.

In this chapter we perform an empirical analysis of market prices for CDO tranches,
using a data set ranging from December 2004 up to November 2006. The data set
consists of three different sets of quotes. Quotes of standard interest rate products
are available and these are used to determine risk free discount factors. For each
reference entity entire CDS term structures are available, which are used to determine
marginal distributions of the default times. Finally quotes for synthetic CDO tranches
are available and these are used to determine the market implied default dependency
structure. Using only the data for synthetic CDO tranche quotes we first investigate
whether correlation effects can be discovered from these quotes directly. Therefore
the influence of the credit risk of the underlying index is filtered out by means of
regression analysis. The resulting residuals should then capture correlation effects.

The second part of the analysis uses the base correlation method to imply the default
dependency structure from the market. First the base correlation method is used to
investigate the behavior of market implied credit correlation over time. Secondly,
three different mapping methods are considered and their performance is investi-
gated by means of out-of-sample tests. An out-of-sample test is considered where
tranche quotes with five year maturity on a certain index are mapped to tranches
with either seven or ten year maturities on the same index. In addition out-of-sample
tests are performed where mapping is done using quotes for five year tranches on
one index and mapping the resulting base correlations to five, seven and ten year
tranches on the other index.

The outline of this chapter is as follows. In the next section the synthetic CDO mar-
ket is discussed. The mechanics of the products are discussed and the quoting con-
vention is explained. In addition it is shown that pricing of these products can be
reduced to determining the expected loss on equity tranches. The third section fo-
cuses on modeling the default dependency by means of copulas and the one-factor
Gaussian copula in particular. In addition the base correlation method is described,
which has become the industry standard approach for visualizing default correlation
implied in the market. Section 4.4 describes the data which has been used in the em-
pirical analysis and some summary statistics are presented. In addition the increase
in liquidity in the synthetic CDO market is briefly touched upon. Section 4.5 presents
the results of the empirical analysis. First, the synthetic CDO tranche quotes are con-
sidered directly without using any default correlation model. The second part of this
section applies the base correlation method to the available data. First the behavior
of the different base correlations with a five year maturity is considered. Second the
base correlation method is used in combination with different mapping methods in
order to investigate the performance of three different mapping methods by means
of out-of-sample tests. Finally, Section 4.6 concludes this chapter.
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4.2 Synthetic CDO Tranches

In a Collateralized Debt Obligation, CDO, a pool of assets functions as collateral
against which notes are issued. These notes represent tranches of the structure and
strictly regulate the seniority of the notes. In Figure 4.1, the structure of a CDO con-
tract is graphically represented.

Collateral Tranches

Equity

Jun. Mezzanine

Sen. Mezzanine

Super Senior

�

�

Figure 4.1: CDO structure with the pool of collateral assets on the left-hand-side and four different tranches
on the right hand side The risky equity tranche is shown at the bottom of the CDO structure and is followed
by a junior mezzanine tranche, a senior mezzanine tranche and a super senior tranche.

Here on the left hand side one can see the pool of collateral, while on the right hand
side the CDO structure is represented where four different tranches are issued, the
equity, the junior mezzanine, the senior mezzanine and the super senior tranche. In
case of a default event in the pool of collateral the first losses are absorbed by the
equity tranche investor. Once the cumulative losses increase beyond the size of the
equity tranche, the junior mezzanine tranche is affected and so forth. Clearly the
equity tranche investor is much more exposed to losses in the pool of collateral and
therefore this investor is compensated by receiving a larger coupon. Rating agen-
cies can be involved to assign credit ratings to the different tranches. Usually the
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equity tranche is not rated, due to the large risk involved. As the name suggests
these tranches are similar to investing in equity, while the more senior notes can be
compared to investing in bonds.

Traditionally these CDO tranches are backed by a pool of cash assets, such as bonds,
student loans or credit card receivables. Due to issues such as different maturities
and prepayment of assets such structures usually require a manager to manage the
cash flows and invest in new assets. It was realized that one could also create the pool
of collateral synthetically by means of credit default swaps. The clear advantage here
is that one can select CDSs with equal maturity leading to easy to predict cash flows
which are only affected by a default event of one of the underlying reference entities.

More information about different types of CDOs can be found in [Tav03].

4.2.1 Standard Tranches and Quoting Conventions

In recent years the market for synthetic CDO tranches has become increasingly liq-
uid. Two reference indices have been defined, known as CDX NA IG and iTraxx
Europe, which contain 125 North American reference entities and 125 European ref-
erence entities, respectively. All these names are high grade issuers and on 20 March
and 20 September of each year the indices are rolled, leading to new series. At a roll
date some names for which credit worthiness has deteriorated are possibly replaced
by names with better credit quality. In addition to a possible change of index compo-
sition, at a roll date the maturity of quoted synthetic CDO tranches also changes with
six months. Standard maturities are at 20 June and 20 December of each year. For
instance, after an index roll at 20 March, the new on the run tranches reference the
new index and have maturities at 20 June. Thus initially the five year quoted CDO
tranches have a tenor of five years and three months. Just before the next roll date the
tenor has reduced to four years and nine months.

Five tranches on the iTraxx index are quoted in the market with attachment and de-
tachment levels: 0-3%, 3-6%, 6-9%, 9-12% and 12-22%. For the tranches on the CDX
index detachment levels are slightly different at: 0-3%, 3-7%, 7-10%, 10-15% and 15-
30%. All tranches have quarterly payments and the Actual/360 daycount convention
is used to determine premium payments. For the equity tranche the quote is given
as an percentage of the notional to be paid upfront by the protection buyer, in addi-
tion to premium payments of 500 basis points (bp) on an annual basis, paid quarterly.
Typically the five tranches are quoted in combination with a notional delta exchange.
This means that a protection buyer can buy protection for a certain tranche in re-
turn for the quoted premium and in addition will sell protection on the index credit
default swap with notional equal to the tranche notional times the notional delta ex-
change. The reason for this delta exchange is that both parties are likely to hedge
their credit delta risk. Trading the delta hedge with each other, in combination with
the tranche, is thus simple and avoids extra costs due to the bid/offer spread. The
quotes also consist of the index spread against which the notional delta exchange
part of the trade is executed and this is known as the reference spread. Both refer-
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ence spread and delta exchanges are agreed periodically by a dealer poll, where the
reference spread follows the index spread closely.

Table 4.1 gives an example of a set of synthetic CDO quotes on the iTraxx index with
maturity of five years.

iTraxx Tranche Bid Offer Delta

Ref.
24 BP

0 – 3 11.625 11.875 25.5
3 – 6 54.5 54.75 5
6 – 9 13.25 14.25 1.5
9 – 12 5 6 0.5

12 – 22 2 3 0.3

Table 4.1: Market quotes for the five standard synthetic CDO tranches on iTraxx, with a tenor of five years.
For each tranche the bid and offer quotes are shown as well as the notional delta exchange. In addition a
reference spread is shown. Quotes are from the 1st of November 2006 and thus maturity for the quoted
tranches is December 20th, 2011.

Thus for instance an investor can sell credit protection on the 3-6% tranche for 1 mil-
lion notional, receiving 54.5 bp. Simultaneously the investor buys protection on the
index credit default swap for 5 million notional against a spread of 24 bp.

The synthetic CDO market on these indices started with quoting for a five year tenor
only. In recent years the range of maturities has expanded to include seven and ten
year maturities as well. However the mayor part of the analysis presented in this
chapter focuses on tranches with a five year maturity as these are most liquid.

4.2.2 Pricing of Synthetic CDO Tranches

In order to price a synthetic CDO tranche the focus will be on the distribution of the
cumulative loss of a certain basket, consisting of a number of CDSs, at future points
in time. Let LB(t) denote the percentage loss on basket B at time t. The percentage
loss on an equity tranche, i.e. a tranche with zero attachment, and detachment level
d is given by:

LB
d (t) =

1

d
min

(
LB(t), d

)
.

Next, a general tranche is considered, having both a non-zero attachment as well as a
detachment level. The percentage loss of a tranche with attachment a and detachment
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d is given by:

LB
a,d(t) =

min
(
max

(
LB(t)− a, 0

)
, d− a

)
d− a

=
min

(
LB(t), d

)−min
(
LB(t), a

)
d− a

=
d · LB

d (t)− a · LB
a (t)

d− a
.

Thus the loss on any tranche can always be written in terms of the loss on equity
tranches. the modeling of the tranche loss will focus on the modeling of the cumula-
tive loss of the basket, LB. Once a certain model is chosen, the focus is on the calcu-
lation of the expected loss on a certain equity tranche at future times, i.e. E

[
LB
d (t)

]
.

This expected loss is calculated under the risk neutral measure as the model for the
cumulative loss will be consistent with the market observed values for CDSs. The ex-
pected loss needs to be evaluated for different times in the future due to discounting
and due to premium payments which are made over outstanding tranche notional,
which is expected to decrease over time.

First, the value of the protection leg of an equity tranche is considered using a discrete
approximation over time. Let t0, t1, . . . , TM = T denote a partition of the time inter-
val, where t0 denotes the valuation date and tM the maturity. The value, DLB,T

d , of
the protection leg of an equity tranche with detachment d on basket B with maturity
T can be approximated using the following expression:

DLB,T
d ≈ E

[
M∑
i=1

D (t�i )
(
LB
d (ti)− LB

d (ti−1)
)]

=
M∑
i=1

D (t�i )
(
E
[
LB
d (ti)

]− E
[
LB
d (ti−1)

])
. (4.1)

Here D(t) denotes the value at the valuation date of a risk free payment of one unit
made at time t. In the expression, we assume that all protection payments during the
period ti−1 up to ti are made at the middle of the period. t�i . Similarly one can derive
the value, PLB,T

d , of the premium leg. Here we consider the case where premium
payments are made over the outstanding notional of the tranche, which is the most
commonly traded variation of synthetic CDO tranche swaps. The premium payment
dates, Ti, i = 1, . . . , N , can be used for discretization. Furthermore we let T0 denote
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the valuation date. The value of the protection leg is then given by

PLB,T
d ≈ E

[
N∑
i=1

δiD (Ti)
1
2

(
1− LB

d (Ti) + 1− LB
d (Ti−1)

)]

=

N∑
i=1

δiD (Ti)
(
1− 1

2

(
E
[
LB
d (Ti)

]
+ E

[
LB
d (Ti−1)

]))
. (4.2)

Here the term δi denotes the day count fraction which applies to the premium pay-
ment to be made at time ti. There are some important differences when comparing
Equations (4.1) and (4.2). First, the discretization for the protection leg is general,
while for the premium leg the payment dates have been used. Second, discounting
for the protection leg is done in the middle of a period, while for the premium leg the
end of the period is used, which corresponds to the payment date.

Due to the simple linear relationships it is straightforward to derive the following
relationships for general tranches:

DLB,T
a,d =

d · DLB,T
d − a · DLB,T

a

d− a

PLB,T
a,d =

d · PLB,T
d − a · PLB,T

a

d− a
. (4.3)

As the value of the protection leg is defined for one unit of tranche notional, one has
to weigh using the attachment and detachment levels of the contract. This relation
shows that one can write both protection and premium leg values of any tranche in
terms of two equity tranches. This relationship is the main observation used in the
base correlation model discussed in Section 4.3.2. Given the values of the protection
leg and premium leg, and the spread s, one could easily determine the value, V B,T

a,d ,
of a CDO with contracted premium sc, or one could determine the fair premium sf

of that tranche:

V B,T
a,d = DLB,T

a,d − sc · PLB,T
a,d

sf =
DLB,T

a,d

PLB,T
a,d

. (4.4)

Here the value is given from the point of view of the protection buyer. In case an
upfront premium payment is specified, one could easily determine the value by sub-
tracting this upfront payment. Note that this is only relevant at initiation of a contract.

4.3 Modeling Default Dependency

Default dependency is usually modeled using copula methods, see [Nel99] for more
details on copulas. The main advantage of copulas is that it allows one to split mod-
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eling of marginal distributions from the modeling of the dependency structure. The
one-factor Gaussian copula is a special case of the more general Gaussian copula,
presented in [Li00], where some additional structure is enforced which simplifies the
model.

4.3.1 One-Factor Gaussian Copula

The market standard model has become the one-factor Gaussian copula. Default
events are modeled by means of latent variables and default dependency is modeled
by correlating the latent variables in some specific way. For the one-factor Gaussian
copula model, the latent variables are modeled as follows:

Xi ≡ ρi · Y +
√
1− ρ2i · ξi (4.5)

τi ≤ t⇔ Xi ≤ χi(t).

Here τi denotes the default time for reference entity i. Xi denotes the latent variable
for name i and a default event has occurred before time t, when the latent variable is
smaller than some time dependent threshold function χi(t). The latent variables of
the different names are correlated through the common factor, Y , which is assumed to
have a standard normal distribution. The second term depends on the idiosyncratic
random variable ξi, which also has a standard normal distribution. All the random
normals, i.e. Y and ξi are independent. The latent variables Xi have a standard nor-
mal distribution as well. In order to make sure that the distribution of default times
are calibrated to the market, one must use the distribution of these latent variables to
determine the thresholds χi(t):

χi(t) = Φ−1 (pi(t)) . (4.6)

Here pi(t) is the marginal default probability for name i for the period up to time t
and these are obtained by bootstrapping to CDS quotes from the market. Φ denotes
the cumulative distribution function for the standard normal distribution.

One can observe that the latent variables Xi and Xj , for i �= j, as defined in Equation
(4.5) have correlation ρi · ρj . In practice, due to the large number of names to model,
the parameters ρi are often chosen to be constant over all names, i.e. ρi = ρ for all i. In
this case the default dependency structure is driven by a single correlation parameter.

As discussed in Section 4.2.2 the valuation of synthetic CDO tranches comes down to
modeling E

[
LB
u (t)

]
. Under the class of one-factor copula models this can be done rel-

atively fast using the observation that, conditional on the realization of the common
factor, all remaining sources of risk are independent. The obvious equality

E
[
LB
u (t)

]
=

∞∫
−∞

E
[
LB
u (t) |Y = y

]
ϕ(y)dy, (4.7)
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where ϕ denotes the probability density function for the standard normal distribu-
tion, tells us that we can focus on the modeling of the conditional loss process, given
by E

[
LB
u (t) |Y = y

]
, where we condition on the realization of the common factor Y .

One can use a simplified version of the methods described in [ASB03], [HW04] and
[LG03] and we will illustrate this method using an example where the probability
of exactly n defaults at some future time t will be determined. The approach can be
seen as a recombining binomial tree which has N steps, each step corresponding to
one name in the basket. At horizonal step i the probability of an up-move will be
the default probability of name i conditional on the realization of the common factor
Y = y: pi (t|y). Thus the conditional probability of a down move will be 1 − pi (t|y).
Every up-move corresponds to a default event, while a down-move corresponds to
survival. Working from the root of the tree to the end values, one obtains the prob-
ability of exactly n defaults, for n = 0, . . . , N . To illustrate this, let δi,j denote the
path probability at step i and height j. We assume that i runs from 0, . . . , N , and
j = 0, . . . , i. Thus we start the algorithm by setting δ0,0 = 1, after which the algo-
rithm continues as follows:

δi,j =

⎧⎨⎩ (1− pi) · δi−1,j if j = 0
pi · δi−1,j−1 + (1− pi) · δi−1,j if 0 < j < i

pi · δi−1,j−1 if j = i
(4.8)

It is important to note that this algorithm can only be applied with independent de-
fault probabilities. For brevity we have used pi = pi (t|y). If one is done working
through the tree, the values δN,j = δN,j (t|y) give the conditional probability of ex-
actly j defaults in the basket of names at time t. Integrating these terms out over the
distribution of the common factor will result in the probability of exactly j defaults,
π (j, t) for j = 0, . . . , N . Thus we get:

π (j, t) =

∞∫
−∞

δN,j (t|y)ϕ(y)dy (4.9)

To calculate this integral one has to resort to numerical integration techniques, for
instance Gauss-Legendre quadratures as described in [AS72]. During numerical in-
tegration one has to build the entire tree as shown in Equation (4.8) for each chosen
value for the common factor realization, y,

From this one can easily determine the expected loss on a certain tranche. Alterna-
tively one could determine the expected loss on a tranche conditional on the realiza-
tion of the common factor and integrate out subsequently. This will lead to the same
result as first integrating over probabilities. As can be seen from the pricing formulas
(4.1) and (4.2) this procedure has to be repeated to determine the expected loss on a
tranche for different future times.
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4.3.2 Base Correlation

In recent years the market for Tranche CDSs has become very liquid leading to a
need for a marking-to-market approach. Similar to implied volatilities, the notion
of implied correlation can be introduced for these products using the standard one-
factor Gaussian copula. Assuming that each pair of reference entities has a constant
correlation parameter, one can derive a correlation such that the model price exactly
matches the price observed in the market. This results in a tranche specific correlation
parameter known as the implied, or compound correlation. One drawback of such
an approach is that one is left with correlations which are a function of both attach-
ment as well as detachment level. The base correlation method, due to [MBAW04],
overcomes this issue by switching to equity tranches, or base tranches. In Section
4.2.2 it was shown that the expected loss of a certain tranche can always be written
as the difference of expected losses for two equity tranches, see Equation (4.3). The
idea of the base correlation method is that all tranches are reduced to base tranches
and correlation depends on the detachment level of the tranche. One can iteratively
solve for the correlations belonging to each detachment level for which a quote is
available. The base correlation method has become the industry standard for valuing
CDO tranches, see [Rey04] or [FR04] for instance.

Let Ql,u denote the quote of a tranche with attachment percentage a and detachment
percentage d. Further, let Ua,d denote the upfront value in percentages of tranche
notional. A set of base correlations is calculated per basket and per maturity for
which quotes are available. In the derivations below the basket and maturity are
fixed and for brevity their dependency is not shown in the protection and premium
values. We want to determine ρd recursively such that the model implied fair spread
equals the spread quotes in the market. These correlations have to satisfy the equality

Qd,a =
d · DLd(ρd)− a · DLa(ρa)− (d− a) · Ua,d

d · PLd(ρd)− a · PLa(ρa)
(4.10)

For the quoted equity tranche the attachment percentage is 0 and thus both DLa and
PLa are zero. One can use a numerical root-finding routine, see for instance [PTVF02],
to obtain the value of ρd such that the quote is exactly matched by the model. Once
this has been determined, one can move to the next tranche and its attachment level,
a, equals the detachment level of the previous tranche under consideration. Thus
ρa is already known, as this is ρd solved in the previous step. This can be used to
determine the next base correlation:

Qa,d (d · PLd(ρd)− a · PLa(ρa)) = d · DLd(ρd)− a · DLa(ρa)− (d− a) · Ua,d

Qa,d =
d · DLd(ρd)− (d− a) · Ũa,d

PLd(ρd)
(4.11)
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In the last line the terms already known, i.e. those depending on the attachment level
l have been grouped in the adjusted upfront value:

Ũa,d ≡ Ua,d +
a · DLa(ρa)− a · PLa(ρa) ·Qa,d

d− a
. (4.12)

From Equation (4.11) one can see that the problem of finding ρd is reduced to finding
the implied correlation of an equity tranche with detachment level d. Moreover as the
value of an equity tranche is monotonically decreasing in default correlation, this re-
lationship shows that the base correlation is unique, something which is not necessar-
ily the case for implied correlations for general tranches. Moreover the monotonicity
makes numerical root-finding a straightforward exercise.

Note that this algorithm can be applied only when quotes are available for successive
tranches, where the detachment level of one tranche equals the attachment of another.
Furthermore a quote for the equity tranche is required as well.

Figure 4.2 shows both compound correlations as well as base correlations using mar-
ket data of the 1st of November 2006, for tranches on the CDX index with maturity of
five years. Both curves are plotted as a function of the detachment level.

Figure 4.2: Compound and Base correlations plotted against the detachment level of the tranches. Quotes
on standard tranches on the DJ CDX basket are used from the 1st of November 2006.

The compound correlation for the equity tranche is around 14%, after which it de-
creases to a level close to 6.5% for the junior mezzanine tranche. For more senior
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tranches it increases again from roughly 14% to 18% to reach a level of 31% for the
most tranche. Further, one can observe a close to linear relationship between base
correlations and detachment level. By construction the base correlation for the equity
tranche equals the compound correlation. The base correlations increase to roughly
66% for the most senior tranche. The fact that the lines are not horizontal clearly
illustrates the model’s inability to fit the market with a single correlation parameter.

In order to apply the base correlation method to non standard tranches, for example
tranches with non standard attachment and detachment levels, tranches with differ-
ent maturities, or tranches on bespoke baskets, having a different set of underlyings
as the standard baskets iTraxx and CDX, one has to choose the correlation that ap-
plies. Therefore the correlations obtained from quoted tranches on the standard bas-
kets are ’mapped’ such that they can be used to value non standard tranches. Ideally
such an approach would take the credit risk in the underlying basket over the rel-
evant period into account. For example a 0-3% tranche on a basket which has fair
spread of 30 bp is very different from a 0-3% tranche on a basket having a fair spread
at 100 bp. The following three different mapping methods have been described in
literature:

• Direct detachment-detachment mapping, dd.

• Detachment as a percentage of expected basket loss, dp.

• Expected loss percentage mapping, lp.

The first method states that the base correlation for any basket just depends on the
detachment level only. It does not take into consideration differences in credit risk of
different portfolios. The second method is described in [MBAW04] where it is pro-
posed to divide the detachment level by the expected loss on the entire basket over
the same time-span, resulting in a scaled detachment level. From this we define a
functional form between scaled detachment and base correlation. In order to deter-
mine the correlation for a tranche with different maturity or on a different basket one
first divides the detachment level by the expected loss of the underlying basket up
to the relevant maturity and then determine the number using the functional form
defined earlier. The third and final mapping method is the most advanced and is
described in [RUK04]. For each combination of detachment level and corresponding
base correlation one first determines the expected loss on the tranche, expressed as
a percentage of expected loss on the total basket, in general leading to five combi-
nations of expected loss percentage and base correlation, as typically quotes can be
observed for five tranches. When mapping to a different maturity or different basket
one first implies detachment levels on this basket such that the same combinations of
expected loss percentage and base correlations are found. This requires a numerical
root-finding technique. Finally the resulting detachment levels and corresponding
base correlations can be used in combination with interpolation and extrapolation
rules to determine the correlation to use for a certain tranche.
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4.3.3 Other Default Dependency Models

The base correlation approach can not be seen as a proper model of defaults, but
merely as a method to visualize market quotes in terms of correlations. It does
not allow one to determine prices on bespoke baskets, without the use of mapping
methods. Difficulties will increase even further when prices for more complex credit
derivatives are required, such as a CDO of CDOs, or CDO2. For these reasons many
alternative models have been proposed in the literature, usually extending the one-
factor Gaussian copula in one way or the other. For instance, [HW04] propose to
model both the common factor and the idiosyncratic risk terms using a Student t
distribution. Other extensions allow for randomness of the correlation parameter.
A mixture copula for instance assumes that the correlation parameter can take on a
limited number of values each with some probability. Another random correlation
model proposed by [AS04] allows the correlation to be dependent on the common
factor. In this case one can model behavior where a ’bad’ state of the economy, re-
flected through the realization of the common factor, goes accompanied by large de-
fault correlation. In Chapter 5 we shall see that these and other one-factor copula
models do a reasonable job in fitting to market quotes. A comparative analysis of a
number of different one-factor copula models is given in [BGL05]. However, the base
correlation method is still the industry standard approach for pricing tranches and to
communicate about default correlation.

4.4 Data

In order to apply the base correlation method a large amount of input is required.
For this study market data has been used which has been made available to us by
ABN Amro. For the analysis we have used data from December 2004 up to Novem-
ber 2006. From the modeling description given in Section 4.3 it is clear that market
data is needed for three parts of the model: risk free discounting, marginal default
distributions and the default dependency. Each of these aspects is related to specific
types of market instruments which are discussed below.

4.4.1 Default Free Discounting

In order to approximate risk free discounting, we have used quotes for money market
accounts and plain vanilla interest rate swaps. From these quotes a risk free discount-
ing curve is constructed using standard methods, see for instance [Hul05]. For each
day of the data set a risk free discounting curve is constructed for both the US dollar
as well as for the Euro.

4.4.2 CDS Term Structures

As our data set ranges from December 2004 up to November 2006, different series for
both indices are involved due to the roll of the indices as discussed in Section 4.2.1.
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For the iTraxx Europe index this means that series 2 up to series 6 are included. For
CDX the data also involves five different compositions, namely series 3 up to series
7. On the Markit website: www.market.com, the composition of th iTraxx and CDX
baskets can be found. It is worth noting that when rolling from series 4 to series 5
at September 20th 2005, Ford and General Motors, were removed from the basket,
amongst other reference entities. Due to the rolls the total number of different ref-
erence entities in the data set is thus larger than 250. For each of these reference
entities a CDS term structure is available at each date in the period. A piecewise con-
stant default intensity curve is used, which allows the model to be calibrated to the
CDS quotes using a bootstrap method, see [Sch03a] or [BM06] for instance. Recov-
ery rates are assumed to be 40% for all names. As discussed in [HV90] the choice of
the recovery rate does not have a large influence on pricing, as long as one calibrates
to observed CDS quotes. From the resulting marginal default distributions for all
names, one can easily determine the fair spread for an index credit default swap on
each of the two indices. This determines the total amount of default risk present in
each of the baskets and is therefore a large determinant of the values of the different
tranches as well. Figure 4.3 shows the evolution of the fair spread for an index CDS
on iTraxx and CDX with five year maturity.

Figure 4.3: Fair spread for a five year index credit default swap on iTraxx and CDX from December 2004
up to November 2006.

From the figure one can observe the decrease of the fair spread for a five year CDS on
the CDX index around the roll date of September 20th, 2005, which is partly due to
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the removal of Ford and General Motors. Further one can observe that both indices
show a similar behavior over time.

4.4.3 Synthetic CDO quotes

Once the marginal default distributions are calibrated to CDS quotes the remaining
part is to include default dependency. Quotes for synthetic CDO tranches are avail-
able which, in combination with the base correlation method, determine the depen-
dency structure. Quotes for tranches with a five year maturity are available from
December 2004 up to November 2006, while quotes for tranches with seven and ten
year maturity are available only over the period from July 2005 up to November 2006.

Table 4.2 presents a summary of statistics of both the quotes on iTraxx as well as
those on CDX, all with a maturity of five years. In addition summary statistics are
presented for the two reference spreads. For each series of tranche quotes or reference
spread the table presents the average, the standard deviation, the maximum and min-
imum values. The last row presents the correlation of the quote under consideration
with the reference spread.

iTraxx 0 – 3 3 – 6 6 – 9 9 – 12 12 – 22 Ref.
Avg. 24.7 86.3 26.4 13.5 7.4 35.15
Std. Dev. 6.3 31.6 10.6 6.6 4.9 5.9
Max. 49.6 191.0 63.0 35.0 25.0 57.0
Min. 10.4 43.8 13.0 5.0 2.1 23.0
Corr. Ref. 95% 82% 84% 88% 89% 100%

CDX 0 – 3 3 – 7 7 – 10 10 – 15 15 – 30 Ref.
Avg. 37.0 126.1 31.6 15.4 7.9 47.6
Std. Dev. 9.1 50.6 14.8 7.7 4.4 10.0
Max. 62.0 260.0 74.5 34.0 20.0 76.0
Min. 22.9 65.0 12.0 6.5 3.1 34.0
Corr. Ref. 98% 86% 75% 91% 94% 100%

Table 4.2: Summary statistics for quotes with a five year maturity on both the European iTraxx index as
well as the North-American CDX index. For each tranche the average (Avg.), the standard deviation (Std.
Dev.), the maximum (Max.), the minimum (Min.) and the correlation with the reference quote (Corr. Ref.)
are shown.

One can observe that quotes have moved a lot over the past two years, as can be
derived from the standard deviations as well as the large differences between min-
imum and maximum quotes of the different tranches. Further one can observe that
for each of the ten different time series of tranche quotes there exists a large degree
of correlation with the reference spread. Especially the equity tranches and the most
senior tranches seem to be largely correlated with the value of the reference spread.
This relationship is investigated in more detail in Section 4.5.1.
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4.4.4 Liquidity

As discussed the synthetic CDO market has grown rapidly over the last few years.
In order to investigate whether there is evidence of this growth in the available data
set, the bid/offer spread of the quotes can be considered, which are available for each
tranche over the entire period. A smaller bid/offer spread would indicate a larger
degree of liquidity for the synthetic CDO tranches. In Table 4.3 the average bid offer
spread of the first ten days is compared to the average bid/offer spread of the last ten
days for each synthetic CDO tranche with a five year maturity.

iTraxx Dec. 2004 Nov. 2006 CDX Dec. 2004 Nov. 2006
0 – 3 0.67 0.24 0 – 3 1.33 0.24
3 – 6 3.30 0.60 3 – 7 4.35 1.70
6 – 9 3.30 0.95 7 – 10 5.40 1.40
9 – 12 3.75 0.95 10 – 15 5.75 1.23

12 – 22 2.00 0.76 15 – 30 2.58 0.95

Table 4.3: Bid/offer spread of the different tranches on the two indices. A ten day average at the beginning
of the data set is compared to a ten day average at the end of the data set.

From the table one can observe that bid/offer spreads have decreased dramatically,
roughly with a factor three. Although the spread of both underlying indices has
decreased slightly as well this large decrease in bid/offer spread clearly indicates a
large increase in synthetic CDO tranche liquidity over the last two years. A similar
effect can be observed for the tranches on iTraxx and CDX with either seven year or
ten year maturity. Relative decrease in bid/offer spreads were similar although one
has to note that the period for which seven and ten year data is available only ranges
from July 2005 up to November 2006.

4.5 Empirical Analysis

In the previous section we have discussed the market data that we shall use in this
section to carry an empirical analysis. First we investigate the correlation between
moves in the different tranche quotes. Thereafter we look at the correlation between
the base correlations that we calculate for the available tranche quotes. This section
is concluded by a comparison of the different mapping methodologies that were in-
troduced in Section 4.3.2.

4.5.1 Correlation Moves in Quotes

In Section 4.4 it was observed that there exists a large correlation between quotes of
tranches and the reference spread of the quote. Here we investigate this relationship
in more detail using iTraxx and CDX tranche quotes with a five year maturity. Clearly,
in a CDO structure, such as shown in Figure 4.1 any change in the risk of the pool
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of collateral assets must be translated to the different tranches of the CDO structure.
When taking a closer look at modeling one finds that, apart from interest rates, the
fair spread is a function of both the credit risk of the underlying index as well as
default correlation, as can be seen from Equation 4.4. The effect of interest rate moves
is typically small as it affects both legs in a similar manner and will therefore be
ignored here. As before let Q denote the fair spread of a synthetic CDO tranche and
S the fair spread of a credit default swap on the underlying index with the same
maturity as the synthetic CDO tranche. Further let ρ denote a parameter for default
correlation. Under these settings one has Q = Q(S, ρ) and thus

dQ =
∂Q

∂S
dS +

∂Q

∂ρ
dρ.

This equation shows that after correcting for index spread movements, changes in
default dependency remain the only driver of changes in quotes. We are interested
in levels rather than changes in the quotes and therefore it is assumed that there
exists a simple linear relationship between the tranche quote and the corresponding
basket spread. In order to investigate correlation effects, one should thus adjust for
the risk in the portfolio, which is reflected in the index spread, i.e. the spread of
an index credit default swap on the index with same maturity as the CDO tranche.
As a proxy for this index spread the reference spread is used, which is part of the
quote. This can be done by means of an Ordinary Least Squares (OLS) regression
where one regresses the observed quote on the corresponding reference spread. Let
Qki denote the mid quote for tranche k, for observation i. Assume that the iTraxx
tranches are indexed 1, . . . , 5 and CDX tranches 6, . . . , 10 in order of seniority. Further
let the corresponding reference spread be denoted byRki , which is equal for all iTraxx
quotes and is also equal for all CDX quotes. The following simple linear relationship
is considered

Qki = αk + βk ·Rki + εki . (4.13)

Here the disturbances εki are assumed to be i.i.d. normally distributed. The regres-
sion analysis has been performed for each of the available time series of quotes and
regression results are shown in Appendix 4.A. Let ak and bk denote the estimate val-
ues for αk and βk, respectively. One can observe from the regression results that for
each time series the estimated coefficient bk is highly significant and that the coef-
ficients of determination are reasonably large. Thus the reference spread explains a
large part of the variation in the observed market quotes of synthetic CDO tranches.
For each of the time series a second regression analysis has been performed where a
quadratic form is considered by including the squared reference spread. However,
for none of the series this improved explanatory power of the model significantly.

Using the estimated parameters as shown in Appendix 4.A, one can determine the
residuals eki as follows

eki ≡ Qki − ak − bk ·Rki , for k = 1, . . . , 10. (4.14)
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Figure 4.4: Regression of iTraxx equity quote on the reference spread. Both the original data as well as the
fit and the residuals are presented.

As an example the series of iTraxx equity quotes is considered. As can be seen from
the appendix the estimated coefficients are a1 = −11.1 and b1 = 1.02 and the coef-
ficient of determination is close to 90%. In Figure 4.4 we present the time series of
quotes along with the estimated values using the reference quote. In addition the
estimated residuals are plotted.

As can be seen from the figure the simple linear relationship provides a good fit. Fur-
ther one can observe that the estimation residuals do not seem to be independent
but clearly follow a certain pattern over time. Furthermore one can clearly observe
the increase in residuals at the beginning of May 2005. This increase means that, af-
ter correcting for moves in reference spread, the equity quote has moved upward.
An increase in the value of protection for the equity tranche goes accompanied by a
decrease in default correlation. This is exactly what was observed in the base corre-
lations during the May 2005 events.

This simple OLS analysis can be applied to all different tranches which are quoted
and one can observe clear patterns for the errors over time for each of these series. In
Table 4.4 the correlation matrix of the ten different residuals series is presented.

From Table 4.4 one can observe some interesting results. First one can observe that
for both indices the residuals for the equity tranche are negatively correlated with
those for the other tranches. Note that this makes intuitive sense as when prices
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Correlation iTraxx CDX
of Errors 0-3 3-6 6-9 9-12 12-22 0-3 3-7 7-10 10-15 15-30

0-3 100% -64% -76% -78% -75% 80% -54% -73% -75% -49%
3-6 -64% 100% 87% 74% 48% -64% 93% 83% 70% -1%
6-9 -76% 87% 100% 83% 60% -74% 82% 89% 87% 30%

9-12 -78% 74% 83% 100% 85% -80% 73% 80% 80% 44%iT
ra

x
x

12-22 -75% 48% 60% 85% 100% -78% 47% 59% 63% 62%
0-3 80% -64% -74% -80% -78% 100% -67% -76% -74% -57%
3-7 -54% 93% 82% 73% 47% -67% 100% 84% 73% 1%

7-10 -73% 83% 89% 80% 59% -76% 84% 100% 90% 28%
10-15 -75% 70% 87% 80% 63% -74% 73% 90% 100% 50%C

D
X

15-30 -49% -1% 30% 44% 62% -57% 1% 28% 50% 100%

Table 4.4: Correlation of the regression residuals for the different series of synthetic CDO quotes. These
residuals can be regarded as reference corrected quotes and are expected to capture correlation moves in
the synthetic CDO market.

for the equity tranche are high relative to the reference spread, or average portfolio
spread, it must be that the more senior tranches have lower prices relative to aver-
age spread. Another interesting observation is the larger correlation of the residu-
als for the different underlying baskets. For instance residuals for quotes on equity
tranches have a correlation of 80%, while for the junior mezzanine tranche this is
even 93%. Thus in Figure 4.3 it was shown that index CDS spreads for iTraxx and
CDX moved closely and the table above suggests that the default dependency struc-
ture also moves closely between both indices.

4.5.2 Empirical Base Correlations

As discussed in Section 4.3.2 the base correlation method has become the indus-
try standard approach which is used to visualize market implied correlations. This
method has been applied to the data and in appendix 4.B the five base correlation se-
ries for iTraxx are shown, as well as the ones for the CDX all for a five year maturity.
When considering the base correlation for the equity tranches for both iTraxx and
CDX one can clearly observe the May 2005 event, where Ford and General Motors
were downgraded. For both indices base correlations for the equity tranche dropped
from around 20% to just below 10%. For the base correlations with higher detach-
ment levels corresponding to the iTraxx one can observe similar drops. However, for
the CDX base correlations corresponding to higher detachment levels one can see an
increase.

As can be seen from the figures in Appendix 4.B the correlations move closely to-
gether. Table 4.5 presents the correlations of the different base correlations series.

These numbers confirm that base correlations for the different detachment levels
move closely together and in addition show that the base correlations correspond-
ing to the two different indices move closely together. One can not directly compare
these numbers with the correlations of the regression residuals presented in Table 4.4.
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Correlation iTraxx CDX
of B.C.s 3 6 9 12 22 3 7 10 15 30

3 100% 89% 80% 75% 65% 90% 79% 70% 57% 58%
6 89% 100% 98% 96% 89% 74% 92% 89% 81% 81%
9 80% 98% 100% 99% 94% 64% 91% 91% 86% 86%

12 75% 96% 99% 100% 96% 59% 89% 91% 87% 88%iT
ra

x
x

22 65% 89% 94% 96% 100% 46% 76% 80% 75% 80%
3 90% 74% 64% 59% 46% 100% 76% 62% 48% 49%
7 79% 92% 91% 89% 76% 76% 100% 98% 93% 90%

10 70% 89% 91% 91% 80% 62% 98% 100% 98% 95%
15 57% 81% 86% 87% 75% 48% 93% 98% 100% 96%C

D
X

30 58% 81% 86% 88% 80% 49% 90% 95% 96% 100%

Table 4.5: Correlation of the different base correlations. For both iTraxx and CDX base correlations for five
different detachment levels are determined for each date in the data set. This results in a time series for
each base correlation and the table presents correlation for these series.

The reason is that the latter are based on the tranches seen in the market, which cor-
respond to different parts of the CDO structure. When considering the base tranches,
i.e. equity tranches with different detachment levels, there is a large amount of over-
lap. One could however compare the base correlations corresponding to the equity
tranche, i.e. with detachment level of 3%, to the residuals determined in Section 4.5.1.
For iTraxx the correlation for these two time series equals -94%, while for CDX the
correlation is -83%. As discussed earlier, large residuals for OLS analysis for the eq-
uity tranches goes accompanied by low base correlation, explaining the negative sign
of the two correlations between the time series of residuals and the time series of base
correlations. These large correlations provide further evidence for the claim that the
quotes, when adjusted for portfolio credit risk, indeed give a good indication of the
default dependency implied in the market.

4.5.3 Mapping Methodologies

We now turn to the different mapping methodologies as described in Section 4.3.2.
As discussed the base correlation method is not a proper model which becomes clear
when one marks-to-market non-standard tranches, for instance tranches with non-
standard attachment and detachment levels, tranches with non-standard maturities,
or tranches on bespoke baskets. As only five base correlations are available, one
has to resort to interpolation/extrapolation techniques in combination with mapping
methods. Here we consider the three different mapping methodologies described
earlier on.

1. Direct detachment-detachment mapping, dd.

2. Detachment as a percentage of expected basket loss, dp.

3. Expected loss percentage mapping, lp.
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In the test all different mapping methods are used in combination with cubic splines
to determine a base correlation for each detachment level. Linear interpolation is
used for detachment levels smaller than 3%. Note that the choice of interpolation
technique is a complex problem as well, as one might introduce arbitrage opportuni-
ties, especially for short term CDO tranches. Here the base tranche loss as function
of detachment point might not be increasing. of However this topic is not considered
in this chapter.

For testing purposes we shall use the quotes on standard tranches with a five year
maturity for building the base correlation skew, as these are by far the most liquid
correlation instruments. After building the skew we apply one of the three different
mapping methods in order to determine the model value of tranches with different
maturities or on different underlying baskets. Comparing these model generated
values with the actual values results in an error of the model compared to the market
value.

Let S denote the set of tranches used for testing the mapping method. By definition
when considering a tranche with upfront value and premium contracted as implied
by the quotes, the correct value should be zero. Let V ji denote the model value for
tranche i under mapping method j, when the upfront percentage and contracted
premium correspond to the quoted numbers. As the market implied value of the
tranche is zero, the error made by the mapping method is thus equal to V ji . These
errors can be used to define the Root Mean Squared Error, for a mapping method
j given a set of tranches S . We refer to this as the value based Root Mean Squared
Error, or ξV :

ξV (j,S) ≡
√

1

NS

∑
i∈S

(
V ji

)2
. (4.15)

Here NS denotes the number of tranches in the testing set. Instead of using the value
of the tranche, one could alternative look at the fair upfront value or fair premium
implied by the model, to determine the errors. The market quotes the upfront or
premium, while a mapping method results in a model implied fair upfront value or
fair premium, leading again to an error. Let Qi denote the quote for tranche i and πji
the model implied upfront value of fair spread for the same tranche under mapping
method j. In addition to the value based ξ we consider a quote based Root Mean
Squared Error, ξQ:

ξQ (j,S) ≡
√

1

NS

∑
i∈S

ωi ·
(
Qi − πji

)2
. (4.16)

Here the terms ωi allows one to give a certain weight to the different tranches. One
could for instance set ωi = 1/Q2

i and consider the relative errors, a choice which is
made throughout the remainder of this section.
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When looking at the value based ξ one can expect that a large part of the result is
caused by equity and junior mezzanine tranches. When using the quote based ξ with
weights as above, the difficulty arises that quotes for the most senior tranches can be
very low, making large relative errors likely and causing the ξQ to put a large weight
on these senior tranches. Thus the ξV is likely to put more weight on the equity
and junior tranches, while the ξQ is expected to put more weight on the more senior
tranches. For this reason both of them are considered in the performance test for the
different base correlation mapping methods.

Mapping in the Time Domain

First the performance of the different mapping methods is investigated when vary-
ing the maturity of the tranches. Using quotes on five year synthetic CDO tranches
and one of the mapping methods, one can determine the model implied quote for a
standard tranche with either seven or ten years maturity. As quotes are available for
these products one can easily determine the error made due to the use of a mapping
method. From these errors one can determine the different ξs as described above,
and compare the performance of the different mapping methods among each other.
In appendix 4.C the value based ξ is presented for each of the five tranches on both
iTraxx and CDX, with either seven year or ten year maturity. In addition the ξ is ag-
gregated over both indices and both maturities for each tranche separately. Further
the ξ is aggregated over all tranches for a certain combination of index and maturity.
Finally the ξ is determined over all tranches for each mapping method.

As can be seen from the results the mapping based on the expected loss percentage,
lp, shows the best performance. With the exception of the equity tranche it shows
the best performance for all tranches. A slightly worse performance is found for the
scaled detachment method, dp, where the detachment is expressed as a fraction of
expected loss of the total basket. The simple detachment based mapping, dd, shows
the worst performance, even though for equity tranches it appears to generate the
closest fit. A reason for this might be the chosen extrapolation method for the other
two mapping methodologies, which is not an issue for the dd method.

Table 4.6 shows the ξ using all available tranches. Both the value based ξ is shown as
well as the ξ based on relative errors for fair premia.

Mapping ξV ξQ

Detachment-Detachment, dd 3.78 0.46
Detachment Percentage, dp 3.38 0.28
Expected Loss Percentage, lp 2.54 0.18

Table 4.6: Total ξ under two approaches for all three different mapping methods. ξV is based on the value
of the tranche when contracted premium equals fair premium. The ξQ is based on the quoted numbers
and relative errors are used.
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From this table one can observe that the expected loss percentage mapping, lp, shows
the best performance under both measures. However the average relative error in
terms of the quotes is still at a level of 18%.

Mapping to Bespoke Baskets

A similar test can be performed in order to test the different mapping methods when
applied to bespoke baskets. Quotes for bespoke baskets are not available, but one
could use quotes on iTraxx tranches and subsequently value CDX tranches. The
model generated quotes can then be compared to the market quotes and the per-
formance of the different mapping methods can be investigated. We have used the
five year quotes on the iTraxx index to build a base correlation skew. Using one of
the three mapping methods the standard tranches on CDX with maturities of five,
seven and ten years, are priced and results are compared with the correct values.
In Appendix 4.C one can find the value based ξ split over the different mapping
methods, the different tranches and the different maturities. Again the results show
that the expected loss percentage, lp, mapping performs best in most cases. Again
one can observe that the simple detachment mapping, dd, performs best for equity
tranches. It is interesting to see that this is only the case when mapping from CDX to
iTraxx tranches. When mapping from iTraxx to CDX tranches the dd mapping method
shows the worst performance.

Table 4.7 shows the ξ using all available tranches. Both the value based ξ is shown as
well as the ξ based on relative errors for fair premia.

Mapping ξV ξQ

Detachment-Detachment, dd 3.21 0.42
Detachment Percentage, dp 3.48 0.32
Expected Loss Percentage, lp 2.75 0.23

Table 4.7: Total ξ under two approaches for all three different mapping methods. ξV is based on the value
of the tranche when contracted premium equals fair premium. The ξQ is based on the quoted numbers
and relative errors are used. iTraxx quotes are used to map to CDX tranches and vice versa.

From this table one can observe that the expected loss percentage mapping, lp, shows
again the best performance under both measures. However the average relative error
in terms of the quotes is still at a level of 23%. Further one can observe that the simple
detachment mapping, dd, performs better than the scaled detachment level, dp, when
considering the value based ξ. For the ξ based on relative error in fair premium, the
results are the other way around. This is caused by the large relative errors for the
simple detachment mapping method for senior tranches.
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4.6 Conclusion

Over the last years the market for synthetic CDO tranches has undergone a rapid
development together with the research efforts in order to value these products con-
sistently with the observed market quotes. A widely used model for imposing default
correlation is the one-factor Gaussian copula approach and calibration is done using
the base correlation method. One of the main drawbacks is that the base correla-
tion method is not a proper model and mapping methods are required when pricing
tranches with non-standard attachment and detachment levels, non-standard matu-
rities or tranches on bespoke baskets.

In this paper we have focussed on default correlation implied by market quotes. Us-
ing a large data set with quotes for synthetic CDO tranches between December 2004
and November 2006 we have considered different aspects of market implied default
correlation. First the quotes have been used directly, using a simple linear regres-
sion to correct for the level of default risk of the reference index. The residuals show
a clear pattern over time, indicating moves in market implied default dependency.
One could clearly observe the May 2005 events in these residuals. Furthermore it
was shown that the correlation of these residuals amongst each other has been large
and of expected sign, where residuals for equity quotes where negatively correlated
with those for the other tranches. In addition it was shown that there exists a large
correlation between the time series of the residuals for equity tranches and the time
series of base correlations corresponding to the 3% detachment level.

In addition the data has been used to investigate the performance of three differ-
ent mapping methods. These methods determine the correlation for a non-standard
tranche using the base correlations implied from market quotes. Two out-of-sample
tests have been performed. First quotes for tranches with a five year maturity on a
certain index were mapped through the base correlation approach to tranches with
seven and ten year maturity on the same index. This allowed us to investigate the
performance of the different mapping methods in the maturity domain. Secondly,
quotes for five year tranches on a certain index where mapped to tranches with five,
seven and ten year maturities referencing the other index. This allowed us to inves-
tigate the performance of the mapping methods when mapping to different baskets.
It was found that the method based on the expected loss percentage outperforms the
use of the method of scaled detachment levels and simple detachment only mapping.
However in all cases the errors were still very large with relative errors in quotes
around levels of 20%.
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4.A Regression Results: Quotes Regressed on Reference

Spread

iTraxx 0 - 3
R2 0.898
Variable Coeff. Std. Err. t ratio
Constant -11.139 0.719 -15.502
Ref. Spread 1.022 0.020 50.617

CDX 0 - 3
R2 0.956
Variable Coeff. Std. Err. t ratio
Constant -5.268 0.569 -9.259
Ref. Spread 0.888 0.012 75.886

iTraxx 3 - 6
R2 0.676
Variable Coeff. Std. Err. t ratio
Constant -68.661 6.386 -10.752
Ref. Spread 4.417 0.180 24.603

CDX 3 - 7
R2 0.742
Variable Coeff. Std. Err. t ratio
Constant -81.994 7.660 -10.704
Ref. Spread 4.370 0.157 27.754

iTraxx 6 - 9
R2 0.706
Variable Coeff. Std. Err. t ratio
Constant -26.618 2.040 -13.051
Ref. Spread 1.512 0.057 26.363

CDX 7 - 10
R2 0.560
Variable Coeff. Std. Err. t ratio
Constant -21.302 2.926 -7.280
Ref. Spread 1.111 0.060 18.475

iTraxx 9 - 12
R2 0.773
Variable Coeff. Std. Err. t ratio
Constant -21.109 1.115 -18.928
Ref. Spread 0.986 0.031 31.445

CDX 10 - 15
R2 0.824
Variable Coeff. Std. Err. t ratio
Constant -18.003 0.964 -18.671
Ref. Spread 0.702 0.020 35.435

iTraxx 12 - 22
R2 0.798
Variable Coeff. Std. Err. t ratio
Constant -18.892 0.786 -24.023
Ref. Spread 0.749 0.022 33.876

CDX 15 - 30
R2 0.879
Variable Coeff. Std. Err. t ratio
Constant -11.981 0.460 -26.043
Ref. Spread 0.417 0.009 44.140

Table 4.8: Results of regression analysis, where the quote for each tranche is regressed on the reference
spread. On the left hand side results are shown for iTraxx, while on the right hand side results for CDX
are shown. For each regression the coefficient of determination, R2 is shown and for each parameter its
estimate, standard error and t ratio.
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4.B Base Correlations

Figure 4.5: iTraxx and CDX base correlations from December 2004 up to November 2006.
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4.C Performance of Mapping Methods

Tranche 1 Tranche 2 Tranche 3 Tranche 4 Tranche 5 Total

dd 2.83 1.32 1.17 0.88 0.24 1.55
7Y dp 2.94 3.72 0.62 0.28 0.08 2.14

lp 2.29 2.51 0.35 0.21 0.13 1.53
dd 2.58 10.11 3.33 2.90 1.18 5.10

10Y dp 6.20 6.16 5.31 1.32 0.31 4.61

iT
ra

x
x

lp 5.89 4.28 2.92 0.57 0.41 3.52
dd 2.79 1.36 1.15 0.93 0.26 1.54

7Y dp 2.58 2.89 0.61 0.19 0.14 1.76
lp 2.31 1.93 0.42 0.18 0.19 1.36
dd 2.04 10.68 3.00 2.81 1.23 5.23

10Y dp 3.94 5.51 6.00 0.99 0.16 4.07

C
D

X

lp 3.99 3.97 3.58 0.95 0.39 3.02
dd 2.59 7.35 2.38 2.11 0.86 3.78
dp 4.20 4.76 3.98 0.85 0.19 3.38A

ll

lp 3.94 3.32 2.29 0.56 0.30 2.54

Table 4.9: Root Mean Square Error, ξ of three different mapping methods. Map ’dd’ simply maps based on
the relevant detachment level. Map ’dp’ uses the method described in [MBAW04], where detachment is ex-
pressed as a percentage of the expected loss on the entire basket. Finally, map ’lp’ considers mapping based
on the expected loss on a tranche as a percentage of total expected loss, as described in [RUK04]. Quotes
with 5Y maturities on iTraxx and CDX are used as input and errors in value are determined for tranches
with 7Y and 10Y maturities, after mapping. The final row considers both indices and both maturities for
the tranche. The final column combines the five different tranches.
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Tranche 1 Tranche 2 Tranche 3 Tranche 4 Tranche 5 Total

dd 3.70 1.42 0.66 0.38 0.32 1.81
5Y dp 4.71 1.74 0.64 0.32 0.35 2.27

lp 3.71 0.80 0.29 0.18 0.17 1.71
dd 1.88 1.99 0.83 0.69 0.31 1.32

7Y dp 4.99 3.73 0.63 0.23 0.16 2.80
lp 4.50 3.15 0.49 0.26 0.10 2.47
dd 1.95 8.81 2.73 2.84 1.22 4.44

10Y dp 8.13 6.67 5.20 1.23 0.19 5.28

iT
ra

x
x

lp 7.95 5.08 3.49 0.74 0.42 4.51
dd 4.03 1.36 0.59 0.26 0.16 1.92

5Y dp 4.21 1.92 0.33 0.13 0.11 2.08
lp 3.83 1.08 0.26 0.10 0.19 1.79
dd 5.17 1.72 2.03 1.04 0.26 2.64

7Y dp 2.89 4.96 1.24 0.22 0.18 2.63
lp 2.56 3.08 0.41 0.18 0.25 1.81
dd 3.73 10.67 4.19 3.11 1.11 5.59

10Y dp 3.13 7.35 7.74 1.74 0.29 5.04

C
D

X

lp 3.17 5.57 4.51 0.62 0.35 3.52
dd 3.62 5.50 2.14 1.71 0.68 3.21
dp 4.96 4.68 3.64 0.84 0.23 3.48A

ll

lp 4.58 3.44 2.22 0.40 0.26 2.75

Table 4.10: Root Mean Square Error, ξ of three different mapping methods. Map ’dd’ simply maps based
on the relevant detachment level. Map ’dp’ uses the method described in [MBAW04], where detachment
is expressed as a percentage of the expected loss on the entire basket. Finally, map ’lp’ considers mapping
based on the expected loss on a tranche as a percentage of total expected loss, as described in [RUK04].
Quotes with 5Y maturities on iTraxx are used as input and errors in value are determined for tranches
on CDX with 5Y, 7Y and 10Y maturities, after mapping. This is repeated using CDX quotes as input and
pricing iTraxx tranches. The final row considers both indices and both maturities for the tranche. The final
column combines the five different tranches.


