
SYNTHETIC CDOs

Modelling, Valuation and Risk Management

Credit derivatives have enjoyed explosive growth in the last decade. One of the
most important assets in this industry is synthetic Collateralised Debt Obliga-
tions (synthetic CDOs). This book describes the state-of-the-art in quantitative and
computational modelling of these instruments.

Starting with a brief overview of the structured finance landscape, the book
introduces the basic modelling concepts necessary to model and value simple vanilla
credit derivatives. Building on this the book then describes in detail the modelling,
valuation and risk management of synthetic CDOs. A clear and detailed picture of
the behaviour of these complex instruments is built up. The final chapters introduce
more advanced topics such as portfolio management of synthetic CDOs and hedging
techniques, often not covered in other texts.
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Preface

This is a book about the modelling, valuation and risk management of synthetic
collateralised debt obligations (or synthetic CDOs or simply CDOs for short).
Synthetic CDOs are an example of a structured credit product. This is a finan-
cial product that takes targeted risk for the purpose of achieving targeted returns.
Structured credit products utilise two financial engineering technologies: credit
derivatives and asset securitisation. Synthetic CDOs have played an increasingly
important role in the expansion of the global credit derivatives market which has
grown rapidly since the turn of the century. Indeed, it is estimated that by the end of
2006 the total credit derivative notional amount outstanding was over $20 trillion
(from virtually zero only a decade earlier). Increased trading volumes naturally led
to market participants becoming more sophisticated (in terms of their risk/return
characteristics and the strategies they employ) as well as to a commensurate increase
in the complexity and subtlety of the products available. This in turn drives the evo-
lution of the mathematical and computational models used to value these products.
The objective of this book is to collate, summarise and critically assess the current
state-of-the-art in quantitative and computational modelling of synthetic CDOs. The
key word here is modelling; the book is about mathematical models and their prop-
erties. This book is not intended to provide detailed descriptions of the business
and economic rationales for trading credit derivatives; there are better resources
available that describe this and due reference will be given to these sources. It is
meant to provide a detailed quantitative description of the modelling techniques
currently employed in the marketplace for characterising synthetic CDOs.

It will be assumed that the technical level and experience of the reader is relatively
high. Basic financial concepts will not be described in detail (except insofar as when
such detail is necessary). Instead reference will be made to the appropriate resources.
The use of financial and technical jargon will hopefully be kept to a minimum,
although in a specialised, technical text such as this some jargon is inevitable. The
rationale for this approach is to ensure the volume is concise and to the point. It is

xi
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xii Preface

intended to describe just enough of the mathematical and computational modelling
to enable the reader to understand the relevant issues (along with a discussion of
the practical implementation considerations) and help the reader to form their own
opinion as to the merits, or otherwise, of the models presented. I will consider the
book to be a success if it enables readers to understand the behaviour of models and
to build better versions of them. This lean approach will hopefully make the volume
attractive to practitioners (who do not always have the time to study a subject in
detail) who wish to understand more about the properties of the credit derivative
models commonly used in the marketplace. In particular it is envisaged that the
volume will be of interest to a range of different types of practitioner.

� Quantitative analysts (quants) and quant developers wanting to understand more about
credit modelling and credit derivatives. The book is written with a strong emphasis on
models, implementation and understanding of the model behaviour. It is therefore well
suited to quants in model validation teams, for example.

� Quantitative risk managers wanting to understand better the models used for valuation,
to interpret synthetic CDO risk sensitivities (e.g. spread and correlation sensitivities) and
risk manage complex credit portfolios.

� Traders and product controllers seeking a better understanding of the mechanics going
on in the black boxes when ‘F9’ is pressed (and to understand the relative strengths and
weaknesses of different models).

� Structurers wanting to understand better the properties of the instruments they are using
to construct strategies with specific risk/return characteristics.

� Researchers in academia looking to understand some of the practical issues surrounding
the common models used in the marketplace.

The downside to this lean approach is that for less experienced readers the material
may at times not give as much explanation as would be liked, or some (basic)
concepts are not described fully. However, for the motivated and intelligent reader
this should present not a problem but a challenge and (as the author knows from
experience) the rewards in terms of deeper understanding are worth the effort.

At the beginning of a project such as writing a book one has a vision as to
what the finished product will look like. The vision for this book was that it would
be very much model focused, with a strong emphasis on the practical, pragmatic
implementation details that are of crucial importance in a live banking environment.
This means there is less focus on the ‘business’ topics of the economics, mechanics
and structures of credit derivatives than can be found in other texts. To include
this information would have detracted from the core message of models and their
properties. Also, when writing a book it is necessary to make compromises and
be pragmatic in terms of content. At the beginning of the project one’s vision of
what will be achieved is vast and expansive. By the end of the project one is simply
happy to stumble across the finish line. There are occasions throughout the book
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Preface xiii

when more detailed analysis of a particular model or scenario would have been very
useful indeed to illustrate a particular point further, but due to time constraints was
not included. On these occasions it is suggested that the reader build the models
and do the analysis themselves as an exercise.

This leads into the next important point about the approach taken in the text. In
the modern world of quantitative finance it is almost impossible to develop models
of complex derivative trades that are wholly tractable analytically. It is therefore
difficult to separate a model’s mathematical description from its actual implemen-
tation. When it comes to building models suitable for use within a live investment
banking environment the devil really is in the details. Full understanding of a model
only comes from implementing it, analysing its properties and understanding its
weaknesses. An important objective of this volume, therefore, is to provide not
only the mathematical descriptions of the models, but also details of the practical
implementation issues. To achieve this objective, liberal use is made of pseudo
code to illustrate the implementation of an algorithm. The purpose of this code is to
allow the reader to convert quickly a description of a model into the programming
environment of their choice (although the author is most familiar with C++, and
there may appear to be a bias towards the syntax of this language on occasion).

The volume is structured into three distinct sections. Broadly speaking Chapters
1–3 motivate the main topic, synthetic CDOs, and introduce some of the basic
modelling tools necessary to describe them. Chapters 4–10 analyse the mathemat-
ical and computational modelling techniques applied to synthetic CDOs. Chapters
11–14 look at more advanced topics in the analysis of synthetic CDOs. Each of the
chapters can in principle be read in isolation and each is relatively self-contained.
However, there is a clear path from chapter to chapter (which reflects the author’s
own train of thought), particularly in Chapters 4–10. Reading each chapter sequen-
tially will build a clearer and more coherent picture of the subject matter as a whole,
but it is by no means a prerequisite.

In the first part of the book we motivate the study of synthetic CDOs by under-
standing their importance and usage within the broader credit derivatives market-
place. Chapter 1 provides a brief overview of the credit derivatives market in terms
of instruments and introduces the crucial concepts of securitisation and tranching
which are the basis of CDO technology. In this first section we also provide some
of the basic mathematical building blocks necessary for later chapters. Chapter 2
describes the current market standard modelling methodologies for capturing the
arrival of default risk of an obligor. This chapter also introduces the concepts and
methods used for the modelling of default correlation, which as we will see is
one of the most fundamental concepts in the characterisation of synthetic CDOs
(and indeed any multi-name credit derivative). The first section of the book ends
with a discussion, in Chapter 3, of the valuation models for the simplest and most
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xiv Preface

vanilla of credit derivatives – credit default swaps or CDSs. The market for single-
name default protection CDSs is extremely liquid and a good understanding of
the valuation methods for these basic building blocks is a necessary prerequisite
for understanding the more complex multi-name products.1 For a reader already
conversant with single-name credit derivatives, the material in Chapters 1–3 will
be familiar. Indeed these chapters are only included in order to provide a reference
guide to the concepts underpinning the rest of the book.

The second part of the volume, Chapters 4–10, which is its mathematical and
computational core, focuses specifically on the valuation and risk analysis of multi-
name credit derivatives and synthetic CDOs in particular. Chapter 4 introduces the
credit indices that have emerged and evolved over the course of the last few years.
The introduction and subsequent trading of these indices has provided enormous
impetus to the growth of the credit derivatives market. Chapter 5 then introduces
default baskets. In terms of materiality, default baskets are a very small fraction
of the overall structured credit marketplace. However, they are the simplest form
of multi-name credit derivative and an understanding of their valuation and risk
sensitivities can provide substantial insight into the behaviour of more complex
synthetic CDOs.

Chapters 6 through 8 develop and analyse the core mathematical models for
valuing synthetic CDOs. Chapter 6 describes a number of different methodologies
for valuation and, in particular, introduces the current market standard valuation
model, the so-called normal copula model. Chapter 7 investigates the fundamental
behaviour of the model as certain key parameters are varied systematically. As
will be seen in this chapter, the phenomenology of the model is relatively complex
and subtle. Chapter 8 analyses the risk sensitivities of the standard market model to
variations of input parameters. More importantly this chapter discusses the different
risk sensitivity measures such as credit spread 01 (CS01) and value-on-default
(VoD) that are necessary to capture and characterise the risk inherent in synthetic
CDOs.

The next chapters look at the implications for the standard market model that
standardised tranches and the development of a liquid market have had. Initially the
market for synthetic CDOs was relatively illiquid and deals were done on a bespoke
basis. The introduction of standardised credit indices and the subsequent develop-
ment of a market for trading tranched exposures to slices of the index provided
enormous impetus to the liquidity and volume of trades in single-tranche synthetic
CDOs (STCDOs). Eventually the market became sufficiently liquid to allow trans-
parent price discovery for the prices of these standardised index tranches. At this

1 The main focus of the book is synthetic CDOs. Therefore we will not spend a great deal of time talking about
CDSs and other credit derivatives – there are better texts available that describe these products in great detail.
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Preface xv

point the role of the standard model changed; it became a mechanism whereby
market participants could express and trade their views on default correlation.
Chapter 9 introduces the concepts of implied and base correlations that have been
developed to capture implied pricing information from market observed prices.
As the prices of instruments become transparent in the open market it is crucially
important for the standard model to be able to reproduce these prices accurately.
Chapter 10 describes some of the different methodologies that have been developed
to allow calibration of models of synthetic CDOs to market observed prices (the
so-called ‘correlation skew’).

The final part of the volume, Chapters 11–14, looks at more advanced topics
in the characterisation and analysis of synthetic CDOs. Chapter 11 introduces a
number of exotic CDOs. Examples include CDOs with asset backed securities as
the underlying pool of obligors as well as CDOs with CDOs as the assets in the
underlying pool (so called CDO squareds). Correlation trading is the term used
to refer to trading strategies designed to exploit the risk/return characteristics of
portfolios of CDO tranches. Chapter 12 analyses the risk/return characteristics of
a number of popular CDO trading strategies. Chapter 13 considers extending the
models developed thus far for a single-tranche position to a portfolio of tranches
and assesses how the risk in the tranche portfolio can be quantified and controlled.

Finally, a natural extension of analysing the static (in time) performance of CDO
trading and hedging strategies is to look at the through life performance of the
trading strategy. In the pricing of simpler derivatives, the value of the derivative is
equal to the cost of the dynamic hedging strategy. If a hedging strategy is good at
capturing all the risks a position is exposed to then the overall P/L generated from the
process of selling the derivative instrument and rebalancing the hedging portfolio as
the market risk factors evolve should be small. If the hedging strategy is not adequate
there will be significant P/L leakage. Chapter 14 sets up and analyses a simple
hedging simulation of synthetic CDO tranches. This chapter is more speculative in
nature than previous chapters as it represents the cutting edge of technology applied
to the analysis of complex derivative securities.
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