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INTRODUCTION TO CREDIT INDEX
MODELLING

Credit risk is ubiquitous for most financial institutions. The inability of
modelling credit risk efficiently has been recognised as one of the major
contributing factors to the development of the 2008 financial crisis fol-
lowed by the European debt crisis in 2010. Realistic models for credit risk
is not only in high demand for making profitable investment decisions—
new regulatory frameworks specify capital requirements for financial insti-
tutions that must be calculated with these models. The price of corporate
bonds depends explicitly on the expected risk for default of the underlying
company. Modelling segments of bonds is thus one way of modelling credit
risk, which is important for any institution or investor with counterparty
risk exposure. This article will discuss why it is important to model credit
indices and detail a number of different approaches to this problem.

WHY CREDIT INDEX MODELS MATTER
Even though the credit derivatives market has decreased in size substan-
tially after the 2008 financial crisis, it is still a multi-trillion dollar market
(BIS, 2015). In order to comply with regulatory requirements and make
informed investment decisions, investors, banks and insurance companies
need realistic models for credit indices. A credit index can also be used to
gain exposure, hedge or speculate in bond segments. Thus, knowing the
dynamics of the indices is key to making correct investment decisions.

A credit index, like any other index, is composed of a portfolio of assets,
in this case bonds. The bond price depends on the risk-free rate and the
probability of default, which means that bond price development over time
for different bond segments is a key indicator for the economic stability of
that segment. Banks and insurance companies have to abide by the rules
of Basel III and Solvency II. The Basel III accord introduces strengthened
capital requirements where risk-weighted assets must be calculated, and
this requires a realistic risk model. For insurance companies the Solvency
II directive introduces a Solvency Capital Requirement where risk assess-
ment is central. A realistic model for probability of default for both business
and investment counterparties is required.

In order for financial institutions to give proper advice to investors regard-
ing risk, a credit risk model coherent with market data is crucial. The EU
will soon govern investor protection through the Markets in Financial In-
struments Directive II (MiFID II) For financial institutions to give advice
regarding investments under this directive, they need realistic risk models.
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Figure 1: Credit indices for the Investment grade and High yield segments evolving over
time from 1984 to 2016. The High yield index is more volatile, but has a higher expected
return than the Investment grade index. A large down-turn in both indices can be seen in
the time around 2008, due to the US subprime mortgage crisis.

MODEL APPROACHES
There are several ways of modelling the price of risky bonds. However, the
most commonly used ones that have emerged over the years are structural
and reduced form models (Brigo & Mercurio, 2007). Another alternative,
similar to the reduced form approach, is to model credit spreads which
together with the risk-free rate can be used to obtain risky bond prices.

STRUCTURAL MODELS
One popular way of determining the price of a risky bond is the structural
model approach, where the mechanism driving default is modelled. One
of the most famous structural models is that pioneered by Merton (1974).
Default is defined to occur when whenever the assets of a company falls
below a liability threshold. In the Merton model, a company’s assets are
assumed to follow a geometric Brownian motion. This way of modelling
requires strong assumptions on the dynamics of the company’s assets, debt
and capital structure. In the Merton model default can only occur at the
maturity date of the corporate debt, which is unrealistic.

Another structural model derived from the Merton approach is the KMV
model, which is used frequently by financial institutions. The model is
maintained by Moody’s and used by 40 out of the world’s 50 biggest banks
(McNeil et al. , 2015). This model differs from Merton’s in various ways,
e.g. the default trigger and value of the firm. However, as in all structural
models, the main difficulty is to determine the dynamics of the firm value.
Using the Brownian motion as the underlying process is a popular choice
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because of its tractability, but empirically this can not explain the variance
seen in financial time series.

REDUCED FORM MODELS
Instead of seeing defaults as an event where a company’s assets fall below
their liabilities, a reduced form model (also called intensity models) treats
the time of default as a non-negative random variable. A common form of
reduced form models are Hazard rate models, as seen in Brigo & Mercurio
(2007), which consider defaults as jumps generated by a Poisson process,
i.e., an event that happens randomly with some predetermined frequency.
It would be unrealistic to think that the future intensity of default is known
for a company or a portfolio of companies, and therefore Cox processes
are often used instead of Poisson processes (McNeil et al. , 2015). A Cox
process can be thought of as a Poisson process with a random intensity.

In reduced form models, the exact mechanism leading to default is left
unspecified, as opposed to in structural models. This can be an advantage
as the dynamics of the default process often are too complicated to model
in a realistic way.

The structural and reduced form model approaches are not entirely dis-
connected, as a mixture between them is often used to model bond prices.
The reduced form model can, for example, use the firm value as a variable
affecting the intensity of default, and a structural model can use a Poisson
or a Cox process to model the value of the firm.

THE CREDIT SPREAD APPROACH
The credit spread is defined as the difference in yield between a risk-free
bond and a debt instrument with the same maturity but of lesser qual-
ity. There are several different measures of the spread relative to a bench-
mark yield curve, such as the interpolated spread, zero-volatility spread
and option-adjusted spread. The price of a bond can be expressed using
the credit spread and the risk-free rate. By modelling the credit spread
and the risk-free rate, the price of the bond can be obtained. In turn, the
price development of an index of bonds can be modelled using the aggre-
gate credit spread of the entire portfolio.

As it turns out, the credit spread possesses some characteristics making
it suitable for modelling. Together with a model of the risk-free rate, a
model for credit indices can be derived, without having to dig deep into the
dynamics of every index constituent. This implies a more parsimonious
model that is easier to calibrate and maintain.
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SUMMARY
In this article we have introduced the concept of credit modelling, and
why it is of interest. Some approaches to modeling bond prices, and in
extension credit indices, have been presented as well. In the next article,
”Modeling credit indices: A credit spread approach”, we look closer at how
we can model bond prices and credit indices using the credit spread and
its characteristics.
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