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Abstract

Credit risk is the risk of financial losses due to unexpected changes in the credit quality
of a counterparty in a financial agreement. It is one of the significant risk faced by any
financial institution. The critical aspect in modeling the credit risk is to predict if and
when a default event is likely to occur. The increasing interest in modeling the credit
risk is primarily a result of the increase in the off-balance-sheet derivatives, securitized
loans and regulatory concerns. Also, the sup-prime crisis has considerably stressed the
significance of having reliable measures of credit risk, in particular, the probability of
default. In response, academicians and practitioners alike have developed new and more
sophisticated models to measure the growing credit risk.

Broadly, there are two categories of credit risk models in the literature: the firm value
models (also known as structural models) and the intensity based models (also known
as reduced form models). The class of structural models is the oldest class of credit risk
models. The structural models are more grounded in economic fundamentals and present
an explicit mechanism of the default in terms of the relation between liabilities and assets.
In this class of models, the firm is said to be in default if its value falls below the default
barrier representing the liabilities. On the other hand, reduced form models do not specify
the actual mechanism of default but model it as a non-negative random variable whose
distribution depends on the economic factors.

This thesis aims to propose and analyze various stochastic models of the credit risk at
an individual as well as at portfolio level to delineate the empirical characteristics of the
credit rating dynamics and default events such as the downward rating momentum, the
contagion effects, etc. The credit rating dynamics have several characteristics such as the
downward rating momentum, the ageing effect, the dependence on the time of evaluation
and the duration effect. We propose a time non-homogeneous Markov regenerative process
based credit rating model to capture these characteristics and to overcome the limitations
of the models in the literature.

The sub-prime crisis of 2007-08, which led to the collapse of some major financial insti-
tutions such as Lehman Brothers, has emphasized the significance of contagion risk in
the financial market. The contagion risk is expected as the firms do not run in isolation
and hence there exists a dependence among the firms due to common economic factors
or direct business links. Therefore, this thesis aims to propose a contagion process, in a
multivariate framework, that is capable of capturing the contagion effects. In the same
spirit, we extend the contagion process to a regime-switching framework to incorporate
the dynamic behavior of macro-economy, motivated by the fact that the prices of the
financial securities are affected significantly by the state of the economy which itself is
subjected to various regimes. Further, this thesis studies the utilization of these models to
the pricing of credit portfolio derivatives. Continuing with the same theme, we proposes
a Hawkes jump-diffusion structural credit risk model to capture the phenomenon of jump
clustering in the asset prices that serve as proxies for the firm values.

Finally, this thesis attempts to propose a Markov chain credit rating model that includes
the information present in the structural variables governing the health of a firm. The
proposed model is a hybrid model designed to have the advantage of both a structural
model in the sense that it gives a realistic description of default.
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