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Abstract

Locally risk-minimizing (LRM, for short) is a well-known hedging method for
contingent claims in a quadratic way for incomplete financial markets.

Theoretical aspects of LRM have been developed to high degree. LRM has an
intimate relationship with Follmer—Schweizer decomposition, which is a kind of
orthogonal decomposition for a random variable into a stochastic integration and
an orthogonal martingale.

On the other hand, the necessity of research on its explicit representations has been
increasing. However, it is generally very difficult to derive an explicit expression
for the locally risk-minimizing hedge.

Therefore, in this thesis, we obtain explicit representations of LRM for incomplete
market models whose asset price process is described by a solution to a stochastic
differential equation driven by a Lévy process, as a typical framework of incomplete
market models by using Malliavin calculus. In particular, we develop Malliavin
calculus for canonical Lévy processes to achieve our purpose. Especially, we derive
a Clark-Ocone type formula under change of measure for canonical Lévy processes,
which is an explicit stochastic integral representation of random variables in terms
of Malliavin derivatives.

Main contribution of this thesis is sixfold as follows: On Malliavin calculus for
Lévy processes, we first derive some caluculation tools such as commutation formula
for the Lebesgue integral and the Malliavin derivative and a chain rule for Malliavin
derivative. Next, we formulate a Clark-Ocone type formula under change of
measure for canonical Lévy processes. Finally, we derive versions of the Poincaré
inequality for Lévy functionals (with respect to P*) and the logarithmic Sobolev inequality
(with respect to both P* and P), where P is the original probability measure and P* is a new
probability measure under a Girsanov transformation. On the other hand, for LRM
problem, we first formulate representations of LRM with Malliavin derivatives for
Lévy markets. We next illustrate how to calculate Malliavin derivatives for
non-smooth functions of a random variable, and the running maximum of processes
by using approximation methods. Finally, we introduce concrete representations of
LRM of call options, Asian options and lookback options for Lévy markets.




