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Abstract

This thesis studies problems in risk-averse decision making with uncertain outcomes.
In particular, the theory of Backward Stochastic Differential Equations (BSDEs) in
discrete and continuous time is considered, under various assumptions on the types
of randomness present. Using results on BSDEs, the associated theory of nonlinear
expectations and risk measures is developed. Chapter 1 is an introduction to some of
the literature and ideas in this area, and outlines the process which has lead to the
study of these equations.

Part I then considers BSDEs in discrete time, where both finite (Chapter 2) and
infinite (Chapter 3) numbers of outcomes are possible. No further assumptions are
made on the underlying probability space. In this situation, we show necessary and
sufficient conditions for the existence and uniqueness of solutions to BSDEs, and show
that all nonlinear expectations can be obtained as solutions to BSDEs. We also show
when the driver of a BSDE can be deduced from the solutions of the equation.

Part II considers BSDEs in continuous time, where randomness arises from a finite
state Markov chain. We show the existence of unique solutions to these equations
(Chapter 4) and then derive a comparison theorem (Chapter 5). Using this, we con-
struct nonlinear expectations in this setting.

Part III considers BSDEs in continuous time, where no significant assumptions are
made on the filtration. This allows a unification of the discrete and continuous time
theory of BSDEs. We obtain results generalising Gronwall’s inequality, which allows
us to demonstrate the existence of unique solutions to BSDEs under very general
conditions. We also give conditions such that a comparison theorem holds. These
conditions generalise and unify those presented in previous chapters.

Appendix A gives useful algebraic results used in Chapter 5.
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