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English summary

Lévy processes are essentially processes with stationary independent increments. Despite
this relatively simple defining property, the class of Lévy processes is extremely rich and
includes the Poisson and compound Poisson processes, Brownian motion, gamma pro-
cesses, and stable processes. The last two decades have seen a renaissance of interest in
Lévy processes, mainly due to the fact that they found numerous applications in practice
in fields as different as finance (insurance) and queueing (telecommunications). But also
in a variety of theoretical fields, like quantum theory and extreme value theory, these
processes have gained importance. This revival has also stimulated interest in statisti-
cal inference procedures for Lévy processes. Approaches to inference for Lévy processes
can be divided into three broad categories: parametric inference, semiparametric infer-
ence and nonparametric inference. These approaches depend on the parametrisation of
the Lévy measure corresponding to a given Lévy process. Its parametrisation with a
Euclidean parameter leads to parametric inference procedures, while consideration of a
sufficiently large and broad class of underlying Lévy measures not in smooth bijection
with a subset of R

d gives rise to semi- and nonparametric inference procedures. In this
thesis we are interested in nonparametric inference for Lévy processes. Nonparametric
techniques come in handy when one is interested in the shape of a Lévy density, e.g. a
feature as multimodality. Moreover, to illustrate some motivation from an applied field,
we mention that doubts have been expressed in the financial literature whether complex
realities of the financial markets can be adequately expressed by a small or finite number
of parameters. This naturally leads to application of nonparametric techniques in this
context.

The vast majority of the existing literature that considers nonparametric estimation
problems for Lévy processes, deals with inference problems under the assumption that
either a continuous record of observations from a Lévy process is available, or that a
Lévy process is observed at equidistant time points Δn, . . . , nΔn with limn→∞ Δn = 0,
limn→∞ nΔn = ∞. On the other hand, it is also interesting to study estimation problems
for the case of low frequency observations , i.e. under the assumption of fixed distance
Δ between the time points. This is precisely the topic of this thesis.

In Chapter 1 we provide a brief overview of the statistical procedures for Lévy pro-
cesses and give some motivation for the use of nonparametric estimation methods in this
context. This chapter also includes an overview of the thesis.

In Chapter 2 we study the problem of nonparametric estimation of the jump-size
density f of a compound Poisson process. Compound Poisson processes have important
applications in queueing and risk theory. Using the stationary independent increments
property of a compound Poisson process, we reduce the problem at hand to the ‘decom-



pounding’ of the law of a Poisson sum of i.i.d. random variables, which have a common
density f. An estimator for f is constructed via Fourier inversion and kernel smoothing.
Our results include pointwise bounds for the bias and variance of the estimator. We prove
that under certain conditions the estimator is consistent and we also establish its asymp-
totic normality. Our results demonstrate that asymptotically the estimator behaves very
much like an ordinary kernel density estimator. Two simulation examples complement
the asymptotic results and provide some insight into the finite sample performance of
the estimator.

Chapter 3 serves as a link between Chapter 2 and Chapter 4. In this chapter we
study a generalisation of the classical deconvolution problem, namely the deconvolution
problem for a random variable with an atomic distribution. In particular, we assume
that this random variable is distributed as the random variable Y = UV, where U has
a Bernoulli distribution with probability of failure p and V has a density f. Given i.i.d.
observations of X = Y + Z, we consider the problem of estimating f and p. Here Z has
a standard normal distribution, and it can be thought of as a measurement error. We
propose a consistent estimator for p and establish asymptotic normality of the nonpara-
metric estimator of f, which we construct via Fourier inversion and kernel smoothing.
The asymptotic results are complemented by a number of simulation examples, which
suggest that the estimators of f and p work well in practice.

The final chapter of the thesis is dedicated to estimation of the jump-size density of a
compound Poisson process under the assumption that observations from it are corrupted
by additive noise coming from an independent Brownian motion. The resulting process
is again a Lévy process. The main result of the chapter deals with asymptotic normality
of the estimator. The asymptotic normality is established using the results of Chapter
3. We also briefly discuss implementation of the estimator in practice and provide a
simulation example.


