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Abstract

Estimating future seismic hazards of a region constitutes an important study many scholars have

shown a renewed interest in the past few decades. A good estimation of the seismic hazard in a

region requires predicting the location and magnitude of future seismic events. As the knowledge

of the geophysical mechanisms that drive seismic events have increased, so have the corresponding

mathematical model representations.

This thesis is devoted to the study of modeling geophysical data. We propose a stochastic

differential equation arising on the superposition of independent Ornstein-Uhlenbeck processes

driven by a Γ(a, b) process. Superposition of independent Γ(a, b) Ornstein-Uhlenbeck processes

offers analytic flexibility and provides a class of continuous time processes capable of exhibiting

long memory behavior. The stochastic differential equation is applied to geophysics by fitting the

superposed Γ(a, b) Ornstein-Uhlenbeck model to high frequency data series in California and Chile.
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2.5.1 Properties of the Itô integral . . . . . . . . . . . . . . . . . . . . . . . . . . 19
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Chapter 1

Introduction

Estimating future seismic hazards of a region constitutes an important study many scholars have

shown a renewed interest in the past few decades. A good estimation of the seismic hazard in a

region requires the prediction of time, location and magnitude of future seismic events. As the

knowledge of the geophysical mechanisms that drive seismic events has increased, so have the cor-

responding mathematical model representations.

Numerous deterministic and probabilistic models have been developed to depict various aspects

of the mathematical modeling of seismic occurrence patterns and describing major stock indices.

The most interesting in recent time has been the scale invariant functions and Lèvy models which

have been used to estimate parameters related to some major events [1]. In this work, by looking

at the preceding data collected before a major earthquake, the model estimated the parameters

leading to these critical events. The modeling approach used was similar to [5], where they de-

scribed the behavior of the financial market before the crash. Other probabilistic models such as

the long term correlations have also been applied to the occurrences of seismic events [2].

It is now widely accepted that the time of occurrence and magnitudes of a sequence of earth-

quakes on a given source may be stochastically dependent, that is, there is a correlation between

the number of events in successive time intervals [3]. Therefore in attempt to overcome the mod-

eling problems associated with the memory-less property models described in previous literature,

we propose a continuous-time stationary and non-negative stochastic differential equation that is

useful in describing a unique type of dependence in a sequence of events.

Continuous-time stochastic volatility models are now popular ways to describe many “critical
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