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Stochastic model construction of natural hazards given experimental measures.

Construction de modéles stochastiques de phénomenes naturels a partir de mesures

expérimentales.

par

F. Poirion

Résumé traduit :
On s'intéresse ici a la constructions de modéles stochastiques réalistes pour représenter les phénomeénes naturels. ces

modeles, basés sur la représentation de Karhunen Loéve des processus du second ordre non stationnaires ainsi que
sur l'utilisation de noyaux gaussiens, nécessitent l'existence de bases de données expérimentales. Ces approches sont

mise en oeuvre sur des exemples académiques ainsi que sur une base de données de séismes.

NB : Ce Tiré a part fait référence au Document d'’Accompagnement de Publication DADS13010
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The formidable progress of computer technology has given manufacturers access to Monte
Carlo simulation (MCS) methods for studying real life industrial problems. But in order to obtain
reliable results, realistic models have to be fed in the numerical procedures. the airplane
manufacturer needs realistic gust models, nuclear engineers need realistic seismic models, etc.

Over the last decade a relatively important number of scientific papers has dealt with
construction of non-Gaussian models in order to mimic the natural world. This evolution
between the standard Gaussian models to non-Gaussian ones is not a surprise since an ever-
growing number of experimental measures has highlighted the non-Gaussian properties of
natura phenomena. It is indeed the case in the oceanographic world, in geophysics, for
earthquakes, wind in the atmospheric boundary layer, in astrophysics and even in the medical
domain where non-Gaussian stochastic models are proposed for electrocardiograms.

In this context, an important effort has been made in order to develop numerical methods for
simulating non-Gaussian processes, essentially stationary processes, even if some rare methods
were proposed for the non-stationary case. Construction of non-Gaussian models is a very
difficult task since a non-Gaussian process is characterized by its infinite family of joint
distributions.

Various methods have been proposed for generating simulated paths of stationary non-Gaussian
real valued processes which aim is to reproduce only the power spectral density and the first
order marginal distribution of the target process.

Dealing with non-stationary processes is a more difficult challenge since the marginal
distributions depends on time and since the power spectral density does not exist any longer. A
few number of papers describe approaches which could be used in this context. The construction
of a probabilistic models is achieved either by fitting the variability of the phenomenon to an
analytical, given probabilistic model (based on physics, Bayesian considerations or information


mailto:irmela.zentner@edf.fr

theory) or by constructing models which replicates statistical characteristics which have been
observed, without making any assumptions on the probability distribution.

The goa of this paper is to propose a simple stochastic model based on Karhunen Loéve
representation, capable of describing the non-stationary and uncertain behaviour of a time
dependent phenomenon based on a given set of observations. Dependency between the random
variables appearing in the Karhunen Loeve representation is introduced through a pairwise
selection using the Kullback dependency measure. Examples are given on academic examples
and an application related to peak value distribution of ground acceleration illustrates the good
assessment between the model and the measured accelerograms compared to classical Gaussian
models.
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