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A NEW APPROACH OF DATA ASSIMILATION
METHODS: THE SADDLE POINT ALGORITHMS

Abstract

The goal of data assimilation is to provide as accurate as possible estimations
of the physical state of mumerical models based on all available information.
In this thesis, o mumber of theoretical and technical improvements are pro-
posed in this recent and ever growing Geld of study. First, a new graphic for-
malism that 1s able to deseribe a majority of methods is proposed. This new
approadh gives a good understanding of the structure of the data assimilation
methods which enables the development of new ones. A new mathematical
tool hes also been introduced: the use of the Legendre transform on comex
functions in order to describe the “dual” algorithims in a more general case
than the Gaussian statistics.

These tools have enabled us to derive a new class of data assimilation
methods: the saddle point algorithms, that inelude and generalize the already
known methods. A numerical comparison between three algorithms has been
made in order to compare their relative performances. These three algorithomes
leads to the same solution by different ways. The first one is a 4D-Var with
the imperfect model assumption, the second one s its dual algorithm (which
is implemented for the second time in this work), and the thivd one is a saddle
point algorithm which has been diseovered and tested for the Rrst time here.
It has been shown that the saddle point methods were technically possible,
and that they could run twice as fast as than the classical methods.

In conclusion, some interesting ways have been opened by this work: in
the technical Beld, new technigques able to accelerate the analysis are given,
and in the theoretical Beld, a new kind of varlational alporithm s proposed
as well s a new formulation of the Kalman smoother.

Key words:
Data assimilation, Dual algorithm, Model error, Objective function, Kalman
filter, Saddle point.



Auteur : Thierry LAGARDE
Titre : Nouvelle approche des méthodes d'assimilation de donndes @ les
algorithmes de point selle
Directeur de thése : Olivier THUAL.
Soutenance le 13/06,/200) au CERFACS.

Risuims .

L'asgimilation de donmies comsiste i caleuler la melleurs estimation de 'état d'un
ayelime plysigque dtant donnd des observatlons et un modile numdérique. Cette tsae
¥ apporte plislenrs découvertes londamentales oo progrs technkyees. Nous proposons
tout dabord wn nowvean formalisme graphlgee permettant de déerire ume grande par-
tle des algorithmes existania. Cetie nouvelle lecture des méthodes d'assimilation permet
de miex comprendre leur sructure. Parallélelement, nos Inteoedulsom wn mouwel owtil
mathdmatigee : 1"sage de la translormde de Legendee qui permet de gédndralker les for-
mules de certalmes méthodes dites “duales™ au cas des statkligques d'erpenr non Gasaien-
i,

Grfioe 4 pes deux outlls, nos avons dédopinvert wne mouvelle catdgorke de métlodes @ les
algorithmes de point selle, qui englobe et générallse cpiee dija conms. Nos avwons esulbe
effectud wme comparakon numdérlgue enire trols algorithmes d'assimilation fournissant le
mbmee dtat optimal, mak par trols voles difldrentes. Le premiéee est un AD-Var avee modile
Imparfait. Leseoond est le dual du précddent (11a'agit dela deuxdbme mise en aaivee jamals
eflectude de oot algorithme ). Enfin, le trolsme est un algorithme de point aelle déomuwert
au oours de pette thise et dong testd pour la premidre fopis. L'é¢tude opm parative a monind
quee les medtheedes de point selle dalent technigueement rfaleables et powwalent réduine
fortement le laps de tem s miomsaire & lassimilation de donndes.

Pour conclure, oo travall ouvee des perspectves Intdressantes en proposant dams le
domaine pratigue wn moyen 'acodlérer le processus d'assimilation des donndes et dans
le domaine théorigue, we nomeelle catdgorie de mdthodes wrlationelles of e moeelle
Tormule du lBsage de Kalman.
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