
COLLECTION « ÉCONOMIE ET STATISTIQUES AVANCÉES »

Economica

esaesa

Arthur CHARPENTIER
M

ichel DENUIT

TOME II

M
ATHÉM

ATIQUES
DE L’ASSURANCE NON-VIE

COLLECTION « ÉCONOMIE ET STATISTIQUES AVANCÉES »

-:HSMHLH=]Y][UV: ISBN 2-7178-4860-6
45 €

Cet ouvrage en deux tomes entend fournir aux étudiants, chercheurs

et aux techniciens de l’assurance (qu’ils soient actuaires, économistes,

économètres, ingénieurs commerciaux, mathématiciens, polytechniciens,

statisticiens ou autre) les méthodes permettant de gérer les grands por-

tefeuilles d’assurance IARD. Il aborde ainsi :

– les principes de base de la gestion des risques,

– les méthodes de calcul des primes, les mesures de risque et la déter-

mination de la marge de solvabilité ainsi que du capital économique,

– la corrélation entre risques assurés et ses conséquences,

– l’équilibre à long terme des opérations de la compagnie,

– la personnalisation des primes a priori et a posteriori (crédibilité et

systèmes bonus-malus),

– l’évaluation des provisions techniques,

– la résolution de problèmes par simulation.

Les connaissances requises pour aborder cet ouvrage ont été réduites

au strict minimum : il suffit de posséder de bonnes bases de mathéma-

tiques et une maîtrise des concepts élémentaires du calcul des probabi-

lités.

*

*     *

AArrtthhuurr CCHHAARRPPEENNTTIIEERR est Membre de la Commission Scienti-

fique de l’Institut des Actuaires, diplômé de l’ENSAE et de l’université

Paris Dauphine. Il est actuellement enseignant à l’ENSAE, à l’ENSEA

d’Abidjan et à l’Université Paris Dauphine, et est également membre du

jury de l’Institut des Actuaires.

MMiicchheell DDEENNUUIITT est Membre de l’Association Royale des Actuaires

Belges, docteur en sciences (orientation statistique) de l’Université libre

de Bruxelles. Il est actuellement professeur à l’Institut des Sciences

Actuarielles de l’Université catholique de Louvain (UCL), à l’ISFA de

Lyon et à l’INSEA de Rabat.

Arthur CHARPENTIER
Michel DENUIT

MATHÉMATIQUES 
DE L’ASSURANCE 
NON-VIE
TOME II : TARIFICATION 
ET PROVISIONNEMENT

DENUIT_D1635_couv  10/03/05  13:05  Page 1



Postface

In the 1960’ies the first textbooks in Mathematical Risk Theory
were written. Forty years later the subject has become very wide.
If a proof for this had to be given, Arthur Charpentier and Michel
Denuit have done so. Their excellent opus covering all aspects of
Non Life Insurance Mathematics in a modern perspective extends
over 2 volumes each of them counting more than 400 pages.

The toolkit of mathematical methods applied to insurance risk
has constantly grown over time. In the very early times of risk theory
one finds basically the tools to solve two problems

1. Modelling the claim number and claim size of an individual
risk and calculating the resulting aggregate claim size distri-
bution.

2. Modelling the stochastic nature of the surplus of an insurance
company and calculating the resulting probability of ruin.

Harald Cramér 1 had outlined this program in 1930 as the main
task of the Non-Life actuary. Obviously these tasks have remained
but the growth of methods and concepts since that time is impres-
sive.

Soon it became apparent that the basic probabilities appearing
in Cramér’s program were fluctuating which initiated the modelling
in Credibility Theory and in Kalman Filtering. A further aspect also
demanded the extension of modelling: dependence between risks.
This extension is actually so complex that there might be only par-
tial solutions. In some cases correlation may suffice, in many more
cases the copula will be helpful.

1. Cramér Harald. (1930) On the Mathematical Theory of risk. Skandia
Jubilee Volume, Stockholm

Looking back over time it may surprise that for the most central
activity of the Non Life Actuary, namely for reserving, the profes-
sion’s wisdom still boils down to a few rather pragmatic methods
among them the old-timer called Chain-Ladder. In my view this is
certainly not due to a lack of studies in this field but rather to the
enormous complexity of the statistical estimation that underlies the
problem. In this situation I fully support the philosophical attitude
taken by Charpentier and Denuit in this respect: Reserving is not a
matter of more sophisticated modelling but rather an exercise of mo-
del selection. This is Akaike’s 2 approach which in modern statistics
becomes more and more important.

Charpentier and Denuit include in their text also the microeco-
nomic view of the actuarial activity. The cultural barrier that often
separates actuaries and also financial analysts from economists is
deplorable and should be lifted as much as possible. Karl Broch in
the 60ies and 70ies had really opened our actuarial eyes to see what
we can learn from economic modelling. This text continues in this
endeavor.

Let us hope that this text will be helpful to many generations
of researchers and students to better understand what this rather
mythical activity called insurance is all about. To the authors Arthur
Charpentier and Michel Denuit I extend my sincere congratulations.

Hans Bühlmann, 12 janvier 2005.

2. Akaike Hirotogu. (1970). Statistical Predictor Identification. Ann. Inst.
Math. Stat. 22. 203-217.
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9.6.10 Dualité des approches . . . . . . . . . . . . . 55
9.6.11 Les courbes de performance et de sélection . 56
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11.2.2 Echelles et châınes de Markov . . . . . . . . . 262
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12.2.1 Le modèle d’espérance d’utilité de von Neu-
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12.6.1 Information incomplète . . . . . . . . . . . . 332
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14.3.7 Fréquence aléatoire des sinistres . . . . . . . 431

14.4 Fonction de queue . . . . . . . . . . . . . . . . . . . 432
14.4.1 La notion de variation régulière . . . . . . . . 432
14.4.2 Variation régulière et max-domaine d’attraction437
14.4.3 Somme, maximum et loi sous-exponentielle . 438

14.5 Etude de la loi des excès . . . . . . . . . . . . . . . . 439

640 Table des matières
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16.3 Doit-on chercher à assurer l’inassurable? . . . . . . . 607
16.3.1 L’assurance crée le risque . . . . . . . . . . . 607
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