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survey of literature • Fundamental asset pricing theorem, in finance, Cox & Ross (JFE, 1976), Harrison & Kreps (JET, 1979), Harrison & Pliska (SPA, 1981, 1983). Recent general survey ´ (1998). March´es financiers en temps continu : – Dana & Jeanblanc-Picque ´ valorisation et ´equilibre. Economica. – Duffie (2001). Dynamic Asset Pricing Theory. Princeton University Press. – Bingham & Kiesel (2004). Risk neutral valuation. Springer Verlag • Premium calculation, in insurance. ¨ hlmann (1970) Mathematical Methods in Risk Theory. Springer Verlag. – Bu – Goovaerts, de Vylder & Haezendonck (1984). Premium Calculation in Insurance. Springer Verlag. – Denuit & Charpentier (2004). Math´ematiques de l’assurance non-vie, tome ´ 1. Economica.
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survey of literature • Price of uncertain quantities, in economics of uncertainty, von Neumann & Morgenstern (1944), Yaari (E, 1987). Recent general survey – Quiggin (1993). Generalized expected utility theory : the rank-dependent model. Kluwer Academic Publishers. – Gollier (2001). The Economics of Risk and Time. MIT Press.



• Bentoglio & Betbeze (2005). L’Etat et l’assurance des risques nouveaux. La Documentation Fran¸caise.
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Agenda A short introduction to insurance risks • Catastrophe and (very) large risks • Mortality risks, from short term pandemic to long term risk Insurance linked securities • Insurance linked securities • Catastrophe or mortality bonds Financial versus insurance pricing • Insurance : from pure premium to other techniques • Finance : from complete to incomplete markets Pricing Insurance linked • Distorted premium • Indifference utility 4
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from mass risk to large risks insurance is “the contribution of the many to the misfortune of the few”. 1. judicially, an insurance contract can be valid only if claim occurrence satisfy some randomness property, 2. the “game rule” (using the expression from Berliner (Prentice-Hall, 1982), i.e. legal framework) should remain stable in time, 3. the possible maximum loss should not be huge, with respect to the insurer’s solvency, 4. the average cost should be identifiable and quantifiable, 5. risks could be pooled so that the law of large numbers can be used (independent and identically distributed, i.e. the portfolio should be homogeneous), 6. there should be no moral hazard, and no adverse selection, 7. there must exist an insurance market, in the sense that demand and supply should meet, and a price (equilibrium price) should arise. 6
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risk premium and regulatory capital (points 4 and 5) Within an homogeneous portfolios (Xi identically distributed), sufficiently large X1 + ... + Xn (n → ∞), → E(X). If the variance is finite, we can also derive a n confidence interval (solvency requirement), i.e. if the Xi ’s are independent,   n X √   Xi ∈ nE(X) ± 1.96 nVar(X)  with probability 95%. | {z } i=1



risk based capital need



High variance, small portfolio, or nonindependence implies more volatility, and therefore more capital requirement.
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independent risks, large portfolio (e.g. car insurance) independent risks, 10,000 insured ●



●
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●



Fig. 1 – A portfolio of n = 10, 000 insured, p = 1/10. 8



Arthur CHARPENTIER - Pricing insurance linked securities: interplay between finance and insurance.



independent risks, large portfolio (e.g. car insurance) distribution de la charge totale, N(np,, np(1 − p) )



independent risks, 10,000 insured, p=1/10
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Fig. 2 – A portfolio of n = 10, 000 insured, p = 1/10. 9
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independent risks, large portfolio (e.g. car insurance) distribution de la charge totale, N(np,, np(1 − p) )
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Fig. 3 – A portfolio of n = 10, 000 insured, p = 1/10. 10
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independent risks, small portfolio (e.g. fire insurance) independent risks, 400 insured ●
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Fig. 4 – A portfolio of n = 400 insured, p = 1/10. 11
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independent risks, small portfolio (e.g. fire insurance) distribution de la charge totale, N(np,, np(1 − p) )



independent risks, 400 insured, p=1/10
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Fig. 5 – A portfolio of n = 400 insured, p = 1/10. 12
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independent risks, small portfolio (e.g. fire insurance) distribution de la charge totale, N(np,, np(1 − p) )



independent risks, 400 insured, p=1/10
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Fig. 6 – A portfolio of n = 400 insured, p = 1/10. 13
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nonindependent risks, large portfolio (e.g. earthquake) independent risks, 10,000 insured ●
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Fig. 7 – A portfolio of n = 10, 000 insured, p = 1/10, nonindependent. 14
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nonindependent risks, large portfolio (e.g. earthquake) non−independent risks, 10,000 insured, p=1/10
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Fig. 8 – A portfolio of n = 10, 000 insured, p = 1/10, nonindependent. 15
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nonindependent risks, large portfolio (e.g. earthquake) non−independent risks, 10,000 insured, p=1/10
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Fig. 9 – A portfolio of n = 10, 000 insured, p = 1/10, nonindependent. 16



Arthur CHARPENTIER - Pricing insurance linked securities: interplay between finance and insurance.



some stylized facts about natural disasters “climatic risk in numerous branches of industry is more important than the risk of interest rates or foreign exchange risk” (AXA 2004, quoted in Ceres (2004)).



Fig. 10 – Major natural catastrophes (from Munich Re (2006).) 17
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Some stylized facts : natural catastrophes Includes hurricanes, tornados, winterstorms, earthquakes, tsunamis, hail, drought, floods... Date



Loss event



Region



Overall losses



Insured losses



Fatalities



25.8.2005



Hurricane Katrina



USA



125,000



61,000



1,322



23.8.1992



Hurricane Andrew



USA



26,500



17,000



62



17.1.1994



Earthquake Northridge



USA



44,000



15,300



61



21.9.2004



Hurricane Ivan



USA, Caribbean



23,000



13,000



125



Hurricane Wilma



Mexico, USA



20,000



12,400



42



20.9.2005



Hurricane Rita



USA



16,000



12,000



10



11.8.2004



Hurricane Charley



USA, Caribbean



18,000



8,000



36



26.9.1991



Typhoon Mireille



Japan



10,000



7,000



62



9.9.2004



Hurricane Frances



USA, Caribbean



12,000



6,000



39



Winter storm Lothar



Europe



11,500



5,900



110



19.10.2005



26.12.1999



Tab. 1 – The 10 most expensive natural catastrophes, 1950-2005 (from Munich Re (2006)).
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basics on extreme value theory When modeling large claims (industrial fire, business interruption,...) : extreme value theory framework is necessary. The Pareto distribution appears naturally when modeling observations over a given threshold,  b x F (x) = P(X ≤ x) = 1 − , where x0 = exp(−a/b) x0 Then equivalently log(1 − F (x)) ∼ a + b log x, i.e. for all i = 1, ..., n, log(1 − Fbn (Xi )) ∼ a + b · log Xi . Remark : if −b ≥ 1, then EP (X) = ∞, the pure premium is infinite. The estimation of b is a crucial issue (see Zajdenweber (JRI, 1998) or from Charpentier (BFA, 2005).) 19
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goodness of fit of the Pareto distribution Hill estimator of the tail index
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