
Dependent claim sizes and numbers in property insur-
ance

Consider a property insurance portfolio consisting of J policies, from which
there areN claims during one year, with corresponding disbursements Z1, Z2, . . ..
The total disbursement is then

X = Z1 + . . .+ ZN .

A common assumption is that N is Poisson-distributed with parameter JµT ,
where µ is the claim intensity and T = 1 year, and Z1, Z2, . . . are stochas-
tically independent and identically distributed. Moreover, N and Z1, Z2, . . .
are usually assumed to be independent. There are however cases where the
claims sizes depend on how many they are.

Assume that (N , Zi) are dependent, but that Z1, . . . , Zn are conditionally
independent given N = n. The marginal distribution of the Zi’s is obviously
quite different from the one of N . One way of modelling the dependence
between variables with different types of marginal distributions is to use a
so-called copula (see for instance [1, 2]). Note that this does not change the
marginal distributions of N and Zi.

The dependence between the claim sizes and numbers is likely to partic-
ularly affect the tails of the distribution of X . The purpose of this project is
to assess how this dependence influences the reserve qε, given by

P(X ≤ qε) = ε,

where ε is close to 1. This is to be done via simulation experiments, varying
between different types of copulas and different strength of dependence.

The reserve qε must be found with Monte Carlo methods. More specif-
ically, one must first generate N ∗ from the Poisson distribution, and then
simulate Zi conditionally on N ∗, for i = 1, . . . ,N ∗. As N ∗ is discrete and
Zi is continuous, this simulation must be done in a particular way. More
specifically, if P (n) = P(N ≤ n) is the distribution function of N and U∗ is
uniform, then it may be shown that

U∗1 = (1− U∗)P (N ∗ − 1) + U∗P (N ∗) = G(N ∗, U∗) (1)

is uniform U(0, 1) and that

N ∗ = G−1(U∗1 ), (2)
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which may be used to simulate from the conditional distribution of Zi given
N = N ∗.

The project will consist in the following steps.

1. Get aquainted with the concept of copulas.

2. Find out how to compute the reserve with Monte Carlo methods in the
situation where claim sizes and numbers are independent, and how to
expand that framework to the situation where they are linked with a
copula, using (1) and (2).

3. Study how the 95% and 99% reserves depend on the type of copula, vary-
ing between the Clayton, Gumbel and Gaussian, and on the strength
of dependence, when JµT = 10 and the marginal distribution of Zi ∼
Gamma(α) with α = 2.
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