
Problem 1

Consider an ordinary property insurance portfolio where the number of claims is Poisson distributed
with parameter λ = Jµ and loss model according to the Burr family with distribution function

F (z) = 1 − {1 + (z/β)α1}−α2

with α1, α2 and β positive parameters. The Burr model is not among the most common ones.
Sampling procedures are not available in public software so that you must invent one on your own.

a) Develope and program a Burr sampler using inversion.

b) We shall below assume α1 = 2, α2 = 2 and β = 1. Interprete this distribution by computing its
median and interquartile difference (the latter is the difference between the 75% and 25% percentiles).

c) Write a program simulating the portfolio payout X .

100000 simulations of X when λ = 10 and α1, α2 and β as in b) gave the the percentiles

0.90 0.95 0.99 0.999
percentiles 12.0 13.5 16.7 21.4.

d) What is the 95% and 99% reserve of this portfolio?

e) Explain how you compute the re-insurance premium for an a × b contract that applies to X .

f) The same question for an a × b contract which applies per event.

g) Modify your program in c) so that it works for the cedent net losses under the contracts in
e) and f).

Problem 2
You will need the rules of double expectation and double variance; i.e. E(Y ) = E{ξ(X)} and
var(Y ) = E{σ2(X)} + var{ξ(X)} where ξ(x) = E(Y |X = x) and σ2(x) = var(Y |X = x).

a) Consider an ordinary Poisson portfolio with Poisson parameter λ = Jµ. Show that mean and
variance of the portfolio is E(X ) = Jµξz and var(X ) = Jµ(ξ2

z + σ2
z) where ξz and σz are mean and

standard deviation of the losses per event.

b) Derive alternative formulae for E(X ) and var(X ) when you interprete µ as a random variable
with mean ξµ and standard deviation σµ.

c) Redo b) when each policy holder has his/her own random µ independently drawn for each of
them.

d) Discuss how diversification of risk by increasing portfolio size works in each of the situations
in b) and c).
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Problem 3
Consider pure underwriting where the account evolves according to

Yk = Yk−1 + Jπ −Xk, k = 1, 2, . . . ,K

where J is portfolio size, π premium minus overhead per policy holder and Xk total payouts in period
k. The recursion starts at Y0 = v0. We seek the initial captal v0 = vǫ0 that with probability ǫ keeps
the account positive at all times up to (and including) K.

a) Show that the ruin equation

Pr{min(Y1, . . . ,YK) < 0|vǫ0} = ǫ

is solved by taking vǫ0 as minus the lower ǫ-percentile of min(Y1, . . . ,YK) when v0 = 0. [Hint:
Argue that Yk = Y0

k + v0 for all k where Y0

k is the value of the account when there is no capital in
the beginning].

b) Add commands to your Poisson/Burr Monte Carlo program in Problem 1 so that vǫ0 is de-
termined approximately.

c) Explain how the program is modified so that it takes into account a planned growth Jk =
J0(1 + ω)k.

d) Invent a sensible stochastc model for time-varying intensities µ = µk and explain how it is
incorporated into the program in b).

e) Suppose premia and payouts depend on the future price level. Design a suitable stochastic
model for the rate of inflation and show how ruin probabilities can be computed approximately with
this addition to the situation in b).
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