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Apart from this page, you are not permitted to read the contents of this
question paper until instructed to do so by an invigilator.
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of 4 hours to complete the exam and submit your solutions.

Marks available are shown next to the questions. Please remember that 
depending on when you take this assessment, you might not have covered the material.

You are allowed to bring three A4 sheets of paper as notes for the exam.

Only approved non-programmable calculators are permitted in this exam-
ination. Please state on your answer book the name and type of machine used. 
Statistical functions provided by the calculator may be used provided that you state 
clearly where you have used them.

Complete all rough work in the answer book and cross through any work that is not
to be assessed.

Possession of unauthorised material at any time when under examination conditions is an

assessment offence and can lead to expulsion from QMUL. Check now to ensure you do not
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It is also an offence to have any writing of any kind on your person, including on your body. If

you are found to have hidden unauthorised material elsewhere, including toilets and

cloakrooms, it will be treated as being found in your possession. Unauthorised material found

on your mobile phone or other electronic device will be considered the same as being in
possession of paper notes. A mobile phone that causes a disruption in the exam is also an

assessment offence.
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Question 1 [31 marks]. A home insurance company’s total monthly claim
amounts have a mean of 250 and a standard deviation of 300. The company has
estimated that it will face insolvency if the total monthly claim amounts exceed 1,000
in any given month.

(a) Determine the probability that the company faces insolvency in any given month
if the company assumes that total monthly claim amounts follow the Normal
distribution. [4]

(b) Determine the revised value of the probability in part (a) if the company assumes
that total monthly claim amounts follow the two-parameter Pareto distribution. [6]

(c) An Analyst has determined that the two-parameter Pareto distribution is the best
fit for the distribution of the total monthly claim amounts for this company.
Outline, using the results from parts (a) and (b), the potential consequences of
the company assuming that the total monthly claim amounts follow the Normal
distribution rather than the two-parameter Pareto distribution.
Explain why the Normal distribution is unlikely to be a good fit for the
distribution of the total monthly claim amounts for this company. [4]

Suppose that the aggregate claims from a risk have a compound Poisson distribution
with parameter µ, and individual claim amounts have a two-parameter Pareto
distribution with a mean of 250 and a standard deviation of 300. The insurer of this
risk is considering effecting proportional reinsurance with a retention level of 0.75, and
calculates the premium using a premium loading factor of 0.1 (this means they charge
10% in excess of the risk premium). The reinsurance premium would be calculated
using a premium loading factor of 0.2.
(The insurer’s profit is defined to be the premium charged by the insurer less the
reinsurance premium and less the claims paid by the insurer, net of reinsurance.)

(d) Calculate the insurer’s expected profit before effecting the reinsurance. [4]

(e) Calculate the insurer’s expected profit after effecting the reinsurance and hence
find the percentage reduction in the insurer’s expected profit. [13]
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Question 2 [29 marks]. Claims on a portfolio of insurance policies arrive as a
Poisson process with parameter 200. Individual claim amounts follow a normal
distribution with the mean 20 and variance 16. The insurer calculates premiums using
a premium loading of 15% and has initial surplus of 200.

(a) Define the ruin probabilities Ψ(200),Ψ(200, 1) and Ψ1(200, 1). [5]

(b) Define the adjustment coefficient R. [2]

(c) Show that for this portfolio the value of R is 0.013 correct to 3 decimal places. [7]

(d) Calculate an upper bound for Ψ(200) and an estimate of Ψ1(200, 1). [8]

(e) Comment on the results in part (d). [2]

(f) If the parameter of Poisson process changes to 100 for the above portfolio, explain
how this will affect the probability of ruin in finite and in infinite time. [5]

Question 3 [20 marks].

(a) Demonstrate that the coefficient of lower tail dependence is 2− 1
α where α is the

Clayton copula parameter and α > 0. [7]

(b) Comment on how the value of the parameter α affects the degree of upper tail
dependence in the case of the Clayton copula. [3]

(c) Derive an expression for the Clayton copula for the case where the parameter
α > 0 and there are 3 variables. The Clayton copula has a generator function:

Ψ(t) =
1

α
(t−α − 1).

[10]

Question 4 [20 marks]. An actuary assumes that the underlying gross claims
follow an exponential distribution of some unknown rate λ. The payments of n claims
are to be split between an insurance company and its reinsurer under an Excess of Loss
reinsurance arrangement with a retention level M. The actuary needs to find the
maximum likelihood estimate of λ using only the claims amount paid by the insurer. If
the amount of only r claims are above the retention level, find the maximum likelihood
estimate of λ. Assume that all claims are independent. [20]

End of Paper.
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