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MTH5126: Statistics for Insurance

You should attempt ALL questions. Marks available are shown next to the
questions.

In completing this assessment:

� You may use books and notes.

� You may use calculators and computers, but you must show your work-
ing for any calculations you do.

� You may use the Internet as a resource, but not to ask for the solution
to an exam question or to copy any solution you find.

� You must not seek or obtain help from anyone else.

All work should be handwritten and should include your student number.

You have 24 hours to complete and submit this assessment. When you have finished:

� scan your work, convert it to a single PDF file, and submit this file using the
tool below the link to the exam;

� e-mail a copy to maths@qmul.ac.uk with your student number and the module
code in the subject line;

� with your e-mail, include a photograph of the first page of your work together
with either yourself or your student ID card.

You are expected to spend about 2 hours to complete the assessment, plus the time
taken to scan and upload your work. Please try to upload your work well before the end
of the submission window, in case you experience computer problems. Only one
attempt is allowed – once you have submitted your work, it is final.

IFoA exemptions. For actuarial students, this module counts towards IFoA actuarial
exemptions. You are allowed two submissions for this exam—the first for your IFoA
mark, and the second for your module mark. To be eligible for IFoA exemptions, your
IFoA submission must be within the first 3 hours of the assessment period.

Examiners: G. Ng, S. Liverani
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Question 1 [21 marks]. Artemis Insurance plc considers that claims for its motor
insurance portfolio occur in accordance with a compound Poisson process. The claim
frequency for the whole portfolio is 100 per annum and individual claims, X, have an
exponential distribution with a mean of £8,000.

(a) Derive the moment generating function MX(t). [6]

(b) Calculate the adjustment coefficient, R, if the total premium rate for the portfolio
is £1,000,000 per annum. [6]

(c) Verify that the calculated value of R satisfies the inequality:

R <
2[ c
λ
− E(X)]

E(X2)

[4]

(d) Find to the nearest £, the minimum surplus required to ensure the probability of
ultimate ruin is less than p.
If the last digit of your student ID is 0, use p = 10%.
If the last digit of your student ID is 1, use p = 11%.
If the last digit of your student ID is 2, use p = 12%.
If the last digit of your student ID is 3, use p = 13%.
If the last digit of your student ID is 4, use p = 14%.
If the last digit of your student ID is 5, use p = 15%.
If the last digit of your student ID is 6, use p = 16%.
If the last digit of your student ID is 7, use p = 17%.
If the last digit of your student ID is 8, use p = 18%.
If the last digit of your student ID is 9, use p = 19%.

[5]
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Question 2 [22 marks].
Petz, a general insurance company, is planning to set up a new class of pet insurance.
Claims are expected to occur according to a Poisson process with parameter 60.
Individual claims are thought to have a gamma distribution with parameters α = 150
and β = 0.5.

It plans to raise funds of £1 million to start the business. A premium loading factor of
20% will be applied.

In the questions that follow, assume that the number of policies sold at outset remains
the same.

(a) If Petz only managed to raise 90% of the funds it had expected to raise and went
ahead to start the business, will the probability of ultimate ruin for Petz increase,
decrease or remain unchanged? Explain your answer. [3]

(b) Calculate the mean and variance of the individual claims. [2]

(c) Preliminary claims data now indicate that individual claims have a gamma
distribution with parameters α = 150 and β = 0.25 instead. Calculate the new
mean and variance of the individual claims. [2]

(d) Given the above change in the distribution of individual claims, will the
probability of ultimate ruin for this business increase, decrease or remain
unchanged? Explain your answer. [3]

(e) Preliminary claims data now indicate that the Poisson parameter is 80 instead.
Will the premium received by Petz increase, decrease or remain unchanged?
Explain your answer. [3]

(f) Will the above change in the Poisson parameter result in an earlier or later timing
at which ruin may occur for Petz? Explain your answer. [3]

(g) How will the above change in the Poisson parameter affect the probability of
ultimate ruin for Petz? Explain your answer. [3]

(h) If a 30% premium loading factor is applied instead, will the probability of ultimate
ruin for Petz increase, decrease or remain unchanged? Explain your answer. [3]
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Question 3 [9 marks]. Estimate the parameters to fit a Pareto(α, λ) distribution
to the data in the table below by the method of moments.

Claim size Average size Number of claims
(£) (£)

0-24 17.14 168
25-49 34.88 474
50-74 60.02 329
75-99 87.73 205
100-199 134.27 367
200-499 282.88 241
500-999 685.29 80
1000-4999 2455.83 84
5000 and over 7170.00 2

[9]

Question 4 [12 marks]. A general insurance company has a portfolio of policies
under which individual loss amounts follow an exponential distribution with mean 1

λ
.

An excess of loss reinsurance arrangement is in place with retention level 120.

In one year, the insurer observes:

75 claims for amounts below 120 with mean claim amount 55, and
33 claims for amounts above the retention level.

Find the maximum likelihood estimate of λ.
[12]
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Question 5 [26 marks]. The aggregate claims from a risk have a compound
Poisson distribution with parameter µ. Individual claim amounts have a Pareto
distribution with parameters α = 3 and λ = 1, 000.

The insurer of this risk calculates the premium using a premium loading factor of 0.25
(this means they charge 25% in excess of the risk premium).

The insurer is considering effecting excess of loss reinsurance with a retention limit of
1,000. The reinsurance premium would be calculated using a premium loading factor of
0.25.

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.

(a) Calculate the variance of the insurer’s aggregate claims before reinsurance. [6]

(b) Calculate the variance of the insurer’s aggregate claims net of reinsurance. [12]

(c) Hence, calculate the percentage change in the standard deviation of the insurer’s
profit as a result of effecting the reinsurance. [8]

Question 6 [10 marks]. Individual claims from a portfolio are believed to have a
Pareto(α, λ) distribution. In Year 0, α = 6 and λ = 1000.

Inflation is at a constant rate of r per annnum.

If the last digit of your student ID is 0, use r = 10%.
If the last digit of your student ID is 1, use r = 11%.
If the last digit of your student ID is 2, use r = 12%.
If the last digit of your student ID is 3, use r = 13%.
If the last digit of your student ID is 4, use r = 14%.
If the last digit of your student ID is 5, use r = 15%.
If the last digit of your student ID is 6, use r = 16%.
If the last digit of your student ID is 7, use r = 17%.
If the last digit of your student ID is 8, use r = 18%.
If the last digit of your student ID is 9, use r = 19%.

(a) Find the distribution of the individual claim payments in Year 1. [8]

(b) Hence, state the distribution of the individual claim payments in Year 2. [2]

End of Paper.
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