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Instructions:

This paper contains 11 questions and comprises 3 pages including the title page.
Enter all requested details on the cover sheet.

You must not start writing your answers until instructed to do so.

Number the pages of the paper where you are going to write your answers.
Attempt all questions.

Begin your answer to each question on a new page.

Marks are shown in brackets. Total marks: 200.

Show calculations where appropriate.
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An approved calculator may be used.
10. Mobile phones and smartphones may not be used during the examination.
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We have observed claim counts for accident years j =1,---,J, where J denotes the current year.
The set of observed, incremental claim countsis {N , : j =1,---,J,d =0,---,J — j}, where N,
denotes the number of claims from accident year j that are reported in calendar year j+d . The
amount of risk exposed in accident year j has been D, The expected ultimate claim rate relative to

the amount of risk we denote by &, and the probability of a notification delay of d years, we denote

by 7 ,. We assume that the de are stochastically independent and follow a Poisson distribution
with expected value E(de ): p,-0-7,.

1. Prove that the maximum likelihood estimators of 8 and 7, are

* D N< — * N< —
0 :Z(MJ and 7, :;‘l’d*. [20 marks]
d=0\_ P<j-a Peya O

2. Calculate the estimates " and {72'; id = O,---,3} from the following data:

Claim counts | Development year
Accident year Exposure Accident year 0 1 2 3
1 5124 1 87 58 8 3
2 4719 2 77 45 8
3 3898 3 79 41
4 3575 4 84 [20 marks]
3. Use Bornhuetter-Ferguson’s method to predict the future claim counts. [10 marks]

Now we are looking to relax the assumption of one fixed claim rate @ for all accident years.

The Buhlmann-Straub model assumes that every accident year has a random claim rate © ;. The claim
counts de are conditionally independent, given @j, . The conditional distribution of de , given ®j

is Poisson (pj@j;rd).

4. Derive the functions b(®j) and v(®j) of the Blhlmann-Straub model, and show that

b(@_/): v(®j) in the Poisson case. [20 marks]

We denote the mean and variance of @ ; by 7 = E(®j) and A = Var(@_/.).

Given an estimator ©; of ® , we predict the number of future claimsby N, , . =p ® 7 , ;.

5. Prove that the mean squared error of ij_j is
MSE(]VJN—J'): E(ﬁj,w—j - Nj,>J—j)2 = (pj7Z>J_j)2E(@j - ®j)2 +piT, T

[15 marks]
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. N._, .
Now define ®; = S
Pty
O,
)=—". [10 marks]

6. Prove that E(@j | ®j)=®j and Var(@j 1O,
Py

For a non-random credibility factor z, define a credibility estimator of @J. by @j = z@j +(1-2)r.

7. Prove that the mean squared error of @j is

MSE(®,)=E@®,-0,f=2——

Pty

+(1-z)A. [20 marks]

8. Prove that the value of z that minimises the mean squared error in (7), is
P it

= m [10 marks]
JrsJ=j

J

Now assume that 7 =0.03 and 4 =0.00003.

9. Complete the following table.

J Py | Nicyj| Zeyj 0, g O, |N,.,, MSE(®]‘) MSE(NJ,>J—J')
1 5124 156 | 100 %
2 4719 130 98 %
3 3898 120 93%
4 3575 84| 60%
Total | 17 316 490
[40 marks]
10. Describe the meaning of the following “attachment conditions”:
A) Claims incurred, also known as Losses occurring
B) Claims made
C) Claims manifestation
[15 marks]

11. A claim can be thought of passing through different states as time goes by: Covered but not
Incurred (CBNI), Incurred but not Reported (IBNR), Reported but not Settled (RBNS) and,
finally, Settled. Describe each of these states and give reasons for why a claim can remain in
those states for a shorter or longer period.

[15 marks]

END
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