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INSTRUCTIONS

Please check that your exam contains 10 pages total (including the first page!!), 07
questions and a Bonus question.

Answer all questions.

No books, No notes and no phones are allowed.
A standard no programmable calculator is allowed.
Table for most used distributions is included.
Z-table is included.
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Exercise 1. (3+2=5 marks) Suppose A~Exponential(B) and X, has a Weibull distribution with cdf
Fya(x|d) =1 - e~ for x > 0.

a) Compute the cdf and pdf of X.

b) Compute the mean of X.

Bonus question. (2 marks) Suppose B~Gamma(1,2) and Ng-,~Negative_Binomial(1, b).
Compute the Variance of N.
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Exercise 2. (2+2+2=6 marks)
The model for an annual total claim is given as follows:
(i) The number of claims N follows a Poisson distribution with parameter A = 10.
(i) Claim severity Y follows an exponential distribution with parameter g = 2.
(iii) The number of claims is independent of the severity of claims.
We suppose that aggregate (total) losses are within 10% of expected aggregate (total) losses with
96% probability.
a) Compute the mean and variance of the annual total claim X =Y; + --- + Y.
b) Determine the standard of full credibility nz, measured in terms of the number of
observations.
c) Compute the credibility factor based on n = 0.75 n observations.
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Exercise 3. (2+2+2=6 marks) Let X, ..., X;, be past claim numbers. Suppose that X;|© are
independent and identically Poisson distributed with parameter ©® and © is Gamma distributed
with parameters a and 3.
Determine

a) the hypothetical mean, its mean and variance.

b) the process variance and its mean.

c) the Buhlmann estimate for the number of claims.
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Exercise 4. (2+2+2=6 marks) Suppose the number of claims X;|0~Binomial(©, 0.2) and the prior
distribution of © is given as follows:

)

1

2 3

P(@ = 6)

0.2

0.3 0.5

Suppose further that a randomly chosen insured has 3 claims in year 1 and 2 claims in year 2.

Calculate

a) the hypothetical mean, its mean and variance.

b) the process variance and its mean.

c) the Buhlmann estimate for the number of claims in year 3.
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Exercise 5. (2+2+2=6 marks)

You are given:

(1) The number of claims N, incurred in a year by any insured has a Poisson distribution with
parameter A.

(i) The claim frequencies of different insureds are independent.

(iii) The prior distribution A is uniform on the interval (1,10).

(iv)
Year Annual Number of insureds Annual Number of claims
1 100 10
2 80 8
3 120 ?

Calculate the following:
a) the hypothetical mean, its mean and variance.
b) the process variance and its mean.
c) the Buhlmann-Straub credibility estimate of the number of claims in Year 3.
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Exercise 6. (2+2+2=6 marks)
You are given total claims for three policyholders:

Policyholder Year 1 Year 2
1) 500 700
(2 550 650
3) 450 550

Using the nonparametric empirical Bayes method, determine the estimated value of
a) the mean and variance of the hypothetical mean, and the mean of the process

variance.
b) the Buhlmann credibility premium for Policyholder (2).
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Exercise 7. (5 marks)
The claim payments on a sample of ten policiesare:2 3 3" 55" 6 7 7 9° 10, where ‘+’

indicates that the loss exceeded the policy limit.
Using the Kaplan-Meier (Product limit) method, calculate the probability that the loss in a policy

exceeds 6.5.
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Table A The most frequently used discrete and continuous distributions

Distribution

Density & support

Moments & cumulants Mgt

Binomial(n,p)
D<p<l,nel)

E=np.Var =np(l — p),

- np(l —p)(1-2p)
— 3

(1= p+pel)y

Bemoulli(p)

= Binomial(l,p)

Poisson(A) AN E= V:ar:l, -
ﬁ e =01, y=1/VT. exp[A (¢ — 1)]
(>0) - Kj=A.j=12....
Negative r+x—1 £l — oY E=r(l—p)/p )
binomial(r,p) X p—p) Var = E/p. (| {]P : :)
\ 1-p) — (1 —ple
(r=0,0<p<l) x=0,12,... };:[_mf_-

Geometric(p)

= Negative binomial(1,p)

E={a+h)/2,

Uniformia,f) | N abl _ pat
@< b) 5 ﬁ,:a{x{ﬁ Var= (b —a)~ /12, b—ay
[ - —
rY=0 ’
N(u,o%) 1 —(x—p)? E=p.Var=02y=0 | aa
(o =0 PNCT BT (kj=0,j=3) explpt+30°1)
- T = ; — W - -
Gammal o3 ) pe s —fx _— E = n:,.-frlfj WVar — cxf."fj?_ i o i< B)
., - —_— e we — 3 _ |
(et = 0) I'(a) r=2/vu B—t,

Exponential(3)

= gammai 1,[3)

x(k) (k € 1)

gammaik /2,1/2)

Inverse
Gauvssian(e.3)
(=0, =0)

oy

LT 2Bx

33 23
e —|—px)©
exp ( { IB )

E = a/B. Var = ot /B2,
Y=3/ o

Pl L=y 1=2¢f8)

(r=pB/2)

Fn}.:m( i +q’ﬁT)+c1f*m( - —vﬁ), =0

/P
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Standard Normal Probabilities

Table enkry
Table entry for £ is the area under the standard normal curve
L o the left of Z.
z 00 01 02 03 04 .05 .06 07 .08 .09

0.0  .5000 .5040  .5080 5120 5160  .5199 5230  52Y9 5319  .5350
0.4  .5308 5438 .5478 5517 5557 5506 5636 .56Y5 5714 5753
0.2 .5793 5832 571 5010 5948 5087 6026  .60B4 6103 6141
0.3 6179 6217 6255 6203 6331 6368 6406  .6443  p480 6517
04 6554 6501 6628  .BB64 6700 6736 6772 .6808 6844  .68/0
0.5 .5015 .6950  .6985 Y019 7054 088 7123 7157 190 7224
06 7257 7291 7324 7357 7389 7422 7454 7486 7517 /549
07 7580 611 Jed2  Je73 7704 G734 J7e4 7794 7813 /852
08 7881 7910 7939 7967 .7995 8023 8051 .8078 .B106  .8133
0.9  .8159  .8ise  .B212 8238 .8264 .B280  .B315  .8340 B3RS,  .B380
10 .8413 8438 8461 .8485 8508 .8531 8554 .85/7 .B590  .8621
i1 .8643  .BBES  .BEB6  .8708  .8V20 8749 8770 .8700  .8810  .BB3D
12 .8849 8860 .8888 .8007 .8025 .8044 8062 .8080  .BOOY 015
13 .9032 0040 00B6  .9082  .9000 0115 0131 9147 0162 9177
14 9192 9207 9222 9236 .9251 9265 9270 9202 0306  .9319
1.5 .9332 9345 0357 9370  .8382 0304 0406 .0418 0420 0441
16 .9452 0463 0474 0484 0405 0505 9515 9525 0535  .0545
17 .9554 0564 0573 9582  .8501 0500  Og0B  .9616  .9625  .9G33
18 9641 9649 0656 .9664 9671 9678 9686 9693 9699  .9706
19 9713 9719 9726 9732 9738 9744 9750  .9V5%6 9761 9767
20 9772 9778 9783 9788 9793 9798 9803 9808 9812  .9817
21 .9821 9826 9830 9834 9838 0842 0846 .9850  .90854  .08%7
22 9861 9864 0868 9871 9875 9878 9881 .9884  .0887 .9890
23 .9803  .980¢  .9898  .0901  .9904 0906  .9909 9011  .9913  .0016
24 0018 0020 0022 0425  .9927 0020 9031 .9937 .9934 9036
25 .9938 9940 9941 9943 09045 0045 0048 9040 0051 0052
26 0053 0055 0056  .O957 9950 0060 9961 .9962  .0063 9954
27 .995 0966 9957 9968 9960  0OY0 9971 9972 .04yl 0074
28 0974 0075 0076  .OQ77  .9977 .099y8 9979 .9979 9980  .9981
29 .90s1 9982 9982 9983 9984 0084 0085  .9985 0986 .09a36
3.0 .9987 0987  .09987  .9988  .9988  .0080 0980 9080  .0000  .9990
31 .9990 9991 9991 9901 9002 0002 0002 9002 0003 0003
3.2 .9993 0003 0994 0004 0004 0004  0g904 0005 0005 0005
3.3 .9095 0095 0995 0006 9906 D906 0996  .9906 0906 .0097
3.4  .9997 9997 099y  .0997 9097 0007 0997 0007 0007 .9998
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