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Answer the following questions.

Q1: [4+4]
(@) Let A have agamma distribution and let X |A have a Weibull distribution with conditional

survival function s |/1)=e"1$y . Determine the unconditional or marginal distribution of X,

XA @
HNa+7)y(z!60)”

(b) Let X have pdf f(z)= M) (Lt @ 0) T

Find the pdfas ¢ —w, ¢ — o, and 01" — &, aconstant,

Q2: [4+6]

There are two types of drivers. Good drivers make up 70% of the population and in one year have
zero claims with probability 0.6, one claim with probability 0.3, and two claims with probability
0.1. Bad drivers make up the other 30% of the population and have zero, one, or two claims with
probabilities 0.4, 0.3, and 0.3, respectively.

(@) Describe this process by using the concept of the risk parameter ®.

(b) For a particular policyholder, suppose that we have observed z; =0 and =z, =1 for past claims.

Determine each of the following:
(i) The posterior distribution of ®|X; =0, X, =1

(i) The predictive distribution of X,|X, =0, X, =1

Q3:[4+3]
(@) For a particular policyholder, the manual premium is 600 per year. The past claims experience is
given in the following table

Year 1 2 3
Claims 475 550 400

Determine the full credibility and partial credibility through premium by assuming the normal
approximation. Use 7=0.05 and p =0.95.
(b) Seven losses are observed as 27, 82, 115, 126, 155, 161 and 243. Determine the maximum
likelihood estimate of the parameter¢ for inverse exponential distribution, and find the value of the
log-likelihood function.
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Hint: f(z;6) =—— for inverse exponential distribution.
T




Standard HNormal Cumulative Probability Table

Curnulative probabliifiss for POSITIVE z-valuss are shown In the following tabis:
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The Model Answer

Q1: [4+4]
(a)
let A ~ gamma (6,a), X |A ~ weibull(4,y)

" SX‘A (x|ﬂ,) —e ™

o A(z)=a
S (@) = Fe ™)
=M, [-A(2)]

s Sy (x)=M,[-2"]

and - M, (z)=1-60z)"

S8y (@)=@A+62")"

which is a Burr distribution with parameters

-1
0—->0", a—>«a

(b)
143
o f(2)= [Na+7)y(z/0) _
T'(@)(2)x[1+(z/60)]
let 6= Ea” where /" = & = constant
U7 5 £, a constant

(transformed beta pdf) (1)

When @ — o0, a —> o0 and 0/«
By using Stirling's formula

6—aaa—1/2 (272_)1/2 B

z!tl—ll]o () (2)
=
Ilm e—(a+r) (0( + T)a+r—ll2 (27[)1/2 _ 1 (3)
atr—n [ +7)
Substitute (2) and (3) in (1)
f(x) _ e—(a+r) (a n z_)aﬂ'fl/Z (272_)1/2 73;;/171
T (Zﬂ)l/ZF(r)(iaw)” L+ myg—ya—l)a-#r

where 0= o =07 = E7at

- -1/2 -1
e r(a;z-)aJrr j/x;/r

r(r)fﬂ (l+ (:nf)y )a+r

. Iim(aTﬂ)a+r—1/2 — Iim(1+§)a+r—112 — er
a—»00 a—0

where lim(L+2)"2 =1, lim(l+%)* =¢’

o—>0

and lim L+ &elyese = (/e

o—>0



yr=1 _—(zl&)

. yer’ e
s him =
a—x f(x) F(T)é:}’f

which is the pdf of the transformed gamma distribution with parameters 7, & and y.
Q2: [4+6]
(a)

" | Pr(X=2|0=G) | Pr(X=2/@=B) | 0 | P(©=0)

0 0.6 04 G 0.7

1 0.3 0.3 B 0.3

2 0.1 0.3
(b)
(i)
For the posterior distribution, the posterior probabilities are given by

0 1
(G0 = [OOUNG)
/x(0,1)

Where fX (0!1) = fol\(a (0|9)fxz\® (1|‘9)7Z-(0)

£.(0,1) =0.6(0.3)(0.7) +0.4(0.3)(0.3)
=0.162

0.6(0.3)(0.7) _ 7 _ 07778
0.162 9

04(0.3)(03) _2 _ 5090
0162 9

7Z'(G|O,1) =

7(B|0,1) =

(i)
For the predictive distribution, the predictive probabilities are given by

fix (00,9 =3 £(0]6)z(6]0,)

= /(0|&)#(G|0,2) + £(0| B)=(B|0,2)
= 0.6(0.7778) +0.4(0.2222)
= 0.55556,

fox@0,2) = ZH‘, F(W6)7(6]0,2)

= (&)= (G|0,1))+ 1 B)z(B]|0,1)
=0.3(0.7778) + 0.3(0.2222)
=0.3,
and f, | (20 =) f(2/6)=(6]0,1)
= f(2|G)=(G|0,2) + f(2| B)=(B]0.,1)

=0.1(0.7778) +0.3(0.2222)
= 0.14444.



Q3:[4+3]
(a)
at p=0.95, ®(y,)=(1+p)/2=0.975

=y, =1.96 (by using SND table)
=4, =(y, /)% =(1.96/0.05)> =1536.64

The meanis & = F(X)) = 475+520+400 =475,
Z(xj _5)2 2 2 2
variance is o? = -2 _0+o 75 =5625
n—1 2

2
For full credibility n > 4, (%)

n 21536.64(562§j
475

-.n > 38.3095845

The credibility factor is Z = /W
_ 3 _
_ % ~0.279838

The partial credibility through premium is
P=ZX+Q1-Z)M

=0.279838(475) + (1-0.279838)(600)
. P =565.02025
(b)

The likelihood function is

n —0lz;
L(9)= H Be J

=1 (@)}

The log-likelihood function is
n n

(0)=nIn6—0% 27" -2% Inz;
j=1 J j=1

n n
S UO) =nnO—ny6-2% Inzj, where y=1 % 27
=1 j=1 7

To get themaximum estimate of 6 (i.e. ), let Z'(H) =0

:>ll(6’) =no " —ny=0

39=% 0= g =847



=1(6)=nIn H—ny(%)—Z g Ina;
j=1

n
=nln@—n-2% |nx]’
=1
N

S 1(@)=7InB4.7) -7 —-2(32.9) =—-41.7




