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1
()
Annual profits
o, 0, 0, Expected profit
d, 1360 1520 1760 1576
d, 1407 1541 1742 1587.9 «
d, 1250 1350 1500 1385
p©®) 0.1 0.6 0.3
decision: choose d,
(i1) minimax
max
d, 1760 «
d, 1742
dy; 1500
decision: choose d,
maximin
min
d, 1360
dy 1250
decision: choose d,
2 Q) Premiums in next three years:
Claim No claim Smallest loss for
which will claim
0% 500, 425, 350 425, 350, 250 250
15% 500, 425, 350 350, 250, 250 425
30% 425, 350, 250 250, 250, 250 275
50% 425, 350, 250 250, 250, 250 275

i) 0% level: P(cost > 250) = ¢ 2271000 = () 779
15% level: P(cost > 425) = ¢ 42190 = () 654
30% and 50% levels: P(cost > 275) = e 27190 =() 760
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3 Q)

(i)

(iii)

A masprint occurred in part (i) of this question. Many candidates spotted this and

Insurer pays X-F ifX>FE
0 if X<E

Define Y=X-E | X>E.

LO+E) _ ad*+E+y)!
P(X >E> I;axa(x +x)—oc—1 dx

1) =

_ oA A+ E+ )
A+ E)”

=ar+E)* A+ E+y) ™!
— Yis Pareto, parameters o and A + F

A+ E
a-1

EY) =

=15 _
@  EX)=-— =5
o Em=1 =

Small claims are excluded, so the mean claim amount increases.

highlighted it in their answer. However, the misprint was taken into account in marking
scripts to ensure that nobody was disadvantaged by it.

4 ()

Let X = No. of people with access to the internet at home in a sample

of 50.
X~ B(50, 0)

50

fx|6) = [e

j o~ (1 _9)507x

=1
£0]x) o 05(1 — 0)%°=
6|x~beta(x+ 1,50-x+1)

x=29 = 0|x~beta (30, 22)
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. . . . . _ 30
Quadratic loss function — estimate is posterior mean = ok

50

(i) ﬂxM>:[e

j ex(l _ 9)507x

6) =6° (1 - 6)°
f©x) oc 7% (1 - 0)"
x=29 = f6|x) 6% (1 - 6)**
“All-or-nothing” loss function — estimate is posterior mode.

log /0 |x) = 32 log © + 24 log (1 - 0)

d _32 24
T log f©®]x) = 6 (-0
_ 32(1-0) - 246
61 -0)

Equate to 0 for maximum (mode)

32(1 —6) =246

59 Cumulative claims:

2587 3678 3929

2053 3351

3190

A= 1029 5149 2, = 5929 2 ggs2
1640 3678

Forecast cumulative claims:

3579.7
4832.4  5162.2

Total outstanding claims = 228.7 + 1972.2 = 2200.9
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6 1) (a) Vim)=m

®) d:2£in_tdt

= 2[ylogt —t]

. Q[ylog(%)—(y—nﬁ,)j

(c) deviance residual sign (y —m) ~d

y—m

A

m

Pearson residual

(i1) (a) Formulae:

%o
o +0; X
log . = Jo, + 0y X + oLy x°

Oy + 0 X +0y x° +ay x°

oy +B; oy x+ay, Xt +a,x’ (B, =0)

(b) The term in x° is not supported by the change in the deviance. It
also renders the parameter estimates a, (and @, ) non-significant

estimate J

as measured by their respective t—statistics (
s.e.

Conclusion: Select the formula log p,, = a, + B; + a, x + a, &

(c) Additional output:
e parameter estimates and standard errors for the selected model
e residual plots of various types (e.g. vs fitted values; vs age)

A significant number of candidates did not attempt this question although those that did
generally scored fairly well, particularly on part (i1).
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7 M My  =Ele"]

= F |:etS1+tS2 :|

Hle ] e

exl (M x, (t)*l)exz(zwxg ()-1)

e[xlzuxl (O)+AgM x, (D)]-(Ay +12)

= MMy(®-1]

MMy (1) + 3 My (1)

where A =1, + A,, and M,(f) = Y

Hence S has a compound Poisson distribution, with Poisson parameter
A=A+ A,

(i)
(a) E[S] =400 x 0.05 x 3,000 + 150 x 0.1 x 3,000 + 100 x 0.1 x 2000
= 125,000
V[S] =400 x 0.05 x 3,000% + 150 x 0.1 x 3,000 + 100 x 0.1 x 2000”
= 355,000,000
E[(S - E(S))’] =20 x 3000° + 15 x 3000° + 10 x 2000°

=1.025 x 10"

12
— CoefTicient of skewness = 1.025 x10 =0.153

355,000,000°'2

() S ~ N(125,000, 355,000,000)

PS> 1) = P{Y—125,000 S—125,000} o1

<
18,841 18,841

= Y=12,500 + 18,841 x 1.2816 = 149,000
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©

()

Now, E(S) =60,000

V(S) = 180,000,000

S ~ N(60,000; 180,000,000)

P(S >100,000)= P[N(0, 1) > 2.98]

=0.0014

The adjustment coefficient R is the solution of

MM () -A—cr=0

in the positive region for which M.(r) = E(e™) exists.

Note also, here ¢ = (1 +0) E(X) A so look at

Get

But

Also

M@)-1-1+6)EX)r=0

T 1+ 2x . .
M) = I 5 eI dx  sorequire t < 1
0
:%Ie(l—t)xdx_i_%‘[xe(lt)xdx
0 0

y=1-0x, dy=(1-1dx

1 1

r'(2)
M) =1ia-0'+21-17

3t
3(1-1)?

M) =4+EDEDA -0 +2(-2EDA -7

= M (0) =EWX) =3

Page 7



Subject 106 (Actuarial Mathematics 2) — April 2000 — Examiners’ Report

We require the root of

S;rz_l_ﬂ‘ér :O
31-r) 8 3
st.0<r<1.

Look at

8(3 1) = (24 +55r)(1 = 1)* _ —r(55r" - 86r +15)
24(1 - 1)? 24(1 — 1)?

-r(11r —15)(5r—1)
24(1 —r)?

so R=0.2 (other roots are 0, % >1)

(i) U =u+ct-S,

S

. = loss (compound Poisson process)

u = initial capital

¢ =constant rate

Then y@w)=PAt>0 st U,<0|U,=u).
(i)  (a)

{1

Ru —

() Lundberg’s upper bound 1is e” % )

e

This is clearly greater than y(u) Yu given the specific nature of
Wy ().
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(iv)  Look at X, =aX with a = 0.84

E(X) = aB(X) = 0.84 x % =14 = EX,) = EX) - EX)

-1.4 =0.2667

| ot

.the reinsurance premium is 1.5 x 0.2667 x A = 0.4\ .
Recall that the insurer’s premium before reinsurance was

11 5. _ 55
1+0) E) A= —x-A =2
(1+6) EX) g 3 =94

We also require

3—al
M, ) = E(™1) = E@™) =MJat) = ————— .
5O = B =B = Myo = o =2
Hence the required equation is
55
My ) —A—|—=-04 | =0
XI(’) (24 J 1
or
32084y 891720
3(1-0.84r)
()
(a) Given
(6 -’ 1
i) o« exp — —— o exp — — (6” — 2u0)
(e} (e}
and

0)?

- (x; - I & a0
x0) o [Jexp--2"2 ocoxp—— (62 - 2x,0
px16) ]_1[ P- p 212;( )

o« exp —2%(11,92 — 2nx0) ( X = n,g?j ,
T 12
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(b)

©

(d)

(i)

Page 10

we want

p®ly) o pil6) p®)
o exp _— (L+’—”J92 —[iJrEJO
| 262 277 ot 1
p) P P — 2
T +no 9 put” + nxoc
xexp|l-————<0° 2| ———"|o
P 2c%1? { (  + no? j H

B _ 2
7 + no* ut® + nxo”
o exp| - 60—

2.9 P) P)
26°1 " +noc

2

‘C2 11,62 — GZ‘CZ
2 2 27 2 2
T + N0 T +No T +Noc

:>9|x~N[ B+

The posterior mean (the point estimator under quadratic loss) is

2 2
T noc —
E@lp)=5———pn+—4—7%.
T +Noc T +Noc

E®ly)y=0-2)n+ Zx

where

71,62 n

/= =

‘52 + 71,62

2

I+T
n+—
('52

is the credibility factor. Hence E®| x) can be expressed in the form of a
credibility estimate.

Asn —»>owo, Z=Ilim —1 and E(6|g)—>3?

2

sty T
n
(a) A B
Want X; 244  226.8 with n = 5.
(1) A B @ A B
2 400 400 400 400
n 270 260 270 260
c? 2500 2500 225 225
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(b)

©

2

For both companies ~ Z = —>— =0.969 7 =0.7377 (0.738)
o+
n
Credibility premiums ~ 0.969%, +0.031n 0.738X, + 0.262u
A 244.8 250.8
B 227.8 235.5

With larger o in case (1), prior knowledge is more vague. This is reflected
in the lower weighting given to p relative to x;.

A B

Want X; 244 2268 =x=2354withN=2,n=5
s? 314 363.7

1

N1 D (X%, —%)* =147.92

i

Then E(S*®) = %ZS? = 338.85

i

R 1 _ s 11 9 338.85
V (0)) = —— - -——>» 5 =147.92 - =80.15
ar(m(0)) N 1 Zi:(XL X) TN ZL: ;
and Z= 80';28 35 =0.5418
80.15 + 5‘

Credibility premiums are 0.5418x; +0.4582x =0.5418x; +107.86

A 240.1
B 230.7
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