PROFESSIONAL EDUCATION

Construction of Actuarial Models
Third Edition
o) by Mike Gauger and Michael Hosking

Published by BPP Professional Education

Solutions to practice questions - Chapter 14

Solution 14.1

ln(Xlx---x Xn) :iln(Xi) ~ N[i,ui ,iaiz]

i=1 i=1 i=1

n n
= X;yx---x X, ~ lognormal with parameters x = Z,ui , o2 :ZGiZ
i=1 i=1

Solution 14.2
2
1. e 059" _E[X] = 4044730 = u+0.567=3.700
2
2 27 SE[ x| = (E[X]) +var(X) = 2,440.60163 = 24+ 207 =7.800
3. % =7.800 — 2x 3.700 = 0.400 , 1 = 3.500
Solution 14.3
1. 2910 =1.282 = 90" percentile of N (0,1)
2. 1+1.2820 = 3.5 + 1.282 x 0.4 = 431081 = 90 percentile of N( ,u,O'Z)
N( 2
3. et t12820 _ (431081 _ 74 50 = 90M percentile of ¢ (ﬂ ’ )
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Solution 14.4

Pr(30 < Nwo?) ¢ 50) Pr(ln 30) < N(u,07) < 1“(50))

]

= ©(0.651) - d(-0.156)
= 0.7426 — 0.4379 = 0.3047

I
e

Solution 14.5

In(x)-u-o> In(38)—-3.5-0.40
;- In(x)-u-c" _In(38) =—0415 = d(l) = 0.3391

o J0.40
_In@-x InBE-55 515 - a(u)- 05863
o \0.40
2 ol
E[X|X <x] =77 x O _ 57, 0391 _ 554
@ (u) 0.5861
Solution 14.6
In(x)-p—-0® In45-35-0.40
I= = =-0148 =1 - ()= 05587
o J0.40 0
In(x)-x In(45)-35
- - = 0485 = ®(u)=0.6861
o +0.40 ()

2 —
E[X|X > 2] = #0507, 1200 _ a7, 0.5588

= 71.99
1-®(u) 0.3138

Solution 14.7

104.08 = E[S;] = So !® ™ = 1006779 = (@9 = 1,0408

E[Sys5:] = Sp el® 925t = 100(e(“‘5)t )25 - 11051

Solution 14.8

@=010,6=0,0 =020, =100
E[S;] = S0 = E[S,]=100x¢"% = 122.14

var(S;) =53 X0t (eg2t - 1) = var($,)=100%x e’ x(eo'os —1)= 1,242.50

© BPP Professional Education



Solutions to practice questions — Chapter 14 Construction of actuarial models

Solution 14.9
Since returns on intervals of equal length are identically distributed, we have:

s 50eR(02) ) (R(01) + R(1,2) ,
S SOeR(O,l) (RO1)

R(12) _ ,R(01)

So the distribution of S| S; =105 is the same as the distribution of S; when S;=105:

@=010,5=0,0 =020, Sy=105
E[S;] = S0 = E[S;]=105xe"10 = 116.04

. 2
var(S;) =53 2@t (eg - 1) = var(S;)=105%x¢%2 x(e0'04 —1): 549.56

Solution 14.10

@=010,8=0,c =020, Sy=100

a-5-0502)t

median of S; = Soe( =

2
median of S; = Sye(*97059%) =100 x %% =108.33

Solution 14.11

a=010,6=0,0=020,57=100, K =100, t=0.5

1. E[So5] = So €% = 100x*% = 105.127
In(K/Sp) - (@=8+050%)t  In(100/100) — 0.12x0.5
2. I= - = 0424
ot 0.2x~/0.5
= ®(1) = 0.3358
In(K/Sy) - (@=5-0502)t In(100/100) — 0.08x0.5
u = K/%) ~ (e o)t _ In(100/100) ~ 008x05 _ _; 5g4

ot 0.2x+/05
= @ (u) = 0.3886

@(1)
@ (u)
= E[SO.S |SO.5 < 100] = 90.84

3. E[St |St <K] = E[St] X

Solution 14.12

Using the results of Solution 14.11, we have:

E[(K=S;), | = K®(u) - E[S;] ®(I) = 100 x 0.3886 — 105.127 x 0.3358 = 3.575
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Solution 14.13
Using the results of Solution 14.11, we have:

o(1) 0.3358

K-E[S;|S; <K] =K - E[S;]x ——% =100 — 105.127 x =920
(515 <K] [5:] D (u) 0.3886
Solution 14.14
@=010,5=0,0=020,5,=100, K =110, t =05
1. E[So5] = So e 9% = 100xe*% = 105.127
In(K/Sy) - (@-8+056%)t  In(110/100) - 0.12x0.5
2. I = = =0.250
ot 0.2x~/0.5

= @(1) = 0.5986

_In(K/Sy) - (@-6-0.50%)t  In(110/100) — 0.08x0.5
- ot - 0.2x~/0.5

= ®(u) = 0.6521

u =0.391

_1-0()
1-®(u)
= E[SO.S |SO.5 > 110] = 12131

3. E[S,|S; >K] = E[S]

Solution 14.15

Using the results of Solution 14.14, we have:

E[(S; - K), | = E[S;] ®(-1) - K (-u)
=105.127 x(1—0.5987) — 110 x (1—0.6521) =3.935

Solution 14.16

Using the results of Solution 14.14, we have:

E[S; | S; > K] - K =E[S;] x % -K
1-0.5987

=105.127 x ——— - 110 =11.26
1-0.6521
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Solution 14.17

0 if 5, <K
call payoff = (S, -K), = 5K ifS, >K

K-S, if 5, <K
put payoff = (K-5;), = 9 5, > K

= call payoff — put payoff =5; —

Solution 14.18

Using the results of Solutions 14.12 and 14.17, we have:

Solution14.17 : E[ call payoff | — E[put payoff | = E[S;] - K
— T

[ S —
=3.575 105127 100
(see Solution 14.12)

= E[call payoff | =8.702

Solution 14.19

From the given weekly price data we can determine the corresponding weekly returns:

weekly prices: 100, 102, 106, 98, 100, 97, 100, 103, 108, 102 =
r = In(102/100) = 0.0198 r, = In (106 /102) = 0.0385
rs = In(98/106) = —0.0785 ry = 1In(100/98) = 0.0202
97/100) = -0.0305 15 = ln(100 /97) = 0.0305

In (108 /103) = 0.0474

(

15 =1In(

= ln(103 /100) = 0.0296
In (102 /108) = —0.0572

Now determine the estimates:

=1/52 (week is a 52" of ayear)
r= l(1’1 +e )= 1(0.0198) =0.0022
n

n n
) 1 2 -2 1 2
= _ 1 —-nr° |= ———(0.01668 — 9 x 0.0022° | = 0.10814
’ hx(n 1 ; < (n-1) [Zl ] (1/52)x8( )
= ¢ =0.3288
Solution 14.20
G = % +056% =0.1685 (See Solution 14.19)
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