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Q1 (a)

(b)

Q2 (@
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The owner of an automobile insures its automobile against damage by purchasing an
insurance policy with a deductible of RM450. In the event that the automobile is
damaged, repair costs can be modelled by a uniform random variable on the cost interval
(0,2250) Determine the standard deviation of the insurance payment in the event that the

autotnobile 1s dammaged.
(17 marks)

Suppose that a person maximizes his expected utility with the utility function given by
u(w) — \/w. Suppose that the person engages in a risky venture which leaves him with
either RM144 or RM36 with equal probability.

(i)  What is the certainty equivalent of this business venture?

(i) What is the risk premium? (8 marks)

A general insurance company has a portfolio of fire insurance policies, which offer cover
for just one fire each year Within the portfolio. there are three types of buildings for
which the average cost of a claim and probability of a claim are given in Table Q2(a):

Table Q2(a): Portfolio of liire Insurance Policies

Type of Number of Risks Average Cost Probability
building Covered ofa Claim  of a Claim
Small 147 12.4 0.031
Medium 218 27.8 0.028
Large 21 130.3 0.017

Assume that the cost of a claim has an exponential distribution, and that all the buildings
in the portfolio represent independent risks for this insurance cover.

(1) Calculate the mean and standard deviation of annual aggregate claims from this
portfolio of insurance policies.

(ii) Using a normal distribution to approximate the disttibution of annuual aggregate
claims, calculates the premium loading factor necessary such that the probability
that annual aggregate claims exceed premium income is 0.05.
[Hint: P(S > (1+ 0)E[S]) = 0.05]

(1) Miuket conditions dictate that the insuter can only chatge a pretnium whicl includes

u louding of 25%. Culculate the wnount of capital that the insurer must allocute to
this line of business in order to ensure that the probability that annual aggregate
claims exceed premium income and capital is O.TA- (

[Hint: P(S > (1+ 6)E|[S] + Capital) = 0.05]

(20 1
(ZUTIIArKS )
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(b)

QG @

(b)

Q4 (a)

Under a group insurance policy, an insurer agrees to pay 100% of the medical bills
incurred during the year by employees of a small company, up to a maximum total of one
million dollars. The total amount of bills incurred, X, has a probability density function

o) = ’“49_“") for 0 <x <3,

0 otherwise,

whete x is measured in willious  Calceulate the total atmount, in willions of ringgits, the

insurer would expect to pay under this policy.
(5 tatks)

The number of claims arising from a hurricane in a particular region has a Poisson
distribution with mean A. The amount of claim distribution has mean 0.5 and variance 1.

(i) Determine the mean and variance of the total amount of claims arising from a
hurricane

(ii) The number of hurricanes in this region in one year has a Poisson distribution with
mean (1. Detetinine the wean and vatiance of the total amount claimed (Lo all the

hurricanes in this region in one year.
& y (14 marks)

Claims occur in a Poisson process rate 20. Individual claims are independent random

variables with density

3
f(x)_ (1—5—,&)4’ x>0,

which is independent of the arrivals process.

(i) Calculate the mean and variance of the total amount claimed by time 1 = 2.

(i) Using a normal approximation, derive approximately the probability of ruin atr =2
if the premium loading factor is 30% and the initial surplus is u = 10
(6 matks)

Let U(t;u) be a compound Poisson surplus function (amount of claim) with Gamma
distribution X ~ %(3,0 5) Compute the adjustment coefficient and its approximate value
using equation

. 20ux
GX +{1+-8} :ux ’
for @ =01 and 0.2. Calculate the upper bounds for the probability of ultimate-romfor—]
u=>5andu=10. ?EBH
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(b) The claims process is a compound Poisson process with rate A, and individual claim
amounts have a Gamma distribution with mean 20! and variance 20."2. A premium
loading factor of 50% is used .

(i) Determine the adjustmont coofficient.
(i) Derive an upper bound on the probability of ruin if the initial surplus is u.

(iii) State how (his upper bound depends on ¢¢, and explain this dependence using general
reasoning

(15 marks)

- END OF QUESTIONS -
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Probabllity Distiibutions

Discrete Restrictions Moment Generating, Moments
Distributions pf on Parameters Function, M (s) Mean Variance
Binomial ()24 % Sl | (S | 0<pel (pet 1 og) ity Tip
=1 p
Bernoulli Special case n = 1
Negalive Binomial ("’;")p':,", e [ A 0<p<1 P i} 1 rq L]
Tes © 1—qi) 4 v
i
Geometric Special case r = 1
oy hox =0 AMe= 1)y A A
Poisson e“ =i i A e
Uiniform 1 ) f4 pesilive (L em . will w1
w ! # integer i ey el 2 12
1,s=0
Continuous Restrictions Moment Generating Mements
Distributions p-d.f. on Parameters Function, M(s) Mean Variance
Uniform 1 — & — e b+a (b — a)?
<x< B —_
F=a BRAEL G- ?0 2 I
1,s=0
N | 1 - + o252/ 2
orma - expl=(¢ — WR/20%, o>0 exp(us + o%?/2) in o
ovVeom
-t < x <L &
Gamma r[(B)x“ R a>0,pf>0 (BBQ),-S(B % %
o = 8
Exponential Special case a = |
Cli-equare Sypeemal oo = % :é k, ;Iirglhve
Inverse Gaussian i [ (Bx G u)ZJ [ ( J 25)] a o
X ex >0,Bp=>0 ex 1- -=11 - —
vm 4 ST B B B F
g
s <=
2
Parelo axf/x*', x > x) x>0, a>0 X, axd
a=-1 (o = 2 — 1)
o=l w -1
Lognormal 1 [ ¥/202 — < <o ] (@7 = etno?
o expl (log x  m)*/20?], a0
x>0
Utility Theory

> Anwswer with utility u( ) and wealth w needs 7 ot mote (o cover X 1f Efu(w — 1 X)] — u(w).

> Expecled value: E|w| = pw| +gwy

> Expected utility tunction: £[u(w)] — pu(wy) + qu(wy)

TERBUKA

5 - CONFIDENTIAL



CONFIDENTIAL MWA 10403 %

FINAL EXAMINATION
SEMESTER/SESSION : SEM 1/2020/2021 PROGRAMME CODE - BWA
COURSE NAME : RISK THEORY ~_ COURSE CODE : BWA 40803
Individual Risk Model
> Aggregale claimis S — X7 | Xz +---+ X, where n is number of risk unit insured and X; 1s the

distribution of amount of claims

» X, the claim random variable Its p f 1s

l—¢q, x=0
fx(x)=Pr(X =x)=( g, x=b
0, elsewhere,

where g. the probability of a claim during the year and b, insurer pay amount if the insured dies
willt i a year of policy issue and uothing il insured survives the year

» The distribution function is

0, 1 <20
Fx(x)=Pr(X <x)={ l—-¢q, 0<x<b
I, x>b

» Mean, E[X| = bg and Variance, Var(X) = b%q(1 — q).
» Conditional Expectations and Variance:
FX] = EIE[X | 1] = g,
Var[X] = Var(E[X | 1)) + E[Var(X |]) = u*q(1 - q) + o?g.
» Distribution function of sum of two independent random variables is,

= Y Fx(s »NAG),

all y<is

and the probability function is

Y fx(s=yF@G).

all y<s

» MOGF 15 Mg(t) = E|e').
Normal Approximation

» The approximate distribution of S is,

pr(sgs)zpr(é‘E(S) . (S)) TERBUKA
\/Var \/Var (S)
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Collective Risk Model
o . 1 x=0
§= ;«’-i,'L X Py [ﬂ elsewhere
N, X, X,,...are ®
independent random variables E ple PP (), o
Each X; has d.f. P(x), P'(x) =
E.g:.];g(,ﬁ(]t), :n:l 5 f Pl — PP V(ydy
Restrictions
on
Definitions Distribution Function, Fy(x) Parameters Moment Generating Function, M(f) Mean Variance
G 1 b Ml E[Nl(p, — 13
T — g M) WENT BN, - )
Compound o : A =D M- 1] Ap LN
l‘n!.n:»scm '-,2_-{' ! k() f .
Compound - (r +n - ]) P 0<p<1 P f ; rqp, 1, rquz
Negative & n PR P R | ) S| qM () < 1 - ’ e
Binomial 0 ;! =0 ’ L~ g, F P f
Compound no known closed form >0 ' B (P Pl)
Poisson B>0 2[M,(t) — 1] gt 2
Inverse exp ["‘ [1 - {1 - ‘X(EL"_} }} b {5 B
Gaussian :
Ruin Theory

» Surplus process is U(t) = u+ct —S(¢),t > 0 where U(t), the insurer’s random capital at time ¢;
u— U(0), the initial surplus; ¢, the constant premium income per unit of time; S(f) — X| | X, +
+Xn)-

» Ruin probability, y(u) = Pr(T < ) where

T mun{t |t > 0&U(¢) < 0},
| e, if U(t) >0 V.

» Adjusunent coefficient (continuos case): 1+ (1+ 0)uR = Mx(R)

» Loading factor, c = (14 6)Au.
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