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1.
Please provide an explanation for “ EEfHE “. (15%)

(Note: Since this is a test of microeconomics, you must explain the above questions
by microeconomics theory to get scores.)

2.

(a) Give a brief definition of adverse selection. (5%)

(b) Give an example of adverse selection in the insurance market. (5%)

(c) Please use microeconomics theory to explain why adverse selection occurs in your
above example. (15%)

(d) Provide solutions to cope with adverse selection in insurance market (note: 1
expect more than one solutions) . (10%) |

(e) Please use microeconomics theory to explain why your above solutions work.
(15%)

3.

Assume that an individual with initial wealth # faces a random loss L with
probability z. The individual can pay insurance premium 70 to purchase
insurance coverage (). The government allows the individual to deduction the net
lossby (L—-Q)t. The utility of the individual is denoted by u# where u'>0 and
u” < 0. The individual chooses the optimal insurance coverage to maximize his
expected utility, and therefore the model can be expressed as

Max m(W = (L= Q)(1~8) = mQ) + (1 - M)u(W — n0) .

(a) Show that the optimal insurance coverage is L if the government allows no tax
deduction on the net loss, 1.e., ¢t =0.(10%)

(b) Show that the optimal insurance coverage is less than L if the government
allows tax deduction on the net loss, i.e., #>0.(10%)

(c) Show that the optimal insurance coverage decreases if ¢ increases. (15%)
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1. Find the moment-generating function of the random variable Y = Z(X -3),

31+842

given the moment-generating function M ,(t)=e Then use the found

moment-generating function to determine the mean and variance of Y. (20%)

2. Suppose that the joint probability density of X and Yis f(x,y) = é—(x +y) for

O<x<l, O0<y<2 and f(x,y)=0 elsewhere. What is the variance of Z =
4X +6Y —2. (16%)

3. Please show that the mean of a random sample of size n from an exponential
population is a minimum variance unbiased estimator of the parameter 0. (15%)

4, Assume that X, X3, ..., X, constitute a random sample of size n from a geometric

population. Find the formulas for estimating the parameter 6 using the method
of moments and the method of maximum likelihood. (20%)

5. A single observation of a random variable with an exponential distribution is used
to test the null hypothesis that the mean of the distribution is 8 = 2 against the
alternative hypothesis 8 = 5.  If the null hypothesis is accepted if and only if the
observed value of the random variable is less than 4, find the probabilities of types
I and types II errors. (14%)

6. Someone argues that the ﬂprobable deviation of the total loss of the insurer from its
expected value disappear as the size of the pool approaches infinity. In other
words, large insurers are safer than small insurers. s the statement true or false?
(Hint: use the law of large numbers but be careful in distingnishing average loss

_from total loss) (15%)
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You are required to write down your answers clearly.
1. (20%) Explain the meaning of the following:

(a) Arbitrage, (5%)
(b) Completeness, (5%)
(c) Self-financing portfolios, (5%)

(d) Delta hedging. (5%)

2. (15%) Compute the stochastic differential for Z when Z(t) = _X%ET and X has the stochastic
differential

dX(t) = aX(t)dt + o X (t)dW (t).

[

. (25%) Consider the standard Black-Scholes model. Please write down the pricing approach

for the European call option.

o

. (20%) Please write down the It6’s formula and compute LW (s)dW (s) where W is a Wiener
J0

process.

4. (20%) What is the meaning of the risk neutral valuation and the associated risk adjusted

measure in pricing the contingent claim ?
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/, Consider a fully-discrete 3-year endowment insurance of 1 issued to (x). If » )
P, 4= 0.3, 1Vy3]1=02, and3Vy31= 0.5, determine Var(jL). | / 9/

symbols, of a continuous annuity of 1 per annum payable while at least one of two

2 . Find the actuarial present value, in terms of deferred singlé and joint life annuity (( o 7 )
&
lives (40) and (55) is living and is over 60, but not if (40) is alive and under age 50. ' ,

3 A 2-year term insurance is issued to (x). Benefits are payable at the end of the year of
death. The death benefit for policy year t is b, by > 0. Given thati= 0, qx = 0.1, ( i &O/)
qx+1= 0.4 and by + by = 10, find the value of b; which minimizes Var(Z). .

Pl
£

[, Youare given:
(i) Mortality follows De Moivre’s law with @ =100 .

G) =005 o )
(iif) (‘ A

The following annuity-certain values:

a5 =17.58
a5 =18.71
a5 =19.40

Calculate 7' (4,,)

5” For a 5-year deferred whole life annuity-due of 1 on (x), you are given:
(@) pux+:)=001,:20

O
(b) i=0.04 (("/)
, - o
(c) Qx3l =4.542

(d) The random variable S denotes the sum of the annuity payments.

Calculate pr[$ > ,a,]
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6.

7

T2

For 0<t<1,and the assumption of a uniform distribution of deaths in each yeaf

0,
. (4)
t|ax A

of age, express

interms of i, ¢ andd,.

Consider a situation with three causes of decrement: mortality, disability and :
withdrawal. Assume that mortality and disability are uniformly distributed ( in

each year of age) in the associated single decrement tables with absolute rates of (7{ N 7. )
. [
g and q{f” , respectively. Furthermore, assume that

’p{c(j)zl_al, 0<r<l

and
19 =p<i-a.

Evaluate ¢% interms of «, ,B,tjff') and qi(z)

A whole life insurance policy pays $75,000 immediately on death to (45). Level premiums
of P a year are payable continuously throughout the duration of the contract. L(P) is the
initial loss random variable. ' o 6(‘)0

/6

Assume throughout a constant force of mortality of 2.5% a year, and a constant force of
interest of 4% a year. ' : | '

Calculate Pr(L(5,000) > 50,000).

An insurer issues a pﬁre endowment insurance policy that will pay a sum insured of
$50,000 if (50) survives 10 years. The insurer’s utility function of wealth is given by:-

where w is the insurer's current wealth, énd a=4x10"% .

Calculate the single benefit premium for this policy using the indifference principle,

assuming a constant force of mortality of 0.015 a year and constant force of interest 0.04 a
year. ‘ o o -

Assuming that moertality conforms to de Moivre's law and that 4(80)=0.15, calculafe the N
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