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STT 455, HOMEWORK 2, FaLL 2014

1. (30 points) For a special life insurance policy issued to (45), you are given:

e A death benefit of 100,000 is paid at the end of the year of death, if death occurs after
age 60. :

e There are no benefits paid, if death occurs before age 60.

e Premiums are payable monthly, at the beginning of each month, until reaching age 60.
Premiums are calculated based on the following assumptions:

e Mortality follows the I1lustrative Life Table.
e i =0.06

e The Woolhouse approximate formula with two terms is used to calculate annuity values.

(a) [5 points] Calculate the actuarial present value of the death benefit.

(b) [10 points] Use the equivalence principle to calculate the monthly benefit premium for this
policy. Give the annualized benefit premium as well.

(c) [10 points] Suppose premiums are paid annually, at the beginning of each year, until
reaching age 60. Calculate the annual benefit premium.

(d) [5 points] Explain why there is a difference between the annualized premium calculated
in (b) and the annual premium calculated in (c).
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( d) There are mainly two reasons why the annualized premium for premiums paid more frequently than
once a year is larger, as it shows in this case:

e Policyholder may die during the year, in which case, the full annualized premium would not
have been collected.

e The insurer can reinvest or accrue interest on premiums collected upfront, as in the case when
premiums are paid annually in advance.
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2. (35 points) For a group of 200 lives with select age [z] and with independent future lifetimes,
you are given:
e Each life is to be paid $1 at the beginning of each year, if alive.
o Ay =020
2A[m] = 0.06
e { =0.04

Y; is the present value random variable of the payments for life ¢, ¢ = 1,2,...,200, so that the
present value of the aggregate payments is the sum of these:

200

Y=> Y
=1

(a) [5 points] Calculate E[Y].
(b) [10 points] Calculate Var[Y].

(c) [15 points] Using the Normal approximation to Y, calculate the initial size of the fund
needed in order to be 95% certain of being able to make the payments for these life

annuities.

(d) [5 points] If you need an initial fund that ensures you 90% certain of being able to cover
the payments, would you expect this to be higher or lower than that in (¢)? Explain why.
Do not do any calculations.
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3. (35 points) You are given the following survival function for a newborn:

1
= ~(110 — z)*/?
- (110 — 2)™7,

So(l’)
for some constant c.

(a) [5 points] Calculate c so that this survival function is legitimate, and give the limiting age
for this survival model.

(b) [ points] Calculate the expected future lifetime of a newborn.

(c) [5 points] Calculate the probability that a newborn will survive to reach his expected
future lifetime.

(d) [5 points] Calculate the probability that a newborn will reach to age 65 but die within 20
years following that.

A special 3-year endowment insurance policy is issued to (50) where:

e The death benefit of 200 is payable at the end of the year of death.
e The endowment is 500 payable at maturity:.

(e) [15 points] Assuming this survival model and i = 0.05, calculate the actuarial present
value of this insurance policy.
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