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Instructions to candidates

Time allowed: 3 hours

This paper contains 7 questions. Answer All questions.

You may use an electronic calculator (as prescribed by the examination

regulations)
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Taxes and expenses should be ignored unless otherwise indicated.

1. Consider two independent lives aged x and y where y > x. The lives
are subject to the same mortality force which is increasing with age.
Show that the probability that the life aged y will die first is larger
than 1

2
.

(3 marks)

2. The age specific mortality rates of an area are lower than the rates
of the country it belongs to for all ages. Will the Crude Death Rate
for the area be lower than the Crude Death Rate of the country?
Using the country mortality rates as standard, will the standardized
mortality ratio for this area be less than 1? Illustrate your answers
with an example.

(5 marks)

3. A pension plan provides a pension starting at the age of 65. The
pension will be payable continuously and it will be 1

80
of the average

salary over the member’s career for every year of service. The member
who is entitled to the benefit is now aged 40 and has 15 years of
service. The accumulated amount in the fund is B. The member’s
current salary is S payable continuously and the member’s average
salary over the past 15 years was SA. The force of interest is assumed
to be deterministic and given by r (t) . The salary is also calculated
as a deterministic function, where the salary of the member at time

t is given by St = S exp
(

∫

t

0
a (s) ds

)

, where S is the current salary.

Assume a force of mortality µ40+t at time t and expenses at a constant
rate c per annum before retirement and none thereafter. The plan is
financed by a continuous premium that is equal to αSt. The premium
is payable until the time of retirement. Write down integral expressions
and use them to calculate α.

(8 marks)
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4. Consider two identical and independent lives aged x. Provide expres-
sions for the following three quantities. The expressions should be in
terms of the survival function tpx, the constant force of interest r and
the annuities āx and āxx. Your expressions in (b), (c) and (d) should
involve no integrals.

(a) The expected value of K where K is a random variable repre-
senting the time interval between the first and second deaths.

(2 marks)

(b) The probability that both lives were alive at time t−5 given that
they were both dead at time t.

(3 marks)

(c) The present value of an amount of 1 payable on the second death.

(3 marks)

(d) The value of an annuity of 1 per annum payable continuously,
commencing on the first death and ending 5 years after the second
death.

(6 marks)

5. An office issued with profits 30 year endowment assurance policies to
30 year old lives with a sum assured of ➾100000. The premium is
➾1980 per annum payable continuously and was calculated using a
force of mortality µx, where x the life’s age, a force of interest of 0.02
per annum and no expenses. The real force of interest is stochastic
and can take the values 0.01 and 0.04. The transition rates between
the two values are 0.5. The actual force of mortality is also µx at age
x. The real force of interest is 0.04 initially. The policyholders will
receive all surplus in the form of a cash bonus. The emerging surplus
is paid out to policyholders if it is positive and nothing is paid if it is
negative. Explain how you would calculate the expected present value
of the loss the office will incur over the period of the policy. (Note
that although you are not required to derive any of the equations, some
sort of derivation will give you partial credit if things go wrong. You
should in any case define the functions involved in the equations).

(14 marks)
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6. Consider a health-sickness Markov model. The sickness rate for people
that have never been sick before is σx, the sickness rate for people that
have been sick before at least once is σ̃x and the recovery rate from any
period of sickness is ρx. The mortality rate for a healthy life that has
never been sick before is µx, the mortality rate for a healthy life that
has been sick before is µ̃x and the mortality rate for a sick life is νx.
An office is issuing a policy under which a continuous sickness benefit
at a rate of b per annum payable while the life is sick is provided.
The life is now 35 years old. The policy is financed by a continuous
premium at a rate π per annum payable while the life is healthy. The
policy duration is 25 years. After that period has elapsed there are no
more benefits or premiums.

(a) Explain by writing down appropriate differential equations and
their terminal conditions how the office can calculate π.

(10 marks)

(b) Explain how the company will calculate reserves at all times and
states.

(6 marks)

(c) Suppose now that the policy expires at time 25 if the policyholder
is healthy but if she is sick, she continues receiving the benefit for
as long as this period of sickness lasts. Upon recovery the policy
expires. Explain how the office can calculate π in this case.

(8 marks)

(d) What problem does the modification in (c) address from the point
of view of the office?

(2 marks)
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7. The MAPLE output at the end of this question is supposed to be used
as a substitute for actuarial tables. It consists of some calculations
you will find essential and it is not intended to be the solution to any
specific problem.

(a) What do 14.7089 (equation (11) on the worksheet) and 8.4811
(equation (13) on the worksheet) represent?

(3 marks)

(b) Calculate the value of a deferred annuity for a 45 year old assum-
ing a deterministic force of interest of 0.04 for the first 5 years
and 0.03 thereafter. The annuity commences in 5 years time if
the life is alive then and last for 10 years.

(3 marks)

(c) A life office is offering 20 year pure endowment policies to lives
aged 40. The sum of 100000 is payable at the end of the policy
if the policyholder survives. There is no death benefit. The poli-
cies are financed by a continuous premium payable throughout
the term of the policy. The policies might lapse at any time with
a force 0.02 (the policyholder decides not to pay any more premi-
ums). Should that happen during the first 5 years the company
imposes a charge of 50% of the reserve and uses the remainder as
a single premium for any life product the policyholder chooses.
If the policy lapses during the last 15 years the charge is not ap-
plicable, so the whole reserve is used as a single premium for this
product. Calculate the continuous premium.

(13 marks)

(d) A particular policy lapses at time 10. The reserve is then used
as a single premium to purchase an endowment assurance. The
sum assured b is paid at time 20 or on earlier death. Calculate b.

(7 marks)

(e) Describe two problems with the assumptions about lapse rates in
(c).

(4 marks)
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