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Time : 3 Hours Marks : 80

Instruction :
1. All Questions are Compulsory.
2. Each Sub-question carry 5 marks.
3. Each Sub-question should be answered between 75 to 100 words. Write every questions

answer on separate page.
4. Question paper of 80 Marks, it will be converted in to your programme structure marks.

1. Solve any four sub-questions.

a) i) Calculate p[50]:[60] and 30 p[45]:[50] for two independent lives.

Basis: Mortality: AM92 select for both the lives. 3

ii) Explain what is meant by

nq[x][y] 2

b) A policy provides a benefit of £500,000 immediately on the death of (y) if she dies
after (x) dies.

i) Write down an expression in terms of Tx and Ty (random variables denoting the
complete future lifetimes of (x) and (y) respectively) for the present value of
the benefit under this policy. 2

ii) Write down an expression for the expected present value of the benefit in terms
of an integral. 3

c) Derive the relationship between the probability density function and cumulative
distribution functions of joint lifetime and last survivor random variables. 5

d) i) Express 2
xxA  in terms of xa , xxa  and the rate of interest. 2

ii) Calculate the expected present value of an annuity-due of 1 per annum payable
annually in advance until the death of the last survivor of two lives using the
following basis:

First life : Male aged 70, mortality table PMA92C20

Second life : Female aged 67, mortality table PFA92C20

Rate of interest : 4% per annum 3
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e) A special joint life last survivor annuity of £10,000 per annum is payable continuously
in respect of a male and female life each aged 60 exact. Payments commence on the
first death and continue for 5 years after the second death.
Calculate the expected present value of this annuity.
Basis:
Mortality PMA92C20 (male life), PFA92C20 (female life)
Rate of interest 4% per annum
Expenses Nil 5

2. Solve any four sub-questions.
a) Define

i) Profit vector
ii) Profit signature
iii) NPV
iv) Profit margin
v) Profit criterion 5

b) A life insurance company issues a three-year without profits endowment assurance
policy to a male life aged 57 exact for a sum assured of £15,000 payable on maturity
or at the end of the year of death if earlier. Premiums of £4,700 are payable annually
in advance throughout the term of the policy.
The office holds net premium reserves for these policies, calculated using AM92
ultimate mortality and interest of 4% per annum.
Surrenders occur only at the end of a year immediately before a premium is paid. The
surrender value payable is 75% of total premiums paid on the contract at the time the
surrender value is payable. Assume that at the end of the first and second policy years,
10% and 5% respectively of all policies still in force at that time then surrender.
The company uses the following assumptions in carrying out profit tests of this
contract:
Rate of interest on cash flows and reserves 5% per annum
Mortality AM92 select
Risk discount rate 7% per annum
Initial expenses 10% of the annual premium
Renewal expenses £65 per annum on the second and

subsequent premium dates
Calculate profit vector. 5
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c) A life insurance company issues a three-year unit-linked endowment assurance policy
to a life aged 58 exact under which level premiums of £3,000 are payable annually in
advance throughout the term of the policy or until earlier death. The premium
allocation rate (%) at time t is given by:
[75 +20t] where t = 0, 1 and 2.
The units are subject to a bid-offer spread of 5%. An annual management charge of
0.75% of the bid value of units is deducted at the end of each policy year.
Management charges are deducted from the unit fund before any death, surrender or
maturity benefits are paid.
If the policyholder dies during the term of the policy, the death benefit of £9,000 or
the bid value of the units if higher, is payable at the end of the policy year of death.
The policyholder may surrender the policy only at the end of each policy year. On
surrender at the end of the policy year or on survival to the end of the term, the
current bid value of the units is payable.
The company uses the following assumptions in carrying out profit tests of this
contract:
Rate of growth on assets in the unit fund 4% per annum
Rate of interest on non-unit fund cash flows 2% per annum
Mortality AM92 select
Surrender 10% at the end of first, second

and third policy years only
Initial expenses £275
Renewal expenses £70 per annum on the second

and subsequent premium dates
Initial commission 5% of first premium
Renewal commission 2% of the second and subsequent

years premiums
Risk discount rate 6% per annum
Calculate unit fund value at the end of each year. 5

d) A three-year unit-linked endowment assurance policy is sold to a male life aged
40 exact. The profit signature for this policy, calculated using AM92 select mortality
and making no allowance for surrenders, is:
(–209.80, 253.55, 109.85)
It is now assumed for the cash flows for this policy that 15% of all policies in force
at the end of the first policy year are surrendered at that time. The surrender value
payable at that time is the bid value of units at the end of the policy year less a surrender
penalty of £500. There are no other changes to the policy.
i) Calculate the revised profit signature in the first policy year.
ii) Comment on the impact on the profit signature in the second and third policy

years. 5
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e) A life insurance company issues a four-year unit-linked policy to a male life. The
following non-unit cash flows, NUCFt (t = 1, 2, 3, 4), are obtained at the end of each
year t per policy in force at the start of the year t:

Year t 1 2 3 4

NUCFt –50.2 –43.1 –32.1 145.5

Assume that the annual mortality rate for the male life is constant at 1% at all ages.

The company sets up reserves in order to zeroise future negative cash flows. The rate
of interest earned on non-unit reserves is 2.5% per annum.

Calculate the net present value of the profits after zeroisation using a risk discount
rate of 6% per annum. 5

3. Solve any four sub-questions.
a) Consider the following three-state illness-death model:

Let jk
t xp  denote the probability that a life in state j at age x will be in state k at age

x + t, and let jj
t xp  denote the probability that a life in state j at age x will remain in

state j for at least t years. Given a constant force of interest of δ pa, write down
integral expression for the expected present value of a benefit of Rs. 50,000 payable
immediately on the death of a life aged 50, currently in the able state, provided that
death occurs within the next ten years and the life has been sick for at least a year at
the time of death. 5

a = able

d = dead

i = ill

μx

ρx

σx

vx
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b) A life insurance company sells a policy with a ten year term to a healthy life aged
55 exact. The policy provides the following benefits:

• £25,000 payable immediately on death

• £ 1,000 per annum payable continuously during illness

The company prices the policy using the following multiple state model:

Give a formula for the expected present value of the benefits under the policy. 5

c) A multiple decrement table that allows for age retirements and deaths between the
ages of 61 and 62 is as follows:

Age (al)x (ad)xr (ad)x
d

61 10,000 1,249 467

62 8,284

Following improvements in the mortality experience, it is decided to construct a new
table with the independent rates of mortality reduced by 40%.

Construct the new multiple decrement table. 5

d) For a double decrement model:

i) In the single decrement table associated with cause (1), ( )140 0.1aq =  and
decrements are uniformly distributed over the year.

ii) In the single decrement table associated with cause (2), ( )2
40 0.125aq =  and all

decrements occur at time 0.7.

Calculate 2
40q 5
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e) The decrement table extract below is based on the historical experience of a very
large multinational company’s workforce.

Age (x) Number of Deaths Withdrawals

employees (al)x  ( )dxad ( )wxad

40 10,000 25 120

41 9,855 27 144

42 9,684

Recent changes in working conditions have resulted in an estimate that the annual
independent rate of withdrawal is now 75% of that previously used.

Calculate a revised table assuming no changes to the independent death rates, stating
your results to one decimal place. 5

4. Solve any four sub-questions.

a) In the context of the valuation of the pension schemes, explain the following terms:

• Pensionable Salary

• Ill health Retirement 5

b) A pension fund offers the following benefits to its members:

Upon age retirement between ages 60 and 65 a member will receive a pension equal
to one sixtieth of final salary for each year of service.

No other benefits are payable. The pension fund is due to be valued on 1 July. Salary
is increased each year on 1 July. Final salary is defined as the average annual salary
earned over the three years preceding retirement. Member’s contributions are made
at the rate of 5% of salary per annum.

At the valuation date one member is aged 40 exact, earned Rs. 32000 over the
preceding 12 months, has accumulated contributions at 2% of Rs. 5000 (that is the
current death benefit) and past pensionable service of 18 years.

Using commutation functions calculate the expected present value of his pension
benefits on the following basis:

Interest : 4%

Mortality: withdrawals; retirements; salary scale as in the Pension fund tables in
formula and tables for actuarial examinations. 5

http://www.ycmouonline.com

http://www.ycmouonline.com


KA16-1371 V46/S14032/EE/20160710 : 7

c) A pension scheme provides a pension on ill-health retirement of 1/80th of final
pensionable salary for each year of pensionable service subject to a minimum pension
of 20/80th of final pensionable salary. Final pensionable salary is defined as the average
salary earned in the three years before retirement. Normal retirement age is 65 exact.

Derive a formula for the present value of the ill-health retirement benefit for a member
currently aged 35 exact with exactly 10 years past service and salary for the year
before the calculation date of £20,000. 5

d) Explain the following terms and give an example of each

i) Time selection 2

ii) Spurious selection 3

e) The following data are available in relation to a particular country and one of its regions:

                           Region A                               Country

Age Population in Deaths Population in Deaths
force (in ‘000s) force (in ‘000s)

–39 650 400 13,725 8,378

40-59 500 2,430 8,145 45,385

60+ 385 27,500 6,390 489,889

Calculate the standardized mortality rates for region A by reference to the country as
a whole. 5
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