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T96/SAS062/EE/20160711

Time : 3 Hours Marks : 80

Instructions :
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) A parent who has just died left a bond in their will that provides a single payment of
£15,000 in 10 years time. The payment of £15,000 will be shared equally between
the local cats’ home and such of the parent’s two sons (currently aged 25 and
30 exact) who are then still alive. Calculate the expected present value of the share
due to the cats’ home.

Basis:

Mortality AM92 Ultimate

Interest 3% per annum 5

b) Calculate the following probabilities :

i) Joint life status of a couple aged 44 and 41 years does not fail in the next four
years.

ii) Joint life status of a couple aged 65 and 62 years fails within one year.

iii) Last survivor status of a couple aged 44 and 41 years would not be intact after
5 years.

Use AM92 (Ultimate) mortality table for all lives.
5

c) A joint life assurance contract provides a death benefit of £100,000 payable
immediately on the second death of two lives, a male life currently aged 60 exact and
a female life currently aged 55 exact.

Calculate the expected present value of the contract.

Basis :

Mortality PMA92C20 (male life), PFA92C20 (female life)

Rate of interest 4% per annum 5

Expenses Nil
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d) A male life aged 63 years exact and his spouse aged 60 exact buys a joint life annuity.
The contract provides following two benefits :
• Benefit A : An annuity certain of Rs. 20,000 per annum payable monthly in

advance during first 10 year of the contract.
• Benefit B: A deferred annuity of Rs.20,000 per annum payable monthly in

advance. This benefit commences immediately after the 10 year expiry period
of Benefit A.

This benefit is payable as long as both spouse are alive on the due date of the annuity
installment.
Calculate the single premium for this contract. You should use the following
assumptions to calculate the premium:
Mortality : PA92C20 mortality tables (as applicable for male and females)
Interest Rate : 4% per annum
Expenses : Policy acquisition expenses of Rs. 500 per contract;

Maintenance expense of Nil
Commission : 2% of the single premium

5
e) A life office issues an annuity to a woman aged 65 exact and a man aged 68 exact.

The annuity of £ 20,000 per annum is payable annually in arrears for as long as either
of the lives is alive.
The office values this benefits using the following basis :
Interest : 4% per annum
Mortality : Female: PFA92C20

Males:   PMA92C20
i) Calculate the expected present value of this benefit. 2
ii) Calculate the probability that the life office makes a profit in this case if it

charges a single premium of £ 3,50,000. 3

2. Solve any four sub-questions.
a) Explain how “Risk discount Rate” is chosen in the context of profit testing a life

insurance product and explain why this rate is usually higher than the yield on
government bonds. 5

b) A life insurance company is designing a special endowment product in order to meet
its obligations towards the rural sector. The features of the product are as follows :
Policy term : 3 years
Single premium: INR 500 payable at commencement of policy
Death benefit: INR 5,000 payable at the end of the year of death in the event

of death within the policy term
Maturity benefit: INR 750 payable at the end of the policy term in the event of

survival till the end of the policy term
Surrender benefit: INR 575 and 650 payable at the end of policy years 1 and

2 Respectively
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The company intends to set up prospective reserves at the end of policy years 1 and
2 using the following valuation basis :

Valuation interest : 5% per annum

Valuation mortality: 150% of ELT15

Valuation surrender rates : Nil

Valuation expenses : Nil

Calculate Profit Margin if the Profit Vector is (502.70, –41.74,–758.54).
5

c) A life office issues a three-year unit-linked endowment policy to a male life aged
exactly 50. A premium of Rs. 20,000 is payable at the start of each year. The allocation
proportion is 90% in Year 1 and 97% in year 2 and 99% in year 3. At the end of the
year of death during the term, the policy pays the higher of Rs. 50,000 and the bid
value of units allocated to the policy after deduction of the fund management charge.

In addition, a bonus of 5% of the (bid) value of the unit fund is payable at maturity.
The life office makes the following assumptions in projecting future cash flows :

Mortality AM92 Ultimate

Initial expenses : Rs. 1,000 incurred at outset in year 1

Renewal expenses : Rs 500 incurred at the start of years 2 and 3

Fund management charge: 2.5% pa, taken at the end of each year prior to payment
of any benefits.

Non-unit fund interest rate : 4% pa

Bid/offer spread : 2.5%

Unit fund growth rate : 8% pa

If Unit Fund values are (18480.15, 39377.09, 61792.24) after providing Fund
management charges, obtain profit Vector from Non-Unit Fund Account.

5

d) The in force expected cash flows for a five-years unit-linked policy under which no
non-unit reserves are held is :

(-60.20, -20.50, -17.00, 50.13, 85.75)

Calculate the reserves required if negative cashflows other than in Year 1 are to be
eliminated, and give the revised profit vector allowing for the reserves.

Assume that reserves earn no interest and at all ages qx = 0.01
5

e) A 10-year unit-linked policy has the following profit vector :

(–40, –12, –6, –1, 5, –4, 8, 20, 25, 30)

Determine the revised profit vector if reserves are set up to zeroise future negative
cash flows on the following basis:

(P.T.O.)
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Mortality 0.5% per annum (i.e. probability of death at each age)
Interest 2.5% 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 atleast 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 10 years and the life has been sick for atleast a year at the
time of death.

 5
b) A life insurance company sells a policy with a 10 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

a = able i = ill

d = dead

σx

ρx

μx νx

Able (a) Ill (i)

Dead (d)

σx

ρx

μx νx
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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)x
r (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), ( )1

40
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
40 .q

5

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

Age Number of Deaths Withdrawals

(x) employees ( )d

x
ad ( )w

x
ad

( )x
al

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
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4. Solve any four sub-questions.

a) i) Describe three distinct methods of averaging salary that might be defined in the
scheme rules of a pension fund. 3

ii) Define sx and zx in the context of a pension fund. 2

b) A member of a pension scheme is aged 55 exact, and joined the scheme at age
35 exact. She earned a salary of £40,000 in the 12 months preceding the scheme
valuation date.

The scheme provides a pension on retirement for any reason of 1/80th of final
pensionable salary for each year of service, with fractions counting proportionately.
Final pensionable salary is defined as the average salary over the three years prior to
retirement.

Using the functions and symbols defined in, and assumptions underlying, the Example
Pension Scheme Table in the Actuarial Tables :

i) Calculate the expected present value now of this member S total pension. 3

ii) Calculate the contribution rate required, as a percentage of salary, to fund the
future service element of the pension. 2

c) A member of a pension scheme is aged exactly 40, having joined the scheme at age
exactly 22. He earned Rs. 50,000 in the immediately preceding 12 months. Final
Pensionable Salary is defined as the annual average earnings over the 3 years
immediately prior to retirement.

Normal Retirement Age is a member’s 65th birthday.

Using the functions and symbols defined in, and assumptions underlying, the example
pension scheme table in the actuarial tables calculate the expected present value of
each of the following :

i) A pension on ill-health retirement of two-thirds (2/3) of final pension able salary.
2

ii) A pension on retirement at any stage on grounds other than ill-health of
one-eightieth (1/80)th of final pensionable salary for each year of service (fractions
of a year counting proportionately) subject to a maximum of 40 year. 3

d) Describe the benefits typically provided by a salary-related pension scheme for active
members on age retirement. 5
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e) The table below  shows an extract from a study of mortality for Country A and Area N:

Country A          Area N

Age Population Number of Population Number of

deaths deaths

60 1,00,235 566 25,366 125

61 95,666 621 22,159 121

62 92,386 635 21,864 135

i) Calculate, showing all your workings, the Area Comparability Factor for Area N
Using Country A as the standard population. 3

ii) Calculate, showing all your workings, the directly standardised mortality rate
for Area N. 2
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