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0
An insurance policy is a financial agreement between the insurance company and the policyholder. The 
insurance company agrees to pay some benefits, for example a sum insured on the death of the policyholder 
within the term of a term insurance, and the policyholder agrees to pay premiums to the insurance company 
to secure these benefits. The premiums will also need to reimburse the insurance company for the expenses 
associated with the policy.

If the calculation does explicitly allow for expenses, the premium is called a gross premium or office 
premium.

If the calculation does not explicitly allow for expenses, the premium is called a net premium or risk 
premium.



Introduction

5

0
The premium may be a single payment by the policyholder – a single premium – or it may be a regular series 
of payments, possibly annually, quarterly, monthly or weekly. 

It is common for regular premiums to be a level amount, but they do not have to be.

The premium paying term for a policy is the maximum length of time for which premiums are payable. The 
premium paying term may be the same as the term of the policy, but it could be shorter.

A key feature of any life insurance policy is that premiums are payable in advance, with the first premium 
payable when the policy is purchased.

Why do you think premiums are payable in advance? Why not in arrears?



Introduction

6

0
A key feature of any life insurance policy is that premiums are payable in advance, with the first premium 
payable when the policy is purchased. 

To see why this is necessary, suppose it were possible to purchase a whole life insurance policy with annual 
premiums where the first premium were payable at the end of the year in which the policy was purchased. In 
this case, a person could purchase the policy and then withdraw from the contract at the end of the first year 
before paying the premium then due. This person would have had a year of insurance cover without paying 
anything for it.

Hence premiums are paid in advance.
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Consider the net random future loss (or just ‘net loss’) from a policy which is in force – where the net loss, L , is 
defined to be:
L = present value of the future outgo – present value of the future income

1

L is a random variable, since both terms are random variables which depend on the policyholder’s future lifetime. 
(If premiums are not being paid, the second term is zero but the first term is a random variable, so L is still a 
random variable.)
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Whole life insurance

An insurer issues a whole life insurance to 60, with sum insured S payable immediately on death. Premiums are 
payable annually in advance, ceasing at age 80 or on earlier death. The net annual premium is P. 

Write down the net future loss random variable, L, for this contract in terms of lifetime random variables for 60.
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Endowment insurance

An insurer issues a 25-year endowment insurance policy to life aged 45, with sum insured S payable immediately 
on death. 
Level premiums are payable continuously. Expenses to be ignored. The net annual premium is P. 

Write down the net future loss random variable, L, for this contract in terms of lifetime random variables for 45.



Future Loss Random Variable - Example

11

1
 



Future Loss Random Variable - Example

12

1

Term insurance

An insurer issues a 25-year term insurance policy to life aged 45, with sum insured S payable immediately on 
death. 
Level premiums are payable continuously. Expenses to be ignored. The net annual premium is P. 

Write down the net future loss random variable, L, for this contract in terms of lifetime random variables for 45.
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Thus, under the equivalence premium principle,
EPV of benefit outgo = EPV of net premium income

The net premium for a contract, given suitable mortality, interest and distribution assumptions would be found 
from the equation of expected present value.
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Consider an endowment insurance with term n years and sum insured S payable at the earlier of the end of the 
year of death or at maturity, issued to a select life aged x. Premiums of amount P are payable annually throughout 
the term of the insurance.

Derive expressions in terms of S, P and standard actuarial functions for

(a) the net future loss, L

(b) the mean of l,

(c) the annual net premium for the contract.
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An insurer issues a regular premium deferred annuity contract to a life aged x. Premiums are payable annually 
throughout the deferred period. The annuity benefit of X per year is payable annually in advance from age x + n for 
the remainder of the life of (x).

(a) Write down the net future loss random variable in terms of lifetime random variables for x.

(b) Derive an expression for the net premium.
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Consider a 10-year annual premium term insurance issued to a
select life aged 50, with sum insured $100 000 payable at the end of the year of
death.
(a) Write down an expression for the net future loss random variable.
(b) Calculate the net annual premium.

Assume that mortality follows the Standard Select Survival Model, that interest is at 5% per year effective.
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Premiums (and reserves) can be calculated which satisfy probabilities involving the net future loss random 
variable.

Example
A whole life assurance pays a sum assured of 10,000 at the end of the year of death of a life aged 50 exact at 
entry. Assuming i% per annum interest, AM92 Ultimate mortality, calculate the smallest level annual premium 
payable at the start of each year that will ensure the probability of making a loss under this contract is not 
greater than 5%.

Let L be in FLRV and P be the premium.
Thus in such a case we need to find the smallest value of P such that:

Pr(L > 0) ≤ 0.05

ie such that Pr(L ≤ 0) ≥ 0.95
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An important part of an Actuaries' work is that of reserving. Every life insurance office holds reserves.

What are reserves and what role do they play? 
Why is it necessary for life offices to hold reserves?
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4.1
A life insurance contract may be funded by level premiums, but the cost of mortality usually increases as the 
insured ages. As a result, the insured overpays in the earlier years and underpays in the later years. The 
company must save the overpayments of the early years in order to pay the benefits of the later years. 

To put it a different way, if it is now k years since an insurance contract was sold to (x), the expected present 
value of the future premiums is usually less than the expected present value of the future benefits. The deficit 
must be made up with funds currently at hand. Such funds are a liability to the insurance company. The 
insurance company cannot regard these funds as its own, and cannot distribute them to its shareholders. 

If it does so, then in the later years it may not have sufficient funds to pay for the excess of the cost of benefits 
over the premiums received. Thus, the company sets up reserves to ensure (as far as possible) that this does 
not happen, and to remain solvent.
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4.2

The prospective reserve for a life insurance contract which is in force (that is, has been written but has not yet 
expired through claim or reaching the end of the term) is defined to be, for a given basis:

The expected present value of the future outgo
less

the expected present value of the future income

This is the prospective reserve because it looks forward to the future cash flows of the contract. The prospective 
reserve is important because if the company holds funds equal to the reserve, and the future experience follows 
the reserve basis, then, averaging over many policies, the combination of reserve and future income will be 
sufficient to pay the future liabilities.

The reserve, therefore, gives the office a measure of the minimum funds it needs to hold at any point during the 
term of a contract. The process of calculating a reserve is called the valuation of the policy.



Calculating Net premium Prospective 
Reserves

24

4.2

 



Calculating Net premium Prospective 
Reserves

25

4.2

 



Reserve Conventions

26

4.3
• We often calculate reserves at integer durations, ie whole years. In this case, we calculate the reserve just 

before any payment of premium due on that date, and just after any payment of benefit payable in arrears 
due on that date.

• The general rule is, for valuation on the t th policy anniversary, payments in respect of the year t - 1 to t 
payable in arrears (ie on the t th anniversary) are assumed to have been paid, payments in respect of the 
year t to t + 1 payable in advance (and so are also due on the t th anniversary) are assumed not yet to have 
been paid.
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4.5
The retrospective reserve for a life insurance contract that is in force is defined to be, for a given basis:

The accumulated value allowing for interest and
survivorship of the premiums received to date

less
the accumulated value allowing for interest and

survivorship of the benefits paid to date

The retrospective reserve on a given basis tells us how much the premiums less claims have accumulated to, 
averaging over a large number of policies.
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4.5
The basic idea is that we consider a group of lives, who are regarded as identical and stochastically 
independent as far as mortality is concerned. 

At age x , each life transacts an identical life insurance contract. Under these contracts, payments will be 
made (the direction of the payments is immaterial), depending on the experience of the members of
the group. 

We imagine these payments being accumulated in a fund at rate of interest i .

After n years, we divide this fund equally among the surviving members of the group. (If the fund is negative 
we imagine charging the survivors in equal shares.) 

The retrospective accumulation is defined as the amount that each survivor would receive, as the group size 
tends towards infinity.
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4.5
A generic definition of a gross premium retrospective reserve is:

Retrospective accumulation       –       Retrospective accumulation of
     of past premiums                                     past benefits
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Conditions for equality

If:
1. the retrospective and prospective reserves are calculated on the same basis, and
2. this basis is the same as the basis used to calculate the premiums used in the reserve calculation,

then the retrospective reserve will be equal to the prospective reserve
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Consider a 20-year endowment policy purchased by a select life aged 50. Level premiums of $23 500 per year are 
payable annually throughout the term of the policy. A sum insured of $700 000 is payable at the end of the term if 
the life survives to age 70. On death before age 70 a sum insured is payable at the end of the year of death equal to 
the policy value at the start of the year in which the policyholder dies.

The policy value basis used by the insurance company is as follows:
Survival model: Standard Select Survival Model
Interest: 3.5% per year
Expenses: nil

Calculate 15V, the policy value for a policy in force at the start of the 16th year.
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Using, the recursive relationship, we have:
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8.1 Death strain at risk (DSAR)
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What do you think is the intuitive understanding or reasoning behind Death strain at risk (DSAR)?
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Death strain at risk (DSAR)
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8.2 Expected Death strain [EDS]
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8.3 Actual Death strain [ADS]
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8.4 Mortality Profit

The mortality profit is defined as:
Mortality profit = Expected Death Strain – Actual Death Strain

• The EDS is the amount the company expects to pay out, in addition to the year-end reserve for a policy. 

• The ADS is the amount it actually pays out, in addition to the year-end reserve.

• If it actually pays out less than it expected to pay, there will be a profit. If the actual strain is greater than the 
expected strain, there will be a loss
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CT5 April 2010
On 1 January 2005, a life insurance company issued 1,000 10-year term assurance policies to lives aged 55 exact. 
For each policy, the sum assured is £50,000 for the first five years and £25,000 thereafter. The sum assured is 
payable immediately on death and level annual premiums are payable in advance throughout the term of this  
policy or until earlier death.

The company uses the following basis for calculating premiums and reserves:
Mortality AM92 Select
Interest 4% per annum
Expenses Nil

(i) Calculate the net premium retrospective reserve per policy as at 31 December 2009. [6]

(ii) (a) Give an explanation of your numerical answer to (i) above.
(b) Describe the main disadvantage to the insurance company of issuing this policy.
(c) Give examples of how the terms of the policy could be altered so as to remove this disadvantage. [3]

There were, in total, 20 deaths during the years 2005 to 2008 inclusive and a further 8 deaths in 2009.
(iii) Calculate the total mortality profit or loss to the company during 2009. [3]
[Total 12]
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CT5 April 2008
A life assurance company issues the following policies:
• 10-year term assurances with a sum assured of £50,000 where the death benefit is payable at the end of the 
policy year of death
• 10-year pure endowment assurances with a sum assured of £50,000 payable on maturity

For the term assurance and pure endowment policies, premiums are paid annually in advance.

The company sold 5,000 policies of each type to lives then aged 50 exact. During the first policy year, there were 
five actual deaths from each of the two types of policies written.

(i) Assuming each type of policy was sold to a distinct set of lives (i.e. no life buys more than one type of policy).
(a) Calculate the death strain at risk for each type of policy at the end of the second policy year of the policies.
(b) During the second policy year, there were ten deaths from each of the two types of policy written. Calculate the 
total mortality profit or loss to the company during the second policy year.

Basis:
Interest 4% per annum
Mortality AM92 Ultimate for term assurance and pure endowment
Expenses - Nil
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Continued

(ii) The company now discovers that 5,000 lives had bought one of each type of policy.
(a) State whether the mortality profit or loss calculated would now be higher, lower or unchanged to that 
calculated in (i)(b).

(b) State whether the variance of the benefits paid out by the company in future years would be higher, lower or 
unchanged to that in (i). Explain your answer by general reasoning.
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CT5 September 2012
On 1 January 2007, a life insurance company sold a large number of 30-year pure endowment policies to lives then 
aged 35 exact. The sum assured under each policy is £125,000 payable on maturity. Premiums are payable 
annually in advance
throughout the term of the policy.

There were 3521 pure endowment policies still in force on 1 January 2011 and 8 policyholders died during 2011.

Calculate the total mortality profit or loss to the life insurance company during 2011 assuming the company 
calculates net premium reserves on the following basis:

Mortality AM92 Select
Interest 4% per annum
Expenses Nil
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CT5 September 2016 Q10
A 25-year “double” endowment assurance policy is issued to a group of lives aged 40 exact. Each policy provides 
a sum assured of 25,000 payable at the end of the year of death or 50,000 payable if the life survives until the 
maturity date.
Premiums are payable annually in advance throughout the term of the policy or until earlier death.

The following information has been provided:
Number of deaths during the 17th policy year: 24
Number of policies in force at the end of the 17th policy year: 5,350

(i) Calculate, showing all your workings, the profit or loss for the group arising from mortality in the 17th policy year. 
[7]

(ii) Comment on your result. [2]

Basis:
Mortality AM92 Select
Rate of interest 4% per annum
Expenses Ignore


