
Class: MSc

Subject : Pricing and Reserving for Life Insurance products – 2 

Subject Code:

Chapter: Unit 2

Chapter Name: Gross premium and reserving – 2 [ Variable benefits and with profit contracts ]

Lecture 2 

1



Today’s 
Agenda

2

1. Gross Premiums and Reserving – 1 (Revision)

2. Introduction
1. Variable Payments
2. Payments varying at a constant compound rate
3. Payments varying at a constant monetary amount

3. Conventional with-profit contracts 



Gross Premium & Reserving – 1 
(Revision)

3

1

The gross premium is the premium required to meet all the costs under an insurance contract, and is the premium 
that the policyholder pays. When we talk of ‘the premium’ for a contract, we mean the gross premium. It is also 
sometimes referred to as the office Premium.

When the outgo includes benefits and expenses, and the income is the gross premiums, then L is referred to as the 
gross future loss random variable.

L = PV of benefit outgo + PV of expenses − PV of gross premium income
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• Under the equivalence premium principle,

EPV of benefits + EPV of expenses = EPV of gross premium income. 

• Gross Premium Prospective Reserves
The expected present value of the future outgo (benefits and expenses)

less
the expected present value of the future income (gross premiums)

This is the prospective reserve because it looks forward to the future cash flows of the contract.

• Gross Premium Retrospective Reserves
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 and expenses paid to date
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In this chapter we look at policies for which the benefit amount varies over time, including 
conventional with-profits contracts. In particular, we examine how to calculate the expected present 
value of the benefits when they increase by a constant amount or constant percentage each year.
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On 1 January 2000, a life insurance company issued 25-year increasing term assurance policies to single lives 
aged 40 exact.

The death benefit, payable at the end of the year of death, was 50,000 in the first policy year and increased at 
the beginning of each policy year at a rate of 1.92308% per annum compound. The first increase was at the start 
of the second policy year.

A return of premiums paid, with no interest, is payable on survival to the end of the term of the policy.

Level premiums on the policies are payable annually in advance for 25 years or until earlier death.

The company calculates its reserves on a net premium basis and negative reserves are permitted.

(i) Show that the annual net premium for each policy is approximately equal to 323 using the basis below.

Basis:
Mortality AM92 Select
Interest 6% per annum
Expenses Ignore
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Do you think we would have decreasing whole life assurance??



Payments varying at a constant monetary 
amount

18

2.3
 

Discuss how this formula works??
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A life insurance company offers an increasing term assurance that provides a benefit payable at the end of the 
year of death of 10,000 in the first year, increasing by 100 on each policy anniversary.

Calculate the single premium for a five year policy issued to a life aged 50 exact.

Basis:
Rate of interest 4% per annum
Mortality AM92 Select
Expenses Nil
[4]
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In this section we see how conventional with-profits business operates.

• A conventional whole life or endowment policy can be issued on a without-profit or a with-profits basis. On a 
without-profit basis, both the premiums and benefits under the policy are usually fixed and guaranteed at the 
date of issue.

• On a with-profits basis the premiums and/or the benefits can be varied to give an additional benefit to the 
policyholder in respect of any emerging surplus of assets over liabilities following a valuation. For example, 
surplus might be used to reduce the premium payable for the same benefit or to increase the sum assured 
without any additional premium becoming payable.

• An alternative way of distributing surplus is to make a cash payment to policyholders.

• Where surplus is distributed so as to increase benefits, additions to the sum assured are called bonuses.
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• Why do you think the company would declare bonuses?

• Wouldn’t it make the payments more uncertain?

• Is bonus beneficial for the company?? How does company afford 
bonuses?
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3.1
Various methods of allocating bonuses have been developed, each intended to provide a way of matching the 
surplus emerging over the duration of the policy.

Once added to the sum assured, bonuses become guaranteed benefits, which then need to be reserved for.

•Reversionary bonuses.
• Bonuses are usually allocated annually, which is likely to tie in with the minimum required frequency of valuation for each 
insurer. 

•Terminal bonuses 
• Bonuses are allocated when a policy matures or becomes a claim as a result of the death of the life assured. Terminal 
bonuses are usually allocated as a percentage of the basic sum assured and the bonuses allocated prior to termination
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Typically, bonuses are added by a mixture of annual and terminal components. The annual bonuses will be at 
variable rates determined from time to time by the insurer based on actual arising surpluses. These bonuses are 
typically added according to one of the following methods:

•Simple
• The rate of bonus each year is a percentage of the initial (basic) sum assured under the policy. The sum assured will 
increase linearly over the term of the policy.

•Compound
• The rate of bonus each year is a percentage of the basic sum assured and the bonuses added in the past. The sum assured 
increases exponentially over the term of the policy.

•Super-Compound
• Two compound bonus rates are declared each year. The first rate (usually the lower) is applied to the basic sum assured. 
The second rate is applied to the bonuses added to the policy in the past. The sum assured increases exponentially over the 
term of the policy.
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Annual bonuses are an allocation in arrears to reflect the growth in the available surplus since the last 
valuation. Where annual bonuses are given, it is usual at each valuation to declare a rate of interim bonus 
which will be applied to policies becoming claims before the next valuation. This provides an allocation 
of bonus for the period from the last valuation to the date of the claim. This rate is applied in the same 
way as that used for annual bonuses.
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A life insurance company issues a 30-year with-profits endowment assurance policy to a life aged 35 exact. The 
sum assured is 100,000 together with any attaching bonuses and is payable immediately on death.
Level premiums are payable monthly in advance, ceasing on maturity or on the policyholder’s death if earlier.
Simple annual bonuses are added at the end of each policy year. The death benefit does not include any bonus 
relating to the policy year of death.

The company calculates the premium on the following basis:
Mortality AM92 Select
Rate of interest 4% per annum
Expenses - Initial 325
                - Renewal 70 at the start of the second and subsequent policy years and payable until death
                - Claim 275 on death
Commission - Initial 70% of the total premium payable in the first policy year
                     - Renewal 2.5% of the second and subsequent monthly premiums
Bonuses Simple bonus of 2.5% of basic sum assured per annum

(i) Show that the monthly premium for this policy is approximately 292. [9]
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Question continued 

As at the end of the 28th policy year, the total actual past bonus additions to the policy have followed the 
assumptions stated in the premium basis above.

(ii) Calculate the gross prospective policy value at the end of the 28th policy year.

Policy value basis:
Mortality AM92 Ultimate
Rate of interest 4% per annum
Expenses
Renewal 85 at the start of each policy year and payable until death
Claim 300 on death
Commission
Renewal 2.5% of the monthly premiums
Bonuses Simple bonus of 2.75% of basic sum assured per annum [6]
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