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In the previous chapter, we saw how to project the cash flows for policies. In this chapter, we

describe how such techniques can be used to set reserves for both unit-linked and conventional

contracts, and how changes in the reserving and pricing assumptions affect profit.
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In this section we consider the different bases that may be used in the financial management of a life insurance 

contract.

The profit test, as described earlier, needs many assumptions to be made in order to compute the expected 

future profits of a contract for comparison with a stated profit criterion.

The assumptions will, in the first instance, be the insurer's best estimate of expected future experience. 

This can be termed the experience basis. 

Assuming that the chosen risk discount rate reflects fully the uncertainties in the assumptions, no further 

margins would be taken.

Thus, we arrive at the pricing basis for the contract, ie the insurer's realistic expected outlook that it 

chooses to use in setting premiums and/or charges.
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In practice, the actual profits arising in the future will depend on the actual future experience values of the items 

for which assumptions have been made. The insurer must consider two implications of this:

(i) How will profits be affected by the actual values for assumptions turning out to be different from the pricing 

basis?; and

(ii) Might the actual experience give rise to a need for additional finance?

The answer to both questions lies in re-running the profit test with a different set of assumptions from the 

pricing basis.



Pricing & Reserving Bases

6

1

Policyholders will be prepared to pay higher premiums up to a point, in return for the increased security of the 

fund (and therefore obtaining greater certainty that the company will meet its future obligations to them). 

On the other hand, if the cost of capital is too great, the company will lose customers and could go out of 

business.

The actuary therefore has to determine the level of reserve that leaves the company with an acceptably low 

probability (or risk) of insolvency occurring in the future, whilst at the same time imposing a cost of capital on 

the company that the policyholders are willing to pay for. 

The result is that the reserving basis will be prudent. A significantly more pessimistic basis than ‘best estimate’ 

will be assumed, but it will not be beyond the realms of reasonable possibility (for example, we would not 

assume that all the company’s life assurance policyholders will die on the day after the valuation date!).
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This single valuation (or reserving) basis is set by an insurer’s actuary to ensure that an

adequate assessment of the reserves is made. In practice, the valuation basis chosen will have to 

satisfy any local legislation and professional guidance which exists to protect the interests of 

policyholders. 

Once the actuary has decided on an appropriate level of reserves to be held by the insurer, the profit test 

would be finally re-run, still on the original pricing basis, but with the cash flows paid into reserves modelled 

explicitly. This may mean a reassessment of

premiums, benefits, and charges with consequential reassessment of valuation bases. The approach of 

pricing a contract can therefore be iterative.
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• A basis is a set of assumptions about quantities such as future investment returns, mortality 

rates, surrender rates and expenses.

• Assumptions that are our best estimates of the future give an experience basis.

• The basis we use to set premiums is called the pricing basis and can be the same as the 

experience basis, or slightly more prudent, or more risky.

• The basis we use to determine reserves – the valuation or reserving basis – is generally much 

more prudent than the experience basis. This will defer the emergence of profits from the 

contract. If the required rate of return is greater than the investment return on reserves, this will 

reduce the profitability of the contract.
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In this section we see how cashflow projections can be used to set reserves. This is particularly important for 

unit-linked products, where it is the only way of determining appropriate reserves, but we shall also see that 

we can apply the same methodology to conventional products.

We have already seen how to calculate the required amount of reserve prospectively, by valuing the stream 

of future benefit payments and future expenses and deducting future premiums. In other words we take 

each item of the expected cashflow and sum (with discounting and allowing for the probabilities of 

remaining in force) over all future years. We would get the same answer by summing each year’s cashflow 

(again with discounting and allowing for the probabilities of remaining in force) and multiplying by –1, as we 

now explain below.
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The calculation of a reserve involves summing all the elements in the following box, with suitable 

discounting for interest and allowing for staying in force:
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Unit-linked contracts require a unit reserve, which is equal to the unit fund value at any particular 

time, and a non-unit reserve. The calculation of the non-unit reserve follows the procedure described 

below, which is sometimes referred to as zeroising negative cashflows.

It is a principle of prudent financial management that, once sold and funded at the outset, a product 

should be self-supporting. This implies that the profit signature has a single negative value (funds are 

provided by the insurance company) at policy duration zero. This is often termed ‘a single financing phase 

at the outset’.

Many unit-linked products naturally produce profit signatures which have a single financing phase. 

However some products, particularly those with substantial expected outgo at later policy durations, can 

give profit signatures which have more than one financing phase. In such cases these later negative non-

unit cashflows (financing phases) should be reduced to zero by establishing reserves in the non-unit fund 

at earlier durations. These reserves are funded by reducing earlier positive non-unit cashflows. Good 

financial management dictates that these reserves should be established as late as possible during the 

term of the contract.
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We can either sum the rows first and then sum the row totals, or sum the columns first and then sum the 

column totals. We then multiply by -1 so as to convert from:

‘EPV of future income less outgo’

to:

‘EPV of future outgo less income’

which is what we require in order to produce a (prospective) reserve value. So we can take our cashflow 

projections – these are our row totals above – and use these to calculate suitable reserves.
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General approach

A policy has a non-unit cashflow vector (profit vector without non-unit reserves) of (NUCF)t ; t = 1, 2, 3, ... 

determined using the methods described in the previous chapter.

Non-unit reserves (reserves in the cash fund) are to be set up so that there is only a single financing phase. 

The reserves to be established at policy duration t are tV .

The reserving basis interest rate is 𝑖𝑠 , and the probability of a policy staying in force for one year at age x is 

(𝑎𝑝)𝑥 . After establishing non-unit reserves the profit vector is (PRO)t , t = 1, 2, 3, ... .

The equation of value at the end of policy year t , for cashflows in policy year t , per policy in force at time t -1, 

is:
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General approach

The process of establishing reserves begins at the greatest duration t for which (NUCF)t is negative. Let this be 

duration t = m. Non-unit reserves will not be required at durations t ≥ m because during these policy years 

the product is expected to be self-financing.

Hence we know that tV = 0 for t ≥ m.

For policy year m we can write:
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General approach

The reserve m-1V will be established at policy duration m - 1 out of the funds available at duration m - 1. A 

reserve of m-1V is required for every policyholder alive at the start of the mth policy year. The non-unit 

cashflow (𝑁𝑈𝐶𝐹)𝑚−1 at time m - 1 is (𝑁𝑈𝐶𝐹)𝑚−1 for every policyholder alive at the start of the (m - 1) th 

policy year. If we take the required reserve m-1V out of this cash flow, then the adjusted cashflow (𝑁𝑈𝐶𝐹)𝑚−1
′  

is given by:

If (NUCF)m−1  0 , then we repeat the process establishing non-unit reserves m−2V at policy duration m − 2 .
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General approach

The process then repeats as from (*) above, and continues in this way until all the 

necessary reserves at durations t = 1, 2, 3,..., m− 1 have been obtained.
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CT5 April 2012 Q5

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:

Mortality 0.5% per annum (i.e. probability of death at each age)

Interest 2.5% per annum
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A profit test can also be used to determine the reserves for a conventional (ie non unit-linked) policy. We 

illustrate the procedures by using a without-profit endowment assurance with a term of n years, a sum 

assured of S payable at the end of the year of death or on survival to the end of the term, and a surrender 

value payable at the end of year t of Ut , which is secured by a level annual premium of P .

A basis is required for the projection of the cashflows and for calculating the required reserves. This will 

consist of an interest rate i , dependent probabilities and expenses per policy in force at time t of et .

(CF)t , the expected cashflow at time t per policy in force at time t - 1, ignoring reserves, is:
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If the contract is to be self-funding, then reserves must be established using the earlier positive 

cashflows. These reserves should be sufficient to pay the later expected negative. This requirement is 

exactly analogous to the need to establish reserves in the non-unit fund for a unit-linked contract. 

Reserves can be established for conventional assurances using the same procedures as those used to 

establish non-unit reserves.
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The process then repeats as from (**) above, and continues in this way until all the necessary 

reserves at durations t = 1, 2, 3,..., m-1 have been obtained.

For conventional assurances it is usually the case that reserves are needed at all policy durations. So 

the calculation begins with (𝐶𝐹)𝑛 and concludes with (𝐶𝐹)1.
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CT5 September 2017 Q11

A life insurance company issues a large number of 4-year unit-linked endowment assurance policies to lives aged 

65 exact. Level premiums are payable annually in advance until maturity or earlier death.

The company has performed a profit test on these policies and the profit vector per policy sold, ignoring 

surrenders, is as follows: (185.21, –121.52, –5.28, 12.95)

(i) Calculate the profit signature per policy sold if negative non-unit fund cash flows are zeroised. [3]

The company now wishes to allow for surrenders in its calculations. It assumes that at the end of the first and 

second policy years only, 3% of the surviving policyholders will surrender. Surrender values are equal to the bid 

value of units held (after deduction of the fund management charge) less a surrender penalty of 50.

(ii) Calculate the revised profit signature per policy sold after allowing for surrenders if negative non-unit cash 

flows are zeroised. [6]

(iii) Calculate the net present value of the revised profit signature in part (ii), using a risk discount rate of 8% per 

annum. [1]

Basis:

Mortality AM92 Ultimate

Interest earned on non-unit cash flows 5% per annum fund

Expenses Ignore [Total 10]
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CT5 April 2018 Q13

A life insurance company issues a three-year unit-linked endowment assurance contract to a male life aged 62 

exact under which level annual premiums of 6,000 are payable in advance throughout the term of the policy 

or until earlier death. 90% of each year’s premium is invested in units at the offer price.

There is a bid-offer spread in unit values, with the bid price being 95% of the offer price.

There is an annual management charge of 1% of the bid value of units. Management charges are deducted at 

the end of each year, before death or maturity benefits are paid.

On the death of the policyholder during the term of the policy, the benefit, payable at the end of the year of 

death, is 12,000, or the bid value of the units if greater. The policyholder may surrender the policy only at the 

end of each year immediately before a premium is payable. On surrender, the bid value of the units is payable 

at the end of the year of exit. On maturity, 110% of the bid value of the units is payable.

The company holds unit reserves equal to the full bid value of the units. It sets up non-unit reserves to zeroise 

any negative non-unit fund cash flows, other than those occurring in the first year.
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The company uses the following assumptions in carrying out profit tests of this contract:

Rate of growth on assets in the unit fund - 5% per annum

Rate of interest on non-unit fund cash flows -  3% per annum

Mortality - AM92 Ultimate

Surrenders - 10% at the end of the first policy year, 5% at the end of the second policy year based on policies 

in force at that time

Initial expenses 225 plus 5% of the first premium (all incurred on policy commencement)

Renewal expenses 65 at the start of each of the second and third policy years plus 2.5% of the second and 

third premiums

Risk discount rate 7% per annum

Calculate the profit margin on the contract. [15]
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