
SP2: CMP Upgrade 2019/20 Page 1 

The Actuarial Education Company © IFE: 2020 Examinations 

CMP Upgrade 2019/20 
Subject SP2 

CMP Upgrade 

This CMP Upgrade lists the changes to the Syllabus objectives, Core Reading and the ActEd 
material since last year that might realistically affect your chance of success in the exam.  It is 
produced so that you can manually amend your 2019 CMP to make it suitable for study for the 
2020 exams.  It includes replacement pages and additional pages where appropriate.  
Alternatively, you can buy a full set of up-to-date Course Notes / CMP at a significantly reduced 
price if you have previously bought the full-price Course Notes / CMP in this subject.  Please see 
our 2020 Student Brochure for more details. 

This CMP Upgrade contains: 

 all significant changes to the Syllabus objectives and Core Reading. 

 additional changes to the ActEd Course Notes and Assignments that will make them 
suitable for study for the 2020 exams. 
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0 Changes to the Syllabus objectives 

There are no changes to the Syllabus objectives.   
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1 Changes to the Core Reading and ActEd Course Notes  

This section contains all the non-trivial changes to the Core Reading and ActEd text.  

Chapter 13 

A new end of chapter question 13.3 has been added.  Replacement pages are attached. 

Chapter 14 / 15 

Section 4 of Chapter 15 on ‘Sensitivities’ has been moved to Chapter 14 Section 2. 

Chapter 15 / 18 

Some material has been moved from Section 2 of Chapter 18 to Section 2 of Chapter 15.  The 
summary pages have been updated accordingly.  Replacement pages are attached. 

Chapter 17 

The fourth paragraph of Core Reading on page 24 has been amended as follows: 

A suitable proxy can be chosen to represent risk-free assets, such as short-term deposits 
issued by a stable government.  The risk premium can then be estimated as the yield on a 
diversified portfolio of shares less the risk-free rate, averaged over a period of time. 

Chapter 25 

The following ActEd text has been added after the first paragraph of Core Reading in Section 3.4: 

Group life insurance leads to a concentration risk as the insured lives are likely to be working in 
the same place.  Catastrophe reinsurance would protect the insurer from the risk of many claims 
following a catastrophe at the insured group’s workplace. 

Chapter 29 

The final paragraph of ActEd text and the question at the end of Section 1 has moved to Section 2.  
Replacement pages are attached. 
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2 Changes to the X Assignments 

Overall 

There have been minor changes throughout the handout, including changes to mark allocations. 

More significant changes are listed below. 

Assignment X3 

A new part (iii) has been written for Question X3.3.  The number of marks available for part (ii) has 
also been updated.  Replacement pages are attached. 

The following two points have been added to the Solution of X3.6 part (ii): 

The policyholder might be allowed to make further payments into the fund; … [½] 

… an additional charge would need to be calculated to be paid at the time of the additional 
premium – the charge would depend on the remaining term of the contract.  [½] 

Assignment X4 

The final sentence of Question X4.4 has changed to: 

Describe how the actuary would arrive at a choice of assumption to use. [11] 

In the Solution to X4.9 part (ii), the quarter marks have been changed to half marks as follows: 

A basis is required for the following items (in order to calculate the present value of the future 
profits):     

 investment return earned on reserves [½] 

 mortality  [½] 

 expenses  [½]  

 expense inflation [½] 

 surrender rates  [½] 

 rates of conversion to paid up [½] 

 risk discount rate. [½] 
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Assignment X5 

The number of marks available for Question X5.2 has increased to 7.  The second point in the 
solution has changed to: 

This must include all the information that will be needed to project future cashflows and profits 
for the in-force business.  [½] 

So the information needed for each policy includes:  

 policy type  [½] 

 number of units held [½] 

 sum assured  [½] 

 age   [½] 

 term   [½] 

 entry / expiry date [½] 

 amount of premium [½] 

 charging rates.  [½]  

The following point has been added to the first bullet point list of the solution to X5.6: 

 how effective drugs are at reducing AIDS-related deaths [½] 

The number of marks available for Question X5.8 has decreased to 8.  The second paragraph of 
this question has been update to: 

Outline the advantages and disadvantages of each of the following possibilities: 
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3 Other tuition services 

In addition to the CMP you might find the following services helpful with your study. 

3.1 Study material 

We also offer the following study material in Subject SP2: 

 Flashcards 

 Revision Notes  

 ASET (ActEd Solutions with Exam Technique) and Mini-ASET 

 Mock Exam and AMP (Additional Mock Pack). 

For further details on ActEd’s study materials, please refer to the 2020 Student Brochure, which is 
available from the ActEd website at www.ActEd.co.uk. 

3.2 Tutorials 

We offer the following (face-to-face and/or online) tutorials in Subject SP2: 

 a set of Regular Tutorials (lasting three full days)  

 a Block Tutorial (lasting three full days) 

 an Online Classroom. 

For further details on ActEd’s tutorials, please refer to our latest Tuition Bulletin, which is available 
from the ActEd website at www.ActEd.co.uk. 

3.3 Marking 

You can have your attempts at any of our assignments or mock exams marked by ActEd.  When 
marking your scripts, we aim to provide specific advice to improve your chances of success in the 
exam and to return your scripts as quickly as possible. 

For further details on ActEd’s marking services, please refer to the 2020 Student Brochure, which 
is available from the ActEd website at www.ActEd.co.uk. 

3.4 Feedback on the study material 

ActEd is always pleased to get feedback from students about any aspect of our study 
programmes.  Please let us know if you have any specific comments (eg about certain sections of 
the notes or particular questions) or general suggestions about how we can improve the study 
material.  We will incorporate as many of your suggestions as we can when we update the course 
material each year. 
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If you have any comments on this course please send them by email to SP2@bpp.com. 
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All study material produced by ActEd is copyright and is 
sold for the exclusive use of the purchaser.  The 

copyright is owned by Institute and Faculty Education 
Limited, a subsidiary of the Institute and Faculty of 

Actuaries. 

 

Unless prior authority is granted by ActEd, you may not 
hire out, lend, give out, sell, store or transmit 

electronically or photocopy any part of the study 
material. 

 

You must take care of your study material to ensure 
that it is not used or copied by anybody else. 

 

Legal action will be taken if these terms are infringed.  
In addition, we may seek to take disciplinary action 
through the profession or through your employer. 

 

These conditions remain in force after you have finished 
using the course. 
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Chapter 13 Practice Questions 

13.1 Explain how units are priced in a linked fund. 

13.2 (i) Explain what is meant by a ‘management box’, in the context of unit pricing. [1] 

(ii) Discuss briefly the advantages and disadvantages of holding one. [3] 
    [Total 4] 

13.3 A life insurance company operates a number of internal unit-linked funds.  Unit prices are 
calculated daily.  All the funds are expanding, and therefore are priced on an offer basis. 

The following details are for the Equity Fund as at the end of 31 March 2019. 

 Market value of assets (excluding cash) within the fund = $50,000 

 Cash balance in the fund = $750 

 Number of units = 10,000 

 Selling costs of assets in the fund = $1,376 

 Purchasing costs of assets in the fund = $1,152 

The market value and cash balances allow for current assets and liabilities of the fund, and any 
accrued income or tax adjustments. 

There is an initial charge of 3%. 

All offer and bid prices are rounded to three decimal places.  The number of units purchased or 
sold is also rounded to three decimal places.  There is no rounding for the appropriation or 
expropriation prices. 

Prices are calculated at the end of 31 March 2019, and applied to new requests for investments or 
disinvestments received during that day. 

Calculate the following in relation to this fund: 

(a)  appropriation price 

(b)  expropriation price 

(c)  offer price 

(d) bid price 

(e)  number of units purchased by a new investment of $1,500 received on 31 March 2019. 
    [5] 

 

  

Exam style 

Exam style 
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The solutions start on the next page so that you can 
separate the questions and solutions. 
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Chapter 13 Solutions 

13.1 Unit pricing 

In general unit pricing will follow the basic equity principle: that the interests of unit-holders not 
involved in a unit transaction should not be affected by that transaction.  

The pricing will depend on whether the company is creating or cancelling units in the fund.    

This situation might be looked at daily or, more likely, over a longer period to avoid changing the 
basis too frequently.   

If the company is creating units then it values units on an ‘offer basis’.  

Under an offer basis, offer and bid prices for units are derived from the appropriation 
price.     

The appropriation price is the amount of money that the company should put into the fund in 
respect of each unit created in order that the interests of existing unit-holders are not 
affected.    

It can be calculated as the net asset value of the fund on an ‘offer basis’ divided by the number of 
units in the fund (prior to the creation of the units concerned).  

This net asset value is the offer price value per unit of the fund’s underlying assets, adjusted in 
respect of the fund’s current assets and liabilities, accrued income, and acquisition dealing 
expenses.    

The expropriation price is the amount of money that the company should remove from the fund 
in respect of each unit in order that the interests of existing unit-holders are not 
affected.    

Calculated as net asset value on a ‘bid basis’ divided by number of units ...  

… where net asset value is the bid price value of units, adjusted for current assets and liabilities, 
accrued income, and sale dealing expenses.  

If the company wants to avoid switching from one basis to the other too frequently then it will 
probably need to create a ‘management box’.  

Given the basis (offer or bid), the company will calculate the unit price as: 

 offer price: the appropriation price (on an offer basis) or expropriation price (on a bid 
basis), plus initial charges, rounded up  

 bid price: the appropriation / expropriation price rounded down.  

The above prices will need to be rounded.  Some companies round the offer price up and the bid 
price down.  However, it is now increasingly common for companies to round to the nearest 
decimal place.     
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13.2 (i) Management box 

The ‘management box’ for a fund consists of units that have been created but are not owned by 
policyholders, at any point in time.  These units are therefore owned by the life insurance 
company itself.   [1] 

(ii) Advantages and disadvantages 

The primary advantage of the management box is that it enables the company to maintain a 
steady offer or bid basis, rather than having to change too frequently the basis on which it prices 
units.    [1] 

This achieves ‘broad equity’ between different unit-holders (as the basis is only changed if there is 
a significant cashflow movement against the existing basis) and avoids unnecessary and artificial 
volatility in published unit prices.    [1] 

By using a box, unnecessary creation and cancellation of units is avoided. [½] 

The main disadvantage to the company is that it will be exposed to the investment risk of holding 
a large number of units for its own account. [1] 

Although with careful management it is a potential source of additional profit.    [½] 

In addition there may be problems with control – setting down guidelines as to how large a box is 
maintained, what to do in the event of severe market movements or large unit purchases / 
encashments.   [½] 
    [Maximum 3] 

13.3 (a) Appropriation price 

The appropriation price is: 

 

     
 

market value of assets cash buying costs
number of units in issue

50,000 750 1,152 $5.1902
10,000

 

 
 

 [1] 

(b) Expropriation price 

The expropriation price is: 

 

     
 

market value of assets cash selling costs
number of units in issue

50,000 750 1,376 $4.9374
10,000

 

 
 

 [1] 



SP2-13: Unit pricing Page 21 

The Actuarial Education Company © IFE: 2020 Examinations 

(c) Offer price 

The offer price is equal to the appropriation price plus the initial charge, ie: 

 5.1902offer price 5.35072 $5.351 (rounding to 3dp)
0.97

    [1] 

(d) Bid price 

When pricing on an offer basis, the bid price is just the appropriation price of the units which, 
rounding to 3 decimal places, is $5.190.  [1] 

(e) Number of units purchased by $1,500 

$1,500 will purchase units at the current offer price of $5.351 per unit.  Hence the number of new 
units is: 

 1,500 280.321 units
5.351

  [1] 
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2 Profitability of existing business 

This section discusses the measurement of the total expected future profits from a portfolio of in-
force policies, using an ‘existing business’ model.  This is done in order to calculate the embedded 
value of a life insurance company.  The embedded value may be defined as: 

the value of the future profit stream from the company's existing business together with the value 
of any net assets separately attributable to shareholders. 

Embedded values are often used as a more realistic assessment of the value of an insurer.  The 
embedded value not only recognises the value of any assets in excess of the reserves, but also 
recognises the value to the shareholders of future releases of the margins in those reserves. 

Embedded values can be included as supplementary information in published accounts, or can be 
used for internal management purposes.   

2.1 Calculation of embedded value  

Embedded value is the present value of future shareholder profits in respect of the existing 
business of a company, including the release of shareholder-owned net assets.   

It can be calculated as the sum of: 

• The shareholder-owned share of net assets, where net assets are defined as the 
excess of assets held over those required to meet liabilities.   

These assets may be valued at market value or may be discounted to reflect ‘lock-
in’, for example if they are required to be retained within the fund to cover solvency 
capital requirements.   

These net assets may have to be invested cautiously to ensure that the solvency capital 
requirements are met.  As a result, they will be expected to achieve a lower return than 
could be achieved with a less constrained investment strategy, and so they will be worth 
less than their market value to the shareholders.   

Example 

An insurer is required to hold solvency capital of 100 in respect of a particular cohort of policies.  
This capital is assumed to be locked in until all these policies mature in ten years’ time.   

The solvency capital is invested in assets earning only 4% pa.  However, the embedded value is 
calculated using a risk discount rate of 5% pa.   

The discounted value of the assets backing the solvency capital is then given by: 

 
10

10
1.04100 90.874
1.05

× =  

So these assets may be included in the embedded value at a discounted value of 90.874 rather 
than their market value of 100. 
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• The present value of future shareholder profits arising on existing business.   

The process of determining this amount is similar to performing a profit test, bearing 
in mind that some elements will not be applicable (eg new business expenses).   

The future cashflows on the existing business are projected and used to estimate the 
future shareholder profit.  These future profits are then discounted back at an 
appropriate rate to determine their present value.   

The calculation of the present value of future shareholder profits may differ for different 
types of business.  For example: 

• conventional without-profits business: the present value of future premiums plus 
investment income less claims and expenses, plus the release of supervisory 
reserves 

• unit-linked business: the present value of future charges (including surrender 
penalties) less expenses and benefits in excess of the unit fund, plus investment 
income earned on and the release of any non-unit reserves 

• with-profits business: the present value of future shareholder transfers, for example 
as generated by bonus declarations. 

For with-profits business, the most common ways to calculate shareholder transfers are: 

• as a proportion of the cost of bonus (as mentioned in the Core Reading above) 

• as a charge deducted from the asset share.   

Typically under the cost of bonus approach the with-profits policyholders receive 90% of any 
surplus distributed and the shareholders receive 10%, ie the shareholders receive one-ninth 
(10/90) of the cost of bonus.  For example, if a reversionary bonus is declared such that the 
policyholders’ reserves increase by 180, the shareholders would receive 20.   

The insurer may decide to hold back part of the surplus (perhaps to pay a terminal bonus at a 
later date).  In this case the shareholders would have to wait until a bonus was declared to receive 
their transfer, so the embedded value is based on the timing of bonus declarations rather than on 
the timing of the emergence of surplus (under the cost of bonus approach). 

Any excess of assets over the reserves may also need to be split between with-profits 
policyholders and shareholders.  For example, the shareholder-owned share of the net assets may 
be taken as 10% of the net assets within the with-profits fund. 

However, if charges are deducted from the asset shares of with-profits policies, then the 
embedded value calculation would be simpler and similar to the unit-linked business described 
above.   

For without-profits business, the present value of shareholder transfers is effectively the 
release of any margins within the supervisory reserves relative to the assumptions used 
within the embedded value calculation.   
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If the assumptions used to calculate the supervisory reserves (such as the expected rate of return 
on assets), were exactly the same as the future experience assumptions used to calculate the 
future cashflows in the embedded value calculation, then the profit emerging in each year would 
be zero.  This is because the reserves plus the expected investment income would be of exactly 
the right amount to cover the expected net outgo in each future year. 

Therefore, the extent to which the two bases are different will lead to a profit or loss in each year 
within the calculation of the present value of future profits.  Because the embedded value 
calculation is generally on a more realistic basis than the reserving basis, the reserves plus the 
expected future investment returns should be more than enough to cover the estimated future 
outgo, leading to the expectation of positive future profits. 

Question 

Describe, by considering the two components of an embedded value, the mortality risk that a 
company faces on:  

(a) A portfolio of regular premium without-profits whole life contracts taken out thirty years 
ago by men then aged thirty. 

(b) A portfolio of regular premium without-profits whole life contracts taken out in the last 
year by men aged sixty.  

Solution 

We also considered this situation in Chapter 2.  We stated that there was a risk of capital strain if 
more deaths occurred than expected because the death benefit paid would be greater than the 
supervisory reserves (and any solvency capital requirement) held.  Hence the net assets 
component of the embedded value will fall, because the assets paid out (the death benefit) is 
greater than the release of the reserves. 

However, there is also a risk of a loss of the future profits expected to emerge on this block of 
business.  Each existing contract will contribute an amount to the embedded value equal to the 
present value of the release of margins in the supervisory reserves relative to the assumptions 
used within the embedded value calculation.  That is, we expect that the current reserves plus 
future premiums will be more than enough to cover the claims and expenses.  If more deaths 
occur than expected in the embedded value projection basis, then these policies can no longer 
contribute their margins to the future profits. 

So if more deaths occur than expected, the company can see a reduction in both components of 
the embedded value. 

In case (a), the reserves should be quite large, so deaths will cause a relatively small reduction in 
the net assets.  The loss of future profits should also be relatively small as there are fewer years 
left in which margins can be released (profit has already been released from the first 30 years of 
the contract). 
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In case (b), the reserves will be quite small, so each additional death can cause a substantial 
reduction in net assets.  The loss of future profits will also be large – in fact all the expected profit 
will be lost as the policyholder has not survived the first year.   

It is important that the reserves used in the determination of net assets are consistent with 
those used in the determination of the present value of future profits. 

Tax is allowed for within the calculation as appropriate. 

Question 

A block of without-profits endowment business has two years left until maturity.  The cashflows 
(premiums less expenses plus investment return less claims) expected at the end of the first and 
second years are 15 and –100 respectively. 

The current reserve is 100.  The insurer expects to hold a reserve of 110 at the end of the first 
year after allowing for the cashflow received at that time.  The insurer expects to earn 4% pa on 
its reserves. 

The insurer has assets of 120. 

Calculate the embedded value of this block of business using a risk discount rate of 8% pa.  

Solution 

The embedded value has two parts (net assets and present value of future shareholder profits). 

The net assets are the excess of the assets over the liabilities.  Hence, the net assets are 20. 

The shareholder profit in each year will be the cashflow plus interest on the reserves less any 
increase in the reserves. 

At the end of the first year, the cashflow is 15, the interest on the reserves is 4, and the reserves 
increase by 10.  Hence, the shareholder profit is 9.   

At the end of the second year, the cashflow is –100, the interest on the reserves is 4.4, and the 
reserves have decreased by 110 (the reserve is zero after the payment of the claims at the end of 
the policy).  Hence, the shareholder profit is 14.4.   

The present value of the shareholder profit at a risk discount rate of 8% pa is then 20.7. 

The embedded value is the sum of the net assets and the present value of the shareholder profit, 
and so in this case equals 40.7. 

To assess the profitability of existing business, the full policy data set may be used (ie the 
modelling may be done on a policy by policy basis). 

Calculating profitability individually for each policy should be more accurate than using model 
points, but it will be more costly in terms of time and resources. 
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Alternatively, model points may be chosen to represent the existing business.  In this case, 
the model points used for any previous assessment may form a starting point, modified to 
allow for changes due to the new business taken on by the company and the business 
going off. 

Another and more common approach is to redo the model point generation process from scratch 
based on the policy portfolio as it appears now.  This will be much less prone to error than 
adjusting previous model point files.   

The suitability of any model points used should be checked.  Where, as will usually be the 
case, the profitability of the business is being assessed at the same time as the supervisory 
reserves are calculated, one check is to use the model points to determine the supervisory 
reserves and then compare this value with the published value. 

For each policy or model point, the present value of projected cashflows can be obtained as 
in Section 1.1.  The discounting would be done using an appropriate risk discount rate, with 
similar considerations to those described in Chapter 17. 

The risk discount rate to use for this purpose would normally be less than that used for product 
pricing, or in a new business model.  This is because some of the risks are reduced, in particular 
those due to new business volume and mix. 

Totalling across all policies (or totalling the scaled up results of each model point) will then 
give the expected profit from the existing business. 

The discounted value of these future profits is often referred to as ‘present value of future 
profits’.  Its prime use is in conjunction with the net asset value of the company to give the 
embedded value.  It is of limited use in isolation, although when broken down between product 
lines it may be of some interest.  Simply checking that the present value of future profits for a 
product is positive rather than negative will give an indication that nothing is going badly wrong 
with the financial management of that product. 

Question 

Explain why the present value of future profits (PVFP) for existing business would be expected to 
be positive. 

Solution 

The PVFP for a model point that represents existing business should be positive.  There are two 
ways of looking at this. 

First, retrospectively.  At inception the PVFP should be zero or positive, otherwise the company is 
knowingly writing unprofitable business.  Immediately after inception significant acquisition and 
management expenses will be incurred, and so the PVFP immediately after having paid for these 
should be strongly positive.  It will then gradually reduce to zero at maturity.  So it is always 
positive. 
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The second way of looking at the question is prospectively, with reference to the supervisory 
solvency requirements.  The PVFP for any existing business at time t will start with assets 
allocated to the business to fully cover the supervisory solvency requirements.  The solvency 
requirements will take a prudent approach (eg by making prudent assumptions in the reserving 
basis and/or by adding solvency capital). 

The PVFP is then the discounted value of the future profit flows allowing for the release of 
reserves and solvency capital over time.  These profit flows will be projected using the (usually 
best estimate) assumptions in the embedded value basis.  We should expect positive profit flows 
in the remaining years as the experience assumed in the embedded value basis should be better 
than that assumed in the prudent reserving basis.  Alternatively, if reserves are calculated on a 
best estimate basis, the expected future experience in the embedded value basis should equal the 
reserving assumptions, so that positive profits emerge as the solvency capital is released.   

The above argument assumes no huge changes in the embedded value basis since the contract 
was priced.  If our expectations of future experience have become more pessimistic, the PVFP 
could easily become negative. 

It can be useful to look at the present value of future profits at the following levels of breakdown: 

• by product

• by product classes (eg group vs individual)

• by distribution channel

• by subsidiaries, if appropriate

in order to compare their relative contribution to the company’s profitability. 

2.2 Appraisal value  

The starting point in valuing a life insurance company for sale or purchase will be the 
embedded value.  However, an important element of the price is likely to be goodwill, 
corresponding to the estimated profits expected from future business.   

An embedded value considers the present value of future profits from the in-force business 
only.  However, the company should be able to use its expertise and brand to add value to the 
business through sales of profitable new business in the future too – this will be represented by 
the goodwill element of the purchase price. 

The sum of embedded value and goodwill is generally known as ‘appraisal value’.  Further 
consideration of goodwill is beyond the scope of this Subject. 
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Chapter 15 Summary 

Need for models 

The actuary advising a life company will require models to assist with: 

• product pricing

• assessing return on capital

• assessing capital requirements

• assessing the profitability of existing business (including the present value of future
profits on the existing portfolio)

• developing an appropriate investment strategy

• projecting the future supervisory solvency position

• any other work involving financial projections.

Cashflow pricing  

Use a single policy model on individual model points. 

Find price by finding a premium (or charges) that satisfies the company’s profit criteria. 

Profit criteria 

These are usually based on single figure functions of the profit signature.  Three commonly 
used functions are: 

• net present value (which can be expressed in different ways)

• internal rate of return

• discounted payback period.

Net present value 

The net present value of a profit signature is calculated by discounting it at the risk discount 
rate.  Economic theory implies that net present value is the best profit criterion to use.  
However it is dependent on the risk discount rate being appropriate for the inherent risk. 

Net present value is normally expressed in relative terms such as: 

• in proportion to initial sales costs

• in proportion to total discounted premium income.
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Internal rate of return 

This is defined as the rate of return at which the discounted value of the cashflow is zero.  It 
suffers from some disadvantages in comparison with the net present value as a profitability 
criterion: 

• it might not exist 

• it might not be unique 

• it cannot be related to other indicators such as sales cost or premium income. 

Discounted payback period 

This is defined as the policy duration at which the profits that have emerged so far have a 
present value of zero. 

It is a useful reference for companies eager to recoup their initial capital investment in as 
short a time as possible. 

Which criterion? 

The most widely used profitability criterion is net present value.  In addition the discounted 
payback period may be a useful measure if capital is particularly scarce, and this can assist in 
designing capital efficient products. 

Other pricing considerations 

Price must also be considered for: 

• marketability 

• whether the company has sufficient capital to finance expected sales volume 

• whether the return on capital for the business as a whole is satisfactory. 

Model office and new-business models can be used to assess the last two points. 

It is also essential that all prices are sensitivity tested at all stages of modelling. 

Embedded value 

Embedded value is the present value of shareholder profits in respect of the existing 
business of a company, including the release of shareholder-owned net assets.   

It can be calculated as the sum of: 

• The shareholder-owned share of net assets, where net assets are defined as the 
excess of assets held over those required to meet liabilities.   

• The present value of future shareholder profits arising on existing business. 
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The value of the shareholder profits may be calculated as follows: 

• conventional without-profits business: the present value of future premiums plus 
investment income less claims and expenses, plus the release of solvency reserves 

• unit-linked business: the present value of future charges (including surrender 
penalties) less expenses and benefits in excess of the unit fund, plus investment 
income earned on and the release of any non-unit reserves 

• with-profits business: the present value of future shareholder transfers, for example 
as generated by bonus declarations. 

The appraisal value is the sum of the embedded value and the goodwill (ie the estimated 
profits from future business).  The appraisal value may be used when an insurance company 
is to be sold. 

Assessing solvency  

Solvency is measured by comparing the value of assets against the value of liabilities, on a 
supervisory or economic basis.  If the supervisory basis is stronger then supervisory solvency 
becomes the predominant criterion. 

Projecting solvency 

Future solvency will need to be projected in order to measure the impact of future variations 
in experience not allowed for in the supervisory reserving basis. 

The modelling of such future variations will need to be dynamic. 

Solvency projections may also allow for management actions (such as changes in bonus and 
investment policy) where appropriate. 

The projection can be done on either a deterministic basis or a stochastic basis, and may be 
on an ongoing basis or consider just the existing portfolio. 

The need for capital 

A life company needs capital: 

• to withstand adverse, often unexpected, conditions 

• to write new business, including meeting product development costs and financing 
new business strain 

• to allow a riskier investment strategy than strict matching would dictate. 

This capital is normally provided on a day-to-day basis by the company’s free assets but in 
effect the capital is being provided by with-profits policyholders, by shareholders (in a 
proprietary company), or both. 
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2 Valuing life insurance contracts: embedded value 

2.1 Assumptions    

The key determinant in deciding on an embedded value (EV) basis is the purpose for which 
the EV is being calculated.   

We will actually need two different bases in order to calculate an embedded value: a reserving 
basis and a projection basis. 

We need to know the reserves now in order to calculate the net assets (ie the assets less the 
reserves) and we need to know the reserves in the future in order to calculate the present value 
of future shareholder profits (as the change in reserves is part of the profit calculation).  
Regardless of the purpose for which the EV is being calculated, we would always calculate the 
reserves using the supervisory reserving basis. 

We also need a projection basis that projects the company’s experience into the future.  This basis 
will be used in the calculation of the present value of future shareholder profits, and has no 
impact on the shareholder-owned share of the net assets.  The company may wish to use a 
different projection basis depending on the purpose for which the EV is being calculated.  It is this 
projection basis that we discuss in the remainder of this section. 

If an embedded value is being prepared for published accounts or internal management 
accounts, then the principles to be applied in setting the assumptions are as outlined in 
Section 1.1 above. 

The calculation of embedded value for internal management accounts is likely to be carried out 
on a best estimate basis.  Given that the purpose of calculating an embedded value is to give a 
more realistic value of the insurer, then a best estimate basis is likely to be used for published 
accounts also, although regulations may require the introduction of a more prudent basis.   

If an appraisal value is being prepared as a sale value, then it is likely to be based on 
realistic assumptions without margins.  A purchase value may be based on cautious 
assumptions that include margins.   

As a result, the purchase value will be lower than the sale value.  The final price agreed for the 
business will depend on the relative bargaining power of the buyer and seller.   

2.2 Allowing for risk 

EV calculations need to include an appropriate risk margin to allow for the unpredictability 
of profit emergence for life insurance business. 

The purpose of an embedded value is to give a more realistic assessment of the value of the 
insurance company to its shareholders.  We might believe that a best estimate of the profit in the 
tenth year is 100, but this will not be worth as much to the shareholders as a risk-free cashflow of 
100 in the tenth year.  So we need to reduce the embedded value in some way to reflect the risks 
of the business. 



SP2-18: Setting assumptions (2) Page 7 

The Actuarial Education Company © IFE: 2020 Examinations 

The rate of interest used to discount the future streams of surplus will traditionally reflect 
the risk inherent in these amounts.  It should be noted that increasing the discount rate 
normally increases the degree of prudence. 

So one possible way of allowing for risk is to use a risk discount rate that is higher than the risk-
free rate.  The more risky the future profits, the higher the risk discount rate should be. 

A stochastic or market-consistent approach may be adopted.   

A stochastic projection would highlight the range of possible values that future profits might take. 

Under the market-consistent approach we would use the risk-free rate as the discount rate.  We 
would assume that investments earned the risk-free rate (regardless of whether we intend to 
invest in the risk-free assets or not).  A risk margin would be deducted from the embedded value 
to reflect non-investment risks, eg by using the cost of capital approach described in Chapter 20. 

2.3 What is the difference between a best estimate valuation and an 
embedded value? 

The two methods are trying to focus on something slightly different and work in different ways, 
although they are both based on realistic assumptions. 

For a best estimate valuation the present liability is calculated for each policy using realistic 
assumptions.  The sum over all policies is compared with the total asset value to give a measure 
of realistic solvency.  This gives a measure of policyholders’ benefit security, but the change each 
year in the retained profit (ie the change in the value of the assets less the value of the liabilities) 
can also be used to give a measure of profit as an extra piece of information.   

An embedded value calculation will consider the cashflows across the portfolio in each time 
period, rather than the present value of cashflows for each policy.  The focus of an embedded 
value calculation is shareholder profit.   

An embedded value takes full account of the cost of capital in the value of the shareholder 
transfers, because each year’s transfer has to be made from profits that arise in excess of the 
supervisory reserves held.  (So an increase in the supervisory reserves required will postpone the 
emergence of profit for the shareholders, at least for without-profits business, and thereby give a 
reduced present value when discounted at the risk discount rate.) 
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Example 

A simple numerical example may help clarify what’s going on here. 

• liability = 100 payable with certainty in one year’s time 

• current asset value = 105 

• supervisory reserving basis = 3% pa interest 

• realistic (best estimate) basis = 6% pa interest 

• shareholders’ required return on capital = 10% pa 

• mortality and expenses: ignored. 

(We will assume that the company has no with-profits policyholders, so that all profits will go to 
the shareholders.) 

To assess the present value of the company’s profits using a best estimate valuation method we 
take: 

 (Value of assets) (Realistic reserve)−  

So:  

Realistic reserve = 
100 94.34
1.06

=  

Realistic profit calculation = 105 94.34 10.66− =  

To assess the same item using embedded value methodology we take: 

(Net assets) (Present value of future shareholder profits)+  

where: 

(Net assets) (Value of assets) (Supervisory reserve)= −  

Now: 

Supervisory reserve = 
100 97.09
1.03

=  

Net assets = 105 97.09 7.91− =  

Expected future profit (in one year’s time) = 97.09 1.06 100 2.91× − =  

(An alternative way of looking at this is as a cashflow of –100, plus interest on the reserve of 6% of 
97.09, plus a release of reserves of 97.09.) 

So: 

Embedded value profit calculation = 
2.917.91 10.56
1.1

+ =  
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So the two methods give similar, though slightly different answers.  The difference is the cost to 
the shareholders of deferring their profits due to holding reserves – ie the cost of capital. 

(For example, if there was no cost of capital – which would be the case if the shareholders’ 
required rate of return was equal to the 6% they could get from their invested reserves – then the 
embedded value profit would have been: 

 
2.917.91 10.66
1.06

+ =  

– ie the same as the other method.) 

So, while both methods give the current value of the company’s (retained and future) profit at a 
specified date, only the EV method allows for the shareholders’ cost of capital.  This makes the EV 
method more useful as a measure of the value of the business to the shareholders. 
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Chapter 18 Summary 

Deciding on a valuation basis 

The basis for a valuation should reflect: 

• expected future experience 

• margins to ensure adequacy of reserves 

• legislation / regulation (for published reserves) 

• the need for consistency. 

The basis for a valuation will depend on whether the accounts are to be published or are 
only for internal use. 

Any published accounts may be subject to legislative constraints, in particular regarding: 

• whether a going-concern or break-up basis is to be used 

• whether the accounts have to be true and fair 

• whether assumptions should be best estimate or include margins. 

Published valuations for the purpose of demonstrating solvency may be subject to different 
rules from those governing other kinds of published accounts. 

Internal accounts are usually based on best estimate assumptions. 

Supervisory reserves (especially for solvency purposes) may require prudential margins or 
may be calculated using a market-consistent approach (see Chapter 20). 

Setting an embedded value basis  

The expected future experience is usually taken as best estimate, unless more prudence is 
needed for the particular purpose for which the accounts are required (eg published). 

Risk can be allowed for by using a risk discount rate that is higher than the risk-free rate, or 
by deducting a risk margin. 
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Commissions should be controlled by a regular monitoring procedure at the level of: 

• product line 

• distribution channel 

• the specific salesperson or broker concerned. 

Commission is an expense that should be highly controllable by the company.  However, the 
company could find itself under considerable pressure to raise commissions to meet (especially) 
brokers’ demands, and/or to retain the necessary quality of sales staff.  The point being made 
here is that monitoring is necessary at each of the above levels to ensure that commission rates 
do not start drifting upwards (which would most likely start to happen at the bottom – 
salesperson – level). 
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2 Policy retention activity 

With a view to managing the persistency risk, an insurer may seek to minimise the volume 
of lapses and surrenders. 

We have seen earlier in the course that withdrawals – especially at early policy durations – can 
pose significant financial risks for life insurance companies. 

2.1 Distribution channel management 

As with expense control, one of the key elements of a successful control system is good 
monitoring. 

The insurer can monitor persistency rates by distribution channel and by the specific 
salesperson or broker concerned. 

By identifying where any persistency problem occurs, the insurer can focus its efforts on 
addressing the cause of the problem where it is likely to achieve greatest improvement. 

Subject to not damaging the future sales potential from the channel, the level of 
commissions or other remuneration can be designed to encourage better persistency 
and/or penalise early lapses and surrenders.   

Question 

Describe two possible ways in which commission systems can be designed to encourage better 
persistency. 

Solution 

Two possible ways are as follows: 

• Pay lower initial commission and higher renewal commission.  This will give brokers more 
incentive to take an active interest in their existing clients and hence reduce the 
proportion who withdraw early. 

• Use a commission clawback system, whereby a proportion of the initial commission paid 
has to be returned to the insurance company if the policy is discontinued within a set 
period (eg three years), the proportion repaid reducing the longer the policy is 
maintained. 

 
It may also be possible to identify systematic reasons for the lapses and surrenders and to 
invoke suitable management strategies to avoid the trend continuing. 

For example, the insurer might be providing some misleading information to the client and/or 
intermediary, which results in the policy being inappropriately sold (so targeting the wrong types 
of individuals, not fully meeting their needs, etc). 

For those distribution channels where the insurer incurs the costs of acquiring business – 
for example, quotations systems – the number of quotations produced versus the actual 
business acquired should also be monitored and managed. 
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Question 

Suggest actions that the company could take if it found that the rate of sales per quotation was 
falling steadily. 

Solution 

The company might: 

• improve the information provided on the quotation – how does it compare with 
competitors’ versions? 

• provide additional sales support services, if this would improve the overall sales efficiency 

• try a different sales method 

• try altering the product design and/or the price of the product, in case these are the cause 
of the decline in popularity. 

 
2.2 Customer relationship management 

The insurer may seek, via any intermediary or salesperson as appropriate, to encourage 
good persistency by ensuring that the product sold is suitable to meet the policyholder’s 
needs.  In addition, it should aim to maintain or improve the quality of ongoing 
administration and contact with the policyholder.   

Persistency can also be improved by type of payment method: for example, policies having 
premiums paid by direct debit have higher persistency than when cheque or cash payments are 
made. 
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3 Management of new business mix and volumes 

The insurer will wish to ensure that it has sufficient capital and administrative resources to 
allow the writing of new business.   

In extreme cases, this might involve the actuary recommending that the directors withdraw 
from sale, for a suitable period, those products that are the most capital intensive or for 
which inadequate administrative resources are available. 

In the normal course of events, the insurer should monitor the extent of mismatch arising 
between the actual new business sold and that assumed in the original pricing of the 
product.   

Directly or indirectly, both the volume of business and the mix of business are assumptions made 
when pricing the product.  Divergence from the pricing assumptions could therefore lead to 
losses. 

In the case of volume, an assumption for this would have been implied within the expense 
assumption, where overheads would have been spread over assumed future business volumes to 
determine the per-policy expense loadings.  If actual volumes are not as high as assumed, then 
per-policy expense losses will be made, reducing the return on capital. 

In addition, a lower volume than expected will disappoint profit expectations, and may lead the 
company to rethink its marketing plans.  Higher volume than expected could be causing 
unacceptable capital strain, so future sales may need controlling.   

The mix of business is important here too – the capital position will depend on the relative capital 
efficiency of the business being sold.  So the company may need to control the mix of business it 
sells, and/or redesign particular products to make them more capital efficient, in order to prevent 
possible insolvency. 

Control of new business volume and mix largely comes down to marketing, product design and 
pricing activities.  Sales channels can also be encouraged – through reward systems – to achieve 
particular sales targets, though care must be taken not to conflict with other aims (such as 
persistency targets) or to be unprofessional. 

Typically, it will be necessary to monitor, by product line and distribution channel, the 
number of contracts and amount of premium to determine the average case size. 

A lower than assumed average policy size may reduce the absolute amount of loadings received 
towards the per-policy expenses, whereas the per-policy expenses themselves (by definition) 
would not be so affected. 
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X3.1 A large insurer offers a wide range of unit-linked funds.  One of the actuarial teams is responsible 
for calculating the unit prices for each fund each day.  Someone has suggested that this job must 
be very easy as the unit price is simply the market value of the assets divided by the number of 
units.   

State the adjustments that need to be made to this suggested calculation in order to calculate the 
unit price.   [4] 

X3.2 A life insurance company sells mainly unit-linked contracts.  The Board of this company has 
agreed a merger with another life insurance company that also sells mainly unit-linked contracts.  
Both companies operate a range of unit-linked funds including equity, fixed-interest and property 
funds.   

An actuary employed by this insurance company has been asked to provide advice to the Board 
regarding the merger of the unit-linked funds of the two companies. 

Describe the key considerations for the new combined company regarding the calculation of unit 
prices at the merger date. [7] 

X3.3 A long-established but small mutual life company is reviewing the premium rates for conventional 
without-profits term assurance business. 

(i) Describe the basic features of a cashflow projection model that is used to price these 
contracts.  [4] 

The Marketing Manager has said they believe that the products can only be sold if they are costed 
with overhead expenses excluded from the expense loadings.    

(ii) Comment on this suggested approach. [4]  

The company decides to reprice the term assurances with no allowance for a contribution to 
overhead expenses.  It calculates its embedded value assuming that reserves are calculated on a 
prudent basis.  

(iii) Describe the likely impact on the company’s embedded value at the end of the year as a 
result of this pricing decision. [3] 

    [Total 11] 

X3.4 A proprietary life insurance company is planning to re-launch its regular premium unit-linked 
endowment assurance. 

Outline the steps that would be followed in designing and pricing the product. [14] 
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X3.5 A life insurance company sells with-profits business using the contribution method with annual 
cash dividends but no terminal dividend.   

(i) Describe how the company’s model office should take this bonus method into account in 
modelling such business. [2] 

The current product range guarantees the distribution, as cash dividends, of 80% of interest 
profit, expense profit and mortality profit (all defined with reference to the premium basis).  The 
chief executive has asked whether this can be raised to 90% for competitive reasons, and if not 
then how else the company’s competitive position could be improved. 

(ii) Describe the factors that should be taken into account in analysing this request, including 
how the model might be used. [8] 

    [Total 10] 

X3.6 A life insurance company has sold a unit-linked single premium savings contract for many years.  
The policyholder may choose at outset to invest in either the European equity fund or the North 
American equity fund, but subsequent switches between funds are not permitted.  The term of 
the contract is ten years.  The benefit paid on death, surrender or maturity is the bid value of 
units.   

To increase the marketability of the contract, it has been suggested that a guarantee will be 
added so that the maturity payout will be the higher of the bid value of units or the single 
premium accumulated at 1% per annum.  This guarantee will be charged for by a reduction in the 
allocation rate. 

(i) Describe how the company would use a stochastic model to determine the charge to be 
taken for providing the maturity guarantee, including how each of a risk neutral 
calibration and a real world calibration of the stochastic model could be used. [8] 

(ii) Suggest four modifications to this product’s design that would improve its marketability, 
commenting on how each of these modifications would affect the modelling performed in 
part (i).   [4] 

    [Total 12] 
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To a certain extent it is fooling itself if it allows a class of business to make no contribution.  It would 
be better to include some allowance for overheads but to recognise the competitiveness of the 
market by accepting a lower degree of profit than on some other classes. [1] 

The company should also consider alternatives for boosting sales that do not involve such 
competitive pricing, such as concentrating on channels other than brokers (easier said than done), 
or differentiating the product with options (which carries its own risks).  [1½] 

[Maximum 4] 

(iii) Impact on embedded value 

The repriced contract will be cheaper, so sales should increase. [½] 

The increase in sales might lead to an increase in premiums.  [½] 

The increase in sales will lead to an increase in initial expenses. [½] 

The increase in sales will lead to increased reserves.  [½] 

However, the prudence in the calculation of the reserves means that the additional reserves and 
expenses are likely to be bigger than any extra premiums received. [½] 

So net assets will be lower as a result of the repricing.  [½] 

The premiums received might actually fall if the reduction in premium is bigger than the increase 
in sales, which would lead to even lower net assets. [½] 

The increased sales should increase the present value of future profits. [½] 

However, the absence of any loading for overheads is likely to mean that the fall in net assets will 
outweigh the increase in present value of future profits, so the embedded value will fall … [½] 

… unless there is a significant separate profit loading in the premium, or the increase in volumes
leads to a large fall in per policy expenses (initial, renewal or termination). [½] 

[Maximum 3] 
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Solution X3.4  

This topic is covered in Chapters 15 and 16. 

Steps in pricing and design 

The key steps are as follows: 

Step 1 – Assimilate marketing information:  [½] 

• age, gender, socio-economic group of policyholder

• why the product is bought

• competitors’ charging structures

• average premium, term, sum assured

• how the product is sold

• information shown on quotations

• level of underwriting.
[½ per point, maximum 3] 
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