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In addition, our assumptions should not be totally constrained by data about the past. In 
the economic limes in which Ihis edition is being written, when the global financial system 
has seemed close to collapse. there are many references to "black swans," "perfect storms" 
and "unique circumstances." The term "black swan" is from the book of the same name by 
Nassim Taleb (2007). The title comes from the fact that Europeans believed that all swans 
were white, because that is all they had ever seen. Upon visitingAuslralia they discovered that 
swans can also be black. It now refers to situations where an event is totally unlike the past. 
The term "perfect storm" is from the book of the same name by Sebastian Junger( 1997). The 
title comes from weather systems converging to create an extreme storm at sea. It now refers 
to any convergence of events that are individually plausible, but believed to be highly unlikely 
to occur simultaneously. It is very difficult to incorporate into assumptions or models events 
that are essentially unpredictable. When will the next bubble burst? How severe will it be? 
One way is to be prepared by understanding the environment (and not just rely on numbers 
produced by that environment in the past) and to be constantly thinking about ways in which 
extremely adverse results may occur and what steps can be taken to mitigate them. 

10.3.5 Interdependency of assumptions 

Interdependency applies in both deterministic and stochastic settings. In the former, 
assumptions need to be consistent with each other. For example, consider the case of 
economic variables. As seen earlier (with some detail provided in Chapter 9). investment and 
inflation rates bear some historical relationships to each other. When setting deterministic 
assumptions, that relationship should be reflected in the selected rates. In a stochastic 
setting maintaining this relationship can become complicated. For example. suppose an 
assumption is made that investment earnings follow some stochastic process and numerous 
scenarios are to be generated from that process. When setting the corresponding scenarios 
for inflation rates, the stochastic generator must be set up so that the rel ationship is 
appropriately reflected. 

In addition to economic variables. many actions that are voluntary on the part of the 
policyholder will be sensitive to economic conditions. For example, policyholders are 
more likely to surrender their policies when the economy is poor (due to an inability to pay 
the premiums) or when a guarantee provided in the policy becomes advantageous (such as 
a guaranteed minimum withdrawal benefit). 

Exercise 10.6 
Consider your answer to Exercise 10.5. What dependencies do you expect exist 
among the assumptions you listed? 

10.4 Practical implications for actuaries 

Because actuaries are primarily concerned with uncertain future events. they must make 
assumptions about those events. These assumptions might be best estimate numbers or 
probability distributions and may also extend to a model that connects future cash flows. 
Actuaries not only must be prepared to choose from a variety of frameworks but also wi ll 
be called upon to make decisions about the final choices. This requires both technical 
skil l and professionalism. These decisions will not be made in isolation but rather in 
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collaboration with others. This requires communication skills to ensure that the actuary's 
points are understood. 

In order to set these assumptions, dala is almost always needed. In addition. data will be 
needed as input to the actuary's models. While the actuary may not collect the data. ensuring 
its appropriateness and quality is a key achmrial funct ion. While it can be a tedious task, 
data collection and cleaning can easily take up ninety percent of the time devoted to a given 
project. Exerc ise 10.4 and the accompanying solution provide a good example of some of 
the practical implications of the material in this chapter. 

10.5 Key learning points 

As an applied science, actuarial work requires data. Data informs our understanding 
ofthl'ti past and future cash flows of a financial system. 

There are many ways to collect data. Methodologies include studying the entire 
population or sampling. Data can be collected over time, over subjects or both. 

• It can take considerable effort to ensure that the data is of high quality. There are many 
techniques that can be used and they can be tedious, but they are essential to ensuring 
mean ingful results. 

• Many jurisdictions have standards of practice that govern data issues. Even if your 
jurisdiction does not have one. reading them provides a means of ensuring you are 
taking appropriate steps. 

Whether arising from data or from other sources, actuaries must make numerous 
assumptions in order to solve problems. 

Some assumptions will be more important than others and a margin for conscnatism 
may be appropriate. 

Assumptions can be sct from a company's own experience, from the shared experience 
of many companies, from externally available sources, or from a combination of these 

It is important to recognize assumptions that are interdependent and properly account 
for this. 
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Fred's Coffee Shop - The Need for Capital 
We now come to the need for capitaL Capital is needed to finance the cash 
outflows when expenses are incurred earlier than revenue is received .md, most 
importantly for a financial institution, to absorb risks. The central importance 
of capital is illustrated in Figure 11.1. The level of capital required is connected 
to all the other aspects of a company's operations. 

Some of these aspects have been covered earlier in the book and o thers will 
be discussed later. Chapter 2 explained how the owners of capital accept the 
risk of making thei r capital available to an enterprise, in the hopes of earning 
a return. The greater the risk that is involved, the higher the expected reward 
that '-"ill be demanded. Chapter 7 explained why regulators are concerned th'lt 
particular types of financial institution operate soundly. One way in which 
th ey try to ensure this is by setting rules for the amount and type of capital 
held by institutions. Chapter 8 on product design noted tha t more capital will 
be needed for products that involve more risk or are subject to high regulatory 
capita l requirements. Since the providers of capital need to be com pensated, 
there is a cost involved in holding extra capital; this cost must be taken into 
accou nt when prici ng, as will be discussed in Chapter 13. 

Chapter IS considers in detail how to set the appropriate level of capital. The 
providers of capita l will want to judge whether the returns are in fact adequate 
compensation for their risks, so they need to measure the risk-adjusted 
performance. This brings us to the general problems of measuring profit and 
monitoring performance, which are discussed in Chapters 16 and 17. finally, as 
you will learn in Chapter 18, one of the ways of responding to experience may 
involve raising further capital, or returning capital that is no longer needed. 

The chapters we haven't mentioned explicitly here are also connected to 
capital. The tools and concepts that they discuss are needed to assess capital 
requirements and advise on capital management. 

Chapter 11 considers why capital is needed and the forms that it can takl' It 
paints out that there is no single correct answer for the amount or sourC:l' at 
capital and that different stakeholders will have different views. It therdorl' 
takes you th rough the perspectives of the main stakeholders. Since there i\ 
fundamental connection between risks and capital needs, the chapter pro"id~s 
a brief overview of th e types of risk faced by financial institutions. 

How might this relate to Fred's coffee shop? Does Fred even need capitaP 
He certaInly does! He will have a lot of expenses before he sells his fir\t cup 
of coffee. He doesn't need to be as cautious as an insurance com pany when 
assessing his capital needs, because the failure of a coffee shop is not going to 
cause the same damage as an insurance company failure. However, he should 
build in some margin in case his business does not become profitable as quickly 
as he might hope - that is, he should allow for risk and not be over-optimistic 
As Chapter 11 points out, lack of sufficient capital is one of the most common 
reasons why sma ll businesses faii. 
If Fred doesn't have enough from his own savings, he has to find someone else 
to provide the necessary capital. A bank may lend him money but will probabl\' 
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require him to pledge assets as collateral. If he ever falls behind on an interest 
payment, the bank could take control of those assets and he cou ld face serious 
financial loss. It would be safer to find a financial partner to put up the money 
in exchange for a sha re of the profits. If there are no profits and the coffee shop 
closes down, the partner only receives a share of whatever is left, however little 
that is, so Fred's risk is lower. But if the business becomes a great success, Fred 
will not reap the full benefits. 

Thus, Fred has to decide how much capita l he needs and whether to get it 
in the form of debt (a bank) or equity (a financial partner). The decision will 
depend on his assessment of the risks and his willi ngness to accept those risks. 



Chapter 11: The Need for Capita l 
by David Knox 

11.1 Introduction: what is capita l? 

"" 

All business organizations need capital. In some cases, the capital requirements may be 
limited such as a small business operating from home. However. even in this example. some 
in itial capital will be required for equipment and costs (such as a computer, equipment. 
stationery and advertising) before the business earns any income. In addition. capital may 
be needed to pay wages and other costs in the early weeks or months of the business 
operation ~efore any income is actually received. Additional capital is often needed as a 
business expands. In fact, one of the most common reasons for small business failures is 
insufficient capitaL Optimistic owners and entrepreneurs often underestimate the amount 
of capital that it takes to establish and sustain a business and to withstand the shocks from 
unexpected events. 

Example 1'.1 A simplified example of a new business 

Let us consider an example of a small tiusiness that expects to break even after 
four periods and make profits after Period 5. Table 11.1 shows the expected 
cash Rows in the first six periods. You will note that Period I has relatively high 
expenses for the setup and that the income is sma ll in the early periods. The 
expenses also grow. albeit more slowly than the income, as the business expands. 

Table 11.1 Projected cash flow 

Period , 2 3 4 • • 
Income 0 2. 100 140 200 280 

Expenses 150 '00 150 '80 200 220 

Net cash flow ·150 ~7' ~.o ~40 0 60 

Clearly. initial capital of 150 or even 300 woul d be insufficient for this new 
business. There is an expected shortfall in income for four periods. which may 
surpri se the optimistic owner. 

However capital is also required to enable the business to withstand unexpected 
events. As will be discussed later in this chapter, these events can be caused by 
a range of events. many of which are outside the control of the business. As an 
example, let us assume that difficult economic conditions arise at the end of 
Period 3. so that the income is 25 percent lower than expected in Period 4 and 
stays at this level for Periods 5 and 6. The projected income and expenses now I 
look like those in Table 11.2. 

• 
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Table 11.2 Projected cash flow under difficult economic conditions 

Period 1 2 3 • , • 
Income ° 2' 100 10' 10' 10' 
Expenses 150 100 150 180 200 220 

Net cash flow ·150 ·75 ·50 ·75 ·9' -"5 

The business is now in serious trouble. Not only docs it need more capital but it 
must also reduce its expenses. Initial capital of 350 might have been considered 
more than sufficient under the expected business conditions shown in Table 11 .1 
but this would now be insufficient. even ifsome expenses are cut. This simpli fied 
example highlights the fact that capital is needed both for ordinary business 
operations and to enable the business to withstand unexpected shocks, which can 
arise from a variety of circumstances. 

Although a small business is very different from the banks, insurance companies and 
funds managers in the financial services industry. these organizations must also have a 
strong capital base that is consistent with the risks present within their operations. In this 
chapter, we will also discuss how banks and insurance companies have special features 
which mean that they have additional capital requirements beyond those that apply to, say, 
a manufacturing company. In addition, we will consider the need for capital or reserves that 
can arise for superannuation or pension funds. 

But, before proceeding, let us clari fy what we mean by capitai. 

In broad terms, capital is the accumulated wealth of an organization. Some capital is 
derived from an organizations previous earnings but most organizations also raise capital 
by issuing financial instruments through the financial markets. Although there exists a 
wide variety of financial instruments. most can be classified as either equity or debt, or a 
hybrid of the two. 

At this stage it is also worth noting that many financial services organizalions use the term 
ecollomiccapital, which can be viewed as the amount of capital that the firm needs to ensure 
that it remains solvent over a certain time period with a specified probabi li ty. (See 2.12 for 
a description of economic capitai.) As we will discuss in this chapter, economic capital is 
different from regulatory capital, which is normally set by the prudential regulator. who is 
concerned about the solvency and long-term sustainability of the entity. 

11.1.1 Types of capital 

Eqllity capital, provided by the owners or shareholders of the company. permits the 
investors to share in the financial fortunes of the organization. Hence, if the organization 
makes a profit, dividends may be paid to the shareholders or retained within the company. 
These retained earnings represent an increase in the net assets (or capital) of the company 
and therefore should cause an increase in the value of the shares. On the other hand, if the 
company goes bankrupt, the shareholders are likely to lose their money as they rank after 
Ihose who have lent capital to the company through debt instruments. 
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In contrast to equity capital. debt capital normally requires a prescribed payment of interest 
and, in due course, repayment of the loan. Debt holders do not share directly in the profits 
of the company and rank ahead of the shareholders in the event of a winding-up. I There 
is a wide range of debt securities available including bank overdraft facilities, promissory 
notes, corporate bonds. mortgages, loans from associated companies and subordinated 
debt. As the name implies, subordinated debt refers to unsecured loans whose holders rank 
behind other debt holders but ahead of shareholders in the case of liquidation. 

Companies with a high ratio of debt to equity capital are highly geared. or lereragcti. In 
good times, highly geared companies deliver higher returns to the shareholders, but 111 

difficult economic times. including global recessions. they may struggle to cover interest 
charges. They are more likely to fail than companies with less debt. The correct balance 
between debt and equity capital for an organization cannot be determined simply. In a 
perfect mct:ket, it can be shown that no combination is theoretically better than any other. 
as the market for shares and debt instruments will correctly allow for the different ri~h 
inherent in different capital structures. However, as will be discussed below, there are 
several factors that cause different capital structures to emerge in practice. 

In addition, financial institutions such as banks and insurance companies should particularly 
aim for a very low probability of failure. Prudential regulations will usually require them 
to hold minimum amounts of equity capital. For the banking sector worldwide under 
Basel 11 ,2 this leads to the definition of eligible capital (types of capital which can be 
counted in deciding whether the institution m~ets the minimum capital requirement) a~: 

Tier I capital, which represents the core measure ofa bank's financial strength from a 
regulator's point of view, and comprises paid-up equity capital and disclosed reserves 
from post-tax retained earn ings; and 

Tier 1 capital, which includes revaluation reserves, general provision for doubtful 
debts and various forms of capital instruments as approved by the regulator. 

Tier I capital is permanent and does not impose any ongoing servicing costs on the bank 
while Tier 2 capital may have a limited life and/or ongoing servicing obligations. A bank 
must have enough Tier I capital to meet at least 50 percent of its required Icvel of capital 

Clearly, such a regulation imposes restrictions on a bank's capital structure. There is n') 
simi lar global definition within the insurance sector. In Australia, the capital rcquirements 
for life insurance companies must be effectively backed by 100 percent of Tier I capital 
whilst the above banking definition applies for general insurance companies. 

1 Companies may be wound up for many reasons, including insolvency. When a company is wound 
uP. there may be insufficient funds to meet all of its debts, in which case a creditor's ranking becomes 
important. This is not an issue when a company is woufld up with a substantial surplus to its debts. 
2 Basel I! is the name given to recommendations on banking laws and regulations issued by the Basel 
Committee on Banking Supervision. The purpose of Basel I! is to create an international standard 
that banking regulators can use when creating regulations about how much capital banks need to 
protect themselves against financial and operational risks. General!y speaking, Ihese rules mean that 
the greater the risk to which the bank is exposed, the greater the amount of capital the bank 
needs to hold to safeguerd its solvency and overall economic stability. Basel 11 uses a Hthree pillars~ 
concept - (1) minimum capital requirements (addressing credit, operational and market risks). 
(2) supervisory reviews by the regulator and 131 market discipline which increases the disclosures 
required from the banks. 

• 
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11.2 The reasons for capital 

This section outlines some reasons for holding capilal which apply to almost every 
organ ization . 

11.2.1 Providing operational capital 

As mentioned above. all organizations need capital to operate. This capital is used to provide 
the necessary infrastructure (such as premises, equipment and systems), as well as to provide 
working capital which can be used to pay wages and a range of other operating costs. 

11 .2.2 Withstanding fluctuations w ithin ongoing operations 

Every organization needs capita l to withstand fluctuations that occur within its ongoing 
business operations. These events, which represent normal risks of business, include: 

Ihe loss of a client to a competitor, thereby reduci ng income; 

an increase in input costs such as wages; 

increased price pressure in the market, thereby reducing income; 

increased interest rates affecting the cost of borrowing; 

• mis-pricing of a contract due to inappropriate assumptions or an error; 

• the financial failure of a debtor, so that the debt remains unpaid; 

• a fraud with in the operations of the organization; 

• a poor investment in the financial markets or a general downturn in the investment 
markets; 

de lay in the expected revenue from a new development; 

adverse currency movements. wh ich have the effect of reducing sale prices relative to 
input costs for importers or exporters; 

adverse changes in the economic, social or legal environment which affect the 
company's financial position: 

adverse movements in the value of assets and/or liabilities (perhaps as a result of 
previously incorrect valuation); and 

for an insurer, an increase in claims, perhaps as a result of bad weather. 

In each case, the organization will be adversely affected and may need to draw on its 
available capital. Without a sufficient level of capital , such events can pose a serious risk to 
the future ex istence of the organization. 

Organizations or risks with a greater chance of sign ificant cost from fluctuations in 
experience will generally require more capital. 

".2.3 Consumer confidence 

Within most markets. consumers must have confidence in the provider of the service. 
A simple example is the restaurant industry where the consumer believes that the purchased 
food will be edible and not lead to food poisoning. A loss of this consumer confidence, 
which may be accentuated with adverse media coverage, leads rapidly to the demise 
of the restaurant. 
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This need fo r consumer confidence applies even more strongly within financial services. 
In the banking industry, depositors must believe that their money will be a\ailable when 
required by the customer and not at the bank's discretion. If that confidence is lost. a run 
on the bank may occur which can be detrimental to both the bank's future and the overall 
financial system. Simi larly, insurance policyholders expect that the insurance company 
will continue to exist and be able to pay future claims whilst pension fund members expect 
their retirement benefits to be paid. 

The existence of an appropriate level of capital represents an important factor in sustaining 
this confidence, particularly in financial services. In addition, organizations that are 
perceived to be strong may be able to charge more for their products or pay less interest on 
their deposits. 

11.2.4 Withstanding unexpected shocks 

A critical role of capital is to ensure (within reason) that the company's operations will 
survive a major financial shock from an unexpected event. These unexpected events are, by 
their very nature, difficult to predict. The terrorist attacks in the US on September 11 , 2001 
provided one such example that affected many industries including tourism, air travel and 
a range of financial services. More recently, the global credit crisis of 2008 represented a 
significant shock that caused several financial institutions around the world to fail. 

Such unexpected events should be contrasted with the consequences of normal business 
events, as discussed in 11.2.2. 

11.2.5 Ability to respond to future opportunities or capital needs 

There will be occasions when capital is needed to respond to particular opportllnitie~. 
These can arise for several reasons such as a change in government policy, the failure 
of a competitor, a growth in the market, or the opportunity to develop a new product or 
participate in a new development. In these cases, the existence of, or access to. readily 
available capital can provide the organization with the ability to respond to a situation that 
was not foreseen. 

In other circumstances, financial projections will indicate the need for additional capital 
in the future. This may be driven by the future capital requirements of the existing 
business. as could occur with a portfolio of long-term life insurance business. a change 
in regulatory capita l requirements or the known cessation of a stream of future income 
(eg a pharmaceutical company with a key drug approaching the end of patent protection). 
In these cases, it is critical that realistic financial projections are undertaken and that the 
organ ization responds with a clear process to raise the necessary cap ital. 

11 .2.6 Credit rating 

Most governments and major companies, including banks and insurance companies, reCel\e 
a credit rating from one or more of the major credit rating agencies.' such as Moody's. 
Standard & Poor's or Fitch. These credit ratings. which are determined by the agency's risk 

3 The rating structure used bV different credit rating agencies can vary. It shoutd also be noted that 
the value of such ratings has been questioned following the 2008 financial crisis . 

• 
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assessment of the organization, directly affect its cost of borrowing. That is. a BB-rated 
organization will pay a higher interest rate on its debt than an AA-rated organization. In 
some sophisticated financial markets, credit rati ngs can also affect consumer confidence in 
the institution and thus the prices Ihey can charge. For these reasons, many organizations 
elect 10 hold additional capital to improve their credit rating. 

11.2.7 Stability and confidence in the financial system 

Chapler 7 discussed the objectives of regulators. Prudential regulators require banks and 
insurance companies to hold minimum levels of capital not only to provide security for 
depositors and policyholders. as mentioned in 11.2.3. but also to engender stability in the 
financial system. Such stability provides confidence for consumers, business operations 
and inveslOrs and thereby provides positive economic benefits to the community. 

Whilst the systemic importance of banks has been apprec iated for many years due to 
their key role within the payments system. the relevance of this objective for insurance 
companies may be less obvious. However. the systemic involvement of insurance within a 
developed economy was highlighted with the failure of HIH in Australia in March 200 I. 
The failure of this major insurance company contributed to disruption in severa l insurance 
markets. including public liability. professional indemnity and builders warranty insurance. 
Indeed some building construction sites were closed for a period of time due to the lack 
of insurance. 

Banks and insurance companies have a critical role in underpinning the financial stabi lity 
of many sectors within a developed economy. Hence governments often require these 
organizations to hold a level of capital that is likely to be greater than they would otherwise 
choose.4 This suggestion leads us to the issue of whether there is a correct level of capital 
for an organization. 

Exercise 11.1 

An entrepreneur has suggested that an evening newspaper should be available 
free during the evening peak hour in a major city. It would be distributed at 
major public transport centers and carry short news articles with a focus on 
entertainment and sport together with paid advertisements. 

How would you determine how much capital is needed to start this newspaper? 
What are the major risks involved? 

11.3 The need for capital: perspectives of different stakeholders 

11.3.1 Introduction 

There is no single answer as to the correct amount or type of capital that is needed by any 
organization. As we will discuss in this section, the amount of capital is determined by 
several influences. some of which operate in opposite directions. 

• We will discuss the relationship between economic capital and regulatory capital in l' .6.2. 
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Initially. let us recognize that the total market value of a company's issued securities 
(including debt, equity and hybrid securities) is detennined by the future cash flows arising 
from the operations of the company's assets. This is consistent with the famous Proposition I 
ofModigliani and Mi ller (1958) who showed that, within perfect capital market!; \\here there 
are no taxes, the total value ofa company's securities is not changed by its capital structure. 

At first sight. such a conclusion may be unexpected. Indeed many companies increase 
their gearing through debt to apparently raise the expected earnings fo r their shareholders. 
However. as the company borrows more, there is also an increase in the risk for both the 
existing debt holders and the shareholders, which affects the market value of these securities. 
The 2008 globa l credit crisis highlighted this efTect as the va lue of many companies \\'ith 
high gearing declined rapidly due. in part. to the difficulty of refinancing their debt. 

This theor,tical framework is compli cated by the real world. First. there are tax effects on all 
the stakeholders including the company, the debt holders and the shareholders. In addition. 
these tax effects can differ within the same group of stakeholders, For instance. there may 
be shareholders who are higher-paying taxpayers and prefer capita l gains whereas others 
are tax-free chari ties who prefer dividends. 

Secondly. there are costs related to possible financial distress. A failure or liquidation 
of a company is not cost-free and it is the shareholders who lose oul first, followed 
by the debt holders. 

Thirdly, the decision between debt and equity is not always straightforward. In many 
cases. companies prefer to generate internal 'equity through retained earnings and lower 
dividends, thereby providing them with available capital and greater control over their 
financing choices. as well as less concern about the costs and uncertain effects of going to 
the market and rai sing either debt or equity. 

However. such an approach may also lead to over-capitalization and an inefficient use of 
capita l. With these concerns in mind, together with the increasing volali li ty in financial 
markets and greater competition. many banks and insurance companies are now placing 
greater emphasis on the concept of economic capital. 

In the following sections, we will consider the views from the perspect ives of diflcrent 
stakeholders and realize that, in fact, the level of capital selected is the result of a creative 
and positive tension between the desires of shareholders. the board of di rectors (the hoard) 
and management, regu lators. customers, the rating agencies and the market. It is also 
affected by the time horizon of the organization and the rea li zation that the presence of 
capital can provide an organ ization with some flexibility in times of stress. 

Later. in 11.6, we will consider the question of the allocation of capital in the context of 
economic capi tal, regu latory capital and aCTUal capital. 

11,3.2 The shareholders (ie the investors) 

The primary goal of the shareholders is to max imize the return on their equity capital 
invested, within an acceptable level of risk. However, even this objective creates its O\\n 
pressures. After all. a lower level of equity capital can lead to a higher return but may also 
cause a higher probability of failure, due to a lower level of buffer capital. On the other 
hand increased equity capital leads to greater financial strength. possibly a higher credit 
rating (which leads to a lower cost of capital). and possibly less volatility 111 the Ie\el 
of earnings. A higher level of equity capital can also lead to lower earnings per share . 

• 
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particularly if the prices in the marker are relatively insensitive to the organizations capital 
position. 

An important issue from the shareholder's perspective is to appreciate the level of risks 
associated with the company's business operations. For example, shareholders in an 
entrepreneuria l company are likely to accept a higher level of risk and therefore a much 
higher probability of failure than would a shareholder in a major financial conglomerate. 
The entrepreneurial company may be willing to accept a one-in-five probability of failure 
whereas such a probability of failure would be totally unacceptable for an established 
insurance company or bank. Therefore, it is essential that the boards of all companies have 
a clear understanding of their risk appetite and use this to determine the appropriate level 
and sources of capital. Of course, within a fully informed and efficient market, the val ue 
of the company's shares should reflect these risks and be based on the expected cash flows 
arising from the company's assets and operations. 

It is also worth noting that not all shareholders (or investors) ofa particular company will 
have the same risk perspective. Some investors will be willing to accept a higher level of 
risk due to their diversified investment portfol ios. That is, from a portfolio perspective, 
they may be willing to accept greater uncertainty of returns for a particular investment due 
to the existence of several other shares in their portfolio. 

11.3.3 The board and senior management 

As noted above, it is necessary for the board to have a clear appreciation of its risk appetite 
so that it can determine the appropriate level of capital and allocate it within the business 
accordingly. One approach is for the board to determine its tolerance toward certain 
negative results in respect of the whole group, certain business units or particular products. 
Questions that could be asked include - how willing is the organization: 

to have a return on capita l below a given benchmark? 

to reduce its dividend (or even pay no dividend)? 

to breach its loan covenant? 

to lose market share? 

to lose money on a new product? 

to have a liquidity crisis? 

to fail? 

Thc answers to such questions will assist the board to articulate its risk appetite, set targets 
for performance measures. influence the expectations of both investors and analysts and so, 
in turn. determine the appropriate sources and level of capital. 

Figure 11.1 shows some of the relationships that exist in managing the company's risks, 
determining the capital needs and analyzing the returns to shareholders. It is apparent that 
the level of capital required wil1 be strongly influenced by the board's strategic decisions 
in terms of the company's product offerings, selection of markets. as well as its growth 
and pricing strategies. Simply put. the board's risk appetite together with the risks inherent 
within the company's operations should determine the capital needs. 

It is important to realize that the board and senior management should consider both the 
current and the projected capital requirements. Certain strategic decisions can increase the 
level of capital required in the future. This is particu larly relevant for some insurance and 
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financ ial contracts where contractual terms and/o r payments can extend for many years. 
In this context. it is imponant for the company to fu lly appreciate the variations that may 
occur in respect of future capital requirements. The work of actuaries and other financial 
professionals is imponant here in endeavoring to quant ity these furure risks and their 
possible impact on projected capi tal requirements. 

Figure 11.1 The relationship between shareholders, capital and risks 

.. Shareholders 

Increase in 
shareholder value 

Board strategy decisions and 
risk appetite 

level of capita l 
required 

~ ............................................... ) 

Performance on a 
risk'adjusted capital basis 

Pricing 

Other sources 
of capital 

Risks in business 

Market 
pressure 

~ indicates a two-way relationship. for example. the level of capital available affects the risks that an 
organization is willing to accept whilst the risks uooertaken affect the level of capital reqUIred 
----+ Indicates a one-way relationship, for example. marKet pressure can affect prices which. in turn 
affect profitability or performance. 
0(--> ioclicales an indirect two-way relationship. 

It is also possible that cenain risks can be mitigated through various actions, such a, 
reinsurance with in the insurance industry, a well developed risk management stratcgy or 
changed behavior and culture, wh ich can reduce the level of capital required. For example. 
the introduction of a reward system lin ked to performance and based on economic capital 
calculations can change behavior and reduce the risks with in a business. 

Of course, the company normally operates within a competitive market and as \\iill be 
discussed in Chapter 13, the pricing of its products will be infl uenced by the market. In 
some cases, this pressure may mean that the price that should be charged, consistent \\iith 
the cost and risks of the product, cannot be used. Such an outcomc. particularly oyer the 
longer term. can cause a company to fai l if it does not withdraw from that market. unless it 
has sufficient capital to withstand the market pressure. 

It is also imponant to note that the company's performance shou ld be measured on a risk
adjusted basis. If this does not occur. there is a danger that the board, management and 
shareholders will be deceived by some recent results. For example. a 30% per annum return 
for two years Illay appear very positive. However, if it was generated by speculation in 
the capital markets. all stakeholders Illust recognize the risks taken and adjust the results 

• 



'" Understanding Actuarial Management: the actuaria l control cycle 

accordingly. Hence, the increase in shareholder value that may arise from good performance 
must be assessed in the light of all the risks present within the business operations. 

11.3.4 Regulators 

The regulator in financial services will have a different primary focus from the shareholders 
or the company 's board. In Australia. there is one integrated prudential regulator for banking. 
insurance and superannuation. namely the Australian Prudential Regulation Authority 
(A PRA). It is interesting to note the mission of APRA set out on its website/ namely: 

to establish and enforce prudent ial standards and practices designed to ensure 
that. under all reasonable circumstances. financial promises made by institutions 
we supervise are met within a stable, efficient and competit ive financial system. 

This mission has a number of interesting features. when viewed from the need for capital, 
including: 

the focus on the financial promises made to customers. This includes the promises 
of banks to repay deposits and insurance companies to pay claims, as defined under 
the contract. However, it does not cover investment performance on savings products 
unless the contract has a particular guarantee: 

that it is not an ironclad guarantee from the regulator. The standards are there to protect 
the customers in reasonable circumstances. It is impractical to offer these promises in 
ull possible circumstances; 

the existence of prudential standards, which includes capital requirements; and 

the importance of stability, efficiency and competition within the system. This 
competitive clement means that APRA recognizes the tension that exists between 
offering a stronger level of support to customers through higher capital requi rements 
and the need to have a competitive industry within a global environment. 

In summary. the regulator has a focus on protecting the individual customer and is not 
primarily concerned with the shareholders' return . Therefore. there is not a constant 
relationship between econom ic capital and regulatory capital. Indeed, often (but not 
always) the level of capital required by a regulator is higher than the level of economic 
capital determined by a financial institution. However, all stakeholders need to understand 
that an excessive regulatory requirement for capital is likely to promote inefficiency. less 
competition and a shortage of some financial products, as investors will withdraw from the 
industry if they cannot achieve a reasonable rate of return. 

11.3.5 Customers 

As in all markets. customers in the financial services industries are seeking the best quality 
product at the best available price. On the other hand, it should be recognized that most 
customers are unable to assess the financial condition ofa financial inst itution. That is. there 
is asymmetric information and without the existence ofa third party (such as a regulator or 
raling agency). most customers are unable to assess whether a particular institution is likely 
to be there in future years to pay their insurance claims or retirement benefit. 

~ hnp:/fwww.apra.gov.au{aboutapra/ 
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However, all customers have the expectation that the bank, insurance company or pension 
fund will cont inue to exist and meet its future promises. From the customer's perspective 
this promise shou ld be backed by near certainty and this implies the need for a considerable 
level of capital. In periods of uncertainty or financial distress, there may be a.flight 10 qlllllily 
where organizations with stronger capital levels are deemed to be safer and therefore more 
likely to ex ist in the future. However, in more stable periods, this concern reduces and 
customers tend to consider that most financial organizations have a similar le\'cl of safety. 
This may lead to a disincentive for companies to hold capital above that required by the 
regulator, assuming that the regulatory requirement exceeds thei r own assessment of their 
economic capital requiremcnts. 

Again, how a company responds to its customers' desire for safety and security will depend 
on the board's business strategy, risk appetite and desired return on capi tal. 

• 
11 .3.6 Rating agencies and market expectations 

The goal of the rating agencies is to assess an organization's fi nancial condi tion and its 
possibility of failure. It should represent an independent assessment. although it needs 
10 be recognized that rat ing agencies are paid by the rated entity. Many organizations are 
willing to follow certain directions from rating agencies to improve their credit rating and 
so reduce their cost o f debt capital . 

In some cases, the expectations of the capi tal markets or the behavior of a competitor may 
cause an institution 10 carry additional capit~l. This external pressure may be short·Jt\ed 
(such as through an economic recession) or may introduce a new long·term benchmark. 

Exercise 11 .2 
A non-government organization (NGO) plans to offer microfinanceh loans at 
modest interest rates to small business operators in developing countries. It 
be lieves that it can raise funds from thousands of lenders through the internet 
where the lenders will receive their money back inside a l2-month period but 
at zero interest rate. The initial problem is that the NGO needs fu nds to sel 
up its infrastructure and processes before the first loan can be made. This will 
require addit ional capital from its long-term shareholders who expect to reccive 
a dividend. 

Why is capi tal required? How would you detcrmine this organization's risk 
appctite? 

11.4 Financial institutions wi thout shareholders 

The previous seclions have assumed the existence of shareholders who have pro\ided 
equity capital. There are two important types of financial institutions which do not ha\e 
shareholders: mutual organizations and superannuation or pension funds. 

e Microfinance loans represent very small loans 10 those in poverty designed to encourage sma 
business and entrepreneurship. These individuals normally lack collateral, steady employment and 
any credi t history. 

• 
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11 .4.1 Mutual organizations 

In a mutual organ ization or cooperative society, some or all of the customers become 
members and share in the financial performance of the organ ization. There are many 
types of mutual including deposit·taking institutions such as credit unions; life, general 
and health insurance companies: and friendly societies. Indeed many of the largest life 
insurance companies in the world commenced their operations as mutuals. 

Some of the issues of capital management which arise for a mutual organization are : 

as there are no shareholders in a mutual, pennanent capita l can only be accumulated 
from retained earnings. If a mutual finds it needs more capital unexpectedly, it may be 
forced to close or merge in situations where a shareholder company could use a rights 
issue to raise more capital . This may reduce the risk appetite of the mutual's board, in 
order to avoid such situations; 

the need to build up capital from retained earnings ra ises the question of equity between 
different generations of members. Shareholders can convert their right to retained 
profits to cash at any time by selling their shares in the market, without affecting the 
capital held by the company. On the other hand. members of a mutual have to wait 
for the organization to distribute its earnings. Si nce every organization needs some 
capital. it is likely that when their membership eventually ceases, some members will 
leave behind part of the earnings accrued during their membership; 

within mutua Is, there are members participating in various activities. Examples 
include depositors and borrowers with in a credit union and policyholders of different 
types of insurance with in an insurance company. An important issue of equity arises 
as to how to share any operating surplus between these groups of members; 

as noted earlier, prudential regulators are primarily focused on the customers and not 
the shareholders. When these individuals are effectively one and the same group, the 
question arises as to whether the same regulati ons and capital requi rements should 
apply; and 

many mutuals have a focus on a particular group of customers or geograph ical area 
wh ich means that they are exposed to additional risks associated with this concentration. 

One of the ways in which mutual Ii fe insurance companies have historically coped without 
the capital strength provided by having shareholders is to sell products which leave 
some of the risk with the policyholders. This was the origin of the tradit ional with-profit 
insurance wh ich has been described in Chapter 4 (although with·profit insurance is also 
sold by shareholder companies, which may have lower capital requi rements as a result 
of the flexibility thus provided). Chapter 18 will consider the issues of balancing the fair 
treatment of departing policyholders with the continuing capital needs of the organization 
and managing equity between different groups of members. The case study of the mutual 
insurer Equitable Life, described in "The End of the Equitable" on the CD, is worth reading 
at th is point. 

When the Equitable found that the guarantees provided under certain with·profit policies 
were beginning to bite (ie became close to being "in the money"), it sought to absorb the 
losses by exercising its discretion to reduce non-guaranteed bonuses. It turned out. however, 
that its directors did not have the full discretion to adj ust bonuses that they thought they 
had under the Articles of Association. Their discretion was limited by their policyholders' 
reasonable expectations: expectations created both by the Equitable 's past practices and by 
the practices of other companies offeri ng similar products. Since the Equitable could not 
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absorb the tosses by adjusting the benefits, it had to meet them out of its capital. However. 
ils capital was relatively low as the Equitable had followed a philosophy of distributing as 
much of its earnings as possible to each generation of policyholders, The Equitable was 
forced to close, Whi lst a number of factors contributed to the Equitable's demise. this case 
study illustrates the particular difficulties facing a mutual organization. 

In many economics, where there is a competitive and well-regulated financia l sector. 
customers tend not to distinguish between the financia l security ofa mutual financial sen'ices 
organization and a shareholding organization. For example, a depositor with a credit union 
may believe that the security oftha! organization is similar to that of a small bank. 

This public perception has led many prudential regulators to apply the same capital 
requirements for all organizations operating within the same financial industry. This 
means that it is now very difficult to establish a new mutual or cooperative organization. 
as a mi~mum amount of capital is required. For example. the mi nimum capital 
requirements for a life and general insurance company in Australia arc A$IO million 
and AS5 million respectively. 

We have also witnessed many demutualizations around the world, particularly in the life 
insurance industry, as companies have turned their retained earnings (held by the company 
as capital in the interests of its members) into shares wh ich can be traded on the stock 
exchange. This removes the problem of balancing the interests of terminating members 
against the ongoing capi tal needs of the organization (although the result is usually 
a windfall to those who happen to be members at the time of demutualization and the 
decisions about how to allocate shares among those members can be highly controyersial). 
This move has also provided these organizations with greater flexibility in respond ing to 
their capital requirements. 

11.4.2 Superannuation funds 

There are many types of superannuati on fund. We will consider just two types here: 
an employer-sponsored defined benefit superannuation fund and a multi-employer (or 
industry) defined contribution superannuation fund. 

Employer-sponsored defined benefit superannuation funds 

[n this type of fund, members are all employees or ex-employees of a single employer. They 
are promised retirement benefits based on their service and salary at or near to retirement 
and may also pay contributions equal to a fixed percentage of salary. Benefits on leaving 
service before rctirement are often lower than the accrued proportion of the retirement 
benefit. The employer pays contribut ions as recommended by an actuary to meet the balance 
of the cost. The main stakeholders are the employer. the individual members and the trustees 
(or fiduciaries). who are responsible for the interests of the members as a group. 

Such superannuation funds may be perceived to have added security. and therefore less 
need for capital. due to the presence of the sponsoring employer. Howevcr. if the fund is 
relying on future contributions rather than holding assets which are legally separate from 
the employer. then the members are subject to a double risk - a failure of the employer 
causes a loss of both their job and their retirement benefit. Thi s has occurred in se\eral 
notable failures in the US. It is generally considered prudent. and may be required by 
regulation, that funds should hold a minimum level of assets equal 10 the benefits payable 
ifall members left service. 

• 
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From the employer's perspective. there would usually be a preference to contribute at a rate 
that does not build up much. ifany, buffer in the fund. The issue for the employer is that the 
money it contributes to the fund earns the relum on the fund's portfolio of securities but 
is at more risk: is nol available for investment in the employer's own business; and can be 
difficult or impossibl e to retrieve if it should prove excessive to the fund's needs. 

The members would generally prefer to see a buffer of assets in the fund. However, the 
picture is not clear-cut. A fund might be in a position where it has a high level of aSsets 
compared to its liabilities. and thus a high level of security for the members' benefits, when 
the decision is taken to improve the benefits. The improvement may cost more than the 
surplus assets in the fund and be met in part by future contributions from the employer. 
The overall level of security of benefits is reduced but the members would probably be 
happy about the change because of the benefit improvement. Ifnot all members receive the 
benefit improvement (eg only current pensioners), the trustees wi ll have to consider issues 
of equity and weigh up whether the change is acceptable for those members who do not 
gain benefits but who will have less security. 

However, the member is not the only stakeholder interested in the funding position of 
defined benefit funds. Under the pension accounting rules in many countries, the sponsoring 
employer must show the net financial position of the fund in its financial statements. These 
figures are normally determined by market conditions which can have a negative effect on 
the employer's financial position, particularly if there is a reduction in interest rates, which 
causes the accrued liabilities to increase, or a decline in asset values. 

In addition. in countries where an agency exists to protect pension fund members (such as 
in the US and the UK), the fund's financial position affects the premium that the fund pays 
to this agency. That is, premiums increase with the level of any underfunding. 

Multi-employer (or industry) defined contribution superannuation funds 

In Australia and elsewhere. multi-employer (or illdllsflJ') superannuation funds have been 
established where many employers make contributions on behalf of their employees to a 
single fund. In these defined contribution (or acclIlJlularioll) superannuation funds. each 
member's superannuation account is adjusted to reflect investment returns and costs. On 
occasions. there is some degree of smoothing of returns, and small reserves may be built 
up to facilitate such smoothing. Otherwise, there is no capital backing these funds, which 
may be considered to be a fo rm of mutual. Yet, while the members may appreciate that they 
are fully bearing the uncertain investment returns, the issue of operational risk remains. 

A further issue occurs when the market is opened up to competition so that individual 
members can choose the fund that receives their employer contributions. Inevitably, such 
competi ti on leads to marketing as many funds compete for the savings. Of course, such 
advertising is costly and requires the expenditure of some capital. Although the funds 
argue that this advertising is for the benefit of members. as it preserves or enhances the 
economies of sca le and thereby reduces future unit costs, the source of such capital remains 
an important isslle for the funds to consider. 

11,5 Risks and capital needs in financial institutions 

Chapter 6 discussed the relationship between risk and capital but it is worth revisiting this 
issue in this section. 
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The need for capilal with in a financial institution is strongly related to the risks present 
within its operations. Whilst the actual operations of a bank. life insurance company, 
general insurance company. superannuation fund or funds manager may be very different, 
it is helpful to consider the risks according to the following groupings: 

asset risks - events that may cause a reduction in the income generated froill. or in the 
market value of. the assets: 

liability risks - events that may cause an increase in the size of liabilities: 

asset/liability risks - events that cause movements in the value of both the assets and 
the liabilities such that the net outcome is adverse; and 

operational risks - events that could cause a loss to the company as a rcsult of 
inadequate or failed internal processes, people and systems, or from external events. 
Thes& ri sks include legal risk but exclude systemic risk.7 

Traditionally, banks have been more concerned with the risks assoc iated wi th their asscts 
(such as credit risk on their loans, and market volatility) whereas insunillce compan ies 
have concentrated on liabil ity issues (such as the variation in claim frequcncy or size). 
However. it is important to note that risks associated with the total operat ions (and hence 
the capital requirements) are not that straightforward and a more holistic approach should 
be adopted, as discussed in 11 .6 . 

We wi ll now discuss various types of risks that occur in each of these four groupings. 

11.5.1 Asset risks 

Default ri sks 

All assets or investments have a probability of failure such that the investor may fail to 
obtai n the expected return from the investment or, in some cases. may be subject to a 
total loss on the investment . A loss can also occur when the counterparty to a financial 
agreement defaults. such as wi th a rei nsurance arrangement or financial derivative. 

[n the bank ing sector, credit risk is considered to be a major focus of the bank"s ri .... k 
management process. Fundamentally, the bank is anempting to minimize the probabilit) 
of default on its loans. In some cases, a higher interest rate may bc charged to comrcn ..... lte 
for the higher risk (or higher probability of loan default) but it should be reeogni7cd that 
whcn a borrower defaults. money is lost, whatever the interest rate charged. 

From a capital perspective. riskier assets lead to a higher probability of dcfault (because of 
greater volatili ty) and therefore a greater need for capitai. 

Market movements 

Within a developed economy. interest rates and the share market move continually. Financial 
institutions often show the market val ue of their investments in their financial statements. 
The volatil ity in the value of certain assets can be significant and hence capital is reqUIred 
to protect the financial position of the institution from large fall s in val ue. 

1 Systemic risks can aHect each of the risks shown. However, they cannot be diversified away as they 
aHect all players in the system and a particular organisation cannot remove their impact. Examples 
of systemic risk include legislative change and market conditions. 

• 
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The level of capital required will be greater for institutions with more volatile or risk ier 
investments (such as equities) and much lower, or even zero, for investments that are not 
subject to such variations, such as cash. 

Concentration 

Concentration risk occurs when the assets are not diversified. Examples include a major 
investment with a single company. or where a loan portfolio has a significant exposure to 
a single c lient. 

The problems of concentrated assets have been highlighted with some failures of 
some small superannuation funds in Australia where morc than 25 percent of the fund's 
assets were invested in a s ingle property. If this property loses value, say because 
of its highly specialized purpose. then the overall investment return to fund members is 
adverselyaffccted. 

The lack of diversification always brings additional risks and therefore the need fo r 
additional capital. For similar reasons, a financial conglomerate should assess its exposure 
to a single client across all its business units and not just rely on each business unit 
maintaining its limits. 

Liquidity 

It is often assumed that all assets are equally liquid or marketable. This is not the case. 
There exists a range of assets that can be difficult to sell. particularly in difficult economic 
times. Examples include direct property, unlisted assets such as infrastructure and OTC~ 
derivatives. In addition, there have been many instances when certain markets have been 
frozen for a period of time by the regu lator fo r a variety of reasons. Even a well·developed 
equities market does not guarantee liquidity at all times. For instance, the stock exchange 
may suspend trading in a particu lar stock under certain circumstances. 

Of course, the lack of liquidity in ccrtain capital markets is more likely to occur at times 
when there are other economic pressures. This suggests that financial institutions should not 
assume that the level ofliquidity available in the good eCOnomic times will always be present. 

Other risks 

There are several items that are nonnally recorded as assets in a company's financial 
statements which, in certain circumstances, may be of no or limited value. Hence. additional 
capital may be required in respect of these assets. including: 

loans to related parties - after all. in the case of failure of a financial group. the value 
of these loans is likely to be zero; 

future income tax benefits - thi s asset relies on fUTUre profits and, in the case of a 
wind ing-up, such profits will not occur; and 

goodwill - this item, due to an acquisit ion of another business or the company's 
reputation, becomes worthless in the case of a winding·up. 

Regulators normally exclude these assets when assessing a company's financial position. 

8 OTC. over the counter, ie not exchange-traded. 
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11 .5.2 Liabil ity risks 

Pricing 

The pricing of insurance and other long-tenn contracts can expose a financial institution 
to risks in respect of uncertain future events over which it has no control. For instance. 
fixed premiums for a tong-term life insurance policy. or loan repayments based on a fixed 
interest rate. mean that the institution is exposed to future risks that it cannot pass on to the 
customer. Even in respect of general insurance policies that are renewed annually. there is a 
lag between the in surer becoming aware that the pattern of claims experience has changed 
and its ability to increase the premiums. 

Hence, it is reasonable that if a portfolio has greater exposure to mis-pricing risks or has 
a greater Jevel of guaranteed premiums or fixed repayments, then the capital needed to 
support these higher risks should be greater. 

Va luation of liabilities 

Insurance companies must set aside money to meet liabilities. There are many types of 
liabilities, including: 

long-term contracts. such as disability insurance or annuities, where premiums ha\e 
been received but the frequency, timing and size oflhe future claims are not yet knO\ .... n; 

options embedded in long-term contract!S, such as guaranteed insurabi lity or guaranteed 
premium rates (including annuities); 

Oil/standing claims. where a claim has already been made but has not yet been fully 
paid due to the need for furthe r investigation, negotiation or administration. or the fact 
that the claim will be settled by a series of payments; 

• Incurred Bul NOI Reported( IBNR)clai ms, where it is reasonable to suggest that claims 
will be made in respect of the past period but, due to a time delay in notification. the 
claims have not yet been reported; and 

/lnearned premiums or III/expired risk, which relate to the fact that an insurance 
premium has been received for a given period (say twelve months) but the insurance 
period has not yet been fu lly completed. Hence, a reserve is needed to ensure that 
funds are kept to match the future period of exposure. 

In many of the ca lculations required to value these liabilit ies, long-term econom ic. 
demographic or social assumptions about the future are required. Examples include 
inflation leve ls. investment earning rates, morta lity or sickness rates. claim escalation 
rates, possible court decisions and the growth in future expenses. 

It is impossible to predict any of these variables with certainty and hence there is always 
the possibility that there will be sign ificant changes in the liabi lities from one year to 
the next. For example. a change in the underlying interest rate of two percentage points 
or more over a twelve month period is likely to have a significant impact on the level of 
liabilities. Capita l is needed in respect of these uncertaint ies and the greater the risks. the 
greater the capital required. For example. within a general insurance company, there is the 
potemiat for much greater variability in the outstanding claims for long-tail business than 
for short-tail business. Sim ilarly. in life insurance, an interest rate movement will have a 
much greater effect for an annuity portfolio than fo r term insurance. The value of pension 

• 
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liabilities is another example where a downward movement in the relevant bond rate can 
cause a significant increase in the liabil ity on the sponsoring employer's balance sheet. 

Experience 

The actual experience of any financial institution will not be exactly the same as the 
assumptions that were used in pricing and the valuation oftiabilities. These differences can 
occur in many arcas including: 

the level of investment earnings; 

the frequency of claims or decrements (eg mortality, lapse rates); 

the average size of claims; and 

the level of expenses. 

Again, capital needs to be held by the insurance company, so that it is available to support the 
financial position of the company should it suffer adverse experience. Such experience can 
occur in the short term or over the longer term. In this latter case, the recent experience may 
need to be reflected in assumption changes used for estimating liabilities and for pricing. 

Concentration of liabilities 

As with assets, it is possible for a company to have its liabilities concentrated with a 
particular client or within a particular geograph ical location. For example. if a general 
insurer concentrating on home and car insurance has 80 percent of its portfolio with in a 
particular city. it is exposed to the risk of a major natural event (such as an earthquake, 
hailstorm or cyclone) affecting that city. In this case. the insurer could elect to protect its 
financial position from this concentration risk through additional capital or reinsurance. 

A significant unexpected event 

The valuation of a company's liabilities nomlal1y uses realistic assumptions, based on 
expected events. together with a prudential margin to allow fo r the expected variation in 
future experience. However, there are also unexpected events that may occur from time to 
time which can cause a significant increase in the level of claims or future liabilities. These 
events. which are beyond the control of the company. can include changes in government 
policy, court decisions, international events, acts of terrorism and major changes in 
economic condi tions. 

Whi lst it is impossible to have capital that is sufficient to meet all unexpected events, it 
is reasonable that a company should consider how much extra capi tal (or ready access to 
capital) it needs fo r such unexpected events. Again. the level should be consistent with the 
board's risk appetite. 

11.5.3 Asset/liability risks 

liquidity risk 

All organizations must be able to meet thei r financial obligations as they fall due. Thi s 
means that liquidity represents a financial risk for all commercial operations. However. 
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il is panicularly relevant for deposit-taking inSlitutions (such as banks. building societies 
and credit unions) where a signifi cant ponion of their liabilities is at call. This means that 
depositors may seek 10 withdraw their funds at any time. Such possible payments mean that 
the banks must have sufficient ly liquid assets to meel this possibility. 

On the other hand it is unrealistic for a bank to have all its assets in highly liquid shon
term assets as this would limit the bank's lending and investment operations. Hence. in 
response to this liquidi ty risk, banks need to develop a liquidity management policy that 
provides sufficient shon-term liquid funds to respond to the most likely scenarios but does 
not significantly limit the bank's opportunities. The balance between these two prcssurcs 
will again depend on the level of risk appetite. 

Liquidity risk can also exist in the operations of insurance companies. superannuation 
funds and funds managers. The causes may vary. but the consequence is always the same 
- that is. flillds are needed now to meet financial obligations to policyholders or investors. 
Hence, all financial organizations need to have an appreciation ofliquidilY risk. 

Some examples of incidents that can create pressure on the liquidity position ofa financial 
organization are: 

negative media coverage in respect of a major life insurer so that large numbers 
of policyholders decide to surrender their life insurance policies or redeem their 
investment policies; 

the collapse of a major employer so that its superannuation funds are closed and all 
members are able to transfer their entitlements; 

• a major hailstorm that means a general insurance company must meet \-ery large 
claim payments in respect of motor vehicle and house insurance policies within the 
next two months; 

a major economic crisis that creates liquidity needs for an accumulation-ba-.ed 
superannuation scheme as some members switch their investments into cash. othcr 
members transfer their benefits to another scheme (due to ponability provisions) and 
or the need to cover a currency loss arising from a hedging contract: and 

a very poor investment performance for the last period for a major funds manager so 
that several major wholesale clients withdraw their investments immediately. 

In each case. it is possible that the shon-term liquid assets available will be insufficient 
to meet the cash payments. Hence. it is possible that longer-term assets may need 
to be sold, probably at unfavorable prices. Such a consequence may aggravate an already 
difficult s ituation. 

Market risk 

Movements in interest rates and market prices are likely to affect the \-·alue of both thc 
assets and liabilities of financial institutions. For example. as interest rates fall. the \alue 
of long-term insurance liabilities is likely to increase. If the value of the assets supponing 
these liabilities does not increase by a similar proportion. then the interest rate mo\emcnt 
in the market (over wh ich the insurance company has no control) will lead to deterioration 
in the financial position of the organization. 

It is therefore essential that financial institutions consider their in\·estment policy in the light 
of their liabilities. In pan icular. the selection of assets according to the term and currency 
of the liabilities is an important risk management strategy. Of course. it is also possible to 

• 
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reduce the mismatching risk through the use of a hedging policy using derivatives rather 
than through the purchase of physical assets. 

Many life insurance and superannuation products incorporalc very long-term liabilities 
and it may be impossible to purchase assets 10 match these liabilities. In this case, it is 
important that the financial institution has available certain levers (or adjustment features) 
which can be used to vary the actual1iabilities. If this flexibility is not available. then it is 
possible for a fixed liability to cause major problems in the future. 

An example of this outcome was the demise of Equitable Life. which we mentioned 
jnllA.1. 

11.5.4 Operational risk 

All organizations face operational risk, which can be defined as the risk of financial loss 
from inadequate or failed internal processes, people and systems, or from external events. 
Examples of internal events that can cause a financial loss include: 

administrative or transaction errors, eg errors in the calcu lation of unit prices, the 
overpayment ofa benefit; 

the failure of part of the IT system, which can lead to a closure of part of the operations 
for a period of time, and then a loss of reputation and confidence; 

• a mistake in an in-house software program, so that wrong results are produced which 
lead to incorrect decisions; 

fraud, mismanagement or inappropriate culture, which can lead to direct losses; 

compliance problems, which can lead to a breaking of tile law, such as the securities 
law, and fines and a loss of public reputation; and 

poor quality controls or management, so that certa in operations cause an inconsistency 
to develop between the assumptions in the pricing or product design and the actual 
outcomes (eg loan approvals in banking, underwriting in life insurance and claims 
management in general insurance). 

In addition, contagion risks exist where an organization is a member of a larger group 
or conglomerate. In this case, the failure or distress of another group member can have 
negative flow-on effects for the organization. 

Some of the internal risks can be ameliorated, but not removed, by improved control 
measures. Hence , it is suggested that the level of capital required to respond to these risks 
should be influenced by the compliance and control culture within an organization. Some 
of these risks may be greatly increased by sudden rapid growth in the company. 

External shocks include court decisions. new legislation, the introduction of a major 
competitor or a totally unexpected event such as the September 11 ,2001 terrorist attacks, 
which probably represents one of the greatest operational risk events yet seen, other than 
at a lime ofwar.9 [n each case, the operating environment may change dramatically. which 

9 You can see the major impact of war by looking at the history of any significant German company in 
e)( istence before WWII. For e)(ample, see the BMW history at http://www.bmwdrives.comlbmw-history. 
php. 
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can generate new risks. In general terms, the more unstable the legal-political framework, 
the greater the risk of an operational risk event. 

Finally, it can be noted that most losses from operational risk events are small. That is. the 
frequency of such events may be relatively high but the average loss is small. However. 
there is always the small possibility of a very significa", operational failure causing a 
major financial loss. The principal cause of the collapse of Barings Bank was the trading of 
Mr Nick Leeson. It is possible that greater controls on the operations of all traders within 
Barings may have prevented or limited the effect of Leeson's trading. 

The Basel 11 capital requirements for banks, which commenced in 2008, require capital 
in respect of credit risk, market risk and operational risk. The amount of operational risk 
capital can be determined using one of three approaches, which arc: 

the b~sic indicator, where the capital is 15 perce", of a bank's gross income, averaged 
over three years: 

the standardized approach, where the capital is calculated by business lines, using a 
factor ranging from 12 percent to 18 percent of gross income for each business line: and 

the advanced measurement approach (which must be approved by the regulator), where 
the bank develops its own model using both quali tative and quantitative approaches. 

A fundamental problem with the calculation of operationa l risk capital is the lack of data. 
In contrast to credit risk where a bank may have data in respect ofthousunds of commercial 
loans and millions of sma ller loans (eg credit cards), the lack of comprehensive data about 
the cost of operational risk events of all sizes makes detailed modeling of operational 
risk capital problematical in most cases. Notwithstanding this shortcoming, the need for 
operational risk capital or reserves represents an important area for all financial institutions 
to consider carefully. 

In late 2008 Mercer surveyed major not-far-profit superannuation funds in Australia about 
operational risk. A copy of the report is available on the CD. It is interesting to note that, 
although these "mutual" funds have no shareholders to provide capital, half of these funds 
have established an operational risk reserve to protect the fund from the potential financial 
consequences of unexpected events. The following case study highlights the advantage of 
such a reserve. 

Example 11.2 Operational risk reserve case study 
Some years after the Government Employees Superannuation Board (GESB) In 

Western Australia created an operational risk reserve, it found that a minority 
of members, including a few staff members, had been exploiting a loophole in 
the fund rules to gain a financial advantage. The total loss across the fund \\as 
$6.5 million. Although Michele Dolin, GESB's CEO, regards the episode as most 
unfortunate, she says that it "illustrated the real benefits of having an operational 
risk reserve - members didn 't have to suffer." Larry Rudman, GESB's CFO. 
commented that "Many trustees of other funds arc waking up to the fact that 
operational risks do exist and there is a need to protect members against them," 
Source: Superfunds, May 2008. 

• 
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Exercise 11.3 
A not-for-profit multi-employer superannuation fund providing accumulation 
benefits to its members wants to establish an operational risk reserve as it has 
become aware of the risk of such an event. It believes that should such an event 
occur it would be unfair for the members of the fund in that year to bear the full 
cost ortha! event. 

What are the possible sources of capital for Ihis reserve, which would be 
established over a three-year period? 

11.6 An overall company perspective 

The previous section considered the risks that confront a financial institution from the total 
company's (or group's) perspective. However. they are equally applicable to a particular 
business unit within a company. 

For the company as a whole, there are a few obvious questions to address: 

• Given the capital needs of each business unit, what are the capital needs of the whole 
company? This is a question of the diversification benefit. 

How does economic capital compare with regulatory capital and what are the 
implications? 

What shou ld the company hold in excess of regulatory capital? This is called tmgel 
.'iII/pills. 

How should the company allocate capital to business units? 

11.6.1 Diversification benefits 

Consider a business unit within a broader financial conglomerate. Taking into account the 
risks discussed in this chapter, this unit determines that it needs the level of capital for each 
type of risk within its operations depicted in Figure 11.2: 

Figure 11.2 The capital for a particular business unit 

Operational risks 

Asset/liability risk s (eg (iquidity. matching) 

liability rish leg pri(:ing, valuing liabilities) 

Assel ris~s leg credit, market) 

However, when it comes to assessing the total capital needed for the bus iness unit. it is 
likely that some of the individual risks move in opposite directions when the same event 
occurs. For instance, an increase in interest rates affects the risk of loan defaults. the market 
value of the assets, the valuation of insurance liabilities and the matching of assets and 
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liabilities. It is probable that the total capital required within a business unit is less than the 
sum of the capital required for the individual risks. 

The diversification benefits arising from a range of risks are likely to be much greater when 
several business units are combined within a single financial institution. For example. 
the total capital needs of a financial conglomerate (comprising a bank. a life insurance 
company, a general insurance company and a funds manager) are less than the sum of the 
capital needs of the individual units. This result is represented in Figure 11.3. 

Figure 11.3 The benefits of diversification 

Operational risk 

Asset/ liability risks 

Liability risks 

Asset risks 

" .6.2 Economic versus regulatory capital 

Benefit from 

diversification 

Net economic capital 

for conglomerate 

As we have seen, economic capital is the amount which the company decides is appropriate. 
having regard to the risks in the business. the company's access to further capital and its 
appetite for risk. 

Regu latory capital is the amount calculated by applying the rules set down by the regulator, 
reflecting the regulator's view of certain risks in businesses in the same sector. 

As previously discussed, regulatory capital may be greater than economic capital. Indeed 
because the regu lator is concerned 10 reduce the risk offailure of any business in the sector, 
it is likely that regulatory capital will be higher than economic capital: that is. the regulator 
will require the company (or busi ness unit) to hold more capital than the company would 
otherwise consider necessary. 

To the extent that diversification benefits exist, these are likely to exacerbate the position. 
because the regulator is unlikely to give as much credit to these benefits. 

Sometimes (perhaps for a product line or a business unil), regulatory capital is less than 
economic capital. In effect. this represents a form of diversification benefit for the company. 

It is important to note that. when regulatory capital is very far below economic capital. the 
company may not be well suited to competing in that market. This is because the compan~ 
will require a return on economic capital when its competitors are probably committing 
less capital. 

• • • . . 
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11.6.3 Target su rplus 

A key element of the company's overall capital management will be its desire to hold 
sufficient capital to satisfy the regulators. In many countries, regulators set capital 
requirements to help them to determine whieh companies require more attention. While 
regulatory attention can general ly be managed (and is not of itself an indicator of pending 
insolvency), it is al best a distraction from operating the business. 

Avoiding regulatory attention means being able to satisfy regulatory capital requirements 
in adverse circumstances. This means holding a capital margin over the regulatory 
requirements. Actuaries call this margin target su rplus. 

The amount of target surplus that a company decides to hold will depend on its view of its 
risks. its access to further capital and its appetite for risk (in this case, the risk ofregulatory 
intervention). 

11.6.4 Capital allocation 

An organization needs to make a sufficient return on its capital to justify the cost of that 
capital. Therefore, in assessing the performance of its business units, a company will 
allocate capital (and a cost of thai capital) to each business unit. 

There are many possible methods of allocating capital between different businesses within 
a single organization. There is no single "correct" answer as it will vary according to the 
interdependence between the businesses, the extent of centralization (or dccentralization) 
and the institution's internal culture. However. in all cases, one of the challenges is the 
allocation of those benefits from diversification (ie reduction of capital needs) which are 
achieved through the aggregation of risks. That is, should these benefits be allocated to 
each business line, held centrally or some combination of these two options? Factors that 
bear on this decision include the volatility of the diversification benefits over time; the 
complexity of cross-selling benefits and costs between business lines; and the overall 
strategy and objectives of the organization, as determined by the board. 

Similarly, the allocation will be influenced by each business unit's regulatory capital 
requirements and the company's attitude to target surplus. 

Finally, from the company's perspective, the net economic capital represents the capital 
that it deems necessary for its activities, given its agreed risk appet itc. The importance of 
this conclusion is that. in assessing the financial performance of the total company, this 
generally represents the appropriate level of capital to use. 

Exercise 11.4 
What are the risks for a life insurance company that underwrites: 

(a) Lifetime annuity business only? 

(b) Term life business only? 

(c) Participating endowment business only? 

How would the sum of the economic capital for each of these companies be 
affected if these three companies merged into a single life insurance operation? 
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11 .7 Practical implications for actuaries 

An important component of an actuary's work is identifying and analyzing the risks faced 
by an organization. This should be carried out in the cOnlext of the whole organ ization 
and not restricted to part of the balance sheet. Within this holist ic approach, the actuary 
must be willing to discuss the consequences of all risks with the relevant stakeholders, 
including the uncertainty of his or her assumptions, and thei r effects on an organization's 
capital. Actuaries also need to understand the role of economic capi tal in an organization's 
strategic decision making and its use in the assessment of risk-adjusted performance. 

Actuaries often determine the level of an organization's reserves according to the regulator's 
requirements. In this context, actuaries need to recognize the differences between economic 
capital, minimum regulatory capital and the actual level of capital , which may include a 
buffer (or target surplus) above the minimum regulatory level. 

It is important to recognize that there is not a single correct answer for the leve l of capital 
for a particular organization. Furthermore, the feasible answers will change over time with 
changes in the economi c conditions, regulatory requirements and the organization's business. 
In addition , there will always exist a healthy tension between the various stakeholders as to 
the correct level of capital for an organi zation. The actuary needs to appreciate this tension 
in recommending the level of capital and/or reserves. In undertaking this task, the actuary 
must also take into account the equity considerations between Ihe various stakeholders as 
well as between generations of members or Policyholders. 

11 .8 Key learning points 

All businesses need capita\. The level and type of capital should be related to the risk 
appetite and strategy set by the board. There is a natural tension about the level of 
capital between the various stakeholders. 

There is no "correct" balance between debt and equity in an organization's capital 
structure. 

Economic capital represents an important measure to assess a company's risk-adjusted 
performance. 

• Economic capital and regulatory capital are not the same and serve two different 
purposes. 

There are several reasons for an organization to hold capital. Each reason must be 
understood by the board and management. 

• The level of risks accepted by the company must influence its level of capital. These 
risks include those related to assets, liabililies, the asset-liability relationship and 
operations. 

The allocation of capilal between separate businesses within an organization represents 
an important management tool. 

The allocation of the capital savi ng arising from the diversification of risks across an 
organization is not straightforward and can be carried out in several ways . 

• 
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Fred's Coffee Shop - Valuing Liabilities 
Fred has had an exciting week. His coffee shop has opened for business and 
customers have flocked to buy his products. Now that he has finished counting 
the takings, he finds that he has over $20,000 in cash. Time to upgrade his car 
to the latest model? 

Probably not. Fred may have plenty of cash but he can't tell what money he has 
really made without working out what he owes. Out of the S20,()(X) cash, he has 
to pay the suppliers who have provided goods on credit, he has to pay wages 
to any employees and he needs to set aside money for tax and other bills. In 
other words, to understand his financial position, he needs to know the value 
of hi , llabilities. 

In the case of a coffee shop, working out the va lue of the liabiliti c!:I will mostly 
be straightforward . However, some liabilities may not be easy to value. One of 
Fred's customers burnt himself by spilling hot coffee and has threatened to sue. 
Fred can't be sure about the amount he might have to pay in compensation; 
when it might be paid; and indeed whether he will have to pay anything at all. 
Fortunately, Fred has the appropriate insurance policy and is confident that it will 
pay if the customer is successful in claiming damages. While Fred doesn't have to 
worry about setting money aside just in case, the insurance company does. But 
how does the insurance company decide how much money to set aside? 

The actuarial profession has centuries of experience in helping insurance 
companies and o ther financial institutions deal with such problems, so actuaries 
have developed sophisticated approaches to valuing liabilities. Chapter 12 deals 
with this topic. 

You may be surprised to find that Chapter 12 deals with the valuation of 
liabilities and we don't get to the topiC of pricing until Chapter 13. After all. 
Fred had to set his prices before opening for business. The reason is that the 
valuation of liabilities affects the emergence of profit. In turn, this affects a 
financ ial institution's view of the prices that it should charge. In other words. 
the liability valuation basis is an important input to the pricing process and 
should be considered first. 
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Chapter 12: Valuing Liabilities 
by Richard Lyon 

12.1 Introduct ion 

317 

[n this chapter. we consider how to place a value on liabilities. First. we need to think about 
general issues. In later sections. we consider some specific issues and how to handle them. 

Much of the discussion in this chapter relates to concepts considered else\\ here in this 
book. This is consistent with the whole nature of the Actuarial Control Cycle. You should 
not need to refer to other chapters to undersland the concepts in the context of this chapter. 
but you may find it helpfu l 10 do so. 

Actuarial~rincjples and techn iques can be applied to a wide range of commercial ami other 
problems involving uncertainty and/or the time value of money. However, this chapter ,",,'ill 
focus on insurance and retirement benefits, because these are the practice areas where 
actuarial valuation techniques and issues have become most developed. 

12.1.1 A brief history 
Actuarial practice in val uing liabilities developed fi rst in life insurance, where actuaries 
have practiced since the 18'" century.' Initially, the core issue was measuring the amount 
which could prudent ly be di stributed to shareholders and/or policyholders, as deliberately 
high premiums far exceeded claims and expenses. 

Actuaries devised formulae to enable them to perform these valuations reasonably 
efficiently, using limited data, With the advent of mechani ca l and then electronic calcu lators 
and computers, marc comp lex valuations have developed, using more data. At the same 
time. valuations are often required to be more precise, with a view to measuring profit or 
releasing unnecessary capital. It is reasonable to assume that actuaries will continue to take 
advantage of increasing computational power and speed, 

These days, actuaries routinely value liabilities in insurance and ret irement benefits \\ ilh 
techniques which can be extended 10 other businesses. Most va luations involve an explidt 
projection of future cash flows but the use of form ulae is still common. 

12. 1.2 What are liabilities? 
Very simply. you incur a liability when you promise to make a future payment. Typically. 
the promise is given in exchange for a payment made to you, bUI this is nol always Ihe 
case, eg a home owner makes a free (and implicit) promise to a visitor that the visitor will 
be compensated fo r any injury incurred while on the premises. The promise may depend 
on a future contingency, eg an insurer's liabil ity to pay a death claim depends on Ihe death 
occurring and a casino's liability to payout on a bet depends on the success of the bel. 
In many cases, either or both o f the amount and the timing of the fulu re payment are 
uncertai n, eg if a doctor is sued for negligence. the doclOr's insurer will be uncertain as 10 
both what the fina l payout will be and when it will be paid. 

1 Equitable Life is said to have created the first position of "actuarv," when it was founded in the UK 
in 1762. For example. see http://www.actuaries.org.uk/knowledge/elas_a rchive/elas_importance . 
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In Ihis chapter, we generally use the word liability, but several other names may be used in 
different jurisdictions and/or circumstances, including resen'(! and plVvisioll. 

12.1.3 Liabilities in the accounts 

While liabilities exist whether or not they are reported actuaries are generally involved 
with liabilities in the context of financial statements, or accO//II(s. 

12.1.3.1 An accounting definition of liabilities 

The Australian accounting profession defines liabilities as follows : 

A liability is a present obligation of the entity arising from past events, the 
settlement of which is expected to result in an outflow from the entity of resources 
embodying economic benefits. Z 

So, a liability relates to something which has already happened. You should note, however, 
that the past event may be the writing of an insurance contract which provides death cover 
for the next 40 years, provided thai premiums are paid. So the claim need not have happened 
yet - and the premium relating to that claim need not have bcen received - but the liability 
still exists by vinue of the contract. 

On the other hand the liability must represent a current obligation. Non-life insurance 
policies are commonly one-year contracts. The fact that a very high proportion ofcustomers 
renew their policies doesn'l create a liability for the insurer in respect of claims not covered 
by current policies - generally. the claims which occur after the expiry of those policies. 

12.1.3.2 Liabilities on the balance sheet 

Pictorially. a company's balance sheet may be represented as: 

Figure 12.1 

Equity 
Assets 

Liabilities 

! Australian Accounting Standards Board 2004, Framework for the Preparation and Presentation 
of Financial Statements 49(b). Other accounting bodies, eg the US Financial Accounting Standards 
Board and the International Accounting Standards Committee, have similar definitions. Unless 
otherwise indicated, aU comments on accounting practice in the rest of this chapter refer to Australian 
standards. The intention is not to provide the reader with a summary of accounting practice, but to 
pick up on some important points wh ich the accounting profession has tried to address and which 
are relevant to actuarial thinking on this subject. 
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So the value of equity (what the shareholders own) is the difference between the value of 
the company's assets and the va lue of its liabilities. J The size of the equity compared to the 
liabilities is often referred to as the slren!,rth of the balance shect. and can be used as a very 
rough measure of the so!l'ellcy of the company, ie how likely it is that the company will be 
able to meet its liabilities. Chapter 15 considers the topic of solvency in depth. 

Of course, it doesn't have to be a company. Let's consider what an indi\ idual's balance 
sheet might look like. For ease of reference, we'll call this individual John. 

Exercise 12.1 
For the purposes of this exercise, assume that amounts payablc or receivable in 
the /lIlure can be discounted at 5% per annum. 

John's assets are a car (worth $5,000) and a bank account ($500 balance). What 
are his liabilities (and his equity) in each ofthe following situations? 

(a) John borrowed from the bank to buy the car. The balance of what he owes is 
$250 and this must be repaid tomorrow. 

(b) John borrowed from his parents to buy the car. The balance of what he owes 
is $1,050 and this must be repaid in a year's time. 

(c) John owes his parents $1,050 for the car, payable in a year's time. His father 
is about to find Ollt whether he haS landed a major contract. If he does. he 
wilt forgive Johns debt. John rates the probability of thi s occurrence at 25 
percent. 

(d) John has been taken to court in respect of a car accident in which another 
person was injured. He is not covered by insurance in this case. He estimates 
that there is a 5 percent chance that he will have to pay $52500 in a year's 
time. a 50 percent chance that the case will be settled for $1 ,000 tomorro\\ 
and a 45 percent chance that he will not have to pay anything. 

12,1.3.3 Liabilities in the profit and loss statement 

Looking back at Figure 12.1, you should be able to see that the increase in equity mcr a 
period (eg a company's reporti ng year) is equal to the increase in assets less the incrc;lsc 
in li;lbi lities. Sometimes, changes are made directly to the equity (eg the raising of further 
capital by issuing shares. or the payment of dividends) but, after ;ldjusting for such capit,ll 
movements, the increase in equity over the period represents profit. So you can see thatthc 
change in liabilities is;l key component of profit. 

In simple terms, Profit"" Income - Outgo - Increase ill Liabilities. 

l You can think of the concept of · value· of liabilities as being the value of the assets which a 
company would need 10 hold in order to meel ils obligations as they fall due. This value depends 
on the model and assumptions being used and would allow for expected future income such as 
contractual premiums and investment return. 

• 
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Exercise 12.2 
What is the increase in a bank's liabililies in relation to an individual bank account 
over the total period from j ust before the account is opened unt il just after it is 
closed? 

What are the implications for profit in the accounting periods over which the 
bank account is open? 

12.1.4 Measuring liabilities 

In Exercise 12 .1 you probably valued John's liabilities using: 

~llllle = L (E[casllftoll' at time t]) / ( I +i)' 

Actuaries would call the result the best estimate or central estimate of the liabilities. It is 
likely that John would take the same view of his financial position. 

Now, suppose that John asks Jane to lend him $500 to install a better sound system in his 
car. Jane might prefer to err on the safe side in valui ng John's liabilities. In the situation 
described in part (c), she might decide to ignore the possibility that John's father wi ll forgive 
his debt. She is using conservative assumptions rather than the best estimate assumptions. 
We would say that she has added a margin to the best estimate va luation ofliabilities or that 
she has made a prlldelll valuation. 

So, the measurement of liabilities will depend on the measurer's perspective. Indeed you 
will often hear actuaries say that the value of a liability depends on the purpose of the 
valuat ion. 

While there are many reasons for measuring liabilities, they fall into two basic categories. 
Either we are trying to understand the company's financial position ( its balance sheet) or 
we are trying to understand its financial performance (its profit and loss (P&L), or the 
change in its balance sheet). 

Before we leave this overview, it is worth highlighting that we are valuing future cash 
flow. We generally expect the total value of this cash flow to be negative, ie a net liability, 
but it will probably include positive items. For example, future cash flows under a long· 
term insurance contract will include benefit payments and expenses but will also include 
premium income and investment return. 

12.2 The nature of liabilities 

A company's balance sheet is generally intended to present a "true and fa ir" view of 
its financial position. This requires the recognition of its liabilities and some attempt to 
place a sensible value on those liabil ities. What constitutes a sensible value may depend 
on the significance of the liability and the underlying purpose of the valuation. For 
example, a balance sheet prepared to demonstrate solvency to a regulator may involve 
more conservative valualions of liabilities than one prepared for incl usion in the company's 
overseas parent's accounts. 

In this section, we look at typical types of liabilities found on company balance sheets. 
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12.2.1 Short-term or long-term liabilities 

Accounting standards generally requ ire companies to identify the liabilities which fall due 
within the twelve months following the balance date. By comparing with short-term assets, 
the users of the accounts can aSsess whether the company has a short-term need for capital. 

Long-term liabilities are ident ified separately and would be expected to be backed by long
term assets. 

The types of liability typically found on balance sheets can be either short-lerm or long
term in nature, so judgment may be required in order to separate the components. 

12.2.2 Types of liability 

For convt!riience, liabili ties can be considered as falli ng into four different types. While 
these types may be recogni zed separately in a company 's balance sheet, the presentation of 
a particular liability is generally subject to the particular accounting rules applicabl e to the 
repofting entity and these rules are beyond the scope of th is chapter. 

12.2.2.1 Accounts payable 

All companies are likely to have unpaid invoices from their suppliers, which would be 
recorded at face value. Companies in groups often owe each other money in relation to 
purchases made by one company on behalf of others. It would be highly unusua l for such 
liabilities to be long-term in nature. 

The purpose of recording these liabilities is to attribute the cost of supplies to the correct 
accounting period. After all , invoices are genera lly received after the goods or services 
have been provided, so the supplier is a creditor. 

12.2.2.2 Tax liabilities 

A profitable company can generally expect to pay tax and its liabil ity for currcnt tax is 
generally known (or can be close ly esti mated) and recorded on the balance sheet. 

There may be aspects of the company's financial performance or financial position \\hich 
give rise to a deferred tax liabil ity. For example, most companies would be taxed on capital 
gai ns realized on the sa le of assets but would not be taxed on the unrealized gain accrued 
wh ile holding (and before selling) them. Typically, a company would record a deferred tox 
liability on its balance sheet equal to the tax which it would have had to pay ifits assets hod 
been sold at the balance date. 

Recording tax liabilities ensures that the company's balance sheet reflects the tax effect of 
its financial performance. 

12.2.2.3 Debt 

Many companies borrow money. Generally, the amount o f the debt is known at the balance 
date and it is easy to separate the total liability into short-term and long-term debt. Note 
that (he criterion to adopt is the remain ing term until repayment is required, not the original 
terln. 

Long-term debt may not be valued at face value, depending on accounting standards and.' 
or the purpose of the valuation . It is easy to see that two otherwise identical loans (in terms 

" ~.r, . ... -1-... --
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of repayment date, security, etc) with differem coupon rates would have different values to 
an investor. implying different values to the borrower. 

12.2.2.4 Provisions 

Provisions are liabilities whose va lue cannot readily be ascenained as a maner of fac t. 
Generally. their valuation invo lves the combination of uncertainty of one or all of 
occurrence. amount payable and timing. 

Most companies will have provisions for amounts due to staff. including unused leave. As 
a ru le, standard leave entitlements (eg annual leave and sick leave) are readily valued at 
face value. However. some obligations (such as long service leave~ and reliremenHeiated 
obligations) require the use of projection and discounting for a proper valuation . 

A company may establish provisions in relation to its assets, including provisions for bad 
debts and provisions for unearned income. At the very least, this will generally require the 
exercise of judgment. 

Much of the work of actuaries in relation to the valuation of liabilities concerns the 
provisions which are specific to particular types of financial institution. These typically 
require considerable judgment in the selection of valuation models and assumpt ions and 
include: 

outstanding claims provisions for non-life insurers; 

life insurance policy reserves; and 

bad debt provisions for banks and other issuers or holders of large portfolios of debt 
assets. 

Exercise 12.3 
Obtain a copy of the accounts of five major companies in different industries 
(not just financial services) in your country. You shou ld be able to do this via the 
internet. 

Review the liabilities in each company's balance sheet and: 

(a) note which types of liabilities are common to all companies; 

(b) find out what the accounts say about the valuation approach used for each 
type of liability; 

(c) identify the major liabilities for each company and how those liabilities 
relate to the company's business; and 

(d) consider how each company's financial position might be affected by a 
change in the valuation of its major liabilities. 

• Long service leave is an employment·related entitlement in Australia. whereby employees with 
long service (usually more than ten yea rs) are entitled to additional leave. 
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12.3 Measuring liabilit ies 

In this section, we look in more detail at the process of measuring liabilities. This uncovers 
various issues which we address in later sections. 

At the heart of any va luation of liabilities is the essential formula : 

Liability = Preselll va/lie ofOlllgo less Presellf I'allle of /Ilcome 

So. any valuation of liabilities is an attempt to determine the result of project ing and 
discounting future outgo and income. There are many ways of doing this and any approach 
may be valid if it meets the object ives of the va luat ion. 

12.3. 1 ,Best estimate liabil it ies 

In many circumstances, a va luation of liabiliti es is required which has no margin for 
the risk of adverse deviations from the underlying assumptions, ie the best estimate or 
central estimate of the liabilities. Often, this liability is a component of a valuation which 
incorporates margins. We will discuss this concept in 12.3.2 and 12.3.3. 
Reasons for a best estimate valuation might include: 

measurement of profit. From 12. t.3 you can sec that the change in value of liabilities 
is a key component of profit. A valuation with no risk margins may be appropriate for 
this purpose. In 12.3.3 and 12.3 .4, we consider other valuation approaches which may 
be used; 

• measurement of capital employed. The difference between a company's assets and a 
real istic value of liabil ities (excludi ng its long-term debt) is a measure of the capital 
employed. Thi s, in turn, can be used to determine the return on capital employed 
(ROCE); and 

allocation of resources. Measuring profit and capital employed in each business 
segment~ can help management to allocate scarce resources such as capital, IT 
development time and management time. 

The Australian Prudential Regulation Authority (A PRA) describes a best estimate liability 
as follows: 

The Best Esti mate Liability is determined as the value of the expected future 
payments and receipts under the policy .. . based on obligations at the reponing 
date." 

APRA defines a central estimate liability for a general insurer as fo llows: 

The central estimate is intended to reflect the mean value in the range of possible 
values for the outcome (that is, the mean of the distribution of probabilistic 
outcomes). The determination ofthe central estimate must be based on assumptions 
as to future experience which reflect the experience and circumstances of the 
insurer and which are: 

S A business segment is any subdivision of the business, including a defined operating business 
unit, a product line or a geographic segment. 
5 Section 5 of LPS1.04 Valuation of Policy Liabilities. APRA (2007). 

• 
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(a) made using judgment and experience; 

(b) made having regard to available statistics and other information: and 

(c) neither deliberately overstated nor understated.7 

In effect. these definitions are equivalent as they are both intended to describe the (estimated) 
mean of the distribution of possible liability values. 

Exercise 12.4 
Under the then current prudential regime, a former Australian general insurer, 
HIH, accounted for its outstanding claims liabil ities at central estimate. At the 
Royal Commission into the collapse of the company, this value was described as 
be ing as likely to be too low as to be too high. 

Is this a reasonable description of the central estimate as set out above? Give 
reasons for your opinion. 

12.3.2 Liabilities with margins 

Often, a val uation of liabilities is required which incorporates an allowance fo r the risk of 
adverse deviations from best estimate assumptions. For example, this could be as a formal 
step in demonstrating solvency or a reflection ofrisk aversion. 

The allowance may be explicit or implicit. An explicit allowance for fisk may be achieved 
either through adding margins to an identified realistic valuation or through explicit 
adjustments 10 best estimate assumptions. For example. in Australia: 

APRA requires non-life insurers to add a risk margin to the central estimate of the 
liability. Th is margin is expressed as a percentage of the central estimate and is 
intended to result in a liability which has a 75% probability of being adequate; and 

• by comparison. APRA's LPS3.04 requires life insurers to calculate a capital adequacy 
liability using best est imate assumptions adjusted to allow for the risk of adverse 
deviations. For example, the assumed mortality rates for insured lives should be 
increased by between 10 and 40 percent. 

Risk margi ns are added to liabilities in similar ways to satisfy regulators in many other 
countries. 

An implicit allowance would be ohlained by performing the valuation using assumptions 
which were expected to give a val uation above best estimate but where the resultant margins 
could not readi ly be deduced from the valuation itself. 

Examples of implicit conservatism include: 

a company may have a known non-interest-bearing liability payable at some lime in 
the next few years. If it decides to hold this liabi lity at face value, it has incorporated 
an implicit margin representing the time value of money over the uncertain term until 
the liability is paid; and 

7 Section 18 of GPS310, APRA (2008). 
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the liabilities of a superannuation fund (ie the value of future benefit payments and 
expenses) may be calculated on simplified assumptions which do not allow for 
employees leaving service before retirement. This unrealistic approach incorporates 
implicit margins representing the extent to which leaving service benefits are lower 
than the then present value of retirement benefits. 

Exercise 12.5 

In many countries, life insurance liabilities are calculated using a lI(:'f premium 
valu(lfiol! method.8 

What form of margins does this approach incorporate? What are the benefits and 
risks 'l>fth is approach? 

You should note that margins may be incorporated in a valuat ion for reasons other thall a 
prudent al lowance for risk. In the next two subsections, we consider what these reasons 
might be. 

12.3.3 Profit margin~ 

Generally, when a company sells a financial product. it expects thai product to be profiwble. 
ie the present value of expected future income from that product is greater than the present 
value of expected future outgo. If the company accounts for its liabilities at their best 
estimate value, this means that as soon as it begins to include the product in its accounts 
it wi ll be recognizing as profit the whole of the present value of tile expected profits from 
that product. 

There is a widely held view that profit should not be recognized until it has been ellrn d 
For example, clubs offer their members various services, often including the usc of club 
facilities. They generally charge annual fees to cover the cost of these services. Some 
clubs (eg airline clubs) ofTer discounted prices for long·term membership. \\ ith a \ ie\\ to 
generating increased loyalty and/or raising cash. You may consider that these clubs should 
ensure that they do not recognize alt the profit from these long-term memberships "hen 
the cash is received. This might be done by amonizing the fees over the period of the 
membership, ie establ ishing a liability equal to the IIlIe(ll'lle(/ fee income. If the ofrer was 
profitable, th is liabili ty is higher than the expected cost of the services over the rcmaill1l1g 
term of the membership. 

In 12.1.3, we saw that Profit = Income - Outgo -Increase in Liabilities. If future prolit 
margins are included ill the liability, the expected profit can be set to emerge in accordance 
with any desired pattern. For example. Australian and US life insurance liabilities are 
generally calculated so that the expected profit is spread over the term of the policies. This 
will be discussed funher in Chapter 16 . 

• We assume that you have learned how to calculate liabilities on a net premium basis in an earlie. 
stage of your actuarial education. This approach ignores many components of expected cash flows 
and gives arbitrary values to other components and to the discount rate. It is relatively simple to 
apply with limitad computational resources and requires only basic, grouped, valuation data . 

· , L,', . . 
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Exercise 12.6 
What do you think are the advantages and disadvantages of spreading expected 
profit over the term of insurance policies? 

12.3.4 Market value of liabilities 

A best estimate liability doesn't include a cost for the risk of adverse deviations, while a 
pruden! valuation may be too high for commercial purposes. In some cases, it is appropriate 
to plaee a value on a liability which is analogous to the market value of an asset. This may 
be for profit calculations or for assessing the value of the business. 

Quite often, a liability has an obvious market val ue, since it is simply the inverse of a 
publicly traded asset. This would apply, for example, to corporate debentures and to most 
derivative contracts. 

In many cases, however, there is no obvious market value for a liability. In that case, the 
concept ofJclir WIllie may be applied. 

Martin and Tsui (1999, p362) suggest the following definition of the fair value ofa liability: 

The fair value ofa liability is the value at which the liability could be settled or 
transferred between wi lling but not anxious panies, where; 

- both parties possess all material information relevant to the val uation of the 
liability; 

- any transfer parties are peers, who have a similar operational status, 
creditworthiness, and market access, and transact similar business in the same 
marketplace: and where 

- the fair value is determined on an 'as is ' basis, ignoring special transferee or 
other restructure benefits that have not actually been offered by an identifiable 
party. 

You should be able to see that this is similar to typical definitions of the market value of an 
asset.~ Indeed it is almost identical to the definition that Martin and Tsui use for the fair 
value of an asset. 

A profit calculated from changes in the fair value of assets and liabilities should itself, be a 
good measure of the tangible value added over the reponing period. This perhaps makes it 
unsurprising that the Internalional Accounting Standards Board (IASB) is moving toward 
the use affair value for assets and liabilities. 

Exercise 12.7 
In theory. a balance sheet prepared using fair values of assets and liabilities would 
place a fair va lue on Ihe equity in the company. 

Why might Ihis value be different from the company's market value? 

I But note thet there is often confusion between malket value and fair value, especiany for assets 
such as listed shares. This win be discussed in Chapter 14. 
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12.3.5 Calculation methodology 

Thus far, the discussion in this sect ion has related to the philosophy behind the calculation 
of liabilities, rather than the nature of the calculat ion itself, although these two are clearly 
often closely linked. 

First, we must consider whether to use a formula (with one or more parameters). a 
determini st ic cash flow projection or a stochastic projection. 

12.3.5.1 Formula valuations 

Before computers. actuaries devised various formula approaches to valuing life insurance 
liabilities and such approaches arc still in common use in many countries. The net premium 
valuation method is an obvious example. 

Some liat1ilities are readily valued using formulae. For example. fixcd-interest debt 
liabilities can be valued using basic compound interest formulae. 

A formula method is also useful where a large number of calculat ions will be performed 
and the liability does not need to be precise. For example, suppose that we are making 
multiple projections of a portfolio of insurancc policies under a range of scenarios. Within 
the projection program we may use a simple formula to determine policy liabilities. 

Formula methods are also generally used in non-life insurance, relating the expected cost of 
outstanding claims to data about thc historical development of claims costs. The formulae 
themselves are quite si mple, with the complexity of the process being contained in the 
statistical analysis giving ri se to the development parameters. 

Finally, formulae (or at least. simple rules ofthumb) may be used to provide a reasonableness 
check for val uations performed by other means. 

The use ofa formula is a simplification and the result will generally not bear any particular 
relationsh ip to either a best estimate or a fair value liability. However, the choice of model 
(formula) and parameters will reflect the objectives of the valuation. Therefore. the actuary 
should have some understanding as to whether these objectives will be achieved ha\ mg 
regard to the characteristics of the liabilities being valued. 

Similarly. the fact that formula valuations generally use limited data. often grouped to 
a fair ly high level, should not prevent the actuary from check ing that the data used is 
appropriate for the purpose. 

Example 12.1 
Consider a net premium valuation of traditional participating whole life insurance 
policies. Usually, an interest rate that is lower than the expected future ill\estment 
return would be used to allow for the addition of bonuses. Therefore. when long
term interest rates are around 5% per annum, using a discount rate of 3~o might 
or might not be appropriate, but 10% is likely to be far too high. Also. a valuation 
which left out half the policies would be clearly wrong. 

12.3.5.2 Deterministic cash flow projections 

Most actuarial valuations are now performed using a deterministic cash flow projection . 

• 
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Th is involves constructing a model of the behavior of future cash flows and sening 
assumptions for the parameters of the model, including discount rates. 

A variation of this approach starts with a measurable (formula) value, such as acCount 
balance or surrender value, and uses a deterministic projection and discount approach to 
calculate an adjustment. One application of this variation is in an unbundled valuation 
(which we will discuss in 12.3.8). 

Example 12.2 
Investment-linked policies usually generate ongoing fee income which is higher 
than the associated administration expenses. Therefore, the best estimate liability 
is less than the account balance. ie number of units held x unit price. 

Consider a policy with an account balance of $10,000, expected investment 
return of 10% per annum, annual fees of S II 0 and annual expenses of $44. The 
account balance after one year is expected to be $1 0,890, which is 10,000 x 1.1 -
110. If we expect the policy to terminate at that poi nt. the present val ue of outgo 
(d iscounting at an interest rate of I 0%) is 10,89011.1 + 4411.1 = $9,940. Therefore, 
the liabil ity = $9,940, which is less than the account balance of$IO,OOO. 

In Example 12.3, we wil l see an example ofa valuation approach which arrives at 
the same liability but starts from the account balance of$ I 0,000. 

12.3.5.3 Stochastic cash flow projections 

Whether realistic or prudent, a deterministic valuation represents a single view of the 
fu ture. Both the model and the assumptions may have been carefully chosen, taking into 
account the range of possible outcomes, the extent to which components of cash flow are 
correlated, likely management responses to experience, etc. Even so, the actuary would 
usually also run the model on different sets of assumptions, called scenarios. 

However, running the model on different assumptions does not convey a measure of the 
probabil ity of the particular scenario. Indeed, it does not even corroborate the intended 
strength of the base valuation. eg is this realistic valuation close to the mean of potential 
valuations, or is that prudent valuation pitched close to the target level of75% sufficiency? 

Increasingly. this information is SO important that the aClUary will use a stochastic model. 
ie one in which key drivers of cash flow are modeled as random variables and the process 
of projecting and discounting the cash flow is repeated many times to obtain a distribution 
of values. 

This type of valuation generally requ ires significant computing power, since cash flows 
must be projected over a number of years and the projections repeated (with different 
randomly generated scenarios) many times. The information sought from the valuation 
may be critically dependent on the probability distributions used for the key drivers, the 
parameters assumed for these distributions and the degree of correlation assumed. The 
model may also incorporate rules which govern how, and how much, Ihe company will 
react 10 changes in experience. 

To reduce the scale of the computations required, actuaries may use stochastic models to 
help them select parameters to be employed in deterministic valuations. 
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For example, an electricity distribUlOr may have entered into fixed-price contracts to supply 
electricity to a number of major industrial compan ies. Generally, the price that it will pay for 
electricity is low and fairly stable, but there are occasional spikes in price to extraordinarily 
high levels. It may not be possible to design a stochastic model which reasonably incorporates 
these spikes along with the other elements of variability in cash flow. 

In that case, a stochastic model could be used to derive an appropriate basis for adjusting 
the expected cost of electricity to be used in a detenninistic valuation model. 

Exercise 12.8 

Consider two examples of liabilities which are connected to you - that is, either 
they I re your obligations to someone else or they are someone else's obligations 
to you. 

Based on the nature of each liability, what would be an appropriate method to 
value the liability? Give reasons for your answer. 

12.3.6 Valuing guarantees and options 

Most liabilities incorporate some form of guarantee or option against the company. These 
must be properly allowed for when val uing the liabilities. 

Often there is an obvious guarantee, such as the at-call account balance of a checking 
account or the agreed valuelO on a motor insurance policy. You should be able to see that 
the guarantees in these examples not only have value for the cllstomer but also have a COsl 
to the issuer. 

Other guarantees and options may not be so obvious, or it may not be obvious that they 
have a cost. Examples include: 

poilll of sale promises - many countries effectively require companies to stand by 
representations made in advertisements, brochures, etc or by agents and other company 
representatives at or around the point of sale. Generally, this form of guarantee has a 
relatively minor cost. However, this is not always the case. In the UK, "pensions mis
selling" in the lale 19805 cost companies large amounts of money in compensation ll and 
in the US, "vani shing premium" sales in the 1980s led to major lawsuits in the 19905;1 

COI/Sllmer prOlecfioll legislation - many countries have minimum standards of 
practice. For example, legislation in Australia restricts the fees which a product issuer 
can deduct from sma11 superannuation account balances, and life insurance contracts 
have minimum surrender values. Outside financial services, a company's liability 

'0 Under an agreed value policy, the insurer agrees to place a particular value on a car regardless of 
what condition it may turn out to be in at the time of a claim. 
" See the first section of the article ·Who Pays? The Aftermath of the UK Pensions Mis-selling 
Scandal " on the CD. 
Il See, for instance, the article " 'Vanishing Premium' Litigation: The Plaintiff's Perspective · on 
the CD. 
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in relation to faulty goods or negligence is generally not avoided by any contract 
purporting to waive the customer's rights: 

established practice - discretions available to a company may be limited by the 
extent to which the company has exercised such discretions in the past. For example, 
traditional with-profit life insurance policies generally have non-guaranteed terminal 
bonuses payable on death or maturity. If the company has nOl actively adjusted these 
bonuses, it may find it hard to begin doing so either because it would adversely affect 
future sales or because a court would find that its established practice had created 
certain expectations; 

oUf-ofthe-lIIolley oprions- many contracts have been issued with guarantees or options 
which appeared to have no cost because they were so far out of the money. Guaranteed 
annuity options on UK retirement savings products are a good example; 13 and 

benefit definitions - many life insurance products now pay benefits where the amount 
or even the fact of the payment depends on the claim satisfying a specific defin ition. 
Income protection insurance (based on a definition of inability to work) and trauma 
insurance (based on definitions of critical illnesses such as cancer and stroke) are 
obvious examples. [n Australia, life insurers are not generally entitled to amend these 
definitions (except in the policyholder's favor) at any time over the term of the contract, 
which could be 40 years or more. This represents a significant guarantee which may 
not be fu1\y mitigated by the offices' entitlement to change premium rates in fu ture. 

The first step in valuing guarantees and options in liabilities is to recognize that they exist. 
You would then need to determine whether they were likely to have a material cost. This 
would probably involve building at least a simplified valuation model, so you also need to 
decide what technical approach you wi1\ take to the valuation. 

By themselves, many options can be valued using standard option pricing formulae, as set 
out in any modern finance textbook. However, it may be appropriate to adjust the results 
to reflect any correlation or interaction with other aspects of the liability. For example, the 
cost of a maturity guarantee on a life insurance policy will usually be mitigated by early 
terminations, because some policyholders will terminate their policies for personal reasons 
which will override the value of the guarantee that they are giving up. 

Other options may require some form of branching or simulation approach to valuation. 
such as is recommended by Carrett and Wong (2002) fo r valuing executive options. 

Finally, other options could be modeled by simple or complex a1\owance for future 
deterioration in experience. For example, some actuaries use multi-decrement tables, with 
take-up rates correlated to degree ofill-health, to value guaranteed fuhlre insurability options. 

Whatever approach is taken. the important point is that options and guarantees have an 
intrinsic cost - even when well out of the money - so they should be identified and careful 
thought given to their effect on the liability valuation. 

13 For many years, most UK life offices included an option which allowed the policyholder, on 
reaching the end of the savings plan, to convert his/her policy to a lifetime annuity, at a guaranteed 
minimum rate. This minimum rate was calculated using interest rates far lower than those prevail ing 
at the time that these policies were designed and issued. By the late 1990s, as a result of falling 
interest rates and improving mortality, most of these options were either in the money or close to 
being so. Companies had to set aside large sums of money in recognition of the high p robability that 
the options would be exercised. Refer to uThe End of the Equitable N article on the CD, for example. 
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Exercise 12.9 
Considering contracts or other commercial relationships of which you are aware 
(eg contracts you have entered into yourself for insurance, banking, mobile phone 
service, etc), identify an exampl e of each type of guarantee or option listed in the 
bullet points above. 

12.3.7 Allowing for risk 

3" 

We have discussed the need to allow for risk in many liability valuations. There are yarious 
technical issues associated with doing this, some of which we discuss elsewhere in this 
chapter. 1 

In a stochastic projection. risk can be allowed for directly in the probability distributions 
applied to the various parameters modeled. A formula valuation is generally a simplified 
form of deterministic cash flow modeL so the issue becomes one of how to allow for risk 
in a deterministic cash flow projection-and-discount valuation. It turns out that there arc 
two basic ways to do this. 

Ri sk-adjusted cash flows 

Cash flows can be adjusted either directly o'r by making more adverse assumptions. For 
example, a lifetime annuity valuation will be more conservative if the projected expenses 
are increased by x percent or the mortality assumption is lower than best estimate. 

You should be able to see that an adjustment to the calculated value of the liability (eg 
calculating the best estimate liability then adding 20 percent) is equivalent to adjusting the 
projected cash flows. 

Risk-adjusted discount rate 

Whether or not the cash flows have been adjusted, it is a lso possible to adjust the discount 
rate to allow for risk. Where the cash flows being projected represent an excess of outgo 
over income, it wi ll usually be conservative to use a lower discount rate. 

As we shall see in 12.3.S. however. the liability may be calculated by subtracting the \allt!! 
of net future income from some base figure such as account balance. In stich cases, it will 
usually be conservative to use a hi gher discount rate. 

It may appear simpler to allow for risk in the discount rate, but there are t\'vO key 
disadvantages to doing so: 

a change in the discount rate won't change an asset into a liabi li ty (or vice \ersa); and 

equivalent risk-based adjustments to cash flows for IwO different products \\ ill 
generally be mathematically equivalent to two different risk-based adjustments 10 the 
discount rale. 

,. Note that th is statement may not hold if the periodic cash flows being discounted fluctuate 
between positive and negative. bllt this would be unusual. 

• 
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Exercise 12.10 
In what circumstances do you think that it may be appropriate to allow for risk in 
the discount rate? 

12.3.8 Other considerations 

12.3.8.1 Principles-based versus rules-based va luations 

Whatever valuation method is used, an important consideration is any regulations or 
standards which must be followed. Liabilities valued by actuaries are generally material 
to the entity's financial position and financial performance. Therefore, their measurement 
is generally governed by accounting standards, prudential regulations and/or actuarial 
standards with which the valuer must comply. 

These requirements may be very prescriptive, in terms of methodology and assumptions, in 
wh ich case the resultant valuations are described as rules-based. For example, accounting 
standards may require that the liabilities under service contracts (such as gym memberships) 
be valued at no less than the membership fee multiplied by the outstanding proponion of 
the membership term. 

Alternatively, the requirements may concentrate on the purpose of the valuation and the 
matters that must be considered, in which case they are described as principles-based. For 
example, an actuarial standard governing the valuation of long-tenn care liabilities may 
require the actuary to make appropriate allowance for all contingencies on which amounts 
may be payable. 

12.3.8.2 Bundled versus unbundled va luations 

The traditional actuarial approach to valuing liabilities is to project and discount all cash 
flows, either explicitly or implicitly. This bllndled approach is clearly appropriate where 
there is one "owner" of all the cash flows, eg a non-life insurer. 

For traditional with-profit whole life or endowment life insurance policies, the owner 
is a composite of the policyholders and the shareholders 's and the bundled approach is 
generally appropriate. 

For investment-linked life insurance policies, the company makes money from underwriting 
profits (life insurance charges less claims and expenses) and administration (fee income 
less expenses). The company's liability in respect of this business may be thought of as 
the total account balances less the expected value of net future income (with or without 
adjustments to allow for risk). This III/bill/dIed approach recognizes the fact that the 
policyholder "owns" the units underlying the account balance. 

The advantage of an unbundled approach to valuing liabilities is that it avoids the 
unnecessary complexity which the bundled approach may introduce. It may be much 
simpler to produce a realistic projection of administration profits than to model all the 
details of the individual funds management contracts - and you can have more faith in 
the reliability of the model. As a guide. if the product is unbundled ie fees and charges 

1~ Here, the term shareholder includes the participating policyholders of a mutual life office. 
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are clearly defined and there is a clear account balance, it is likely that the liability can be 
valued by an unbundled approach. 

Example 12.3 
In Example 12.2, the policyholder "owns" the account balance of $10.000. The 
shareholders expect to receive fees of 110 from which to meet expenses of ~~. 
giving an expected profit of $66. Discounting at 10% gives a present valuc of 
$60. Deducting this value from the account balance of S 10,000 gives the value 
for the liability previously calculated, $9,940. 

If we had added a risk margin of 10% to the expenses,the expected profit would 
have1reduced to $61.60, with a present value of $56, giving a net liability of 
$9,944. 

12.3.8.3 Deriving liabilities by valuing equity (the indirect approach) 

As we have seen, the balance sheet shows how the total value of assets is subdivided into 
liabilities and equity. This means that the value of liabilities can be derived by deducting 
the value of equity from the total value of assets. 

Actuaries generally usc the expression embeaded mIlle to describe the calculated value of 
equity. In Chapter 16, you will learn more about calcu lating embedded values. However, 
you should be able to appreciate that you can project the expected cash flows (including 
interest on surplus assets) distributable to shareholders and that the present value of these 
cash flows is the value of shareholder equity. 

If the valuation of shareholder equity contains risk adjustments (eg cash flows are 
discounted at a higher discount rate or using higher expense assumptions), the calculated 
liability will be greater than a best estimate liability. 

You should be able to see that Example 12.3 is a very simple application of the indireCi 
approach. This will usually be the case when an unbundled valuation is possible. Howe\cr. 
the indirect approach will also work in more complex situations where the unbundled 
approach is unavailable. 

12.3.8.4 Deferred acquisition costs and other assets 

Often, the costs of acquiring a policy or customer (including promotional expenses. sales 
commissions. underwriting and new business processi ng) are considerably greater than 
the initial fee income generated by the sale. These costs are expected to be recovered from 
future income. 

When valuing liabilities for the purposes of measuring profit. we generally want to reduce 
the liability by the amount of the unrecovered acquisition costs, so that profitable ne\\
business doesn't appear to make a loss. 

There are two ways of doing this: 

(a) reduce the liability by the value of components of future income considered to be 
set aside for the recovery of acquisition costs. You should be able to see that a best 
estimate liability implicitly does this because it allows for all future income: or 

• 
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(b) establish a deferred acquisition cost (DAC) asset to offset part of the liability on the 
balance sheet. 

A DAC may be considered to be the same as calculating a reduction in the liability; indeed, 
we could use the value of acquisition cost recovery components of future income in (a) as 
an explicit DAC in (b). However, a DAC is often calculated for a group of policies (eg all 
new business written in the past year) rather than at an individual policy level. Either way, 
it means that both the assets and the liabilities on the balance sheet are increased relative 
to the liability reduction approach . 

Other income components can be shown as assets rather than serving to reduce the 
liabilities. One example is reinsurance, which can make a significant difference to the 
profile of risk insurance liabilities, both life and non-Ii fe. 

Thus, a liability valuation cannot be considered in isolation from certain assets whose 
existence and value are connected to the liability. 

Exercise 12.11 

What issues might you take into account in deciding whether to show a negative 
component of the liability as an asset on the balance sheet? Consider your answer 
in the context both of a DAC and of reinsurance. 

12.4 Profit and the liability va luation 

It should be obvious that the extenl to which margins are incorporated in the liability valuation 
will determine the likelihood that the valuation will prove sufficient if the underlying 
assumptions are not borne out in practice. That would suggest that we should prefer the 
valuation to be very conservative. However, the valuation also has an effect on profit. In 
turn, the amount and the rate of change in profit affect the company's share price and its 
standing in the market, both of which receive close attention from senior management! 

In Section 12.1.3, we saw the simple formula for profit: Profit = Income - Outgo -Increase 
ill Liabilities. 

From this formula. it is clear that the valuation of liabilities is fundamental to the 
measured profit. Two factors particularly affect the valuation of liabilities and, hence, 
the measured profit 

the valuatioll objective - the valuation mayor may not be intended to incorporate risk 
margins, for example: and 

the accuracy oj rhe calculation - the appropriateness of the valuation model 
and methodology, the availability and quality of the data and the accuracy of the 
assumptions can all have a significant impact on the valuation result. 

In this section, we see the effect of these factors on the valuation and the consequences 
for profit. 
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12.4.1 The valuation objective 

As we have seen, a valuation could be a best esti mate or it can contain explic it or 
implicit margi ns, depending on the valuation objective. We now consider the impact of 
different va luation approaches, using a simple example product. details of which can be 
found on the CD. 

Example 12.4 Example product16 

Consider the investment-linked policy in Example 12.2, but now assume that it 
is a lO-year fixed-term policy, issued for a single premium of $1 0.000. Fees are 
I % of account ba lance, deducted at the end of each year. Expenses are expected 
to be ( % of premium at issue and 0.3% of account balance. incurred at the end of 
each year. There will be no terminations during the la-year term. The expected 
investment return is 10% per annum and there is no tax. 

Table 12.1 shows how the account balance is expected to change over the period: 

Table 12.1 Account balance for Example 12.4 

Year" Balance Premium Earnings Fees Payments Balance 
(Startl (End) 

0 0 10,000 10,000 

1 10,000 0 1.000 (1101 0 10,890 

2 10,890 0 1,089 (120) 0 11,859 

3 11,859 0 1,186 (130) 0 12,915 

4 12,91 5 0 1,291 (142) 0 14,064 

5 14,064 0 1,406 (155) 0 15,316 

• 15,316 0 1,532 (168) 0 16,679 

7 16,679 0 1,668 (1831 0 18,163 , 18,163 0 1,816 (200) 0 19,780 

9 19,780 0 1,978 (2181 0 21,540 

10 21,540 0 2,154 (2371 (23,4571 0 

From the company's perspective, the cash flows relating to the contract arc as in 
Table 12.2: 

Ie The tables in this example can be found on the CD in the file ·Chapters 12 Be 16 Valuation ModeJ 
Spreadsheet.· 
17 Note that we use a Year 0 in our projections. This is a very useful convention to separate those 
transactions which occur when a policy is issued from t hose in the rest of the first year. You will see 
later in this chapter (and in future chapters) how th is highlights the ini tial capital requirement. 

• 
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Table 12.2 Cash flows for Exa mple 12.4 

Year Premium Payments Expenses" Total 

• 10,000 (500) 9,500 

1 0 0 (33) (33) 

2 0 0 (36) (36) 

3 0 0 139) 139) 

4 0 0 (43) (43) 

5 0 0 {461 (46) 

6 0 0 (51) (51 ) 

7 0 0 (55) (551 

8 0 0 (60) (60) 

9 0 0 (65) (65) ,. • (23,457) (71) (23,528) 

You will see that we have not included earnings or fees in this table, because they 
are incorporated in the accumulation of the account balance, which gives rise to 
the eventual payment. 

Discounting at 10% per annum, the cash flows in the Total column have a present 
value of 169 at issue. You sho uld be able to verify this. 

Best estimate liability 

The best estimate liability (BEL) is determined by discounting the expected cash 
flows at the expected interest rate. For example, at time 0 (the end of Year 0), 
when the premium has been received and the initial expenses incurred, the present 
value of the future cash flows is -9,33 1. Therefore. the BEL (the amount of money 
required in order to fina nce the future negative cash flows) is 9,33 1. Using this 
liability. the balance sheet immediately after issue will show 9,500 in assets and 
9,331 in liabilities. Thus, the expected profit of 169 is full y recognized at time O. 

BEL + margin 

We could calculate the liability with margins. For example, we could increase 
the projected expenses by 20 percent in the val uation. Then the liability at time 
o would be 9,388. 

'8 In this example, we have determined the expenses before deducting the fees from the account 
balance. For example, the account balance at the end of Year 1 is 10,000 x 1.1 .. 11,000 before 
deducting fees, so our assumed expenses are 0.3% x 11,000 .. 33. 
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Margin on Services 

A special case ofa BEL plus margins liability is one whcre the margin represents 
the value of future profit. In this example, the present value of profit is about 
17.71 percent of the present val ue of fees. (You should be able to verify this.) 

We could calculate our liability as BEL plus 17.71 percent of the present \alue of 
future fees. Th is would be an example ofa Margin on Services (MoS) valuation '" 
and the liability at time 0 would be 9,500. 

Account ba lance 

If we adopted a liability equal to account ba lance, the liabil ity at time 0 would 
be lq,OOO. 

Account ba lance plus margin 

Under many prudential regimes, a company issuing a product like this would 
have to hold additional capital, beyond the account balance. You should be able to 
see that the company woul d have to find an extra 100 at time 0 to finance a capital 
margin of one percent of account balance and that this would be released (with 
interest) when the pol icy terminated. 

Account ba lance plus margin less DAe 

If we established a DAC asset against the prudential liability, this would reduce 
the net liability. 

The DAC would start at 500 at time 0, match ing the acquisition cost. For the 
purposes of this example, we might allow the DAC to reduce li nearly over the ten 
years, so that it was 450 at time 1,400 at time 2, etc. 

Table of liabilities 

Assuming that the experience is in line with the best est imate assumptions. 
the liabilities calculated on the approaches described above will be as given in 
Table 12.3: 

19 The Margin on Services (MoS) valuation method was developed in Australia for valuing life 
insurance policy liabilities. The intent of a MoS valuation is that profit will only emerge when it 
has been earned, ie by providing the relevant service and receiving payment. The expected profit 
measured at issue of the policy is spread over one or more profit carriers, representing the major 
service(sl provided under the contract. For example, the major service under a level premium term 
insurance contrect is coverage of the mortality risk, which will increase over the duration of the 
contract. If experience exactly matches the assumptions used when the policy is issued, profit will 
emerge as a constant proportion of the expected mortality cost. 

.,., . . . . 
'f • 
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Table 12.3 liabilities under various schemes for Examp le 12.4 

Year Best BEL + MoS Account Acc Bal + OAC AS + Marg 
Estimate Margin Balance Margin less OAC 

0 9,331 9,388 9,500 10,000 10,100 500 9,600 

1 10,231 10,287 10,398 10,890 10,999 450 10,549 

2 11,218 11,273 11,380 11,859 11,978 400 11,578 

3 12,301 12,353 12,456 12,915 13,044 350 12,694 

4 13,488 13,537 13,634 14,064 14,205 300 13,905 

5 14,790 14,835 14,923 15,316 15,469 250 15,219 

6 16,219 16,258 16,335 16,679 16,846 200 16,646 

7 17,786 17,818 17,881 18,163 18,345 150 18,195 

8 19,504 19,528 19,574 19,780 19,978 100 19,878 

9 21,389 21,402 21 ,428 21 ,540 21,756 50 21 ,706 

10 0 0 0 0 0 0 0 

In the above example, you can see that the progression of liabilities varies according to the 
valuation approach. Recognizing that the product cash flow is unaffected by the valuation 
approach, we can see that a given year's profit will be increased by the interest on the 
liabil ity at the start of the year and reduced by the increase in the liabi lity during the year. 
Table 12.4 shows the contribution to profit on each valuat ion basis in Years 0,5 and 10: 

Table 12.4 Contribution of liabil ity valuation basis to prof it in Years 0, 5 and 10 for 
Example 12.4 

Year Best BEL + MoS Account Acc Bal + AS + Marg 
Estimate Margin Balance Margin less OAC 

0 (9,331) (9,388) (9,SOO) (l0,000) (10,100) (9,600) 

5 46 5. 74 155 ". 7. 
10 23,528 23,543 23,570 23,694 23,931 23,876 

Remembering that the cash flow in Year 0 is 9.500, you can see that the BEL va luation 
approach produces an expected profit of 169 in Year 0 (the present value of profit), the 
MoS valuation approach has no expected profit or loss and the Account Balance valuation 
approach results in an expected loss of 500 (from the acquisition cost). The final approach 
(Account Balance plus Margin less DAC) produces an expected loss of 100, which shows 
that the acquisition cost has been offset by the DAC and the remaining loss is the exira 
capital requirement. 

We can graph the expected profits associated with a particular valuation approach. Such a 
graph is often called a profit sigll(lTllre. We can compare profit signatures to show how the 
valuation approach affects the expected emergence ofprofil. Remember that the va luation 
objectives inherent in each approach range from the immediate recognition of profit (best 
estimate basis), through the emergence of profit when earned (MoS) to the demonstration 
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of capital adequacy (account balance plus a prudential margin). Figures 12.2 and 12.3 are 
taken from Chapter 16. which uses the same example product. These profit signatures are 
shown in two graphs to make them easier to see. All six are shown on the one graph in the 
workbook "Chapters 12 & 16 Valuation Model Spreadsheet" on the CO. 

Figure 12.2 Three profit signatures for Example 12.4 

Profit Signatures 
~ 
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Figure 12.3 Three further profit signatures for Example 12.4 
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It is important to remember that, regardless of the valuation basis adopted, profit will only 
emerge in accordance with the profit signarure if experience is as expected. For many 
industries and/or products, actual experience can be quite volatile and the resu ltant effect 
on profit can overwhelm the expected pattern. 

In the above examples. an unexpected doubling of expenses in Year 5 would reduce profit 
by 46, causing a substantial loss on va luation bases with low margins and even producing 
a loss on the MoS basis. 

12.4.2 Liability valuation basis and total profit 

As you can see from the graph (and the Excel workbook on the CD), the total profit is 
different on each valuation basis. This is because we have excluded the interest on any 
assets held above the valuation liability. If we include this interest, the profit in year t can 
be expressed as: 

Profit, :: CF, + iA ,o' - (L, - L,.I ) 

where CF, is the product cash flow, iA,.1 is the interest on total assets and L, is the 
liability at time f. 

Then total profit over the lifetime of the product is found by summing over t: 

LProfit, = I:[CF,+iA'.I- (L,- L,)] 

= I: CF, + iLA,.,- I: L, + I:L,ol 

= I: CF, + iLA,., - (L1(I - Lo) 

As Lo = LJO = 0, total profit is independent of the valuation basis. 

If we exclude interest on assets above the liability, thus focus ing on the product itself, 

I: Profit, ;; I: CF, + r[ L,./ - (L ,O - Lo) 

and the liability basis clearly affects the total profit. 

However, if we discount at the projection interest rate, the present value of profit can be 
found as: 

PV(Profil} = L [CF, + iL ,. / - (L, - L,)] / (I +i)' 

= I: CF,/ (1 + iY + I: iL,.1 / (1 +iY - L (L, - L,) / (I +i)' 

= L CF,I (1 +iY + L L,.I / ( 1 +;Y-I - L L,I (1 +i)' 

= L CF, / (I +i)' + Lo - L ,O / (1 +i)I O 

Again, Lo = L
10 

= 0, so the present va lue of profit is independent of the valuation basis. 

This means that: I: [CF, + iL,.1 - (L, - L,)] I (I +i)' = L CF,I (I +i)' 

Therefore: L [iL,., - (L , - L,)] I (I +i), = 0 

This leads to a useful way to check projections for the life of a policy or group of policies: 
the present value of the interest on the liabiliry should equa l the present value of the change 
in the liability. 



Valuing Liabilities ,., 

12.4.3 The accuracy of the va luation 
Often, the valuat ion 's effect on profit is not due to the expected pattern of profit emergence 
so much as to the accuracy of the valuation itself. 

A company's profit may be a small percentage of its liabilities. For example. the profit 
of non-li fe insurers in Australia averaged about two percent of liabilities o\er the three 
years 1999 to 200 I.M You should be able to see that a one percent error in measuring the 
liabilities of an average company would have changed the measured profit by 50 percent. 
(And note that shareholders react badly to earn ings surprises - particularly negative ones.) 

This is a particular issue for non-life insurers with long-tail business. Claims under long
tail insurance, such as product liability and professional indemnity. can take several years 
to become known and several years more to settle. Therefore, the insurer will have many 
years of claims on its books, including those which have not yet been reported so the total 
liabilityetV1 be substantial relative to expected profit. 

If a business has large liabilities that are subject to high risk of valuation error. then it 
can expect to suffer volatile reported profits. However, even apparently small (or ignored) 
liabilities can have a sign ificant effect on profit. 

Exa mple 12,5 Smoothing reserves 
Somet imes, a company may use smoothing reserves to reduce the effect of volatile 
experience. Examples include claims equali=atioll reser\'es and im'estmelll 
fluc/llatioll resen'es. 

The rationale for such reserves is that short-term variances from the expected 
longer-term average experience are to be expected, that they are temporary and 
thai it wou ld be misleading to reflect them in full in the company's results. 
However, the movement in these reserves can have a large effect on profit. 
Therefore, considerable judgment is required in setting them - and formal rules 
and constrai nts may also be imposed. 
The subjective nature of these reserves is probably why the trend in regulation 
and accounting standards (such as those being developed by the International 
Accounting Standards Board) is not to permit them. 

A liability va luation requires a determination. for each of the circumstances in which 
amounts are payable or receivable, of the likelihood of occurrence. the amount(s). the 
associated tim ing and the value at the valuation date. 

Any or all of these clements can be very uncertain. Indeed, even the existence ofa contract 
does not mean that we can be certain about whether liability exists for a part icular evcnt 
and insurers often find themselves in court to establish the answer to thi s questi on. 

Determining the present value of a future event (whether certain or contingent) involves 
discounting for the effect of earnings on the assets held to back the Jiabilities. This will be 
discussed in Sect ion 12.6. For now. we will concern ourselves with the uncenainty relating to 
likelihood. amount and/or timing of payment. The following list illustrates some of the issues: 

20 Derived from Selected Statistics on the General Insu rance Industry December 2001 (APRA, WW'W. 

apra.gov.au). Pre-tax profit of direct insurers (ie not reinsurers) averaged 2.1% of liabilities in the 
three years covered by the document. 

• 
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Income claims in the course ofpaymcnl. such as income protection claims or annuities. 
often involve well-defined payment amounts but the timing of cessation of payment 
may be very uncertain. Complex. products may also introduce varying payment levels 
and additional contingent benefits. increasing the valuation challenge. If assumptions 
are based on past experience, it is easy to undervalue such clai ms during a period of 
deteriorating experience and to overvalue them as experi ence improves. 

Other known outstandi ng claims will be settled at some time in the future. Some 
amounts (such as legal fees and the costs of investigating the claim) will already have 
been incurred but often the fi na l cost of the claim will depend on fu ture negotiations or 
will be decided in court. This means that the timing of payments is also unpredictable. 

In many cases. most notably non-li fe insurance but also for risk policies in life 
insurance. liability will ex ist for claims which have been incurred but have not yet 
been reported (IBNR). Estimati ng the value of such clai ms requi res an understanding 
of past reporting patterns (and reasons why they might change). II is also possible that, 
once they become known claims. IBNR claims will behave differently in both size and 
timing of payments. 

Often. the liability being val ued relates to a future contingent event which would give 
rise to a payment, part of which will be funded by futu re receipts. Examples include 
conventional endowment insurance policies and employer-sponsored defined benefit 
superannuation funds. Conventional endowment insurance polic ies pay the sum insured 
(and any bonuses) on death o r the earl ier maturity of the policy, in exchange for a fixed 
periodic premium and the expected value of future premiums must be allowed for in 
the valuation. In a defined benefit superannuation fund, different benefits are paid on 
different contingencies (including resignation, death in service and retirement) and 
allowance must be made fo r future employer contributions. 

In all of these cases, actual experience will almost certainly be different from the valuation 
assumptions. Often, there are also issues with the data and/or the models being used. Any 
or all of these factors can have very significant consequences; corporate graveyards are full 
of examples. 

Exercise 12.12 
Using the CD and the internet as resources. find examples of corporate failures 
where liabilities had been significantly missta ted. What do you think have been 
the major errors in the va luation of liabilities for these companies? 

12.4.4 Intrinsic capital funding 

Sometimes, the structure of a contract is suc h that additional capita l is required at a future 
date - for example, to fund the issue of bonus units rewarding policyholders maintai ning 
a policy for a particular period. If the basis of calculation of the liability does not make 
adequate allowance for this additional capital, some of the projected profits may be negative. 

To avoid this, the liabili ty basis cou ld be changed or an additional component could be 
added, representi ng the present val ue of all additional capital requirements. In the UK. 
th is component is called a sterling reserve, because it represents the future cash (sterli ng) 
demands of the contract. 
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12.4.5 Liabilit ies and pri cing 

The next chapter discusses pricing. As liabilities are a key determinant of profit. they must 
also be a significant input to the pricing process. 

As part of the pricing process. profits can be projected on different liability bases in the 
manner of 12.4.1. For example, the profit at issue using a best estimate liabil ity is one 
simple measure that some actuaries use in pricing. Projections using liabilities determined 
in accordance with profit reponing standards will show how the proposed new product will 
affect the company's reported profit. 

For most financial products, issuing the product requires the allocation of capi tal to meet 
initial costs and to establi sh prudential margins in the liabilities. The pattern of usage and 
release of capital (with associated profits) can be seen in the profit signature for "AS Plus" 
in Figur! 12.3. As the shareholders will requi re a higher return on this capital than the 
expected investment return (wh ich they could obtain without taking the product risk), 
there is a cost associated with hav ing this capital tied up in the product. This cost must be 
allowed for in product pricing. (And note that you cannot learn anything about this cost 
from determ ining the best estimate liability at issue.) 

12.5 Practical va luat ion issues 

We have seen how the approach to a valuation depends on its purpose and we have discussed 
the effect of uncertainty. We now tum our allention to some practical issues. 

12.5.1 Materiality 

Not surprisingly. a more precise liability calculation will generally require more time and 
effort. [t is important to consider whether this would be justified. 

Generally, where the liability is not material to the accounts (that is. a relatively large 
change in the liability will have only a small effect on the balance sheet or the P&L). a 
more approximate calculation will suffice. 

12.5.2 Sensitivity 

Often, the actuary is required to calculate liabilities which are material. 

In these circumstances, it is important to understand how the choice of basis. data and 
assumptions (including di scount rates) can affect the calculation . Sellsifil'ifY test.\ can be 
carried out by varying these choices and noting the effect on the liability. 

Sensitivi ty tests can help the actuary to: 

select an appropriate valuation basis; 

• determine how to analyze data (eg what groupings to use): 

identify key assumptions fo r which more research or more precision is required: and 

check that the valuation model is operating correctly - for example. there may be an 
error if it doesn't react as expected when assumptions are changed . 

.,. , 
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12.5.3 Data 
Data was discussed in Chapler 10, but it is worth discussing specific issues in relation to 
liability valuations. 

Data requirements depend on the model. Traditional actuarial valuat ion formulae were 
designed not only to minimize computations but also to be able to operate on limited, 
summarized data, Thus, for example, a net premium valuation requires data to be divided 
by entry age, original term and current duration and operates on the aggregate sum insured 
and attaching bonuses (dividends), It is often possible to group data even furthcr, eg treal 
all 20-year endowment policies issued to people aged 20 to 30 as if they were a ll issued to 
25-year-olds. 

Models requiring projection and discounting of cash flows generally require more data. Each 
component of project cd cash flow that will be derived from information aboUI the busincss 
being projected needs to be fed that information. The information might be obvious, such 
as the level of premium being paid on a life insurance savings contract; or less obvious, 
such as date of last premium payment (if the model has a sophisticated mechanism fo r 
transferring policies from premium-paying to dormant). Similarly, where the projection 
depends on analysis of past data (such as in run-off triangles). the availability of more data 
is likely to enhance the projection - provided that the data is relevant and reliable. 

Complex models generally don't allow much grouping of the data, because they require so 
much information from each record. The exception is where the complex ity relates to the 
projection environment, rather than to the way in which rules apply to the business being 
projected. For example, a stochastic projection may have very complex rules governi ng 
future investment returns and the propensity of customers to make claims, withdraw funds, 
etc, but it could ignore or minimize differences in the rules governing individual comracts. 

Exercise 12.13 
This exercise requires you to do some research! 

Actuaries have a long history of val uing liabilities in life insurance, non-life 
insurance and superannuation. Find out what data is required fo r valuing the 
following liabilities and discuss why these requirements are different: 

(a) With-profit endowment policies valued by the net premium valuation 
method. 

(b) Single premium investment-linked policies valued by the margin on services 
method. 

(c) CTP (compulsory third party) claims valued by the Bornhuetler-Ferguson 
method. 

(d) Defined benefit pension fund liabilities valued as part ora funding calculation 
using the Aggregate method,!' 

21 Defined benefit superannuation funding calculations entail calculating the difference between 
assets and liabilities and determining the future contributions required to fund this difference. 
Different funding methods define and value the liabilities (and the assets) in different ways. In this 
exercise, we are interested in the liabilities which are taken into account in the Aggregate f unding 
method, discussed in Chapter 13. 
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One major challenge facing most actuaries when valuing liabilities is the a\-ailabi li ty and 
quality of data. As we have seen, the more sophisticated and complex models generally 
require a lot of data. In turn. this means Ihal such data must have been collected validated, 
stored and adequately maintained: otherwise, it will have linle or no value. Actuaries can 
have a critical role in ensuring Ihat the necessary data is collected and that it is properly 
validated and maintained. 
As with assumptions, a model will be more sensitive to errors in some data than in other 
data. For example, a valuation of investment-only life insurance liabilities is unlikely to be 
sign ificantly affected by errors in the data relating to the age or sex of the policyholders. 
However, this is critical data for valuing risk-only life or health insurance liabilities. 
Data also affects the model to the extent that it is used to derive assumptions. For example, 
most techniques for estimating outstanding non-life insurance elaims require claims 
developl~ent patterns to be derived from past experience. If the data representing that 
experience is unreliable, both the starting point and the modeled clai ms development will 
be compromised. 
The appropriate tests to validate data depend on the data itself, the sources of the data and 
the purposes for which it is to be used. These tests would include: 

ratios (llld trends - if the business is such that you would expect certain ratios to be 
similar from year to year or trends to be broadly maintained, then you can examine 
the data to sec whether there are deviations. For example, you may expect the average 
clai m size to be sim ilar 10 that in previous years; 

mOI'emenl analysis - you may have infonnation about movements in the liabilities 
being valued, which you can use to validate this year's data. For example, you may 
know how many claims there were at the previous valuation, how many new ones 
arose during the year and how many were settled; 

comparisol/ lI";th expecled - even without detailed movement information, you can 
often form a view about what the data should be like, based on market experience. the 
economic environment, the company's cash flows, etc; and 
clala integrity tesls - there are various tests, such as Benford's Law,22 which can be 
applied to detennine whether some or all of the data may be fake. 

12.5.4 Projection assumptions 

Chapter 10 addressed the general question of setting assumptions. As with any modeL 
the assumptions used in valuing liabilities should be appropriate to the purpose of the 
valuation. However. this statement is both obvious and unhelpful. 
In practice, in sett ing assumptions you need to answer a host of questions, including: 

what assumptions are needed? On one level, this question requires a list of parameters 
for which values are required. More importantly, however, it requires you to think 
about the nature of the parameter(eg is the assumed claim rate to be driven by lives or 
sums insured) and any implicit assumptions which you have made: 

Z2 Benford's Law was named for Dr Frank Benford, who noticed a pattern in the distribution of 
initiat digits of sets of numbers from various sources, including tables of logarithms. In a large set 
of numbers not created from a specific random distribution, the probability that a number stans 
with the digit 0 is tog"," + 1/0). This law can be used to highlight possible cases of anifieial data. 
References include Matthews (1999) and Browne (1998). 
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how accurate does this assumption need to be? The answer will depend on the 
sensitivity of the valuation to this assumption, the cost of increasing the accuracy and 
the nature and purpose of the valuation. Often, the important issue is how it relates 
co other assumptions, eg in calculating a superannuation liability, the gap between the 
investment return and salary inflation assumptions is usually far more significant than 
the absolute level of each assumption: 

how realistic or conservative must this assumption be? This is different from the 
previous question, because it relates to the way in which the assumption should differ 
from your best estimate. II will not always be obvious whether an assumption is 
conservative, either on its own or in conjunction with other assumptions; 
how will you derive this assumption? You need to consider how reliable the source is 
and how relevant it is to your valuation, eg claim rates derived from your company's 
own data should be more relevant than industry data, but the volume of data may 
be limited and past claims may relate to business written on different terms and/or 
subject to a different standard of underwriting. Also, having derived best estimate 
assumptions. it may be difficult to determine the margin to be added to achieve the 
desired level of conservatism; and 

what constraints apply? Often, the valuation is to be performed in accordance with 
actuarial standards, accounting standards, regulations andlor legislation, any or 
all of which might constrain the selection of assumptions. For example, many life 
insurance policy liability valuations under US GAAP~l must use the original pricing 
assumptions, even if these are now clearly wrong. 

As ever, the basic principles of the Actuarial Control Cycle apply to assumption setti ng. 
Often, the liability valuation is an update of a previous valuation, so a set of assumptions 
already exists. This is generally a useful start ing point and it may be appropriate to use 
many of the same assumptions. or the same processes for deriving them. However, you 
should always be prepared to challenge established practices. 

Conversely, you may appear to have relatively lillie available as a starting point for setti ng 
assumptions. For example, you may be using a new model or performing a valuation 
under new standards or in a new business or industry. You can mitigate this problem by 
considering parallels in other areas, using plenty of reasonableness checks and sensitivity 
analyses and establishing mechanisms to enable you to review the emerging experience 
relative to the assumptions. 

Exercise 12.14 

You have been asked to value the liabilities of a forestry company. This company 
owns a pine plantation and has entered into a contract to deliver a quantity of 
timber at a fixed price in three years' time. For the purposes of this exercise. you 
can assume that it takes five years to grow pine trees to an appropriate size for 
timber harvesting and that the trees in the plantation were planted two years ago. 

What assumptions will you need to make in order to perform this valuation? How 
will you set these assumptions? 

23 US GAAP (Generally Accepted Accounting Princip(es~ applies to US companies and to many 
others which choose to report on this basis. 
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12.5.5 Discount rates 

A valuation model comprises a projection and discounting of cash flows (whether explicit 
or implicit), so the valuation depends significantly on the discount rate(s) used. A full 
discussion on selecting the discount rate(s) could fill a book in itself. so this subsection is 
an overview of some of the key issues. 

12.5.5.1 Same projection and discount rates? 

Liabilities are often valued using the same rates of interest for projection and discount. 
This is the natural approach for calculating best estimate liabilities. which do not allow for 
the cost of the risk of adverse deviations from the assumptions. 

Even where the valuation allows for risk, the projection and discount rates may be the 
same. Th i\ could be because the cash flows have been adjusted to allow for risk or because 
the nature of the liability (or the calculation) is such that there is no material gnin in using 
differential rates. 

If risk is being al10wed for by usi ng different rates, the discount rate(s) would be expected 
to be lower, since this should result in a higher liability. However, where the liability is 
being determined indirectly from an embedded value calculation, the discount mte(s) 
would be higher than the projection interest mte(s). 

12.5.5.2 Allowing for tax 

Jf you think of the value of liabilities as being the value of the assets which the company 
would need to hold to meet the liabilities as they fall due, you can see that all future cash 
flows, including tax, must be allowed for in the valuation. 

Arguably, this means projecting after-tax cash flows and discounting at an after-tax discount 
rate. That is, if we expect the earning rate on assets to be 5%, with tax on these earnings at 
30010, we would discount the after-tax cash flows at ( 100-30)% x 5% = 3.5%. 

Consistent with this view, it is very common for liabilities to be valued using an after
tax discount rate and this is sometimes required by actuarial Of accounting standards. 
However, Martin and Tsui (1999) give a very clear demonstration that this is equi\alent to 
discounting those cash flows at the gross discount rate (5% in this example) and including 
a tax cost liability. The advantage of this approach can be seen when the /l1II1'imP of the 
liability discount is tax deductible. In that case, the tax on investment earnings is offset by 
the tax deduction for the increase in the liabil ity resulting from the unwind of the discount 
and there is no tax cost liability. 

10 The unwind of the liability discount is the effect of removing one or more years of discounting of 
the cash flows. It is the amount by which the liability would be increased if that discounting had not 
applied. 

• • .1 •• 
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Exam ple 12.6 
Marlin and Tsui demonstrate their point with three-year projections. but it is also 
possible to see the effect over onc year. For ease of comparison, we shall use the 
last year of their illustrations. 

Consider an obligation to pay $] ,000 in a year's time and assume that there are 
no other cash flows expected. If the appropriate gross discount rate is 10%, and 
tax is payable at 30%, then the net discount rate is 7% and the liabili ty is 1,000 I 
1.07 ~ $934.58. 

Our valuation assumes a return of 10% on the assets supporting this liability. 
giving us pre-tax earnings of934.58 x 10% = $93.46. If tax is payable at 30%, 
there will be a tax cost of30% x 93.46 = $28.04. This gives after-tax earnings of 
93.46 - 28.04 ~ $65.42. 

Therefore, the projected assets are 934.58 + 65.42 ::: $ 1,000, which validates the 
liability calculation. 

If we consider the liability as comprising a "payment liability" and a tax cost 
liabili ty, we can calcu late the payment liability as 1,000/ 1.10::: $909.09 and the 
tax cost liabili ty as 28.04 / 1. 10 ::: $25.49. This gives a total liability of 909.09 + 
25.49 ~ $934.58. 

Finally, if the unwi nd of the liability discount is tax-deductible, we find thai the 
correct liability is the payment liability. Gross earni ngs on this liabi lity will be 
$90.91. which is the same as the unw ind of the discount rate (1,000 - 909.09). 
Therefore, any tax payable on the earnings will be offset by the tax deductibili ty 
of the unwind. 

So, in summary, there is a clear theoretical basis for adopting a gross discount rate and 
calculating a lax cost liability to be included in the total liabi li ty. You should note, however, 
that it is often easier to use an after-tax discount rate when changes in the liability are not 
tax-deductible.:' 

12.5.5.3 Formula valuation methods 

A formula needs to be relatively simple, so it will typically use a single discount rate 
for all future periods. Using traditional actuarial assurance and annuity funct ions. it is then 
straightforward to calculate liabilities. The net premium valuation is a good example of this 
approach.1t> 

Apart from the constraints introduced by the particular formula approach being adopted 
(such as the implicit allowance for bonus rates in the discount rate in net premium 
valuations). the selection of discount rate(s) should not be affected by the fact thai a 
formula is being used. 

2S You can see this by noting that the tax cost liability in Example 12.6 could not be calculated 
without knowing the total liability at the start of the year. 
2S For a net premium valuation, a lower interest rate produces a higher liability, so the calculation is 
generally expected to be conservative if it is performed with interest rates well below best estimate. 
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12.5.5.4 Cash flow projections 

Where cash flows are projected and discounted, there is more scope to use multiple discount 
rates. It is quite common, for example, for outstanding claims estimates to be calculated 
using discount rates derived from the current yield curve of government bonds. That is, 
the projected cash flow in year Y is discounted at a rate of interest derh'ed from the market 
yield on government bonds maturing in year y' l7 

In general, a more accurate valuation would be achieved by using multiple discount rates. 
This would suggest that multiple rates would be used for best estimate and fair value valuations. 

Conversely, a conservative or approximate valuation might be expected to use a single 
discount rate. 

In practiCf, other factors also inAuence the choice. These factors include: 

constraints of the valuation software programs - there may be no scope to use multiple 
rates even if you wanted to (but note that this may be a reason to use different software): 

regulatory requirements - there may be an effective requirement to usc a single 
discount rate; 

the trade-off between complexity and accuracy - there may not be sufficient gain in 
accuracy to warrant the additional complexity; and 

presentation of the results - at times, ac~uaries valuing superannuation liabilities ha\e 
used different projection (and, hence, discount) rates in the first few years, because it 
is easier to explain the use of rates which are similar to current market yields. 

12.5.5.5 Setting discount rates 

So far, we have not really discussed how to set discount rates. 

First, let us consider the situation where the discount rate and projection interest rate arc 
the same. In this case, the question becomes one of how to set the projection interest rate. 

Assuming that a realistic valuation is required, a common (but much criticized) approach 
would be to consider the mix of assets backing the liabilities and, based on some form of 
economic model, derive an interest rate. 

For example, we might adopt a relatively simple model which starts with an assumed 
average inflation rate and assumes some relationships between inflation rates and short
and long-term interest rates and equity returns to progressively derive assumptions for 
average future cash, I O-year bond and equity returns. If we adjust thcsc returns for tax and 
apply them to the expected asset mix, we have a projection interest rate. 

This approach introduces two clear issues : 

Do we have a sound basis for deriving the expected returns on various asset classes') 

Is it appropriate that the val ue of the liabilities depends on the assumed mix of assets? 

lJ Arguably, the discount rale 10 use for cash flows in year Y is the market yield for zero·coupon 
government bonds maturing in year Y. These can be derived from the yield curve of Bctual coupon· 
paying bonds. but often the market yield on those bonds is used as a proxy. 

• . ~-; .. .. ~ . . . . 
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In both cases, the first question to consider is whether an apparently more appropriate 
approach will materially and cost-effectively affect the accuracy of the valuation. Thi s 
is not just a question of the sensitivity of the answer to changes in the projection and/or 
discount rates. You would also need to consider the likely degree of error introduced by 
approximations in the model or the derivation of other assumptions. 

Nevertheless, these are live issues and there is considerable debate among actuaries on the 
whole topic of setting discount rates. We consider this debate fu rther in Section 12.6. 

Exercise 12.15 

Using the model on the CD for Example 12.4, find out how the value of profit 
changes when you change the investment return, 

Why do you think this happens? 

12.6 Financial economics and discount rates 

As we have discussed throughout this chapter, there are many reasons why val uations 
should be as "accurate" as possible. We have also discussed the potentially critical role of 
the selection of discount rates and we have mentioned the current debate in this area. 

Financial economics, including the concept of state price deflators, provides a theoretical 
framework for setting discount rates and actuaries cannot afford to ignore th is; however, a 
full technical dissertation is beyond the scope of this chapter. Therefore, this section gives a 
brief overview of the key points. Jarvis et al (2001) present a good discussion of state price 
deflators and a very useful reference list. The concept of the Capiral Asser Pricing Model 
(CAPM) and the distinction between diversifiable and non-diversifiable risk are discussed 
in Ashe (2010) on the CD. 

The two key elements of financial economics are: 

market prices are arbitrage-free; and 

investors require a higher expected return for higher non-diversifiable risk. 

12.6.1 Arbitrage-free pricing and state price deflators 

An arbitrage opportunity exists in a market when it is possible to make a combination 
of transactions that give you something for nothing. Jarvis el al (2001. p4) give the 
following definition: 

An arbitrage opportunity exists when an investor can construct two different 
portfolios of differing price, which provide the same cash flows. Selling the more 
expensive portfolio and buying the cheaper portfolio with the proceeds produces 
an unlimited return without capital expenditure on the part of the investor. 

In effect, this means that the value of a set of cash flows is the same as the value of a 
portfolio of assets (including negative assets) which replicates this set of cash flows. This 
holds true whether or nOI the cash flows are certain, provided that the replicating portfolio 
will replicate the cash flows under all circumstances. 
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All obvious example of such a condition is a 100 percent reinsurance contract. under which 
the reinsurer will pay the insurer any amount which the insurer. in turn, must pay under the 
temlS of the policies covered by the contract. 

Mathematically, it is possible to develop this line of thinking by considering theoretical 
assets which payout one unit if a particular state holds true and nothing otherwise. 
By observing the market prices of real assets. and noting what their payouts would be in 
each state, it is possible to derive market prices for these state assets. These are known as 
state prices. 

In turn, this enables us to value a new asset. provided only that we know what its cash flo\\ s 
will be ill each state. We do not need to know the probability of each state occurring. 

[11 fact. however, we can derive the probability of each state occurring from the market 
prices of tbe real assets. Since we also know the state price. we can then derive stale price 
deflators, ~onceptua[[y equivalent to the factor \1 in compound interest. to discount cash 
flows in each stale back to the present day. 

Stale Price = Stale PlVbability x Stafe Price Deflator 

Example 12.7 
Jarvis e t al (2001) give an example ofa two-state model where the future states 
are either "feast" or "famine." In their. model, asset prices are such that it is 
possible to deduce the state price of feast as 0.35 and that of famine as 0.6. That 
is, an asset which will pay 1 in the feast state and 0 in the famine state would 
be worth 0.35 now. One which paid 0 in the feast state and 1 in the fa mine slate 
would be worth 0.6. 

In this model , a risk-free asset would pay I regardless of the state and ha, e a 
value of 0.35 + 0.6 = 0.95. This would suggest a risk-free discount rate of5.26°·0. 

If feast and famine are equally likely, the feast slate price deflator = 0.35 0.5 
0.7 and the famine state price deflator = 0.6 / 0.5 = 1.2. 

12.6.2 The risk-return trade-off: CAPM 

Disregarding state price deflators for the moment, the other key principle of finant:ml 
economics is that investors demand a higher expected return for tlon-di,crsifiable risk . 

.. . .. - ,. . _. 
~ . 
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Example 12.8 
Consider two assets. both with a payoff in one year's time. There are two possible 
states at that time, "feast" with a 10% probability and "famine" with a 90% 
probability. 

Asset A is certain 10 pay $100 while asset B wilt pay $190 in the feast state and 
$90 in the famine state. In both cases, the expected payoff is S100. However, an 
investor wou ld be expected to be prepared to pay more for A than for B because 
B carries hi gher risk. 

By extension, B would command a higher price than C, which pays $280 (feast) 
or $80 (famine). This can be validated by noting that B can be replicated by a 
portfolio of 50% A and 50% C. Since this portfolio must have the same price as 
B (otherwise an arbitrage is created) and A is more expensive than B, C must be 
cheaper. 

You may consider that we have cheated with this example, because asset C is a 
linear combination of A and 8. In fact, this will apply to all assets in this two-state 
model unless there is an arbitrage opportunity. 

The example illustrates that as the risk increases so does the expected return required by 
the investor. Of course, this is not to be confused with the actual return. 

This relationship between risk and expected return enables us to construct optimal portfolios 
of assets, which maximize the expected return for a given level ofrisk. 

We can also see that some risk does not command a premium. Individual assets, whose 
payoffs are uncorrelated but have the same expected value, can be combined in a portfolio 
which has the same expected payoff and a lower risk. To avoid creating an arbitrage, the 
individual assets cannot be priced to yield a higher return than the portfolio. 

By extension, no additional return can be expected for any risk which is diversifiable. 

This leads to the CAPM equation: 

E(r) = rF + P (1'\/ - rF ) 

That is, the expectcd return is the risk-free return (1'1') plus a factor (fJ) times the difference 
between the overall expected market return ("\,) and the risk-free return. P is the ratio of the 
riskiness of the asset to the riskiness of the overall market. 

At this point. we can return to state price deflators. Remembering that the state prices 
simply reflect overall market prices, we can adjust the state probabilities so th(lt the 
deflators all become the risk-free deflator (1 + r

f
)'. These risk-adjusted probabilities could 

then be used to produce risk-adjusted cash flow projections which can be discounted at the 
risk-free rate. 

What all this means is that there is always a set of risk-based adjustments to cash flows 
which would enable the results to be discounted at the risk-free rate. If these adjustments 
can be approximated by adjusting projcction assumptions, we have a valuable practical 
model for valuations. 
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12.6.3 Actuaries and financial economics 

As we have said, actuaries cannot afford to ignore financial economics. However. there are 
some practical issues which must be addressed. 

Most actuaries probably derive economic assumptions from CAPM-inspired models like 
the simple one described in 12.5.5.5, ie starting with a base such as inflation or the risk-free 
rate of return and adding margins for risk, liquidity and the time value of money. A similar 
approach may be used to derive a discount rate for embedded value calculations. 

This raises various issues. including: 

what is the risk-free rate of return. I'F? In some cases, this may appear obvious. but 
there is generally room for some debate: 

how q"luch work is justified in deriving the market rate of return. 1'1/' and the P for 
each asset class? Given that liquidity premiums and other factors are also at work. a 
common practical approach is to start with observable differences in expected returns 
rather than attempting to calculate P etc. For example, a comparison of market yields 
on index-linked government securities and those on fixed-coupon bonds produces an 
implicit market expectation of future inflation; 

how relevant is the model over the long term? Many analyses of relative returns of 
asset classes show that equities have generally outperformed bonds over the long term. 
However, Fitzherbert (2001) has shown that there is no apparent long-term reward for 
risk within the class of Australian equit~es.28 Furthermore, it is arguable that weight
of-money considerations are responsible for the past outperformance of equities;:!9 and 

most projections require assumptions (generally implicit) about the returns available 
on Future investments in various asset classes. Can these be determined using CAPM 
or state price deflators? 

It is st ill standard actuarial practice, and sometimes required by regulators. to project 
and discount cash flows with reference to the expected investment return on the as~ts 
supporting the liabilities. On the face of it, this approach would appear to have been 
justified by the higher long-term returns achieved on equities. lO 

However, the move toward measuring liabilities at fair value clearly raises the issue of 
arbitrage-free pricing and the use of discount rates (or deflators) defined by the liabilities 
rather than the current asset mix. This, in turn. raises issues including: 

it is generally very difficu lt to determine an asset portfolio that replicates the 
liability. This makes it hard to identify the right discount rates or to derive state 
price deflators; and 

za Note Ihallhis is nOllhe same as saying that CAPM is Mwrong. ~ Fillherbert (2001) simpiv asserts 
that CAPM is a single period model which is often used. uncritically. 10 justify long-term risk premiums 
in multi-period projections end that there is no evidence for a long·term risk premium. 
~ Higher equity returns can be explained by an argument that equities were mis-priced in the earty 
days, when markets were inefficient and institutional investors didn't understand risk and largely 
ignored equities. As these barriers were removed, institutions sought to increase their exposure 
to eqUities. This increase in demand pushed up prices, which attracted further investment, further 
pushing up prices, etc. 
30 Short-Ierm equity returns are, however. often lower than Mrisk free~ relurns.ln periods of acute or 
sustained underperformance, allowance for higher long-term returns can be (at best) hard to explain . 

• 
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an apparent arbitrage can be sustainable if friction is high enough. In olher words, 
if it costs too much (eg in transaction COS1S) to take advantage of the arbitrage. 
then the apparent arbitrage is sustainable. This may wen apply to many fina ncia l 
services liabilities. 

These difficulties may largely reflect the gap in practical appiicationsoffinancial economics 
in this area, particularly the lack of insurance derivative products which would repl icate 
typical liabilities and remove the fric tion costs of eliminating arbitrages. This has been the 
development path in other financial markets. 

We can expect to see significant developments in actuarial thinking in this regard, to help 
actuaries to set discount rates in accordance with financia l economics principles. With 
experience, including monitoring and review. our knowledge and practice will continue to 
improve. Thi s is si mply another demonstration of the control cycle principle. 

Exercise 12.16 
We have discussed the fact that actuaries must decide whether to allow for the 
expected earnings on the supporti ng assets when calculating a liability. One 
example is superannuation, where the actuary is recommending a contribution 
rate based on the difference between the assets and the liabilities. 

Contributions to a defined benefit superannuation fund affect a company's profit. 
One major driver of the contribution rate is the net liability which is to be funded. 
Considering this and other relevant issues, what are the implications of: 

(a) Allowing for an equity risk premium which does not eventuate? 

(b) Allowing for risk·free returns which the fund significantly exceeds In 

practice? 

12.7 Practical implications fo r actuaries 

The valuation of liabilities is a core actuarial functionll and this is the work that many 
actuaries perform every day. The change in liabilities is often a key component of profit. 
The accuracy (or. at least, the adequacy) of conservative liabilities affects the entity's 
perceived financial strength. However, many liabilities on a company's balance sheet are 
not routinely valued by actuaries. Moreover, the valuation of liabilities must be seen in the 
context of the valuation of assets. including deferred acquisition costs, which may be seen 
by the company as outside the actuary's scope. So, the actuary's valuation of liabilities 
cannot be viewed in isolation. The company's financial position is also affected by liability 
and asset valuations undertaken by others. 

Thus, in valuing liabilities. the actuary must not only be aware of the purpose of the 
valuation (eg realistic profit or solvency) but also understand the context. This requires 
continual and effective communication with the rest of the entity's finance team. 

31 legislation may raquire that certain Ii abilities, such as outstanding claims, must be certified by an 
actuary. 
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As the actuary's val uation is likely to have a significant effect on profit. it is important to 
keep management informed in a timely manner. You have not done a particularly good job 
if your va luation is technically perfect and your report is beautifully written but the number 
comes as a big surprise to management when your report is complete. 

12.8 Key learn ing po ints 

In this chapter, we have discussed the nature ofliabilities and considered issues associaled 
with their measurement. 

Reserves and provisions are established on the balance sheet for various different 
types of liability. 

The value ascribed to a liability depends on the purpose of the valuation: if the 
va luat ion is intended to be conservative, it can be expected to conta in margins relativc 
to a "realistic" valuation. 

Having dctcrmined the purpose of the valuat ion , there are usually several valuation 
methods available. 

When valuing liabilities, it is important to remember to allow for any guarantees or 
options. 

The valuation will affect reported profit; the effect can be largely an intended 
consequence of the valuation methodology or it can arise from uncertainties or errors 
in the valuation. 

Sensitivity tests are an important tool to help the actuary to understand and val idate 
the valuation. 

For long-term liabilities, the selection of discount rate can be very important. This 
chapter introduces the reader to some of the issues surrounding this decision. including 
the rote of financial econom ics. 

This chapter has close links to Chapters 9 (Modeling), 10 (Data and Assumptions). 
II (The Need for Capital), 13 (Pricing), 14 (Assets), 15 (Solvency) and 16 (Profit). 
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Fred's Coffee Shop - Pricing 
Once Fred decided on the menu of coffee and light meals his coffee shop wauld 
offer. he had to work Qut what prices to charge. When he first started thinking 
about the sort of shop he would open, he wanted to offer the very best of 
everything: ingredients, surroundings, service. But when he added up all the 
costs, he found that he would have to charge S 10 for a cup of coffee! This was 
more than most of his customers would be willing to pay. Fred's coffee shop, 
li ke any business, has to set prices that will both cover costs and be attractive 
to customers. 

Chapter 13 describes a systematic approach for setting prices. Th is will involve 
repeat~d iterations, fine-tuning the combinations of product features and price 
by running them as inputs to the business model, on various assumptions, to 
find a combination that we believe will be competitive and meet our profit 
objective. Several different possible profit objectives are discussed. 

The cost of the ingred ients in a cup of coffee is tiny compared to the price 
a customer pays. Most of the price goes to cover fixed expenses {th ose that 
don't vary directly with number of sales) such as wages, rent and electricity. 
(Note that, once sales volume passes a certain point, Fred may need to put on 
extra staff and move to larger premises. So, strictly speaking, these expenses 
are usemi·variable" rather than fixed.) An important decision in pricing is how 
much each product should contribute to fixed costs. Fred might decide that a 
cup of coffee should have a loading of $2 above the cost of ingredients and any 
other variable expenses. Then, if he has 200 customers a day each buying a (UP 
of coffee, the shop will generate $400 a day to cover fixed costs and profit. He 
cou ld build the same loadi ng into every product but this is not essential. It will 
help if he ca n get his customers to buy cake as well, even if the loading per cake 
is on ly 50 cents. With half of his customers buying a cake with their coffee, 
that's an extra $50 a day to cover overhead and profit. 

However, if Fred structures his prices in this way, he will have to keep a careful 
eye on what he is selling, not just the total sales revenue. Suppose that his cakes 
are such excellent value that he sells twice as many as expected but he only 
sells half the coffee he had expected. You can see that he will have less to cover 
fixed costs and profit and may even end up operating at a loss. He may have to 
increase the loading o n ca kes to make a greater contribution or perhaps reduce 
the loading on coffee to sti mulate more sales. 

The actual costs may also turn out to be different from what Fred expect('d 
and he may have to adjust the prices for these reasons or make changes to the 
products. He will learn more about his customer preferences: maybe they are as 
willing to pa y S4 as $3.50 for an item but very reluctan t to spend more than H, 
or perhaps they are price·sensitive on basic items and not on extras. So prking 
is not a process that is done once and then set aside; it must be repeated at 
intervals as long as the product is offered for sale. 

The first twelve sections of Chapter 13 consider setting prices when') company 
is providing a product and needs to cover its costs and make a profit. Section 
13. 13 looks at a related situation: deciding on the level of regular contributions 
to make Into a fund to meet some long· term objective. 

. ' 
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For example, suppose that Fred wants to buy the shop premises that he is 
renting at the end of ten yea rs and sets up a fund in which to accumulate the 
projected cost. He might choose to spread the cost as evenly as possible over ten 
years, or he might decide to make no contributions for a few years and make 
higher contributions later on. [n either case, he will need to check at intervals 
before the end of the period and adjust his contributions (a nd as he observes 
trends in real estate, he may have to adjust his target) to stay on track. 
Now suppose that he has another fund, in which he is accumulating money 
to provide retirement benefits that he has promised to his staff. In this case, 
he probably won't have as much freedom about the level of contributions 
- his staff won't feel too confident of receiving the promised benefits if no 
contributions are made for the first few years. In fact , the sta ff (or regulations) 
will probably require Fred to get the advice of an independent actuary on the 
amount of contribution that should be made each year, so that the promised 
benefits are reasonably secu re. Section 13.13 describes some of the methods 
that actuaries use for this purpose. 



-----------------------------------------------------------~ 

Chapter 13: Pricing 
by Mark Rowley 

13.1 Introduction 

13.1.1 What is pricing? 

In simplest terms, it, is det~rmining wha.t a compa~y will charge its customers to provide 
the product. For a simple Insurance poltcy, the price would be the premium. For a long~ 
term savings product, the price might be made up of a number of fees and charges and, 
perhaps. Ilk rules governing the crediting of investment return. For a loan product. the price 
might include fees as well as the interest rate to be charged. The price indudcs additional 
fees which may be charged under certain ci rcumstances, such as early withdrawal frorll a 
savings product or early repayment of a loan. 

When you buy insurance for your car, to cover against the cost of accident or thefl, yOU 

pay a premium that is set with regard to factors which might include the make, model, age 
and value of the car; where it is usually garaged or parked overnight; the usual driver's age. 
driving record and accident history; and the use to which the car will be put. Clearly, the 
premium is the price that you pay, but setting the rules and parameters determining !low 
that premium is derived from these fac tors is priciJlg. 

The answer to the question '·What do actuaries do?" is that traditionally there are IWO 

things- price products and determine reserves. This is simi lar 10 a statement by Trowbridge 
(1989. p35): 

Actuaries have developed a generalized mathematical model for the interaction 
between a financial security system and its individual members. This modcl 
is employed in both rate making and the determination of reserves. two of the 
important functions that actuaries perfonn. 

Chapter 12 discussed the valuation of I iabi lities - that is. the determinat ion of reserves. \\"c 
now come to pricing, which has always been fundamental to actuarial practice. 

13. 1.2 Pricing process: application of the Actuarial Control Cycle 

The Actuarial Control Cycle is based on a simple problem-solving algorithm: 

understand the problem; 

develop and implement a solution; 

monitor the effectiveness of the solution; and 

repeat these three steps if necessary. 

The pricing process is a good example of the application of the control cycle. In this 
chapter. we will primarily deal with the second and third aspects of the algorithm _ de\elop 
and implement a solution, and monitor the effectiveness of the solution. In this context the 
company has identified the problem and understood that the SOlution is to develop a nCw 
product. To develop and implement the solution - the produci -the following steps could 
be followed: 

• 
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A product, designed in a certain way. is proposed. 

Prices for the product are postulated. 

A model is buill. 

Assumptions are set to use in the model. 

The profit of the product is tested by using the model. 

Sensitivity and scenario test ing is done, to assess the vulnerability of the profit to 
adverse experience and the scope for additional profit. 

A report is written summarizing the results of the pricing including an ana lysis of the 
risks inherent in the product. 

Each of these steps is repeated until a decision is made to implement the product. For 
example, various designs, prices, assumptions and profit levels are considered. There 
will also be several drafts of the report written. 

Different companies and actuaries do things differently, often in a different order than that 
suggested above. However, all these steps do need to occur ifpricing is to be done well. 

After the product is implemented, the cycle conti nues with a further step: 

The product is monitored based on how much of the product has been sold, the level 
of profitability and many other factors. Any aspect of the product could be changed, 
including designs, prices, assumptions and profit levels. An updated pricing report 
would also be written. 

13.1.3 What is covered in this chapter? 

This chapter addresses the various aspects of the control cycle in the pricing process. It is 
written assuming that the steps listed in Section 13.1.2 happen in that order, even though 
that doesn't always happen in actual pricing processes. First, however, Section 13.2 sets the 
stage with a description of the environment in which actuaries operate, which is important 
to understand as background for the Actuarial Control Cycle. 

Sections 13.3 to 13.12 cover the pricing cycle set out in 13.1 .2 , including a section (13.7) 
that discusses expenses. 

Much of the focus of the chapter is on life insurance, because this is where the full pricing 
process can be most clearly seen. Section 13.13 considers a variation of the pricing issue, 
namely the funding of long-term commitments such as defined benefit pension plans. 

Section 13.14 discusses the professional and practical implications for actuaries. 

Section 13. 15 summarizes the key learning points in the chapter. 

13.2 The environment in which actuaries operate 

13.2.1 Pricing objectives - competitiveness and profitability 

Prices should be low enough that customers will buy the product and high enough thai the 
business can meet its profit goals. If the price is low enough it is cOn/perirh'e and ifit is high 
enough the business can be profirable. 
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More broadly, if the price is competitive and profitable. the needs of the business's 
stakeholders can be mel. 

13.2.2 Stakeholders 

There are many stakeholders involved with insurance and financial enterprises. 

Owners of the business provide the capital needed to finance the enterprise. They need 
prices to be profitable so that they can meet their profit goals. Some owners need more 
profit than others. In Section 13.8, \ve will consider examples of profit objectives. Ov,,'ners 
are also interested in prices being competitive so that sales goals are mel. It is hard to earn 
enough profit if sales are low. 

Sales illfermedi(/rie~' need prices to be competitive so that enough customers buy the 
product. T~is will allow them to earn an adequate commission from the Sa le of the product. 

C/lstomers also want prices to be competitive so that they can nfford to purchase the 
product. They also want to believe that they are gening a good deal. 

GOl'ernmellls and regulators want prices to be profitable so that insurance and financial 
enterprises stay in business. They want the businesses to be able to continue to serve 
customers. They also want prices to be competitive so that customers arc treated fairly. 
Many regulators view their role to be one of protecting the consumer. It is challenging to 
manage these two objectives. 

Employees of the business want the business to be profitable so that they can be confident 
that they wi ll keep their jobs. 

insurers usc reinsurers to help manage their risks and capital. Reinsurers want the insurers 
to set their prices to be competitive and profitable, since the reinsurers are subject to many 
of the same risks as are insurance companies. 

13.3 Product design 

The first step in the pricing process is to propose a product design. This was the subject of 
Chapter 8. where more detail may be found. 

13.3.1 What is product design? 

This depends on your perspective and is viewed differently by each stakeholder. To the 
customer, the product design is the benefits provided by the product and how they pay 
for the producl. To the sales intermediary, it includes how much commission the product 
pays and how the commission varies by year. Owners of the business arc interested in 
who is expected to sell the product, how the product will be marketed and how it will be 
administered. Actuaries are interested in all of these things and how the business's profits 
will change because of this product. All of these things are part ofthc product design. 

13.3.2 Interaction of product design and pricing: an iterative process 

As stated earlier. prices have to be low enough that customers will buy the product. In fact. 
the product has to be competitil'e, meaning that the customer finds the product design to 
have value at that price. It is common in the pricing process to consider several different 

• 
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product designs. The expected costs of each design are differcni and have to be incorporated 
into the pricing. 

In this chapter, we assume that the first step in the pricing process is the proposal of a 
product design. The steps that follow will lead to the determination of a price that is 
designed to produce a reasonable profit. Another issue is how much of the product could 
be sold at the price determined. 

The next step is the determination of whether this combination of product design and 
price is the best that can be done. There could be many reasons to change the design, 
including that: 

the marketing department doesn'l think that sales goals will be met: 

there are too many competitors selling the same product; and 

the price that competitors are charging for the product will not resuil in an 
adequale profit. 

If the decision is made to change the product design then the same steps are repeated to 
determine a new price that is designed to produce a reasonable profit. In most cases, the 
prices will be different because the design has changed. Also, another determination will 
be made as to how much can be sold with the new combination of design and price. 

This process could occur many times. During the process, the right balance has to be 
found between the benefits provided by the product and the price. The product has to be 
compet itive: the benefits have to be high enough and the price needs to be low enough. 

13.4 Prices postulated 

The second step in the pricing process is to postulate a price. 

13.4.1 Setting and testing prices 

Seftillg a price means choosing a price that will in turn be eval uated through testillg -
comparing the expected profitability against the objectives, as we will see later. 

A price may be set using a cost-pills process. This means that prices are determined by 
evaluation of all the cost elements (such as claims and expenses) plus desired profit. This 
requires modeling to evaluale the expected level of all of these costs and the desired level 
of profit. 

The key advantage of cost-plus pricing is that an expected profit margin is included in 
the price. 

However, cost-plus pricing doesn't take into account the competitive position. In practice, it 
is common to set initial prices fortesting by estimating what it would take to be competitive. 
For example. prices might be set a t 95 percent of a particular competitor's prices, to allow 
entry into the market for a new product. While this can be a relatively easy way to set a 
price. we can't immedialely tell how profitable it is. 

The next step. therefore, is to test this initial price by modeling all the expected costs. 
which will allow for an estimate of result ing profits. In practice, several different prices are 
tested before a set of prices is chosen that best balances competitiveness and profitability. 
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13.4.2 Impact of prices and commission on sales 

One important variable in testing is the level of sales, since lower prices typically lead to 
higher sales. The level of sales has an impact on how fixed expenses are considered in the 
pricing. We will consider this further in Section 13.7. 

Another variable that can affect sales is the level of commissions paid to sales Intermediaries. 
Chalke ( 1991, P 162) discusses the impact of the price of the product (the retail price) and 
the commission (the compensatiol/ structure): 

With both of these independent price structures as variables during the pricing 
process, the insurer faces, not a demand curve, but a demand surface. As the 
compensation structure becomes more attractive independently of retail price, 
~roduction is expected to increase. As the retail price increases independently 
of the compensation structure, production is expected to decrease. With one 
horizontal axis representing the retail price and the other horizontal axis 
representing the compensation structure, the demand surface might be similar to 
that shown in [Figure 13.1]. 

Figure 13.1 Chalke's product demand surface 

Chalke's product demand surface is a three-dimensional graph, where the independent 
variables are price and commissions and the dependent variable is sales. While in theory 
it is clear that price and commissions affect sales, it is hard to estimate the sales that \~ ill 
result from different combinations of price and commissions. 

For more details. see Chalke's paper on the CD. 

13.5 Modeling 

The third step in the pricing process is 10 build a model. This was the subject of Chapter 9. 
where more detailed discussion may be found. 

• 
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13.5.1 What is model ing? 

A model is a representation of reality. Actuaries build models that approximate the 
financial implications related to products. Models are never precisely correct but they are 
useful in managing risk. Some models are very simple and some are very complex. Al most 
everything an actuary does invo lves a model, even if the actuary doesn't think about it in 
that way. Trowbridge (1989. p35) said it this way: 

By clearing away much of the distracting and confusing detail, a model reduces 
a complicated reality to its essential elements. A well·conceived model becomes 
an important and useful tool in the study of complex systems. 

13.5.2 One pricing model 

A model we will use in this chapter assumes that profit objectives are met whenever the 
present value of distributable earnings is greater than zero. In this case, the product is 
profitable enough if the present value of distributable earnings is greater than zero. We wi ll 
discuss other possible profit objectives in Section 13.8. 

A model is needed to work with the exercises in Sections 13.9 and 13.10 and the model 
used is intentionally simple for the purposes of this chapter. Improvements could be made 
to the model but they are not required in order to understand the key concepts in the chapter. 

Distribuwble earnillgs means the amount earned by the product that can be paid to the 
owners of the business. If the distributable earnings are negative that means that the owners 
are investing capital. It is common for the owners to invest capital at the time policies arc 
issued and have capital paid back as a return in the subsequent years. 

For the purposes of this model, profit earned at time t (P,\) is defined as: 

• 

• 

premiums (P,); less 

commissions (C,); less 

expenses (E,); less 

claims (el,); less 

change in reserve (CR,); plus 

interest (I,), 

Distributable earnings (DE,) are defined as: 

profit (PR,); less 

change in target surplus (CSt)' 

Note that target sllrpills here means the amount that the company wishes to retain in 
addition to its reserves to protect against adverse experience. 

Each item in the model is adjusted by decrements (lapse rates. mortality rates etc) to reAect 
how many policies are still active. 

This model can be found at Tab 13.1 in "Chapter 13 Pricing Model Spreadsheet" on the CD. 
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13.6 Assumptions 

The founh step in the pricing process is to set assumptions. One assumption that has to be 
set is the profit objective. which is discussed in Section 13.8. Assumptions are the subject 
of Chapter 10. where a more detailed discussion may be found. 

13.S.1 What are assumptions? 

Phillips (1998. p7) says: 

Actuarial assumptions are a representation of past or current experience in the 
parameters that affect a financial security system or the model it represents. [ ... 1 
An actuarial model gives us a peek into how the future might be based on the 

.actuarial assumptions that go into the calculations. 

Assumpt ions include mortality rales, morbidity rates, incidence rates. cla im amount 
distributions and per unit expenses; and the list could be much longer. When you consider 
the many types of insurance that exist, a great number of different kinds of assumption 
would be needed. Assumptions are needed to project claims, expenses, premiums, reserves 
and other amounts needed fo r pricing. 

The project ion of cla ims usually requires separate assumptions for incidence and severity, 
meaning that the actuary needs assumptions for both the probability of a claim being paid 
(illcidellce) and the amount of the claim given that a claim is paid (severity). Naturally, 
these assumpt ions will depend on the type of claim bei ng projected a·nd some products will 
require modeling of more than one claim type. For example, savings products may require 
projections of both withdrawals and deaths. 

The projection of expenses requires assumptions for fixed, variable and semi-variable 
expenses. We will discuss these in Section 13.7. 

13.6.2 What process is used to set assumpt ions? 

The first step is to identify the need fo r an assumption, in other words to understand why 
the assumpt ion is relevant. For example, it is relatively easy to understand why a mortality 
assumption would be relevant for life insurance and life-contingent annuities. A mortality 
assumption is needed to project claims costs and as a decrement. 

The next step in setti ng an assumption is to obtain relevant data. This can be easy or very 
challenging. For common products, actuaries can easily find appropriate data from their 
own company or from industry studies. Finding data for new products can be much more 
difficult ; and setting the assumption requires a lot of j udgment. 

The best data generally comes from a study on a more or less similar product. At times, 
however, directly relevant data is not available and data has to be obtained from other 
sources. Any source of data can be considered - i( is commOIJ to use government or 
academic studies. In this case, the data has to be adjusted because the context can affect 
resu lts. For example, monality rates in the general popu lation are different from mortality 
rates for life insurance, which arc different from mortality for life-contingent annuities. 

Some people apply for life insurance because they are relatively unhealthy and know that 
they have a strong need for Ihe insurance. This leads insurance compan ies to um/enn'ile 
applicants, meaning that good health has to be demonstrated. As a result, life insurance 
mortality tends to be lower than population mortality. 

• • 
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In some situations, insurance companies require significant proof of good health and thc 
resulting mortality is a lot beller than poputation mortality. This is sometimes called filII 
unde"ITilillg. In othcr cases, less proof is required and the mortality is somewhat higher 
but still better than population mortality. This is sometimes called simplified lI1lde"rrililig. 
There are even situations where very little underwriting is done and the resulting mortality 
can be higher than population mortality. This is called gllolUllleel/ issue. 

Mortality on life-contingent annu ities is usually lower than population mortal ity because 
people who apply for annuities are relatively healthy. It makes sense that they would be 
healthy because they buy an annuity to receive income from the annuity as long as they stay 
alive; if they didn 't expect to have a long life. it wouldn 't be logical to purchase the annuity. 

Another example of a relevant assumption for many products is the interest rate used. 
Interest rates are used in at least two ways: to estimate investment income on the assets 
used to support the product and to discount cash flows. We will discuss this latter use in 
more length in Secti on 13.8. 

The interest rate or rates used to estimate investment income wi ll often be derived from 
current interest rates being earned on new investments. To do this properly, it is important 
to understand the investment strategy that witl be used for the product. Will ten-year bonds 
be purchased or thirty-year home mortgage loans? It may be that a variety of different 
assets wi ll be a part of the investment strategy and the rates on all these assets need to 
be averaged. Another source of data could be the current investment yield on the assets 
already owned by the company. This might be appropriate if the strategy is to allocate 
investment income to all products in the company in the same way. as a proportionate share 
of all investment income. 

The interest rate used to discount cash flows is often a return on capital rate that the owners 
of the company need to earn to be willing to invest in the company. A source of data for 
this assumption could be industry surveys as to what is commonly used. This rate is usually 
higher than the rate earned on new investments. It could also be estimated by stock brokers 
as the rate inherently used by purchasers of insurance company stocks. 

It is important to confirm that the data is accurate. In many pricing efforts a very large 
amount of time is spent analyzing the data, correcting data that is in error and deleting 
data that can't be corrected. This is true regardless of the type of assumption being set; the 
actuary could be analyzing the size of claims or doing a study of the company's expenses. 

In Secti on 13.10, we wi ll discuss the importance of testing a variety of assumptions. 

13.6.3 What is a margin? 

A mOl'gill is a change to an assumption that considers the risk that Ihe assumption will 
tum out to be worse than the expected value. For example, assume that the probability 
of claim for a new type of insurance product is estimated to be five percent, based on 
a statistical analysis of data from a simi lar product. There is a risk that the incidence 
rate in the new product will be higher than five perccnt. (Of course, if the distribution is 
reasonably symmetrical. there is about a 50 percent probability that the incidence rate wilt 
be higher than the mean.) Also. since this product is new, it may be that the underlying 
claims distribution is higher because ofa factor that was not considered. If a pricing margin 
of 20 percent is added, then a six percent probability could be assumed. The risk that the 
incidence rate will be higher than six percent is most likely a lot less than the risk that it 
will be higher than five percent. 
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It is challengi ng to set assumptions and there is always a risk of adverse results. There 
is also always a chance that the assumption wil l tum out more favorably than expected. 
When there is a lack of relevant data, it is harder to determine the assumption and the risk 
is greater that the assumption is not set correctly. In many cases. this will lead to a greater 
margin being used. The idea is to compensate for the lack of data and reduce the risk that 
the assumption is too optimistic. 

If a margin is added to assumptions that model claims, the result is that claims are 
projected to be larger. This can be done by increasing either the incidence rate or the 
severity assumption. In a similar way, if a margin is added to expenses, the result will be a 
projection of larger expenses. 

There are times when including a margin in an assumption means that the assumption 
actually needs to be reduced. A common example is lapse rates, since it is true for many 
products ttlat smaller lapse rates mean lower profits. This is especially true with lapse rates 
in the later durations of a product. 

Two approaches that can be used in working with margins are: 

each assumption can be adjusted individually by a margin; or 

a single margin can be added to the entire pricing exerci se, which has the same effect 
as increasing the profit objective. 

If each assumpt ion is adjusted individually by a margin , it may be difficult to evaluate 
how much margin ex ists in the total pricing.. It may be that, in total , the pricing is \'ery 
pessimistic. Said another way, it may be that there is so much margin that the pricing 
assumes a very extreme worst case scenario. Jfthis is true, il is also probably true that this 
set of pricing assumptions would result in a very uncompetitive product. If instead only 
one or a few assumptions are adjusted by a margin, then the total margi n is less likely to 
be larger than j ustified. 

If a single margi n is added to the enti re pricing exercise, th is should reflect the actuary's 
opinion of how risky the product is in total. What this means is that more profit is needed 
because the product is ri sky. This can be thought of as a risk/reward trade-ofT. We will 
discuss profit objectives in more detail in Section 13.8. 

Example 13.1 Pricing a specialty health insurance product 
Your company plans to introduce a cancer insurance product for women in a new 
country. The product will pay the insured $1 0,000 on proof of cancer. A premium 
is paid once a year and is higher for older insureds. The product can be rcnewed 
each year by paying the premium appropriate for that age. This is true whether or 
not the insured has had a claim and whether or not she currently has cancer. The 
premium is the same for a new customer who must prove that she doesn't have 
cancer and an individual who just renewed her policy, if they arc the same age. 
The max imum that can evcr be paid on the product is $20,000. 

The only data available to help price this product is a study done by the government 
o f the country as to the percentage of the female population, by age, that currently 
has cancer. The following table is extracted from the government data: 

lAg. 
I 

45 

I 
50 

I 
55 

I 
60 

I 2% 4% 7% 12% : Probability 

• 
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The first thing that should be done is to evaluate whether this data is accurate. 
The actuary should read the report that came with Ihis study and see if the author 
noted any concerns about Ihe data. If there are issues with this data, the true value 
may be somewhat different from what was reported . 

In th is example, it is also clear that this data needs to be adjusted for the part icular 
insurance context. 

The applicants need to prove that they don't have cancer, so the probabilities 
need to be reduced to reflect that the applicants are healthier than the general 
population when they first buy the product. 

However, the probabi li ties need to be different for the situation where the insured 
renews the product. Consider two 50-year-old women: 

· Anne, who has just proved that she doesn't have cancer; and 

· Belinda, who proved that she didn't have cancer when she boUght the product 
a year ago. 

It would generally be expected that Belinda has the higher probability of claim. 
Reasons for this include: 

· there is a chance that Belinda's health has changed for the worse in the year 
since she bought her policy; and 

• Belinda chose to renew the policy. It is more likely that she would make th is 
choice if she thought that she had an increased chance of getting cancer. 

To adjust for the insurance context, multiplicative fac tors are developed separately 
for women who have just proved that they don't have cancer and those who have 
just renewed their policies. 

Assume that there is no data available to help detennine these multiplicative 
facto rs. This is not an unusual situation. Experienced actuaries are often asked to 
use their judgment to deal with this kind of situation. Assume that the following 
factors are developed by the actuary: 

Ag. 45 50 55 60 

Factor for new policy 0.80 0.85 0.85 0.90 

Factor for renewed policy 1.00 1.10 1.05 1.20 

Combining the probabilities from the government study with these factors results 
in the following: 

Ag. 45 50 55 60 

Probability for new policy 1.60% 3.40% 5.95% 10.80% 

Probability for renewed policy 2.00% 4.40% 7.35% 14.40% 
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Should a margin be added? An actuary would definitely want to add a margin 
given the lack of data and the need to develop factors based on judgment. There 
is plenty of risk that these probabilities could be too low. The margin could also 
serve as a profit objective. Since this is a new product, there may be very little 
competition. It may be possible to add a margin and still be able to meet sales 
goals. Let's use a margin of five percent of claims. 

Assumptions also need to be set for commissions and expenses. A commission 
of $100 will be paid when a new policy is sold or a policy is renewed. Having 
completed a study of the company's expenses, it is decided that $75 per pol icy 
per annum is needed. In total, $175 needs to be included for commissions 
and expenses. 

Prem\llms can now be set as the probability of claim, times 1.05 to add the margin, 
times $ [0,000 as the benefit amount, plus $175 for expenses. Here ] ~ the result: 

Ag. 45 50 55 60 

Premium for new policy $343 $532 $800 $1,309 

Premium for renewed policy $385 $637 $947 $1,687 

The last th ing to do is to come up with one premium for each age, since the 
company plans to charge the same premium whether the policy is new or 
renewed, An assumption needs to be made as to the percentage of policies that 
will be sold as new and how many wiJl be sold as renewed. This is a different 
kind of assumpt ion than has been mentioned previously but il is a common type 
of assumption that actuaries have to set. 

We will leave it to you 10 calculate what the premiums will be ifil is assumed that 
half the policies at each age will be sold as new and half as renewed. 

13.7 Expenses 

Often, in pricing, one of the most important issues is how to allow for expenses. It is worth 
taking a side trip to consider this question. 

This topic breaks into two components: 

analyzing expenses - that is, understanding how the different expenses in the business 
behave; and 

pricing for expenses - that is, dec iding how to model expenses in the pricing. 

13,7.1 Analyzing expenses 

Expense analyses are often done by the accounting function. Each expense needs to be 
analyzed into fixed, variable and semi-variable, An expense that isfixed doesn't change as 
the number of policies administered or the number of policies sold changes. A common 
example is the salary oflhe chief executive officer. This can also be considered an overhead 
expense. Overhead expenses are fixed expenses not related to a particular function but not 

• 
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all fixed expenses are overhead expenses. For example, the salary of the chief marketing 
officer can be a fixed expense but might be classified as an acquisition expense (one 
associalcd with acquiring new business) rather than overhead. 

An expense that is completely I'tlriable changes with volume, such as the number of 
policies adm inistered or the number of policies sold. A good example is the commission 
paid to sales intermediaries, which might be modeled as a percentage of the premium paid 
by the customer. In this case, whenever a new policy is sold, this expense increases. 

Some expenses are semi·I'ariable. A good example is the salary of an administration 
manager. For example, a manager may be able to oversee the admi nistration of up to, say, 
100,OOOpolicies. This person may receive the same salary whether the company admi nisters 
10,000 or 100,000 policies. meaning that the salary is fixed unless the company grows to 
more than 100,000 policies. Once the company has more than 100,000 policies, a second 
manager needs to be hired. 

Example 13.2 Expense analysis 
Consider the following expenses: 

Company has Company has 
50.000 policies 150,000 policies 

Fixed Expenses $100,000 $100,000 

Variable Expenses $100,000 $300.000 

SemiNariable Expenses $100,000 $200,000 

Total Expenses $300,000 $600.000 

Note that the fixed expenses don't change when the number of policies increases 
from 50,000 to 150,000. The variable expenses are $2 per policy no matter how 
many policies the company has. The semi -variable expenses are $2 per policy 
if the company has 50,000 policies and $1.33 per policy if the company has 
150,000 policies. In total, expenses are $6 per policy if the company has 50,000 
policies and $4 per policy if the company has 150,000 policies. 

13.7.2 Pricing for expenses 

The expenses of the company need to be considered in Ihe pricing process. The method 
needs to consider all types of expenses: fixed, variable and semi-variable . 

Some actuaries test pricing on a JIIarginal basis using variable expenses and the change in 
semi-variable expenses. Others test usingfillly allocated expenses including variable and 
an allocation of fixed and semi-variable expenses. Allocation is often done by accountants 
and means to assign in a reasonable way all of the company 's expenses across all of the 
company's products. The appropriate approach depends on the purpose of the pricing. 

Testing on a marginal basis measures the amount that the product changes the total expenses 
of the business. One way to think about Example 13.2 is that a new product was added 
to increase the number of policies by 100.000, from 50,000 to 150.000. Total expenses 
increased by $300.000. from $300.000 to $600,000. On average, expenses increased by 
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53 per policy ($300,000 divided by 100,000). Th is is $2 per policy fo r variable expenses. 
5 J per pol icy for semi-variable expenses, and $0 per policy for fixed expenses. When 
pric ing on a marginal basis, fixed expenses don 't maner, since they don't change. The 
pricing assumption in this example is $3 per policy. or $300,000 for the product in tota l. 

When a marginal approach is used for all of a business's products then all the products 
can be combined and modeled together. In this "total company" model certai n expenses 
wi ll be considered separately, never being assigned to a particular product. The expenses 
handled in thi s way would be the fi xed expenses and Ihe part of semi-variable expenses 
Ihat is not allocated to a product. This part of semi-variable expenses is treated the same 
as fixed expenses. 

Ex¥"ple 13.3 Expense analys is (continued) 
To continue with this example, an assumption could be made based on the analysis 
in the previous paragraph that the variable part of the semi-variable expenses is 
$1 per policy. Th is would mean the following: 

Company has Company has 
50,000 policies 150,000 polieie. 

Fixed Expenses $100,000 $100,000 

Variable Expenses $100,000 $300,000 

Semi·Variable E)(pen$8S: Fi)(ed Portion $50,000 $50,000 

Semi·Variable E)(penses: Variable $50,000 $150,000 
Portion 

Tota l Fi)(ed E)(penses $150,000 $150,000 

Tota l Variabla E)(penses $150,000 $450,000 

Total Expense. $300,000 $600,000 

This is a simple example of an allocation technique that might be used where the 
result is 10 consider every expense as either fixed or variable. 

Testing on a fully allocated basis all ows fo r all profits of the company to be allocated to 
its various prod ucts and services. It reflects the idea that the pricing of products needs 
10 cover all expenses. In Example 13.3, the pricing assumption would be $4 per policy 
($600,000 I 150,000 policies). If expenses are fully allocated I~en there is no need to 
consider separately any fixed expenses. 

The allocat ion of fixed and sem i-variable expenses to products can be a difficu lt modeling 
process. Ifan expensc is truly fixed then the allocation is mostly arbitrary based on some 
measure of the magnitude of the product. such as policy count, premium or assets. If an 
expense is semi-variable then alleast a portion of the expense can be assigned to products 
in a way thai is easier 10 explain. At ti mes management allocates expenses strategically to 
emphasize certain products. 

tJ.. • •. " ." . . .. I . 
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Robinson (2007, p3 ) makes the following points: 

Product pricing has everyth ing to do wi th supporting a marketing program to 
maximize the product's contribution to the company's overheads and profit. It 
has little or nothing to do with notions of covering overheads or, equivalently, 
satisfying minimum product profit targets after overhead allowances - and it 
probably never did. Cost-plus pricing which bui lds on assumptions about unit 
overhead costs is the wrong starting point. 

( ... ] 

[A]pportionment of a company's overhead expenses to products, accounts or 
policies does not provide any useful decision-making information for product 
pricing - or product performance measurement for that matter. 

Robinson doesn't find testing on a fully allocated basis to be useful. This doesn't mean that 
fixed expenses should be ignored. Instead, what it means is that it shou ld be recognized 
that, by definition, fixed expenses don't change when the business becomes smaller or 
larger. On a company-wide basis it is critical to understand and manage all expenses, si nce 
they have a direct impact on company profitability. 

In many cases, pricing expenses on a fully allocated basis will make it impossible to meet 
profit objectives, especially if a company has high per unit expenses. In thi s case Robinson 
would recommend pricing wi th as much of an expense allowance as possible. A common 
approach is to price for the per unit expenses that would be typical of a well-managed 
company. It is very helpful if the product makes some contributi on to overheads, because 
any contribution reduces that which has to be made by the other products in the company. 

Setting expense assumptions is challenging and involves more than doing a routine study 
of the company's expenses. It is critical to look at a "total company" model to see how 
much each product contributes to overheads and profit and also to evaluate the company's 
situation in total. 

, 3.8 Profit objectives 

The fifth step in the pricing process is to profit test the product to see ifprofitability criteria 
are met. The profitability criteria are the profit objeClives. 

Profit is the subject of Chapter 16 but it is a concept that is widely understood and it has 
already been discussed earlier in the book. including in Chapter 12. For the purposes of this 
chapter, we do not need to have considered the discussion in Chapter 16. 

13.8.1 What are profit objectives? 

In general terms, annual profit is the difference between revenue and expenses (with 
expenses defined broadly to include claims) less the increase in liabilities (called reserves 
in this chapter). Profit objectil'es are a measure of how much profit the owners of the 
business need in order to be willing to finance the company. 

13.8.2 New business strain 

Most products do not generate enough income at the lime of sale to cover the initial 
expenses and the requirement to establish reserves and target slIrpllls. Target surplus is 
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the amount of capital that the company needs to hold, in addition to the reserves. so that 
stakeholders are confident that the company will stay in business. 

The difference is often called lIew business strain. It is a good measure of the immediate 
cost of writing new business and forms the basis of several profit measures. 

Example 13.4 

Consider a simple bank product - a checking account. When a new customer opens 
an account, compet itive pressures probably mean that there is no establ ishment 
fee , but the bank will incur costs to set up the account. It has also spent money on 
advertising and employed the consultant who sold the product to the customer in 
the first place. The bank also has to hold capital (above thc balance of the bank 
acc03nt) in order to satisfy solvency requirements. The bank has suffered a new 
business strain through the sale of the checking account and will wish to make 
sufficient future profit to justify it. 

13.8.3 Alternative profit measures 

There are many different ways to measure profitability and each approach is appropriate 
in some situation . Some examples of different measures are profit margin, internal rate of 
return and return on capital. Sometimes proclucts are priced to meet'more than one profit 
objective. 

Profir margin is the present value o f profits divided by the presem value of premiums. An 
important issue with this approach is the choice of interest rate used to calculate the present 
value. Two common choices are: 

the rate assumed to be earned on investments; and 

the rate expected to be earned by the owners of the institution. 

The internal rate o/refllrn is the single interest rate that, when used to discount all the items 
projected in the pri cing model (including the new business strain), results in a present value 
of zero. The items projected include premiums, claims, expenses and increases in reserves. 
An important issue is the extent to wh ich the items also include changes in target surplus. 

Return 011 capiral is the single interest rate that, when used to discount all the items 
projected in the pricing model (excluding reserves and target surplus), resu lts in a present 
val ue of the initial amount required to establish reserves and target surplus. 

Internal ratc of return and return on capital are measures that tie in well to how an investor 
thinks when considering financing or investing in a business. These measures don't ,vork 
so we ll in situations where the initial investment required for a product is small. such as 
a situation where large commissions are not paid at the time a product is sold. I These 
measures also don't work well when pricing is done with marginal expenses, since investors 
expect products to have to cover some portion of fixed expenses. In these situations. profit 
margin is often used. 

You can see why this is so if you consider the effect of a small change in expected future profits . 

• 

• 
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The profit measure should be chosen to best refl.ecllhe goals oflhe stakeholders, especially 
the owners. It should also reflect what is common in the market where the business 
operates. For-profit enterprises often have the goal to maximize profits. while mutual 
insurance societies may wish to achieve cenain profit targets without exceeding them. In 
this case, excessive profitability might be considered wasteful. In competitive markets. it is 
challenging for businesses to achieve a high level of profit. 

13.9 Profit testi ng 

13.9.1 What is profit testing? 

The fifth step in the pricing process. profit testillg is using the pricing model to measure the 
expected profit from the product and compari ng it with the profit objectives. In this section, 
we illustrate this with a series of examples and exercises, using the workbook "Chapter 13 
Pricing Model Spreadsheet" on the CD. 

Example 13.5 Pricing a long-term care product 
A long-term care (LTC) product in the US provides benefits primarily for less 
skilled levels of care than would be covered in most health insurance policies. 
Health insurance policies usually cover skilled nursing care while LTC products 
cover both skilled nursing care and custodial care. Skilled nursing care is complex 
enough that it needs to be provided by a trained nurse. Custodial care can be 
provided by individuals with limited or no medical training, and can include 
assistance with actil'ities of daily living, such as transferring from a bed to a 
chair, eating and bathing. LT C products often pay for care whether it is provided 
in health care facilities (nursing home benefit) or in the insured's home (home 
health care benefit). 

There are many aspects to the design of an LTC insurance policy. An insurance 
company that sells this kind of product must be aware of how its design compares 
to those of its competitors. Of course, the company also needs to be aware of how 
its price compares to competitors' prices. 

The premiums for LTC insurance are designed to be level for life. Premiums 
increase with issue age. This largely reflects the fact that the average time until a 
claim is made reduces with issue age. Since it is a long-term product, the pricing 
requires assumptions to be made from the age at which the insured buys the 
product to a very high age such as 100 or 110. One important assumption is the 
interest rate used to discount premiums. claims, expenses. etc. In this example 
we will use a discount rate of 12% per annum, a rate that owners might use to 
model the profit required to justify investing in the product-the owners' required 
return on capital. Such a rate is generally higher than the interest rate earned on 
bonds or other investments. There is more information on various kinds of profit 
objectives in Section 13.8. 

Premiums need to be set and tested for each issue age. The premiums for several 
issue ages should be tested against the competition. It is common that the 
premiums at some issue ages are more competitive and/or more profitable than 
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the premiums at other issue ages. The most important thing is that. o\erall. the 
product is competitive and profitable, although there is a risk to having issue ages 
that are both competitive and unprofitable. This is because more of the product 
might be sold at these issue ages than expected. 

Exercise 13.1 completes this example. In the exercise. we will only be selling 
and testing prices for issue age 65. We will compare the competiti\eness and 
profitabi li ty of the issue age 65 premiums for two benefit designs: 

the standard product with nursing home and home health care benefits: and 

a proposed product with the same nursing home benefit but larger home 
health care benefits. 

The rricing model for this exercise is the one that we set out in Section 13.5.2. 

In this exercise and Exercise 13.2, input assumptions are stated as per policy. 
This means thm this amount is appropriate for policies that at thm poi nt in the 
projection are still insured. To turn these into projected cash flows per policy 
sold, assumptions need to be made for lapse rates and depending on the type of 
insurance, other decrements such as mortality. 

Exercise 13.1 
(a) This exercise uses Tab 13.1 of the workbook "Chapter 13 Pricing Model 

Spreadsheet ." 

(b) Verify that, with a $5,000 premium, the present value of distributable 
earnings is $3,966 (cell A06). 

(c) Use the spreadsheet to detennine the present value of distributable earnings 
for the proposed product. Use a premium of$5,350 by changing the amount 
in cell H3. You also need to use the appropriate claims, which can be done 
by changing cell EI2 to say "Proposed" instead of "Standard." You should 
get a present val ue of distributable earnings of$3.674. 

(d) Your competitors have premiums that vary from $4,400 to $5.200 for the 
standard product design and from $5,000 to $5,800 for the proposed design. 
Your boss has told you that you can only do one of the designs. Which one 
do you propose? Why? 

Example 13.6 Pricing a commodity product 
A commodity prodllct is a product that is sold by many competitors in a \ery 
similar form. Since all the competitors sell essentially the same product. the one 
that is sold for the best price would logically be chosen by the customer. For these 
products, price is the key differentiator among competitors. 

In this situation, businesses would often need to reduce prices to meet sales goals. 
The two main approaches to do so and meet profit objectives for the product 
would be by: 

• 
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pricing with marginal expenses; and 

pricing with a smaller profit objective. 

A company Ihal sold only commodity products would find it hard to be profitable. 
Often, a company sells commodity products in the hope that this will lead to sales 
of more profitable products, such as niche products. Alternatively, commodity 
products may be sold to take advantage of spare capacity. Either strategy can work 
if the combination of all products leads to the company meeting its profit objectives. 

A Iliche prodllct is a product which meets particular needs (or the needs of a 
particular customer base) so that there aren't a lot of competitors that sell essentially 
the same product. In most cases, factors other than price drive a customer's decision 
to buy a niche product, so it is easier for a company to earn a higher level of profit. 
However, a niche product has a smaller market than a commodity product, so there 
may be higher costs involved in finding potential customers. 

The pricing model that we w ill use in Exercise 13.2 is the same as that used in 
Exercise 13. 1. 

Exercise 13.2 
(a) This exercise uses Tabs \3.2a, 13.2b and 13.2c ofthe workbook "Chapter 13 

Pric ing Model Spreadsheet." 

(b) In Tab \3.2a, there is pricing for a lO-year term life insurance product for 
issue age 35. Verify that, with a premium of $163 (cell H3), the present 
value of distributable earn ings discounted at 12% per annum (cell D7) is 
approximately zero (cell A06). This means that, if all the assumptions are 
correct, this premium is expected to earn a 12% per annum return on capital. 

(c) In Tab \3.2b, there is pricing for a whole li fe insurance product for issue 
age 35. Verify that, with a premium of $369 (cell H3), the present value of 
distributableeamings discounted at 12% per annum (cell D7) is approxi mately 
zero (cell AQ6). This means thaI, if all the assumptions are correct, this 
premium is also expected to earn a 12% per annum return on capital. 

(d) The company has recognized that the IO-year term life insurance product 
is a commodity product and that the $163 premium is not competitive. If 
it is to meet its sales goals, it needs a lower premium. One way to price 
for a lower premium is to reduce the return on capital goal from 12% to 
the investment earnings rate of 5.5%. Change the discount rate in cell D7 
to 5.5% and change the premium in cell H2 until you find a premium that 
results in a present value of distributable earnings of about zero. 

(e) Another approach to price for a smaller premium is to price in lower 
expenses. The idea here is that only marginal expenses will be priced into 
the commodity product. Set the di scount rate in cell D7 back to 12% and cut 
the per-policy expenses (C20, C2 1) from $200 in the first year and $25 in 
later years to $120 in the first year and $ 15 in later years. Now change the 
premium in cell H3 until you find a premium that results in a present value 
of distributable earnings of about zero. 
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(f) The last approach is to do both - set the return on capital rate to 5.5% and the 
expenses per policy to SI20 and S15. According to these assumptions, what 
premium would result in a present value of distri butable earnings of about 
zero? 

(g) The company's strategy is to have the higher profits on whole life insurance 
make up for Ihe lower profits on the commodity product, lO-year tenn life 
insurance. The company has decided that, to meet its sales goals on lO-year 
term life insurance, the product needs to be sold for a premium of $135. 
The company wants the combination of the two products to meet the return 
on capital goal of 12%, with expenses at $200 and $25. To test this, set the 
discount rate and expense figures in Tab 13.2a to thei r original values. Also 
put the premium of S135 into cell 1-1 3. In Tab 13.2c, the total distributable 
~arnings for the two products is calculated, assuming that 67% of sales are 
from the commodi ty product and 33% from the niche product. If you have 
done thi s correctly, the present value of distributable earnings in Tab 13.2c 
should be -568. 

(h) The company assumes that it can increase the premium of the whole-life 
product without changing how many policies are sold, since it is a niche 
product. Change the premium in cell H) of Tab 13.2b to get the present 
value of distributable earnings in Tab 13.2c to be approximately zero. 

Example 13.7 Pricing a deferred annuity product 
The pricing model we will use in this example is very similar to the one that was 
used in the previous 7xercises. We have simply replaced claims (CL,) with death 
benefits (DB,) and Withdrawals (W,). 

Profit CPR,) is defined as: 

• premiums (P,); less 

commissions (C,); less 

expenses (E,); less 

death benefits (DB,); less 

withdrawals (W,); less 

change in reserves (CR,); plus 

interest (1,)-

Distributable earnings (DE,) is defined as: 

profit CPR,); less 

change in target surplus (CS,). 

A deferred annuity is a contraclthat enables the policyholder to receive an annuity 
from a future date. Commonly. the level at which the annuity will start is not fixed 
but will depend on the accumulation ofsavings up to the annuity date. There will 
usually be a rule for how the accumulated fund value converts to an annuity . 

• 
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So, it is common for deferred annuities 10 have a fund value that works like a 
savings account, with premiums (also caJ1ed deposits) increasing the fund value, 
interest increasing the fund value and wi thdrawals decreasing the fund value. 
In our example, a customer who makes a withdrawal in the early years of the 
annu ity doesn 't receive the full fund value because of the sl/I'rendercharge, which 
is intended to recover some of the new business strain. The amount payable is 
called the casll,W/rrender mlue. The fu ll fund value is paid if the customer dies, 
meaning that there is no surrender charge. 

In our example, it is assumed that the reserve is set using the s imple formula: 

reserve = (2 x fund value + cash surrender value) I 3 

This means that the reserve is set closer to the fund value than the cash surrender 
value. This is an example of the formu la approach to liabili ty valuation in 
Chapter 12. 

The key item that is priced is the spread, which is the difference between the 
interest rate earned on investments and the interest rate credited to the annuity. 
If the spread is increased, the profitability of the annuity is increased; and if 
the spread is decreased, the p rofitability declines. A smaller spread makes the 
annuity more competitive because it results in a higher crediting rate. 

Exercise 13.3 
(a) This exercise uses Tab 13.3 of the workbook "Chapter 13 Pricing Model 

Spreadsheet." 

(b) In the spreadsheet, the spread for the deferred annuity is stated in basis 
points. I basis poillt (bp) is the same thing as 0.01%. The initial spread is 
107 bp, which means the crediting rate is 4.43% = 5.50% - 1.07% (see cell 
H20). Note that 107 bp results in the present value of distributable earnings 
being approximately zero. The spread of I 07 bp is in cell H 18 and the present 
value of distributable earn ings is in cell AQ6. 

(c) What should the spread be if the profit objective was to make the present 
val ue of profit approximately zero? To determine th is, change the spread 
(cell H 18) until the present value of profit (cell AQ4) is approximately zero. 
This would be the result if it was decided not to price for any target surplus. 

(d) What should the spread be if the profit objective was a profit margin of 
one percent? To determine this, change the spread (cell H 18) until the profit 
margin (cell AQ8) is approximately one percent. This is the profit margin 
using a discount rate of 12% per annum. 

(e) What should the spread be if the profit object ive was a profit margin of one 
percent using a discount rate of 5.5% per annum? To determine this. first 
change the discount rate in cell 07 to 5.5%. Next, change the spread until 
the profit margin is approximately one percent. 
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13.1 0 Sensitivity tests 

13.10.1 What are sensitivity tests? 

The sixth step in the pricing process is to thoroughly test the pricing by doing sensithilY tests. 

SeIlSili\'i~v lests examine the impact of changing assumptions. You did some sensiti\ity 
testing in Excrcises 13. 1 to 13.3. Assumptions such as premium, expenses, profit objectives 
and spread were set at various levels and results were observed. 

One way to th ink about these tests is that they are done to determine the specific changes 111 

assumptions that cause profit objectives to not be met. Said another way, what would have 
to changc so that the product wouldn'l be as profitable as required? If we are setting the 
assumption for a variable where there is a lot of uncertainty about what the future values 
could be,Wieveral different values for that assumption should be tested to evaluate the range 
of results that is plausible. It is very important to document this range of results in the 
pricing report. The qucstion shou ld be asked as to whether the company is willing to take 
the risk that the resu lts coul d be anywhere in the range. 

It is also helpful to determine specific changes in assumptions that cause the product to be 
more profitable than expected. 

For sensitivity testing, it is tempting to pick arbitrary changes to assumptions, such as 
increases and decreases of 10 percent. These are easy to understand but they don't tell you 
how likely the changes are. 

There are altcrnatives. For example: 

• 

Changes can reflect past experience. For example, the sensItivi ty range for an 
assumption cou ld reflect a 95 percent confidence interval around Ihe mean. However, 
this approach may nOI allow fo r extreme but plausible events or may be skewed by the 
nature of experience over Ihe time being considered. 

Another approach is 10 have a story behind each sensitivity that explains why the 
assumption might turn out to be al a different value - perhaps one which seems quite 
extreme but is still plausible. This isn't always easy to do, but it is a very useful exercise 
to attempt. A story can also make it easier to communicate the sensitivity to othen;. 

A special Iype of sensitivity test is called a scenario test. Scenario tests examine the 
profitability of the product using a particular set of assumptions. For example. the base 
pric ing assumptions form one scenario. It is common to test plausible advcrse scenarios, 
perhaps based on past experience such as a stock market crash or a recession. 

Exercise 13.4 
(a) This cxercise uses Tab 13.1 of the workbook "Chapter 13 Pricing Model 

Spreadshecl." 

(b) When you were doing Exercise 13.1, you may have noticed thatthcrc \\crc 
sensi tivity factors in cells 024 to 027. They were in the spreadshect forthis 
exercise. 

(c) Assume that the company chose to sell the proposed product at a premIUm 
of$5,350. Change cell H3 to 5,350 and E 12 to " Proposed." You should get a 
present value of distributable earnings ofS3.674. 

• ' . ... ~. . " . . \ ... . 
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(d) To sensitivity-test the assumptions, we need to analyze the various 
assumptions. For some of the assumptions there will be more uncerta inty 
than for others. All the assumptions could be tested, including the investment 
earnings rate, discount rate and required capitaL In this exerc ise we wi ll 
focus on the expenses, claims and lapse rates. 

(e) Assume that the company has consistently had expenses close to $200 in the 
first year and $25 in years 2+. It is decided that an appropriate sensi tivity test 
is to increase and decrease these assumptions by five percent and measure 
the present value of distributable earnings. To do this sensitivity test, change 
cell D24 to 1.05 fi rst and then to 0.95. With higher expenses, the present 
value of distributable earnings decreases to $3,658 (cell A06). With lower 
expenses, the present value of distributable earn ings increases to $3,690. 
In the pricing report. the analysis would say that the expense assumption 
results in profitability ranging from 53,658 to S3,690. This might not even be 
worth including in detail in the pricing report. since the impact is so small. 
However, if the expenses were considered less predictable, both the range 
tested and the impact would be greater. 

(t) Next we will analyze the claims assumption. Set cell D24 back to 1.00. 
Reeall that clai ms are made up of incidence and severity. The company's 
study of incidence rates has shown a decline in recent years on the standard 
product, but it is unclear whether this same trend would happen on the 
proposed product. Also, there has been a slight trend upwards in severity. 
After analyzing all factors. the range of claims costs assumed is 95 to 110 
percent of the base claims assumption. Sct cell D25 to 1.10 first, and then 
0.95. Distributable earni ngs should be $2,079 for the higher assumption 
and $4.471 for the lower assumption. The range, $2,079 to $4,47 1, is much 
wider than that for the expense tests. If the two tests are broadly equally 
plausible, it is clear that profit is more sensitive to reasonable variability in 
claims experience than to reasonable variability in expense experience. 

(g) Next we will analyze the lapse assumptions. Set cell 025 back to 1.00. It is 
common to test early-duration lapses separately from late-duration lapses. 
For many products, high early-duration lapses are bad for profitability but 
the opposite is true for late-duration lapses. Early-duration lapses make it 
hard to recover acquisition expenses, such as commissions paid 10 sa les 
intermediaries and other first year expenses. Late-duration lapses can benefit 
a product financially if a large reserve is eliminated or the payout is less than 
the present value of expected future claims. 

(h) Assume that the lapse rates in the first five years are thought to have a range 
of20 percent higher or lower than the base pricing assumption. (This range 
was determined after consulting with the director of marketing.) Set cell 
026 to 0.8 and then to 1.2. The range of distributable earnings should be 
$3,501 (high lapses) to $3,849 (low lapses) . 

(i) Assume that the lapse rates in years 6+ are thought to have a range of 50 
percent higher or lower than the base pricing assumption. (This range was 
also determined after consulting with the director of marketing.) Set cell 
026 back to 1.00 and D27 to 0.5 and then to 1.5. The range of di stributable 
earnings should be $2,902 (low lapses) to $4,233 (high lapses). 
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G) As expected, higher early-duration lapses decrease profitability \\hile higher 
later-duration lapses increase profitabil ity. 

(k) We could test some scenarios, For example, a favorable scenario would see 
claims at 95 percent, early-duration lapses at 9()OIo and late-duration lapses 
at 120 percent of base. Verify Ihat this gives a result of $4,8 11 , 

(I) Verify that a "worst-case" scenario, using all the adverse sensitivities in this 
exercise, would result in a present value of distributable earnings of just 
$1,131. If th is scenario is plausible, the company may not be willing to take 
the risk of having profit this small. 

13. 11 ' Pricing report 

,,, 

The seventh step in the pricing process is to write a report that wil1 be considered by 
those who decide whet her to impl ement the product. In most cases, the actuary is not the 
final decision maker but is usually part of the team that makes decisions on product 
design and pricing. 

A well-written pricing report (sometimes referred to as product specificatiol/s) describes 
the product design, the recommended prices, the key assumptions an~ the profitability. The 
profitability discussion needs to say whether profi t objectives are met and what the risks 
are thai could lead to different levels of profi t - e ither better or worse. The risks generally 
have to do with different assumptions. As discussed in Section 13.6, it is difficult to set 
assumptions and it is very li kely that some of the assumptions wililurn out to be wrong. 

A proper discussion of the risks requi res the sensitivity testing described in Section 13.10 
to be done. However, the firs t draft of the report may be written before this testing is done, 
The team making the decisions about the product would typically review the first draft 
of the report and suggest certai n changes. These changes would require one or more of 
the previous steps in the pricing control cycle to be repeated and then a second draft of 
the pricing report would be written, The second draft of the report would be reviewed 
which might lead again to repeating certai n parts of the control cycle. At some point. the 
sensitivity testing would be done and al1later drafts of the report would describe the results 
of these and subsequent tests. 

In the prici ng process, it is best not to label a pricing report "fina l" because: 

the decision-making team mi ght unexpected ly come up with additional changes; and 

after the product is introduced, the report will be revised to reAect the monitoring of 
the product, which we will discuss in Section 13.12. 

At times, the actuary needs to point out in the report that the product doesn't meet 
the company's standard criteria for pricing and profitabili ty, It may be that the product 
only meelS the criteria jf an assumption is set in a way that the actuary doesn't belie\e 
is reasonable. 

It is imponant to be clear in the pricing repon who owns each assumption. Ifan assumption 
is directly based on the actuary's experience and/or research, then it belongs to the actuary, 
If this isn't true, then the actuary should make thi s clear in the report. 
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13. 12 Product mon itoring 

This is the eighth step in the pricing process. It is important to compare the pricing assumptions 
to what has actually happened . Perhaps lapse rates have been high or claims have been lower 
than expected. Product monitoring is similar to the sensitivity testing done in Section 13.10, 
in the sense that the product is being profitlested with different assumptions. 

Example 13.8 Monitori ng a long-term care product 
Suppose that it is now two years since the long-tcrm care product in Exerc ise 13.4 
was introduced. If cla ims and expenses are about as cxpected, but early-duration 
lapse rates are 20 percent higher, then the profitability will be at the lower end of 
the range measured in item (h) of that exercise. Of course, we do not yet know 
how later duration lapse rates may change, since all policies have been sold in 
the last two years. Also, even ifclaims have been as expected there may be new 
theories about future claims. There may also be new sensitivities that should be 
tested. The pricing report shou ld be updated. 

Another aspect of monitoring is to analyze the mix of business. In Exercise 13.4, 
the only issue age illustrated is 65. In practice, the product would be so ld at a 
number of issue ages and each issue age would not have the same profitability. An 
assumption that is set at the t ime of introduction of the product is the percentage 
of policies sold at each issue age. Overall profitability is measured by calculating 
the weighted average of profitability at each issue age. Allowing for the higher 
early-duration lapse rates, here is an example oflhe results: 

Issue Age Distribution Present Value of Distributable Eernlngs 

6Q 15% $2,943 

65 20% $3,501 

7. 25% $3,985 

75 20% $3,192 

8. 2.% $1,552 

Average $3,087 

Suppose that the distribution of issue ages was actually as shown below: 

Issue Age Distr ibut ion Present Value of Distributable Earn ings 

6Q 10% $2,943 

65 25% $3,501 

7. 30% $3,985 

75 20% $3,192 

80 15% $1,552 

Average $3,236 

In th is case, profit was better than expected primari ly because more was sold at 
issue age 70, which is the most profitable issue age. 
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The choice oflwo years in our example is arbitrary; different products need 10 be mon itored 
at different intervals. Well-established products with stable results may not need frequent 
monitoring. New products. especially those where it was difficult to set assumptions. 
should be monitored more often. There are no simple rules about how often to monitor a 
product; actuarial judgment is required. 

13.13 Pricing for long-term commitments 

This topic was covered by David Service in section 16.5 of the first edition of this book. It 
is reproduced here with minimal changes. 

13.13.1 What does it mean to price for long-term commitments? 

In Actuar~l Standard of Practice No.4, the Pensions Comminee oflhe Actuarial Standards 
Board (2007, p4) summarizes it this way: 

Measuring pension obligations and determining plan costs or contributions 
are processes in which the actuary may be required to make judgments or 
recommendations on the choice of actuarial assumptions, actuarial cost methods. 
asset valuati on methods, and amortization methods. 

This references on ly pension plans but there are other examples of long-term comm itments, 
such as the funding of retiree medical costs. We will consider more examples in Section 
13.13.8. 
Pricing for long-term commitments is different from pricing most insurance products 
in that most financial institutions are established for the purposes of making profits and 
hence the measurement of profit is of fundamenta l importance. However, there are other 
situations where long-term commitments are made and the primary objective is not profit. 
Instead, the objective is to ensure that the expected future income equates to the benefits 
and expenses to be provided. The clearest example is defined benefit superannuation. Here. 
our task is to determine the minimum contributions required, together wi th the existing 
assets, to ensure that the benefits and expenses are paid. 

In these situations, pricing is necessary to detennine the appropriate level and incidence 
of contribut ions that will be made. The funding meThod (also known as actuarial CO.l"t 

method) chosen will determine the expectcd pattern of the contributions. Over the long 
term, the contributions have to be large enough, together with investment earnings, to fund 
all benefits and expenses. In this section. we will focus on funding methods rather than 
asset valuation or amort ization methods. 

13.13.2 Applying the Actuarial Control Cycle 

In pricing for long-term commitments, the Actuarial Control Cycle is applied; however, the 
applicat ion is different from the other examples in this chapter. In Section 13.1.2, we were 
reminded that the Actuarial Control Cycle is based on a simple problem-solving algorithm, 
namely to: 

understand the problem: 

• develop and implement a solution: 

monitor the effectiveness of the solution; and 

repeat these three steps if necessary. 

• 




