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Systemic instability 

System-wide instability can damage otherwise sound institutions, because of loss of 
confidence in the sector as a whole, or contagion from one institution to another via the 
payments system causing loss of liquidity. For banks in particular, there is a risk that the 
failure of onc bank will lead to further collapses. While effective prudential supervision, 
as described in 7.3 .5 below, reduces the risk of systemic instability by reducing the risk of 
individual bank failures, it can be necessary to have other processes in place to lim it the 
spread of in stability. 

One method is to provide some !(IST resorl support. This is most often the role ofthe central 
bank. The centra l bank. with its substantial balance sheet strength and reputat ion. can be 
used to support an inst itution at risk. Thc objective offorestalling or minimizing the effect 
ofa run is to maintain the reputation of the institution. and the industry. and the country's 
financial system. so as to prevent major crises. Guarantee fu nds and protection schemes 
may also be considered to provide some form of last resort support . 

7.3.3 Other objectives for regulation 

There are broader social reasons for regulation in circumstances where it would not 
be j ustified by the various purely economic rationales set out above. Governments will 
usually be concerned to protect consumers. from motivations of social justice or to avoid 
the political embarrassment when consumers suffer from mis-sold products or failed 
institutions. There is no certainty that market mechanisms wi ll achieve the desired level of 
consumer protection. or act in the interests of consumers. 

In a truly efficient market. new companies enter with relative ease and the less successfu l 
compan ies f~il and go out of business. Most insurance regulatory regimes are designed to 
prevent the latter and to inhibit the former. Market realities also oblige long-term providers 
of financial security to remain in the market, a! least to some extent. rather than leave at 
the fi rst sign of a downturn. A li fe insurer or pension provider is obliged by the nature of 
its business to take long-tenn decisions and make long-term promises to clients, so exit ing 
the market and re-entering is not a viable choice. 

Competition between life insurance companies in a free market can operate to increase 
commissions. as compan ies compete to build up a larger and more effective sales force 
and hence sell more business and make more profits. Anti-competitive measures, such as 
restrictions on commissions. may be necessary for the protection of consumers. 

A government may have a social objective to ensure access to particular products. such 
as types of insurance or simple savings products. that it sees as essential fo r all or most 
members of the community. In some jurisdictions. particularly developing economies, the 
government may aftempl to stimulate competition, ensure availability of products, ensure 
reasonable prices. or improve access to insurance services, by setting up a state-owned 
company or scheme. Even in developed economies. the prices for these products may be 
subject to regulation to ensure affordability. 

A government may have economic objectives in regulat ion . The need to raise revenue has 
already been mentioned. Other economic objectives may include: 

to favor local companies at the expense of foreign-owned compan ies. for example by 
restricting the entry of the latter into the market; 

to encourage the growth of a strong financial industry in the nation; 
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to strengthen local capital markets: 

to ensure that the government debt can be financed (eg by requirements to invest a 
minimum proportion in government securities); 

10 control currency movements; and 

to integrate the overall structure of social security. especially old-age pensions. 

A government may have objectives in regulation thac are not specifically related to the 
financial sector, but the regulations may have implications fo r the financial sector and the 
work of the actuary. 

One example of such laws is anti-discrimination legislation, which can have the effect 
of restricting the ability to charge differential premiums by sex or other characteristics 
such as race or disability. In some jurisdictions, such discrimination may be prohibited. 
whil st in others it may be permitted only where there is credible statisti cal data to support 
di fferential pri ces. Another example is the influence of fami ly and divorce law on products. 
particularly the design of retirement funds where the treatment of benefits on the breakdown 
of marriage will be relevant. 

7.3.4 The regu lation of speci fi c types of business 

There are some types of business where governments do not rely on the natural operat ion 
of competitive forces. Examples include compulsory products. and products that are 
considered to be so important that the government intervenes in the market to ensure 
access for all. 

Examples of compulsory financial products include insurance providing for liability to 
third parties for injury caused by motor vehicles (sometimes called compl/lsoI)' lhird par'y 
or CTP insurance) and insurance for liability of employers for compensation of employees 
for injuries and death associated with employment (II'OI*ers compellsa/ioll or employers 
Iiabilily insurance). Governments often make it compulsory fo r the driver or employer to 
take out these types of insurance rather than self-insure, and benefit entitlements may be 
specified in legislation. 

The compulsory nature of this insurance creates the opportunity for anti-competitive 
behavior. because customers have to purchase the product even if they consider it to be 
poor value. In addition, as the government provides this compu lsion, it may feel the need to 
ensure that there is a greater certainty than normal market forces provide that the insurance 
company will be able to deliver the benefits. (This is one reason for tightening the prudential 
regulation of retirement funds if governments introduce compul sory retirement systems 
and contributions.) 

Furthermore. when a company writing such business fails, there are more parties affected 
than those that made the original decision to purchase the contract. The injured third party 
is most likely to be financially dependent on the insurer despi te having had no say in the 
purchase decision , whereas the purchaser of the insurance has little incentive to consider 
quality (ie the security of the insurance company) as well as price. Where benefits are 
prescribed and identical from one company to another, then market shares may largely 
depend on price levels. It is common for such products to be subject to regulation of 
premium rates to ensure that premiums are not too low. which would be unsafe. nor too 
high . which would make the cost of compulsory insurance excessive. 
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Finally, a government may still need to provide some mechanism to address cases where 
there is an eligible claim to be made but the insured party, or the insurer, cannot be 
determined, or where the compulsory insurance has not been properly put in place. The 
usual example of this situation is a hit~and·run accident victim where the insurance policy 
cannot be identified, if it exists at a1\, 

The second situation mentioned above where governments do not rely on the natural 
operation of competitive forces is in the case of products that are considered to be so 
important that the government intervenes in the market to ensure thai the products arc 
widely available at affordable prices. An example is health insurance. If the market was left 
to operate freely, insurers would charge premiums that reflected the risk, and people with 
ongoing health problems requiring expensive treatment would be faced with unafTordably 
high premiums. Governments have introduced various measures to address this problem. 

7.3.5 Prudential regulation 

Prudenrial regularioll means regulation that tries to ensure that the regulated institutions are 
operating soundly. It is aimed at reducing the probability of failure ofa financial institution 
to an acceptable level and minimizing the losses to the most vu lnerable parties (typically, 
depositors, policyholders and beneficiaries of third party insurance) when failures do occur. 

Pnulenrial slIpen'isors are regulatory bodies responsible for overseeing the financial 
institutions and administering the prudential regulation. Prudential supervisors have various 
regulatory tools. A supervisor can sometimes use the authority of its position to achieve its 
objectives without strict and formal legal action. This tool, termed moral Sllasioll, can be 
effective, but. needs to be supported by the recognized alternative of more severe action and 
the credibility that the supervisory authority maintains amongst supervised institutions. It 
relics on the supervisor having independent powers to act and being respected within the 
financial sector. 

The provision of financial support as a last resort to institutions in difficulty was mentioned 
in 7.3.2. Prudential supervisors that are not part of the central bank tend not to have the 
financial resources to enable them to take this action, so they will coordinate their responses 
with the central bank and other government agencies . 

Regulatory tools include laws that control the conduct of business covering: 

requirements on corporate governance; 

fitness and propriety of owners, shareholders and senior managers; 

the quality and quantity of capital; 

account ing standards; 

• levels of disclosure so that the company can be exposed to market discipline; 

restrictions on the nature of corporate structures; and 

rules that impose limitations on the level of risk that can be taken on and the proper 
management of those risks that are retained. 

Companies can be required to provide information to supervisors on a regular basis. be 
subject to inspections to assess their current and prospective viabil ity in detail, and may 
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have restrictions imposed on their activities through legally enforceable directions from 
the supervisor. 

Rules limiting risk can vary in how restrictive they are. Consider the rules limiting asset 
risk. There may be specific rules ensuring that high-risk assets cannot be held and sening 
specific limits for assets in order to ensure diversification. Alternatively, there may be a more 
general requirement that the assets held should be consistent with how a prudent expert 
would invest. The transfer of risk (ie reinsurance, in the case of insurers. and securitization. 
more generally) can be subject to detailed supervisory review and approval. In some cases. 
product terms and conditions and prices may be subject to greater regulatory oversight and 
even prior approval by the supervisory authority. 

Ru les can ensure orderly entry into the market by requiring providers to be licensed. 
License applicants need to convi nce the authorities that they can comply with the ongoing 
requirements and manage the business effectively and prudently. Detailed submissions are 
required from the license applicants to demonstrate the merits of the proposed operation 
and should include detailed fi nanc ial projections and information about key owners. 
management, and operational plans. 

Rules to ensure orderly exit are also important, because the owners of the company may 
wish to withdraw, while customers expect, and in many cases have a contractual right, to 
continue their contracts. Rules can require approval of change of control of companies to 
ensure that licensed compan ies do not pass to the control of owners who would be rejected 
if they applied for a license on their own merits. 

In some cases, the supervisor rather than the owners of the company can init iate an orderly 
exit. The failureofa financial institution may not be generally recognized by the community. 
Instead, the supervisory authority may intervene so that the company is merged acquired 
by a stronger institution or sold to another organization which restores its capilal position. 
It is difficult for the wider community to distinguish between this activity and the more 
conventional merger activity that takes place without intervention. Supervisors, desiring 
to maintain market confidence, are unlikely to point out the extent of their involvement. 
In other cases, particularly in a time of financial turmoil, institutions can be acquired into 
public ownership for a period until they are recapitalized, stabilized and returned to private 
ownership. Other mechanisms to ensure orderly exit include partial public sector support 
of one form or another. 

The extent to which managed mergers take place depends on the tools available to the 
supervisor. It also depends on the availability of stronger institutions to act as the merger 
partner. As a result, very large institutions are more likely to present difficulties to the 
supervisor. Smaller markets can deal with this problem by seeking the participation of 
larger institutions from other jurisdictions. However, the rescue of companies in difficulty 
also acts to limit the degree of concern that may be experienced by company directors and 
management about the extent to which they take on risk. Management might take on less 
risk if they are aware they are liable for the consequences, such as public disgrace, auached 
to failure. Customers. in the absence of public failures, may think that these companies 
are guaranteed not to fail because of the presence of the supervisory authority or another 
government sponsored entity. When failure is a possibility, even if remote. the marketplace 
does impose a discipline on companies that assists supervisors in their lask. As a result. 
the likelihood that a supervisory framework will let a company fail varies fromjurisdiction 
to jurisdiction. In the US. there appears to be a liberal approach to this issue. There are 
very many companies in the US market. so this approach leads to a reasonable number 
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ofpuhlicJy visible fa ilures that can be studied. Consistent with this approach, the US has 
consumer protection schemes which provide a great deal of protection to retail customers. 
The argument in favor of a fu lly liberal approach is that customers are morc aware of the 
possibility of failure, take more care in choosing their products, and this exerc ises some 
market discipline on company strategies. 

Consumer protection once failure has occurred may be offered by schemes such as deposit 
insurance and policyholder guarantee funds. which compensate customers for some or all 
of the losses su ffered. 

Another area of legislation is that governing the wind-up and liquidation offailed entities 
and the role and actions of supervisors in these circumstances. 

Actuaries and auditors can be assigned official roles in regulatory and supervisory 
arrangements. This is discussed further in 7.6 below. 

7.3.6 Arguments for keeping regulation to a minimum 

Arguments for keeping regulation to a minimum include: 

Inflexibility: regulation can be difficult to change in response to market developments. 
Financial sector regulations enacted by parliaments have to be amended by parliaments. 
[t can be difficult to secure time on the parliamentary agenda for what, in the wider 
context, appears to be a technical issue. As a result, regulation is reinterpreted to fit the 
circumstances in a way that is less optimal than if the opponunity to alter it is available. 

Cost: regulation comes with direct costs including the requirement for an infrastructure 
to maintain it , to monitor compliance and to enforce breaches. Indirect costs fall on 
institutiqns and individuals because of compliance costs or the cost of additional 
capita l required by the regulations. 

Unforeseen impl icat ions: well-meaning regulation can have effects that are unforeseen 
and undesirable. For example, suppose that there is a restriction on investment choices 
aimed at reducing exposure to risky assets. The restriction may also create an automatic 
market demand for securities that would otherwise be held to a lesser extent. This 
would allow suppliers of such securities to benefit from an effective subsidy on the 
cost they pay for funds. 

Reduced care/compliance orientation: investors may assume that licensed providers 
must be safe. Advisers or providers can develop a box-ticking attitude, and are more 
concerned to comply than to serve the customer. manage risk effectively or conduct 
operat ions prudently. 

• Market interference can inlroduce inefficiency. For example, the reduced competition 
resulting from barriers to entry may increase costs to consumers in a protected market. 
Innovation in product design may be stifled. 

Regulation may remain in force even ifit has ceased to be useful. In many jurisdictions. 
whi lst it is difficult to secure the attention of the legislators to make appropriate 
financial sector regulation, it can be even more difficult to get their attention to abolish 
it. Many jurisdictions, therefore, have a good deal of regulation that seems to serve 
no relevant purpose at all even though it did at the time it was introduced, that still 
requires the effort of compliance. This contrasts with the first point above where the 
regulation is still relevant bUI is not optimal. 
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7.3.7 Arguments in favor of regulation 

Proponents of deregulation consider that the power of the market is sufficient. with the 
support of a sound disclosure regime. to ensure infonned markets. World regulatory 
practice, as expressed in the various codes and standards as well as the practices of 
jurisdictions, is strongly in favor ofa degree of regulation rather than complete reliance on 
disclosure. Reasons why disclosure alone is not accepted include: 

The effectivencss of disclosure depends on consumcrs and investors having the power 
to act on their observations and conclusions. If they do not have the power to move 
their money. because of institutional constraints or the costs involved (directly or 
indirectly, for example through the taxation effects) then the potential for the market 
pressure to lead to behavioral change in management risk-taking is limited. 

Opera/ional risks, ie the risk of such events as rogue traders or the failure of computer 
systems. are difficult to address through disclosure. It is difficult for customers to 
assess the risk of such events. Whilst some theoretical approaches are being developed 
in this area. it is insufficient for customers to assess the risk. 

Fu ll disclosure can be voluminous and filled with technical information that is difficult 
for lay persons to understand even if they have the stamina to wade through it. As a 
result, disclosure sutTers from being misunderstood or not even read. 

Supervisors have tools that may be more effective at restoring the situation and 
improving the future outlook. In some cases. disclosure of the situation might hasten 
the demise of an entity. Compulsory transfers of business to other parties or the sale 
of companies can be executed while there is still some effective value in goodwill. In 
a full disclosure environment. by definition. this value of goodwill would reduce to nil 
if it was felt that the company was going to fail. 

• Di sclosure can be too late to solve problems. In particular. early prc\.cntathe 
intervention can be based on anticipated activity that would not normally be disclosed 
due to its commercial sensitivity. An independent supervisor can act in advance or 
mistakes being made . Disclosure. it is argued may only reveal problems made rather 
than offer the opportunity to address them before they get out of hand. 

• Disclosure can lead to aflight to qllality. If it becomes known that the risks at a 
particular financial institution are high then consumers, acting on this inrormation. 
may move to safer in stitutions. This action. of itself. can exacerbate the problem. 
For example, unfounded rumors against a bank can lead to a run cven where it IS 

den ied by the bank management (ie the market is correctly and fully informed by 
the organization) so that the bank becomes illiquid and has to rcail/e assets at fire 
sale prices. It is argued that a flight to quality discourages market development and 
innovation because individuals arc less able to absorb risk than diversified companies 
and favor less innovative companies. 

Several instances or financial mismanagement and fraud that have arisen in less
regulated segments or Ihe financial markets have caused significant harm to retail 
investors andlor have contributed to the destabilization of broader global markets. 
This has led to calls for increased regulation of these segments, and has reduced the 
pressure for further deregulation of regulated markets. 

In most jurisdictions. a balance is struck between market disclosure and specific regulation. 
and between prescriptive and more general structures. Readers can examine the regulation 
in their own environment and consider where the balance lies. 
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7.4 International organizations that influence regulation 

As markets become more global. the role of international organizations influencing the 
existence. the form and the content of regulation has grown. These organizations produce 
papers that survey practices in particular regulatory areas, provide guidance as to ho\'. 
issues might be addressed and in some cases set standards against which the regulations of 
an individual jurisdiction may be benchmarked. 

7.4.1 Internationa l regulatory standards 

There are several bodies setting international standards in the financial sector that are 
relevant to the work of actuaries and the inst itutions that they advise. The longest-standing 
of the standard-sett ing bodies is the Committee on Banking Supervision at the Bank of 
International Settlements (B IS), often referred to as the Basel (or Basle) Committee after 
the name of the city in Switzerland where it is headquartered. This committee continues 
to work on the enhancement of the supervision of banks. Also in Basel is the International 
Association of Insurance Supervisors (lAfS) that seeks to improve insurance supervision 
and regulation. Basel also hosts international organizations covering deposit insurance, 
payments systems and other financial sector global groupings. Simi larly, the International 
Organization of Securities Commissions (I0SCO) focuses on the supervision of securities 
dealers and markets. 

These organizations produce Core Principles. Standards and Guidance as well as research 
into current practices and developments. These influence individual jurisdictions because 
they establish accepted international benchmarks of practice and encourage dialogue on 
developments. They help developed markets expand beyond national boundaries and 
provide a gerlerai framework for supervisors and regulators in underdeveloped markets 
10 develop a regulatory system. They define globally-accepted practices on such issues as 
prudent risk management. capital. and corporate governance. They define expectations of 
effective supervision that guide legal and supervisory practices globally. As global financial 
conglomerates reach across borders, they encourage the regulatory and supervisory regimes 
to become more consistent. 

Also. some regulatory and supervisory requirements may be put in place in line with 
guidance. standards. or even binding treaties at higher levels. For example, the European 
Union directives are relevant for EU member states: the National Assoc iation of Insurance 
Commissioners(NA IC) in the US produces model laws that guide state insurance legislation; 
banking regulation in a group of Caribbean states is handled regionally rather than in each 
country separately through the East Caribbean Central Bank: and insurance supervision 
in west Africa is coordinated through the Inter-African Conference on Insurance Markets. 
Actuaries in these jurisdictions would need to be aware of both the local requirements and 
the developments at the level of the higher groupings of jurisdictions. 

The International Accounting Standards Board (IASB) issues internationally applicable 
accounting standards described as International Financial Reporting Standards (IFRS). 

Other international organizations also help to develop regulation and supervisory pract ices 
although they are not generally considered to be standard-setting bod ies. 

To enhance the coordinati on of the three standard-setting bodies - the Basel Committee, the 
IAIS and IOSCO - a forum of all three was established. This joint forum started work on 
the supervision of financial conglomerates with participation in more than one sector and 
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has since carried out fu rther studies on issues of co mparability of approach in each sector. 
It is also particularly interested in the potential for risk transfer and arbitrage between 
sectors. The resulting research papers encourage greater consistency between sectors. 

The Organization for Economic Co-operation and Development (OECD) takes an active role 
in Ihedevelopment offinancial sector regulation. Before the existence of the IAIS and IOSCO. 
il provided a more important forum fo r the exchange of views and the development of best 
practices in the areas of insurance and securities. In addition, despite the small membership 
of the OECD in proportion to all countries, it tries to maintain contacts with all countries by 
sponsoring forums, educational seminars, and the publication of technical papers. 

Although of less direct relevance to most actuaries. there is a set ofpri ncipies produced by 
the Financial Action Task Force (FATF) dealing with regulation against money laundering 
and other financial crime. These place responsibilit ies on financial institutions and a range 
of law enforcement agencies from those involved in border protection to those overseeing 
financial institutions. 

The World Bank and the International Monetary Fund ( IMF) were both established after 
World War II. Since various financial crises in the 1990s, these two organizations have 
been involved in a Financial Sector Assessment Program (FSA P) which, in part. assesses 
the extent to which a jurisdiction conforms to the various standards and codes esWblished 
by the standard-setting bodies. The FSAP assessments also address vulnerabil ities in the 
financial sector and the developmental problems. Both of these organizations. along with 
other development agencies. provide technical assistance to countries seeking to develop 
further their regulatory and supervisory structures. 

A more recently constituted group of sen ior regulatory officials and central bank governors 
is the Financial Stability Board (FSB). This organization is small but has considerable 
influence. It acts as a forum for issues to be raised and for research to be instigated. In the 
global financ ial crisis that began in 2007, it has served as a focus for action and response 
at the international level in support of major governments and was reconstituted and 
renamed as part afthe response of governments recognizing its important role. As a result, 
it influences the agenda and priorities of other bodies. 

Another body that influences regulation and markets is the World Trade Organization 
(WTO). Until the late 1 990s, financial services were specifically excluded from the treaties 
of the WTO. Since then, work has progressed on a new round of agreements that would 
include financial services but wi th a prudential C(fI'1'eOIl/ . A prudential carveoul means 
that restrictive rules would be permitted but on ly on purely prudential grounds, rather 
than as barriers to trade entry. Two particular consequences of this direction are that non
prudential barriers can be expected to be removed over time and that. at some point. there 
wi ll be WTO actions taken that will further define the meaning of what is and what is 
not a purely prudential rule. One key area under consideration is the insurance sector 
where many jurisdictions favor reinsurance with locally licensed rather than offshore 
reinsurance companies and some do not permit the licensing of branches. Another area 
will be retirement benefit fund administration where there is some pressure to allow funds 
to contract administrative services offshore. A third area would be differential controls 
on market entry between locally owned institutions and foreign institutions (whether as 
branches or locally incorporated subsidiaries). 
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7.5 Summary of core principles 

The various core principles issued by the international bodies provi de a standard for 
regulation in the financ ial sector. particularly from the prudential supervisor's perspective. 

The core principles provide for : 

the establishment of a supervisory authority that has operali onal and political 
independence from the government of the day. In particular. this independence is 
supported by specific and secure funding of operations, transparent appointment of 
office bearers that provides an element of security to the senior officers, and ability to 
make decisions free from the political process and industry lobbying; 

a regime for licensing new entrants that considers the adequacy of corporate 
governance. capital. risk management. internal controls. fitness and propriety of those 
in control of the entity and the soundness of the proposed business plan. and that 
regulates subsequent changes in control of the regulated entity; 

• ongoing rules for corporate governance, corporate structures, internal controls and 
rules for the fitness and propriety of owners. directors and senior managers; 

• accounting standards. including adequate. transparent and comparable va luation 
of assets and liabi lities. These standards cover the treatment of approaches such as 
marking assets to market values. use of book va lues or amortized val ues. li abilities 
with margins at a particular level. and allowance for recoveries or transfer of risk such 
as through reinsurance for insurers and securitization of loan portfolios fo r banks; 

rules requiring a minimum level of capital (sometimes ca lled the solvency margin) 
includin¥. minimum absolute capital amounts. use of methods that reflect the underlyi ng 
risk levels in the organization. suitable types of capital instruments that can count 
toward meeting the requirement, particular assets that cannot count toward meeti ng 
the requirements such as loans to directors or affiliated companies or goodwi ll. and 
the treatment of capital in conglomerates that would lead to double counting of capital 
in a corporate group; 

powers of inspection and investigation. sanctions, and the capacity to deal with orderly 
processes for market exit; 

rules for market conduct including the treatment of customers and the regulation of 
distributors; and 

other rules for the prevention of money laundering, transparency of regu latory and 
supervisory processes. and disclosure by companies to markets and customers. 

7.6 Officia l roles for actuaries 

Particularly with respect to prudential aspects of operations, the actuary can have a 
legislated role and higher responsibility. 

Some supervisory regimes prescribe an official role for actuaries. Whilst this practice is 
of longer standing for life insurance companies and defined benefit retirement plans, it is 
becoming more common that there will also be an official role for actuaries in non-li fe 
insurance and in health insurance. 
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The actuary usually has a role in the regime for prudential supervision. The official role of 
the actuary is related to the financial condition of the entity under supervision. Actuaries 
nlay have other roles in these entities but these may not be a requirement of the supervisory 
or regulatory structure. Actuaries who have a statutory role and other commercial roles 
must ensure that commercial considerations do nol influence their statutory duties. 

[n defining the official role of the actuary, legislation or regulations often define: 

who can be an official actuary (requirements as to fitness and propriety, including 
experience and professional qualifications); 

what the official actuary is required to do; 

what obligations the official actuary has to report to the company and to the supervisor: 

what topics and areas the official actuary has responsibility to cover in these reports; 
and 

whether the official actuary has powers to obtain information needed for the task, 
powers 10 obtain access to the people to whom they have a responsibili ty to report, and 
protection from their efforts being frustrated. 

In these cases. the actuarial professional body may support offic ia l actuaries in the conduct 
of their responsibilities. The professional body may provide peer review and support on 
technical issues such as the development of mortality tables; set professional standards and 
guidance on how to perform the particular tasks; deal with complaints against members; 
and investigate and if appropriate. discipline those found to have failed in their duty. In 
some jurisdictions the professional body will provide a pmclicillg certificate to those 
actuaries whose experience and education is deemed to fit them for a statutory role. 

7.7 The structure of regulation and superviso ry institutions 

The structure of regulation and of the institutions that enforce it can be organized by type 
of institu!ion. by areas of concern or by some blend of these two. In the firs t case, laws 
are passed and an authority is established for each institutional type (eg banks, insurance 
companies, retirement benefit plans). The authority is responsible for the regulation of all 
relevant aspects of the particular institutional type. [n the second approach, an authority is 
established for each regulatory area (eg prudential regulation. disclosure requirements. etc) 
with scope to regulate and supervise across all instilutionallypes. 

[t is important that actuaries, particularly those with legislated responsibilities, understand 
who is the re levant "policeman" for the particular responsibility. As noted earli er, senior 
officials or the organization as a whole can have a regulatory function by producing 
subsidiary rules, by guidance or simply by making public statements on issues. 

Consider the following two examples of how a statement from a supervisor can be 
effective. First, suppose the chief of insurance supervision indicates hi s or her concern 
about premium rates for term insurances. An actuary pricing or valuing liabilities for such 
products has to consider whether the assumptions are realistic, reasonable and defenSible 
in the light of the supervisor's view of the market. In other words, an approach weighted 
toward the actuary's perception of market practice may need caution. The actuary may 
even consider an informal discussion with the supervisor. recognizing that this is an area of 
particular imerest. Secondly, suppose the supervisors indicate that they have conducted a 
series of on·site inspections and found a particular practice was poor and another was "best 
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practice." Then where the poor practice exists for the entity being advised action might be 
required to correct the poor pra<:tice to protect stakeholders. 

7.8 Practical implications for actuaries 

It is a fundamental requirement of professional practice that actuaries carry out their roles 
with a proper understanding of the environment, and a fundamental part oftha! environment 
is legislation. Legislation can impact implicitly on the nature or the risks that actuaries afC 
estimating or assessing, or explicitly on the advice ilse lf. 

Actuaries should be aware of the professional and legal obligations attached to their work. 
If they are giving advice required under laws or regulations, they should be familiar with the 
requirements and also any professional standards of practice. Actuaries are rarely qualified 
lawyers. There may be times when an actuary has to seek advice from and collaborate with 
lawyers to ensure that his or her work reflects the legal situation and to consider any trends 
that may have implications for his o r her work. Regardless of the situation, when an actuary 
takes on an officia l role. just as with all roles, the actuary should only act if he or she has 
the capability to fulfill the obligations of that role. 

7.9 Key learning points 

Actuaries need to understand the environment in which they are working, and the 
issues that this may raise for the work that they are doing. The legal system and 
regulation are part of the environment in which actuaries work. 

• Depending on the nature of the legal system and the problem being addressed by the 
actuary. relevant regulation can include primary laws, subsidiary rules and regulations, 
circulars from other government agencies. court decisions, documents issued by self
regulatory organizations or international organizations, and professional guidance and 
standards. 

Understanding the rationale for regulation includes understanding the objectives of 
regulation, the arguments in favor of more or less regulation. and the basis of the legal 
system itself. A basic understanding of these issues assists the actuary to identify areas 
of law thai are relevant to a particular situation. 

Thc regulator and supervisor are usually important participants in the market for 
regulated financial products, both as an influence on regulation and to explain how 
the regulations are interpreted and enforced. Being able to identify the rclcvant 
supervisory agency for whatevcr particular regulations are relevant may be as 
important as identifying the regulation itself. 

International organizations influence legal systems in all countries. They influence the 
conlent of laws and provide guidance on best practices that may be relevant or useful 
to the actuary (even when there are no local legal requirements). 

Actuaries can have designated responsibilities under the law. When th is is the case, 
the actuaries need to understand their higher and more complex obligations and 
responsi bilities. 
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Exercises 

7.1 Where relevant, consider a particular jurisdiction, perhaps the one where 
you work or hope to work in the future, when answering these questions: 

(a) Review the primary and subsidiary legislation and become familiar with the 
structure and scope of the regulations in each part. 

(b) Identify the sources where you can find the primary laws most relevant to 
the life insurance, non-life insurance, banking and private retirement income 
markets: the source of those laws (national or sub-national) and the names of 
the primary laws. 

(c) Identify the supervisory authorities responsible for the oversight of these 
laws. particularly those responsible for prudential oversight, systemic 
stabili ty, accounting and valuation, revenue raising, and market conduct. 

(d) List the areas where these supervisory authorities have rulc-making powers 
for one of these selected laws. 

(e) What are the stated objectives of the organizations identified in (c)? How do 
these objectives match with the overall objectives of regulation identified in 
this chapter? 

7.2 By reviewing either the Basel Committee on Banking Supervision or the 
International Association of Insurance Supervisors' Core Principles, how would 
you assess the independence of the supervisory authorities in your country,! 
With respect to one selected authority. state the challenges and rationale for 
your assessment succinctly in not more than one page whilst still identifying the 
strengths and weaknesses of the system that is in place. 

7.3 You have been approached by entrepreneurs who operate a chain of retail 
department stores in your country. They wish to provide financial products to 
their customers to improve services and increase profit and are considering a 
range of alternatives. Prepare a summary of the requirements that would apply 
in your jurisdiction regarding obtaining any necessary licenses and providing 
capital if they were to: 

provide mortgages and term deposit accounts to clients by slarting a bank: 

provide car insurance by starting a subsidiary non-life insurance company: 
and/or 

sell one or more existing insurer's life insurance product. 

7.4 In your jurisdiction. what official roles arc provided for actuaries that are 
mandated by laws or other legislation? What specific responsibilities does the 
actuary have in each case (such as valuation, capital certification . determining 
prices. solvency management, etc)? 

7.5 You are the actuary ofa small life insurance company writing endowment 
insurance savings contracts. You are responsible for establish ing the provisions 
and reserves and reporting to the company's board of directors on the financial 
condition of the business. 

'" 
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(a) Identifying the role of actuaries in your jurisdiction. where such an official 
role exists, including the part played by the actuarial professiona l body in 
supporting thi s role, list the relevant obligations imposed on this role. What 
other laws and regulations would also be relevant to consider? 

(b) You identify that the provision should be $12 million. The company's board, 
led by the major shareholder who is also the cha irman and CEO, has amended 
your proposal to $6 million and pUlthis in the accounts and has, as a result, 
reported a profit of$1 million , a dividend of 5750,000 and a capital position 
of $5 million. You have considered a more optimistic valuation that would 
suggest $ 10 million instead of $12 million but you know this would leave no 
margins at all in the valuation. What concerns do you have and what action 
should you take? 

CD Items 
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Fred's Coffee Shop - Product Design 
Fred is considering what products to sell in his caffei'! shop. He probably has 
some general ideas, because his initial research should have identified a gap 
in the market that he will seek to fill. However, he now has to consider all the 
details, such as how he will make and present the products. Thinking about all 
the product design issues will help him to firm up his plans. 

The physical premises will shape his product design decisions. For example, 
if he doesn't have adequate facilities, he will be unable to prepare food on 
the premises. This doesn't stop him buying food in for resale. such as cakes, 
sandwiches, salads and even certain hot meals that can be reheated in a 
microwave or under a sma ll grill . However, it clearly restricts his options. 

Fred's options are also limited by his prospective customer base. If his customers 
will be partlcularly price-sensitive, he probably shouldn't be planning to use 
expensive coffee beans. If price is less of an issue, he might consider offeri ng a 
range of different beans or using more expensive (but higher-quality) equipment. 

Fred will need to decide what coffee styles he will offer (eg cappuccino, latte 
and espresso) and whether to offer hot chocolate and various teas. He will find 
that customers expect a certain range of options but he may decide on a more 
extensive range. 

Even the decor of the coffee shop, the cut lery and crockery, the disposable 
takeout cups and the way the staff dress are part of the product design. Think 
of different coffee shops that you have used and consider how they vary and 
how the differences affect your attihlde to them. 

So, as Simple a product as coffee has many design options. However, there arc 
also very many core features (such as the basic range of coffee styles) that are 
the same in all coffee shops in one region or country. 

The same applies to financial products such as life insurance. When designing 
life insurance products, the customer appeal of a feature has to be balanced 
against the cost of providing it, including the impact on risk. From a 
product design perspective, the ideal feature is one that adds very little cost but 
is highly appealing. 

As yOll read the chapter, think of features that might be considered in financial 
products and why they might (or might not) work. You might be able to 
find ideas from non-financial products. There are also different ways of 
achieving a desired outcome. The CD article about Islamic Insuranc(' 
provides an interesting example. 

Another issue is product distribution channels. In Fred's case, the two obvious 
delivery channels are in-store and takeout. To maximize sa les through these 
channels, he needs to get people into the shop, perhaps by advertiSing and 
having an attractive shopfront that stands out. 

What other distribution channels are available to Fred? Think for a moment 
before you read on. 

Fred could operate a delivery service to local businesses, taking orders by 
telephone or the Internet. It is likely that the demand for this service would 
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overlap with the walk-in business but it would also reach different customers. 
He could reach another set of customers by equipping a van and selling coffee 
at the beach at weekends. 

Another distribution channel is to establish severa l coffee shops under Fred's 
bra nd. One benefit of this is that a person away from home will be more 
likely to buy coffee from a fam iliar brand - Fred's. You can probably th ink of a 
franchised version of this model, with a worldwide presence. 

Distribution is about reaching customers. To be profitable, it has to be efficient 
and effective. Most businesses that have been around for a while have maior 
distribution channels that have been proven to work. 

However, when reading the chapter, remember that most distribution channels 
don't reach all potential customers (or don't do so efficiently). Also, the 
economics can change; th ink how the banning of commissions would affect 
the distribution of investment products through financial advisers, for example. 

Therefore, companies always need to consider other potentia l channels, both 
fo r now and for the future. As you read the chapter, think of ways in which 
non-financial products are distributed and whether financial products cou ld be 
distributed in similar ways. 
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Chapter 8: Product Design 
by Jeffrey Beckley 

8.1 Introduction 

The process of product design can be viewed as onc step in the Actuarial Control Cycle. 
Product design has its own control cycle, with fou r siages. 

Stage I: Ident ify the need for a new (or modified) product and develop a product 
strategy. 

Stage 2: Develop the product. 

Stage 3: Manufacture and distribute the product. 

Stage 4: Gather and monitor experience. 

The process forms a cycle as the fourth stage often leads to the identification of the need 
for a new or modified product. 

We wi ll use this framework to di scuss product design, considering the various steps to be 
completed at each of the four general stages aflhis control cycle. We will conclude with 
an overall commen! on the practical impl ications for actuaries working in product design. 

8.2 Stage 1 of the product design control cycle 

This first stage involves identifying the need for a new (or modified) product and developmg 
a product strategy. 

8.2.1 Identify the need for a new product 

Identifying the need for a new product can occur in several ways. We will consider five 
examples: 

innovation; 

response to changes in regulation or tax law changes; 

entry into a new market or distribution channe l; 

updating an ex isti ng product to reflect relevant experience; and 

market research. 

8.2.1.1 Innovat ion 

True innovation occurs when a product that is unique or considerably different from existing 
products is introduced. Innovation often occurs as the result of one person's insightful 
analysis ofthe market or as the result oflooking at a market need from a different vicw than 
that of other people. Th is is a skill that is di ffi cult to teach or develop. 

Innovation, in and of itself, does not assure success. An innovative product may not 
meet a market need or it may be too expensive compared to alternatives. For example. 
alternat ive fue l automobiles have been available for many years. However, it can be argued 
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thaI these cars have never been successful. First, they have generally been considerably 
more expensive 10 buy and often more expensive to operate than their gasoline-powered 
competitors. Only recently as gasol ine and diesel fuel prices have reached high levels have 
consumers been able to justify fi nancially such innovative cars. Secondly, these cars have 
lacked critical features necessary to be successful. For example, the power, range. top 
speed aflhese cars and the avai labili ty of refueling are ollen limited, resulting in their use 
outside an urban setting being impractical. 

However, an innovative product that meets a market need can often command a premi um 
over the price charged for competing products. The iPod is an innovative product that has 
been able to maintain a prici ng premium over its competitors. The innovative iPod captured 
a dominant market share which it has been able to ma intain for an extended period of time 
while still charging a price that is higher than that of its competitors. 

Innovation in financial services also occurs frequentl y. For example, most derivatives are 
developed as a result of innovation and are frequently designed to meet a specific un served 
market need. Innovation in derivatives has been possible in the past as derivatives have nol 
been highly regulated. 

Innovation in the insurance indus try has been less common. Mosl life insurance and annuity 
products are identical to other products in the marketplace. Even when there arc changes in 
insurance products, these changes lend 10 be minor alterations thai are evolutionary. One 
major reason is that insurance is a highly regulated industry. It is often difficu lt to develop 
innovat ive products that will comply with the existing regulations. A second reason is 
that, unlike manufactured products, product innovations in insurance have historically 
not been patented and are copied quickly by other companies. Therefore, the financial 
motivation and competitive advantage of innovation has been muted. A third reason is 
the administrative complex ity of insurance products. Non-incremental change requires a 
significant investment in systems making the cost of failure relatively high. 

Over the last ten years, some insurance companies in the US have successfull y sought 
patents covering the inner workings of a product and the computer systems used to 
administer that product. During 2009. Lincoln National Life was awarded a US$13 million 
settlement in a patent infringement lawsu it. The success of such patents could s ignificantly 
change the competi tive advantage and financial reward for innovation in the insurance 
industry. Funhermore. the actuary for an insurance company will need to verify that any 
design element is not patented and if not, to consider whether to apply for a patent. For 
more information. see " Product Patents and their Impact on the Li fe Insurance Industry" 
on the C D. 

Example 8.1 
An example of innovation in insurance products was the introduction of universal 
life insurance in the US in the late 1970s. Prior to universal life, permanent life 
insurance sales consisted of whole life and endowment contracts. Universal 
li fe unbundled the elements of the whole life and endowment contracts. This 
permitted the universal life product to provide significantly more fl exibil ity as 
well as enhancing the understanding of the product. As a result, universal life 
products captured and have maintained a significant market share. 
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8.2.1.2 Regu lation or tax law changes 

A change in regulation or tax may create new market needs, and thus create the opportunity 
to sell new products to meet those needs. Or the change may require modification of 
an exist ing product to meet the new environment. For example. changes in the tax and 
regulatory environment in the US and Australia have been one of the reasons why most 
retirement plans have moved from defined benefits to defined contributions. 

r.,'lany financial products, including insurance products, are designed and marketed to take 
advan tage of provisions in tax law. For example, derivative assets are often used to replicate 
more traditiona l assets because the derivatives arc taxed differently than the traditional 
asset. The use of deri vatives may allow an investor to mirror the results of the traditional 
asset in a more tax efficient way. 

Regulation and tax laws also influence product design outside the financial services 
industry. For example, many of the innovations in automobiles have been driven by 
regulatory requirements with regard to passenger safety or the reduct ion in pollutants. 

8.2. 1.3 Entry into a new market or distribution channel 

If a company wants to enter a new market or di stri bute its products through a different 
distribut ion channel , product design is likely to be necessary. Products targeted to one 
market or distribution system will generally not work in another market. At the very 
least, commission schedules usually differ between the various distribution channels. The 
company will conduct market research to determine the appropriate products for the new 
market . While market research is discussed below, one particular step of that process is 
to identify competitors and the products that are sold by competitors. Many times, when 
entering a new market (or to remain competitive in an existing market) companies merely 
copy the products of competitors. Sometimes this occurs because the company does not 
have enough experience or knowledge to price and market a new product with innovative 
features. Therefore, they enter the market using a competitor's design and benchmarking 
against a competitor's rates, trusting that those in the business are participating reasonably. 
The article " Variable Annuities" on the CD discllsses one example of product designers 
in Europe (including the UK) taking inspiration from a product that has been successfully 
introduced in the US and Japanese markets. Another example is given in the article 
"Takaful" on the CD which describes how insurance contracts can be adapted to comply 
with Islamic law. 

Other methods of gaining knowledge and expertise in order to enter a new market would 
include hiring a consultant or consu lting firm with expertise in that market, entering the 
market through a joint venture with a partner (such as a reinsurer) who has the expertise, 
or hiring expertise from a competitor. 

Copyi ng successful products of competitors is common in all industries. In 1983. Chrysler 
Corporation introduced the minivan to the US automobile market. The minivan was an 
instant success in the marketplace. Other car companies developed minivans to compete 
with Chrysler. 

8.2.1.4 Updating for experience 

A common reason for product design is to update the product to reflect experience. The 
experience that needs to be reflected may be related to the consumers (for insurance, 
this would be the policyholder and would include persistency and loss experience). to 

.... . .. 
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the economic env ironment (interest rales for example), or to the company (for example, 
expenses of producing and administering the product). 

When a product is first designed several questions will arise, as summarized below in 8.3 .5. 
These questions can often on ly be answered by making assumptions. Once a company 
has been selling a product in the marketplace. actual data can be gathered to replace the 
assumptions in answering these questions. This will generally result in the need to redesign 
the product. 

Products that a company has been selling for an extended period of time may need to 
be updated for more reccnt experience as the environment changes. For example, new 
competitors may enter the market. The automobile industry in nearly every country has 
gone through drastic restructuring as foreign car companies entered the domestic market. 

As another example, since mortality has generally improved over time, life insurance and 
annuity products need to be updated periodically to reflect current mortality. If the life 
insurance products are not periodically redesigned to reflect current mortality, the price 
of the product will become uncompetitive. For immediate annuities, if the product is not 
redesigned to refl ect current mortality and the latest information about projected future 
improvements, the product will become unprofitable. 

8.2.1.5 Market research 

One of the major tools in identifying the need for a product is market research. Market 
research: 

identifies a market need or confirms that a market need exists; 

confirms that your company has the resources necessary to meet the market need; and 

• identifies competi tors and competing products. 

Market research can take many forms and may itself lead to the identification of market 
needs. Market research on existing products may also indicate the need for new product 
designs in order to compete wi th the products that are being offered by competitors. 
Examples of market research would be industry surveys of product offerings and common 
fea tures. as well as focus groups of consumers and marketers of a company's products. 

If the market research does not support the perceived market need it is prudent to reach 
that conclusion early in the process, as the ;'develop product" stage and "manufacture and 
distribute the product" stage are both expensive. 

8.2.2 Develop a product strategy 

A product strategy is necessary so that you can assess whether your company can benefit 
from meeting the need. A product will seldom be successful even if it meets a market need 
unless an appropriate product strategy is developed. A product strategy will: 

(a) discuss how the product fits into the company's strategic plan and current product 
portfolio; 

(b) discuss the specific markets being targeted; 

(c) discuss the method of distributing the product; 

(d) discuss the competi tive advantages of the company; 

(e) develop sales and profit expectations for the product 
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(t) discuss the risks associated with the product and the ability to mitigate these risks; and 

(g) discuss the resources necessary for a successful product and evaluate the company's 
capacity to meet those needs. 

While all of these are important. we will focus below on the three areas (c), (f) and (g). 

8.2.2.1 Distribution method 

A company that produces products, financial or otherwise, generally has the choice of 
di stributing those products through multiple distribution channels. Products can be sold: 

through retailers; 

directly to the consumer through factory stores, mai l order, or the internet; and 

by representatives through door-to-door sales, to employees at their place of 
employment, telemarketing, or even through parties. 

Most companies rely primarily on a single method of distribution, but often utilize other 
methods as secondary distribution channels. Within a given industry. different companies 
will often utilize different distribution channels as their primary channel. 

Cosmetics are a good example. You can buy cosmetics in retail outlets such as department 
slores as well as discount stores. In addition. you can buy cosmetics via the internet. 
Fi nally. cosmetics are sold door-to-door or through parties where a representative presents 
the products 10 guests at the party. 

Financial products, including insurance products. are distributed through several different 
distribution channels. Companies must find efficient and productive methods for 
distributing their products in order to be successful. The main distribution channels for 
financia l products are described in Chapter 5. 

There is an old sayi ng that life insurance products are sold, they are not bought. This 
basically means that even ifan insurance product addresses a market need if the consumer 
does not understand how the product addresses that need, the product will not be purchased. 
This is one reason why many insurance products are sold by an intermediary. 

The point-of-sale contact for the financial services company perfonns other functions for 
the company in addition to the sa les function . For example, the agent for an insurance 
company performs the initial underwriting function for the company. Underwriting I 

discussed fu lly later in this chapter. Si milarly, the point-of-sale contact in the application 
for a mortgage loan performs an initial evaluation of the creditworth iness of the applicant. 

Distribution through intermed iaries does have limitations. Agents are high-cost and only 
reach a fraction of the population. so other channels are required in order to reach the rest. 
For example. simple insurance policies. with limited underwriting, are commonly sold by 
direct marketing, often from brochures included with other mailings such as credit card 
statements. There is also an increasing volume of business being done o\er the internet. 

The distribution channel for a product affects the product design as well as the pricing and 
experience of the product. Therefore, the design ofa product that aims to address a specific 
market need may vary depending on its intended distribution channel. Stated another way, 
a product developed for a specific market need that is successful in one distribution channel 
may nOI necessarily be successful in another distribution channel. For example. financial 
products sold through direct sales must be simpler and easier to understand than products 
sold through agents. The agent can act as an intermediary and explain the product to the 
consumer, which pennits a more complicated product to be designed. 

-. -.. , -~.' ... 
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Another reason thaI product design is likely to vary by distribution channel is that each 
such distribution channel has a unique cost structure. For a product to be properly priced. 
the product must reflect the cost structure of the distribulion system. 

The final reason that the same product cannot be sold through multiple distribut ion 
channels is that each di stribution channel will generate different patterns of experience. 
For example, insurance products sold through direct sales typically will have different 
patterns of persistency and loss experience than products sold by agents. If these unique 
persistency and loss pal1ems arc not reflected in the product design and pricing, the risk 
exposure for the insurance company will be unacceptable. 

8.2.2.2 Identify risks and evaluate the ability to mitigate them 

Chapter 4 introduced common financial products and Chapter 6 discussed the risks ofthese 
products from the providers' standpoint. In the product strategy, the provider must consider 
the risks involved, its ability to mitigate them, and its ability and willingness to accept the 
remaining ri sk. 

In Section 8.3 .2 below, we will see how stage 2 of the product design process can reduce 
the risk by contract design. Section 8.4.2 describes how risk can be reduced in stage 3 
of the product design process by choosing carefully which business will be accepled. 
Additionally, risks may be mitigated through internal or external hedging or rei nsurance. 
The ability to hedge a risk at a reasonable cost wi ll lead to offering product design features 
that the provider would not be willing to offer under other circumstances. 

Example 8.2 
An example of internal hedging, which is also a form of diversification, would 
be for a life insurance company to issue both life insurance and immediate 
annu ities. With life insurance, the company will suffer losses if the insured dies 
more quickly than expected. With annuities, which make payments for as long as 
the annuitant is alive, the company will suffer a loss jfthe annuitant li ves longer 
than expected. If overall mortality is heavier than expected, some of the losses 
encountered on the life insurance would be offset by profits on the annuities. 
Similarly, if the mortality is less than expected, the gains on the life insurance 
will help offset the losses on the annuities. While such hedging is very impreci se, 
these offsets may lead a company 10 offer both products to take advantage of 
these offsets. 

Exercise 8.1 
Why is such hedging imprecise? 

Many financial products involve investment risks, which are discussed further below in 
Section 8.4.4. These risks may be mitigated externally by the use of hedging instruments 
such as derivatives, or internally by choosing assets that are appropriate for the liabilities. 
For example. if long-term fixed-interest investments can be bought, a provider may be 
more willing to offer long-term savings products with a guaranteed interest rate. If no 
long-term investments exist. the provider will be exposed to the risk that reinvestment will 
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have to be made at lower than expected rates in the future. So the availability of suitable 
in\estments influences the product strategy. 

An example of external hedging occurs when life insurance companies offer certain 
<luarantees on investment-linked products. For example, a variable (investment-linked) 
product may provide a guarantee that if the product is held until death, the policyholder 
\\ ill receive a return of at least 5% per annum. This guarantee is typically provided for an 
additional fee. The fee can be used to purchase derivatives to hedge the risk that the linked 
invcstments will return less than 5% per annum. However, there is still risk invol ved for the 
provider. If the linked investments lose most of their value, then the fee, which is typically 
[l percent of the assets, will reduce substantially at the same time that the guarantee is "in 
the money." You might ask why an insurance company would provide such a benefit and 
expose itself to the additional risk. The answer is that these products have been very popular 
in the market. Purchasers of variable products now expect these types of guarantees if they 
purchase the products. This is an example of market needs driving product design. 

Example 8.3 
Availability of reinsurance often influences product design by insurers. In the 
1990s and early 2000s, mortality reinsurance for term life insurance in the US 
was available at a very low cost. The cost of the reinsurance was so inexpensive 
that the reinsurance premiums being charged were lower than the mortality costs 
many insurance companies were expecting to incur. As a result, many insurance 
companies ceded 80% or 90% orlhe mortality risk (0 reinsurers, which mitigated 
al most all their mortality risk. This influenced product designs in several ways. 

Companies who would not have been willing or able to accept the mortality 
risk associated with sign ificant volumes of term insurance were able to enter 
the term insurance market. 

Term insurance products with longer terms were developed. Manycompanies 
offered 30-year term products. Some companies even offered 40-year term 
products. Without reinsurance, it is unlikely that companies would have 
been wi lling to offer term products that exceeded 20 years. 

• Companies were willing to offer products where the premiums were 
guaranteed for all years. Once again, since the rei nsurance locked in the 
mortali ty costs, the risk of providing long-term premium guarantees was 
minimized. 

Reinsurance companies were pursuing market share aggressively. Therefore, 
in addition to lower cost, they readily agreed to help direct writing companies 
to enter the market by sharing mortality experience in the term market. This 
allowed companies that would have been reluctant to enter the term market, 
because of their lack of experience data, to enter without significant risk. 

8.2.2.3 Identify the resources required and available 

Resources include access to sufficient capital and access to experience information. 
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Capital requirements 
You will learn more about the need for capital in later chapters, but for now, suffice it to say 
that when an insurance company issues an insurance product, it will need capilal to finance 
the initial expenses until they are recouped from premiums, and to absorb unexpected 
Josses. So for every product that the insurance company sells, it needs 10 have some capital 
to support the produc!. The same applies for most financ ial providers. For example, a bank 
has to have capital to support each mortgage loan it provides to a borrower, to absorb larger 
than expected losses from default. 

The amount of capital needed will be larger for products that involve more risk, and for 
those with heavy initial expenses that are recouped slowly. For particular products, there 
may also be regulations that require the amount of additional capital set aside to be very 
high. The need to provide the extra capital will result in a higher price to the insured (in 
order to provide a return on the capital) or a lower profit for the provider. Therefore, capital 
requirements encourage product designs that find a way around these issues. 

Exercise 8.2 
Which of the fo llowing products requires more capital and why? 

Non-participating li fe insurance versus participating life insurance. 

• Private motor vehicle insurance versus product liability insurance. 

• Loans to commercial property developers versus loans to government agencies. 

Example 8.4 
A provider may be able to meet its capital needs externally. During the 1990s 
and 2000s, the capital requirements in the US for universal life with secondary 
guarantees' were specified by certain formulas. In many cases, insurance compan ies 
felt that these requirements were too strict and led to excessive capita l requirements. 
While the company could minimize the impact of these requirements through 
product design, many insurance companies used a combination of reinsurance and 
financial markets to reduce the capital requirements. For example, the insurance 
company ceded the business to a reinsurer who was not a US company, and 
therefore not subject to the same capital requirements. However. in order fo r the 
direct writing company to reduce the amount of capital required and still satisfy 
the regulator, the reinsurance company had to provide collateral. This was often 
done using letters of credit as collateral. These letters of credit were relatively 
cheap and 10 .... 'ered the cost of these secondary guarantees. However, in the second 
half of 2008 the credit markets constricted significantly. Letters of credit became 
much more expensive. This increased the cost of these secondary guarantees that 
the insurance companies had sold. This example illustrates the risk of offering 
certain product designs without the ability to lock in appropriate hedges. 

1 A universal life contract without a secondary guarantee remains in force, even if premiums cease 
or are tess than the charges for death cover and expenses, for as long as the account value or sur
render value remains positive. A universal life contract with a secondary guarantee will remain in 
force, ie witt pay the sum insured in the event of death, even if the account value or surrender value 
is negative. provided that some specified minimum amount of total premiums has been paid. 
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Company experience 

The prior experience that a company has with a product will influence product design in 
IWO ways. 

First if a company has significant experience with a given product, then it will be able to 
esti mate more reliably the costs of various potential options and features it might include. 

Secondly, the company is likely to know the perceived value in the marketplace of any 
additional features. The perceived value will be a function of both the value to the agent 
selling the product as well as the value to the ultimate consumer. Therefore, the product 
design will be influenced by the trade-off between the actual cost and the perceived value: 
the ideal extra design feature from the company's point of view is one that costs very little 
but that the customer perceives as being very valuable. 

When a company has limited or no experience with a product, the company must usc 
industry data , if it is available. If industry data is not availabl e, then product design 
decisions wi ll reflect the company's best estimate of expected experience. Decisions based 
on industry experience or best estimates contain more risks as experience usually varies 
considerably by markets, by distribution system, and by admini strative or claim practices. 

Exercise 8.3 
Read the paper " Innovation in Retirement Incomes" on the CD. After you have 
read this paper, answer the following questions: 

(a) Di scuss the specific market being targeted and the distribution channel being 
discussed. 

(b) Discuss the risks being addressed by the retirement income products from 
the consumer standpoint 

(c) Discuss the risks from the standpoint of the provider. 

(d) Discuss how this paper identifies the need for a new product or product 
design as di scussed in 8.2.1. 

8.3 Stage 2 of the product design contro l cycle 
We are now at the slage of developing the product. In this section we di sc uss: 

the concept of project management; 

how the design of the product can affect the risks we discussed above in 8.2.2.2; 

• how design takes account of competition and the marketplace, includ ing the pricing 
process; 

• meeting the expectations of all stakeholders; and 

the decision whether to launch and the various assumptions that will be required. 

8.3. 1 Project management 

Design of a new product in any industry is a major project with significant implications 
and costs for the company. Therefore, project management principles should be followed 
in most product design projects. Project management includes: 
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development of objectives and expectations for the project: 

ongoing evaluation of the financial implications of the project; 

development of a timeline for each step of the project; 

assignment of responsibilities for each step of the project; and 

ongoing monitoring of progress with communication between all parties. 

8.3.1.1 Develop objectives and expectations for the project 

Before beginning any project, it is important to understand and articulate the objectives 
and expectations of the project. The objectives and expectations of all stakeholders need to 
be identified and agreed upon by all principals involved in the project, and communicated 
to all panics working on the project. 

8.3.1.2 Financial implications ofthe project 

The financial viability of the project must be evaluated. This is not a one-time process, but 
must be done on an ongoing basis as the project progresses. Additional information wi1J 
continue to become available throughout the projecl. If at any time the project is no longer 
financially viable, then the project should be stopped at that point. 

Various methods are used to evaluate the financial viability of a project. Some methods usc 
quantitative analysis based on known or expected cash flows or profits. Many times. there 
are benefits or costs that are difficult to quantify. In these circumstances a more subjective 
approach is often used to supplement the quantitative analysis. For example. a cost-benefit 
analysis can be completed. Such an analysis may be as simple as comparing lists of the 
positives and negatives of the project. A more sophisticated and less subjective approach is 
to put a financial value on the positives and negatives and include those financial va lues in 
the quantitative analysis. Finally, real option theory is another method that could be used. 

8.3.1.3 Timeline, responsibility, and communication 

A major project is often overwhelming due to its size and scope. Project management 
takes the overall project and breaks it down into small tasks that are more manageable. The 
interdependencies of the various tasks must also be specified. Once these smaller steps 
are identified, then specific target dates for each task are assigned keeping in mind the 
overall time frame for the entire project. The smaller tasks within the project are assigned 
to specific individuals who are responsible to ensure that the task is completed within the 
time frame. The project manager has overall responsibility for monitoring each smaller 
task to assure that it is completed on time. 

Frequent communication between all parties involved in the project is required for a 
successful project. The communication will identify tasks that have been completed. This 
is important as recognition that those responsible have met their objective. It also allows 
those responsible for tasks that are dependent on the completed task to know they can now 
start their task. Just as importantly. the ongoing communication must identify tasks thai 
have not met the timeline and identify those that are responsible. This allows those involved 
to address missed deadlines and seek soluti ons to allow the project to get back on schedule. 
While many times the delay is beyond the control of the individual responsible for that 
task. this communication also acts as a strong incentive for all participants to complete 
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their tasks on ti me. If they do not, they know that they cannot escape responsibil ity. No one 
wantS to be identified as having let down a group of peers by not completing his or her job. 

8.3.2 Design features to control risks 

In Section 8.2.2.2, we discussed some resources that may mitigate risks, and enable 
products to be sold that would otherwise be too risky for the provider. The provider can 
also control the ri sks it accepts by careful product design. 

For general insurance, products often contain a deductible or a coinsurance so that the 
in sured shares in the risk with the provider. With a deductible or coinsurance, the insured 
will pay a portion of any loss suffered along with the provider. These features align the 
interest of the insured with the interest of the provider and prevent a situation under 
which the insured could actually benefit from suffering a loss. Deductibles also provide 
administrative savings by discouraging trivially small claims. 

As another example, a li fe insurance policy insures the policyholder against the risk of early 
death. However, an insurance company cannot insure all risk of early death. If the applicant 
for insurance is ill and expected to die shortly, then the insurance company cannot accept 
this risk. The fac t that the insured would be highly motivated to purchase insurance to the 
detriment of the company is called adverse seleclion. Therefore, the insurance company 
must control the risks that it accepts. The company typically controls the risk through the 
use of underwriting, which is discussed in 8.4.2. However, some life insurance products 
are sold without underwriting or wi th very limited underwriting. When this is the case, 
the insurance company could remove the risk of early death claims by including a policy 
condition stating that the policy wi ll not pay a death benefit during the first two years. This 
would be an example of controll ing the risk through product design. 

Of course, there are limits as to the abil ity of the insurance company to control or eli minate 
risk in product design. First, there may be legal or regu lalory restrictions. However. more 
importantly, if the product design is such Ihat reasonable risks are not transferred to the 
insurance company, then the insurance company will be unable to sell its products. 

In the above example, it is reasonable for an insurance company to eliminate the risk of 
paying out on early death when Ihal death is foreseeable (eg the insured is in very poor 
health). However, if the insurance company eliminated all risk of payments on early death, 
it is unlike ly that the potential policyholders would be interested in the policy. It is therefore 
usual that a pol icy that does not payout on early death from illness will payout on early 
death resulting from an accident. 
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Exercise 8.4 

The table below lists some examples of product risks and design features that 
are used to control risk. For each feature , explai n how it can work to control risk. 

Products Risks Product Options 

life insuranCe · Investment · limited death benefit in early 

(risk products and savings · Mortality years 

products) · Expense · Non-guaranteed premi ums 

Lapse · Non-guaranteed expense or · mortality charges 

· Surrender charges 

· Market-value-adjusted 
surrender values 

· Investment-linked 

· Participating or with profits 

General insurance · Severity · Short term contracts 

· Frequency · E)(perience refunds 

· Investment · Deductibles and coinsurance 

· Ma)(imum benefits 

8.3.3 Competition, the marketplace, and the pricing process 

Product design cannot be done in a vacuum. You need to take account of what is happening 
in the marketplace. The pricing process will also have regard to what your competitors are 
doing. 

8.3.3.1 Pricing the product 

Pricing a product is both an art and a science. Pricing must consider the cost of producing 
a product. This is generally the science part of pricing. If a physical product is to be 
manufactured, cost accounting methods can be used to identify the costs of producing the 
product. To the manufacturing costs. distribution costs and profit margins are added to 
arrive at an initial cost. 

If the product is an insurance product. a simi lar approach is used. However, the 
"manufacturing costs" are not as easi ly measured and are generally quant ified using an 
actuarial model. Often more than one actuarial model can be used to develop the costs 
associated with an insurance product, so the first task is 10 identify the appropriate model 
to use. Additionally, the assumptions and inputs into the model often are subject ive and 
determined using actuarial judgment. Therefore. the cost of "manufacturing" an insurance 
product is generally determined with less precision than the cost of a physical product. As 
with the physical product. the company still has to incorporate the distribution costs and 
profit margins. 

Pricing must consider the cost of similar or identical products being offered by competitors. 
If there are identical products being sold by several companies. these products are generally 
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considered 10 be commodities and will compete primari ly on price. There may be other 
factors considered such as the financ ial strength of the manufacturer, but these are usually 
secondary. For example. a consumer loan is usually considered a commodity because 
the primary, if not only differentiating facto r, is the price (interest rate) on the loan. On 
the other hand, if a product has features that differentiate it from its competitors, price 
competitiveness, while still important, will not be as critical. 

Determin ing the final price at which to sell your product is often an art. and involves many 
facto rs of wh ich the manufacturing costs and competition are just two. The reason for 
calling th is an art is because the determination of the final price often involves considerable 
subjectivity. Of course, the final price must be consistent with the product strategy. 

Modeling is discussed furthe r in Chapter 9 and pricing of products is discussed in detail 
in Chapter 13. 

8.3.3.2 Competition and the marketplace 

Compet ition and the marketplace have a strong influence on product design. In designing 
a product for any industry, knowing the design of competing products is critical. If a 
competitor is offeri ng product designs that are in demand it will be difficult to compete 
without similar features. 

Exam ple 8.5 
The downside of competitive pressures can be seen in the financial cnSls 
that began in 2007. From 2000 to 2003, certain mortgage loan providers 
offered mortgage loans to borrowers who did not meet conventional credit 
assessment standards. These loans were known as subprime loans. As a result 
of competition, other mortgage lenders also entered this market and subprime 
mortgages became readily available. By 2006, these loans were 25%, of the 
mortgage market in the US. 

These loans were often packaged and sold in the secondary market. Many 
financial institutions purchased these subprime mortgages as investments. 
These investments paid a higher return assuming default experience was in 
line with recent experience. Once again, because compet itors were purchasing 
these subprimc loans in a securitized form, companies that were initially not 
very comfortable with the risks assoc iated Wilh the mortgages began to purchase 
mortgages as assets in order to achieve the higher purported return. 

However, in 2007 and 2008, a high level of defaults began to occur in the 
subprime mortgages. Thi s caused major losses to occur within the firms holding 
the mortgages, even in tranches that had been rated AAA. Further. it resulted in 
a significant tightening of credit in the financial markets and helped to facilitate 
a worldwide recession. 

Understanding the needs of the marketplace will provide the opportunity to earn additional 
market share. Apple has consistently demonstrated the ability to understand the needs of 
the marketplace. and sometimes this understanding has resulted in significant market share. 
One example of success was discussed above with the iPod: another example is the IPhone. 
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8.3.4 Stakeholder expectations 

In the product design process, the interests and expectations of the various stakeholders must 
be considered. The stakeholders are alt the parties who have a financial or psychological 
interest in the product design. Clearly, the provider designing the product and the potential 
consumer of the product will be stakeholders. In addition, there may be several other 
parties who have a direct or indirect interest in the product such as: 

retailers. who will make a profit by selling the product; and 

government, who will be interested in the safety or the product even if the product is 
not directly regu lated. 

The interests and expectations of each stakeholder play an important role in product design. 
The interests and expectations of different stakeholders are often in conflict. Sometimes 
there are conflicting interests even within a single stakeholder. 

8.3.4.1 The provider 

The provider, as a stakeholder, consists of different parties such as stockholders, members 
orthe board, and employees. Many orthe interests of these parties are aligned. For example, 
all parties want the company to be profitable. The stockholders and the board clearly benefit 
from the company's profitabi lity. However, the employees also benefit directly or indirectly. 
The employees may benefit directly if their compensation is related to profitability. Even 
if it is not, the employees still benefit, as without profits, the company will not remain in 
business and the employees will no longer be employed. 

For insurance companies, the expectations include: 

Product~ will be designed to be profitable. 

Product design will eliminate, hedge or diversify risks that cannot be managed or 
mitigalCd. 

Product design will consider administrative requirements. 

• Product design will consider the interests of the other stakeholders. 

Exercise 8.5 
Why does product design need to consider administrative requirements? 

The interests of various departments within a company often appear to be in conflict. 
For example, let's look at the interests of the marketing department versus the actuarial 
department. The marketing department is responsible for selling the products of the 
company, and its compensation is often tied directly to sales. In order to accomplish their 
charge (and maxim ize their compensation), members of the marketing department want 
the most competitive premiums with the best product design. 

On the other hand, the actuarial department is responsible for the profitability of the 
products and its compensation may be based on profitability (and will seldom be based 
on sales). Therefore. it wants to maximize profits (requiring higher premiums) and sell 
product designs that minimize risk, which means the designs may not be as rich in features 
and guarantees as some others in the market. 
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In reality, these conflicts between departments result in a healthy discussion and are resolved 
through comprom ise. The marketing department realizes that in the long run, products must 
provide a reaso~able profit. .so.a des ig~ with un~a~onably low premiums. or that accepts 
unmanageable risks, IS not III Its best IIlterest. SlO11 larly. the actuarial department knows 
that a product must sell fo r the company to make a profit, so uncompetitive premiums and 
product designs are nO! acceptable. 

8.3.4.2 The consumers 

The consumers of products expect that the product wi ll perform as expected. The 
expectations are based on the stated funct ionality and the advertising used to market the 
product. 

The policyholders of an insurance company have certain expectations. Among those 
expectations arc: 

The product design will not be misrepresented in the sales process. 

The company will be able to provide the benefits promised by the contract. 

The company will provide reasonable service over the life of the policy. 

The product will provide a reasonable relationsh ip between benefits and cost. 

Product design witl consider the interests of the other stakeholders. 

8.3.4.3 Retailers 

The reta ilers of products expect that the products will be competitive from both price and 
quality standpoints wilh other products in the market. They expect the product to be safe 
and to perform as expected. They also expect the provider to back up the product with 
service and warranties if there are any problems with the product. 

For insurance companies, the retailer is the company's distribution system. Among the 
expectations of the distribution system are: 

• The company will provide a product that competes well in the marketplace. 

• The company will be able to provide the benefits promised by the contract. 

The company will provide reasonable service in supporting the sales process and to 
the policyholder over the life of the policy. 

The product will provide a reasonable relationshi p between benefits and cost. 

Product design will consider the interests of the other stakeholders. 

8.3.4.4 The regu lators 

The final stakeholder we wi ll discuss is the government and its agencies, which will be 
referred to as regulators. Some products are highly regu lated while other products arc not 
subject to specific regulation. For all products, the regulators have certain expectations such 
as safety. Additionally, the regulators will expect the product to comply wi th any general 
laws and regulations. For products that are regulated there will be laws and regulations that 
apply directly to those products. 

Insurance companies are highly regulated and the regulator plays an important role in 
product design. The regulator'S responsibility is to: 
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of the insurance company for the benefit of the 

protect the consumer from misleading or improper marketing methods; and 
prohibit misleading or financially irresponsible product designs. 

Among the expectat ions of the regulator are: 

The product will comply with applicable laws, rules and regulat ions. 
The product design will not be misrepresented in the sales process. 
The company will be able to provide the benefits promised by the contract. 

The company wi ll prov ide reasonable service over the life of the policy. 
The product will provide a reasonable relationship between benefits and cost. 

• Product design will consider the interests of the other stakeholders. 

Exercise 8.6 
For each stakeholder, we have stated that they expect the interests of other 
stakeholders to be considered. Why? 

8.3.5 Deciding whether to launch the product 

At each point in the slage of deve loping the product, the company should make a conscious 
decision to cont inue the development process. At the completion of this stage, the company 
must decide whether it will actually launch the product. In making these decisions, the 
company will consider questions such as: 

Do we still believe that this product will address a market need? 
What will be the costs (production, distribution, capital, etc)? 
How many products will be sold? 

What price will purchasers be will ing to pay? 
What is the best distribution system for the product? 

Does it meet profit objectives? 

Ifat any point in the development process the company believes that it cannot produce a 
compet itive product that will generate an acceptable profit,2 then the company should stop 
development. 

8.4 Stage 3 of the product design control cycle 

The third stage involves the manufacture and distribution of the product. For financ ial 
products, there are generally three steps within this stage: 

2 Note that the Nacceptable profitH may be a loss. A company may decide to issue an unprofitable 
product if it contributes to the overall company strategy, for example as a loss leader to capture 
market share and lead to sales of other, profitabte, products. Obviously the company has to be care
fuL The important point is that the company will have expectations from the product. and will stop 
development if it believes these expectations cannot be met. 
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distributing the product to clients; 

select ing the acceptable risks; and 

administering the product and managing the assets and liabil ities that result from 
selling the product. 

8.4.1 Distribut ing the product to our clients 

We have discussed the possible channels of distribution above in 8.2.2.1. Now we will look 
at the process more closely. 

Potential customers have to be moved to buy the product. The first step of this process is to 
develop docu mentation that spec ifies what the product is, ie 10 draft the cont ract and sales 
material. The second step is marketing to the customers, whether by using intermed iaries 
in the di stribution channel , by advertising of various forms, or a combination. 

8.4. 1.1 Contract and Sales Materia l 

For financial products, the product is a contract (policy) that the provider enters into with 
the consumer. The wording of the contract specifies the agreement between the parties 
10 the contract. In the case of insurance, the insurance policy states the obligations of the 
company and the policyholder. The policy will state the exact circumstances under which 
the insurance company is obligated to make a payment. It will also state the financial 
obligations of the policyholder such as the obligation to pay premiums on a timely basis. 
The contract will also layout the non-financial obligations of the parties. For example. the 
policyholder is obl igated to notify the insurance company of any claim with in a certain 
time frame. Similarly, once notified of a claim, the insurance company has a slated lime 10 
determine if the claim is valid and to pay the claim if it is valid. 

Actuaries as well as lawyers are generally involved in the writing of the insurance contract. 
The wordi ng of the contract is very important as the contract will be a primary determinant 
of the obligations of each party. Clear and concise language is critical. In the case of 
di sputes. the part ies wi ll refer to the contract language. If the language is ambiguous. then 
the contract may be interpreted by the courts to require payment by one of the parties that 
was not intended, and th at was not considered when setting the price for the product. 

In addition to clear and concise language delineating the obligations of each party. an 
insurance policy is also subject to regulatory requirements. The insurance laws and 
regulations of each jurisdiction3 where the policy will be sold mllst be reflected in the 
policy. [n most cases, prior to sale of a new product, the generic insurance policy must be 
approved by the regulatory officials. This approval process confi rms that the policy meets 
the laws and regulations of the regulatory jurisdiction. The regul atory review process is not 
intended to verify that the product language is clear and concise . 

However, most of the time, the customer purchases financial products based on an 
illustration prov ided and the representations made by the company 's agent in addition to 
the contract. In reality, the customer rarely sees the contract prior to making a decision 

, Re<;julatory jurisdiction varies by country. In most countr ies, there is a single national regulatory 
body. In other count ries, there are multiple regulatory bodies. For example, in the US, each state 
regulates the insurance products sold in that state. 
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to buy. Many limes the illustrations and representations arc as important as the contract. 
Therefore the advertising material, including illustrations, needs to be clear and to fully 
disclose the limitations of the financial product as well as the benefits. 

For products that do not provide guarantees, the policyholder may not understand that 
benefits shown are not guaranteed. The agent and the company must be care ful to explain 
fu lly which benefits are guaranteed and which are contingent upon current experience 
continuing. In the US and the UK, there have been many legal cases involving the deceptive 
and misleading marketing of insurance products. In the UK, with-profit cndowmcnls 
were sold as repayment vehicles for house mortgages on Ihe assumption that the bonuses 
would be at levels Ihat seemed reasonable in the I 980s. After a period of low investment 
returns, many of those policies matured with payouts that were not suffic ient to repay the 
mortgage. In the US, universal life products sold in the 1 980s were often sold under the 
assumption that premiums could be discontinued after they were paid for five to ten years. 
The assumption was that high interest rates would continue and the excess investment 
earnings would be enough that additional premiums would not be necessary. However, as 
interest returns dropped, continuing premiums were required and numerous lawsuits were 
inst igated. The anicle "'Vanishing Premium' Litigation: the Plaintiff's Perspective" on the 
CD provides more details. 

The law regulating insurance compan ies in the UK requires that companies have regard 
to Policyholders' Re(lsOl1abfe Expectations (PRE). However, there is no definition of PRE 
in the legislation. PRE has generally been considered to be what the policyholder could 
reasonably expect to receive based on: 

the contract; 

• illustrations and representations made at the point of sales; 

actual dperience with regard to investments, monality, etc; 

the company's stated philosophy with regard to bonuses or dividends; 

the history and past practice of the company; and 

• standard practice within the insurance industry. 

PRE should also include fair and equitable distribution of profits among cohorts of 
policyholders as well as to stockholders. 

Given that PRE is not defined by law and is a somewhat nebulous concept, it will eventually 
be clarified by case law. The concept of PRE was the centerpiece ofa lawsuit in the Equitable 
(UK) case that is discussed in "The End of the Equitable" on the CD. 

Keeton (1970) put forth the Doctr;lIe of Reasonable Expectariolls with regard to insurance 
contracts in the US. The concept has been the justification for court decisions in the US. 
The concept is similar to that of PRE. 

Actuaries are generally charged with assuring, to the extent within their control, that PRE 
is met once the policy is issued. There is guidance in actuarial standards of practice and 
guidance notes. 

While the discussion with regard to PRE has centered on panicipating (with-profit) 
policies, the concept can be applied 10 all policies. For example, policyholders develop 
expectations with regard to the redetermination of premiums on in-force policies such 
as lenn policies. In the US, universal life policies have non-guaranteed elements such as 
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interest rates credited and mortality and expense charges. Companies should be aware of 
policyholder expectations when changing these non-guaranteed elements. 

The bottom line is that the contract, the illustration, other point-of-sale marketing 
material and the representations made by the company's agent all form the policyholders' 
expectations. Therefore. it is important that appropriate resources are devoted to developing 
a contract and sales literature that are clear and concise. Additionally. the marketing 
representatives of the company must be properly trained and supervised to prevent mis
selling or mi srepresentation. 

Exercise 8.7 

The suitability offinancial products fora panicularconsumer is another important 
aspect of marketing financial products. Identify at least three suitabilky issues. 
Describe each issue. 

8.4.1.2 Marketing 

As discussed in 8.2.2.1, the choice of distribution channel affects product design in various 
ways. If a company uses intermediaries, the type of intermediary wi ll also influence 
product design and cost. For example, when a company markets through brokers. it is 
competing with all other companies represented by that broker. In order for the broker to 
pick a particular company's product the product or company must provide an advantage to 
the broker. The advantage can take one of four forms: 

the product is superior for the consumer because it provides a lower price or better 
benefits or service: 

• the product provides higher compensation to the broker; 

the company provides superior service to the broker; or 

the company has superior financial strength or reputation. 

The distribution channel will also affect the quality and quantity of the product sold. 
Companies can try to influence the quantity of sales by recruiting more intermediaries or by 
increasing advertising for direct marketing. However, depending on the distribution channel, 
the success of such a strategy may be limited. For example, if a company markets through 
sole agents. there is a significant period of time between the agent being hired and when he 
or she becomes productive. As mentioned in Chapter 5. sole agents are extensively trained 
by the company and may have other jobs. Therefore, no increase in sa les will occur until the 
new agent is tmined. Furthermore, hiring and training new sole agents involves substantial 
upfront expense which is only repaid over time. On the other hand, the sole agent sells for 
just one company so the success of the company is important to the long-term success of the 
agent. Therefore. the sole agent will often produce a high quality of business. 

We can contrast this situation with a company using brokers. The cost to a company of 
a broker is generally just the commissions that are paid on business sold. Therefore. if 
the company recruits more brokers to sell its products, sales will go up and there \\ ill 
be no disproportional increase in costs. Additionally, since the brokers are genemlly 
experienced sellers of the product, they can begin selling products immediately. Offsetting 
this advantage is the fact that brokers represent many companies. They will only sell a 
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company's product if there is a reason for them to do so. Additionally. brokers are not tied 
exclusively to one company so their interests do not necessarily align with the interests of 
the company. Therefore, the quality of the business that is generated by brokers may be 
inferior to that of sole agents. 

When products are sold through direct marketing, sales are clearly linked to advertising 
costs or number of contacts (eg number of direct mail ings or telemarketing calls) . Even 
when sales are through intermediaries. advertising directly influences sales. Advertising 
is often used to generate leads for the intermediaries. Additionally, advertising often aims 
to raise brand awareness which helps to increase the number of sales. Finally, through 
advert ising a company can target certain markets. For example, advertising during a family 
television show targets the middle income family market whereas advertising during a 
financial news show targets an upper income market. 

The concepts in thi s section have been discussed primarily from the standpoi nt of a 
financial services finn. However, the concepts apply to non-financial products as well. For 
example, Firestone tires are sold by Firestone stores (sole agents) as well as tire stores that 
represent multiple tire manufacturers (brokers). If Firestone wants to increase sales, it can 
open more Firestone stores. However, thi s is expensive as it must build the store and trai n 
employees prior to any sales. Additionally, there will be a lag prior to new sales as the store 
is built and employees trained. Alternatively, Firestone can convince additional tire stores 
to carry its tires. This shou ld result in immediate additional sales as these are established 
stores. However, it may be expensive as the independent tire stores wou ld want incentives 
to sell Firestone tires. Another approach would be to seek a greater share of tire sales from 
independent stores by reducing price or by advertising to end-customers so that Ihey seek 
out Firestone. 

Just as a fin'ancial services company can influence sales with advertising, so can other 
firms. For example, if Firestone wants to encourage the sale of high-performance tires 
(high-performance tires have higher profit margins), it will target adverti sing to certain 
markets. For example, sponsorship of racing teams and events will target auto-racing fans, 
who tend to buy more high-performance tires. 

8.4.2 Risk selection 

Risk selection is a primary tool used to mitigate certain risks identified above. Risk 
selection is used to control risks including: 

• mortality risk on life insurance products; 

• severity and frequency risk for general insurance; and 

credit risk on loans. 

Risk selection (also often called underwrifing) is the process that insurance companies and 
lenders use to differentiate between the risks that they are willing to accept and those that 
they are not willing to accept. Additionally, risk selection is used to classify and determine 
the price for those risks that are accepted. 

Risk selection for loans involves evaluating the credit risk. This generally consists of an 
evaluation of the creditworthiness of the borrower as well as the value of any collateral for 
the loan. The creditworthiness of the borrower is evaluated based on past credit history 
(often represented by a credit score), income, wealth, and other credit obligations. The 
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lender may also require an appraisal of the coll ateral used to back the loan such as an 
independent appraisal of the house upon which a mortgage is being taken. 

The process of risk select ion for illsurance will vary with the type of cover, as discussed 
further below. However, for all types of insurance, the process will check for insurable 
imerest and will probably involvejinancialll1lderwriling. 

Insurable interest means that the person buying insurance will suffer a loss if the insured 
event occurs. Usually the loss will be financial, but in the case of life insurance, the loss 
can be an emotional one, so that for certain family relationships, an insurable interest for 
life insurance is presumed. For example, a parent is assumed to have an insurable interest 
in a ch ild. For long-term life insurance, insurabl e interest must exist only at the time of 
application. For example, a husband has an insurable interest in his wife and can purchase 
a life insurance policy wilh the wife as the insured and the husband as the beneficiary. The 
policy can be continued even if the two are subsequently divorced. 

Fi nancial underwriting means verifying that the amount of insurance being bought is 
reasonable relative to the potent ial loss. For example, for property insurance, the amount 
of coverage sold should not exceed the value of the property, as otherwise the owner of the 
property could be financially motivated 10 destroy the property and profit as a result. 

Each type of insurance product also has specific forms of underwrit ing. For example, risk 
selection for life insurance involves evaluating the health of the proposed insured. When 
a person applies for life in surance, he or she will usually have to complete an application 
form that wi ll ask a series of questions about that applicant's current and previous 
health, and may also ask about any dangerous hobbies or activities. Also as part of the 
underwriting process, insurance companies may seek additional health information. For 
example, the insurance company may contact the applicant's doctor or require the applicant 
to submit a blood or urine sample 10 test for diseases or drug or nicotine use. Additionally, 
if the amount of insurance being applied for is large enough, the insurance company may 
requ ire the applicant to have a physical examination by a doctor of the insurance company's 
choosing. All of these tools are used to segment the applicants into those that the company 
is willing to insure al standard rates, those that it is willing to insure but only at rates that 
are higher than standard, and those that it is not willing to insure at any rate. 

Exercise 8.8 
The appl ication form for life insurance wi ll often ask if the applicant's parents 
and siblings are still alive. Also, if they are deceased, the appl ication form will 
ask for the cause of death. Why would such information be used in risk selection? 

As another example. premium rates for automobi le insurance generally vary by factors 
such as the type and age of automobile, age of driver, miles driven each year. number 
and severi ty of traffic violations, where the owner lives, and whether the automobile is 
garaged or parked on the street. The risk selection process will also look at an applicant's 
past claims and accident history to determine if insurance coverage will be offered and 
at what rates. An applicant with recent accidents will be charged a higher premium than 
an appl icant with no recent accidents. Actually, if the applicant's accident history is bad 
enough, the insurance company will decline to offer coverage. 
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Through risk selection, insurance companies are able to stratify risks so that similar risks 
are grouped together and charged the same premium. This stratification prevents excessive 
cross·subsidization between different risk groups. 

On the olher hand, it can be argued that the primary purpose of insurance is to facilitate 
subsidization through the pooling of risk. In other words, insurance is of value because It 
allows risk to be diversified or shared across a group of insureds. Stratification reduces 
the extent of risk sharing. and can make insurance prohibitively expensive for high_ 
risk individuals. For an interesting alternative viewpoint to the ahove discussion on risk 
classification, you are encouraged to read "Some Novel Perspectives on Risk Classification" 
on the CD. This article argues that: 

From a public policy standpoi nt. adverse selection is not really adverse. 

Theoretical models of risk classification may exaggerate the significance of adverse 
selection. 

There are psychological perspectives on decision-making that explain why phenomena 
predicted by adverse selection models are often difficult to observe. 

• Risk classificati on at times promotes policies that are contrary to public policy 
involving the same cohort of individuals. 

8.4.3 Administration of the product 

For products in the financial services arena, once the product has been sold, the company 
must st ill administer the product. This is unlike most other products where once the 
product is sold, other than warranty or liability claims, the producing company no longer 
needs to worry about the product. For insurance products (and most other products 
sold by financial services compan ies). the company must cont inue to service the product 
for its remaining lifetime. 

For loans, administration includes sending notices of payments due on a periodic basis. 
This requires maintaining current information about the customer such as address. Once 
the borrower has made all the payments. the lender must release the collateral. Additionally, 
if the borrower defau lts then the lender must enter legal proceedings to collect overdue 
payments or to foreclose on the collateral. If the lender becomes the owner of the collateral, 
then there are many additional administrative responsibilities that are assumed unti l the 
lender sells the collateral. 

For insurance products, administration includes collection of premiums. payment of claims, 
maintaining current information on the policyholder (such as address for billing purposes 
and beneficiary in the case of life insurance), calculation and maintenance of reserves (a 
purely actuarial function), as well as many other functions. 

Proper administration of products of financial services companies is critical to the long
term profits of these products. For example, if the company does not provide good service, 
then persistency of the product is likely to be impacted. Policyholders are more likely to 
lapse their pol icy if they feci that they are not receiving good service. Additionally, if the 
company does not pay the correct amount on claims. there will be considerable ill wilL 
Further. if the company overpays the claims. it is unlikely that it will be able to recover 
the overpayments. Finally. even if the company makes claims payments that are for the 
correct amount, but does not pay claims on a timely basis, the company can be subject to 
regulatory actions (including significant fines) as well as policyholder lawsuits. 
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The administrative needs o f a product must be considered in the product design process. 
We di scussed in 8.2. 1.5 that market research can confirm that your company has the 
resources necessary to meet the market need. One of the necessary resources is the ability 
of the company to administer the product being designed. If the company does not have the 
administrative capability necessary for a product then the administrative capability must 
be developed or Ihe product should not be designed. It is highly preferable to develop the 
administrative capability prior to designing the product. For example, there is no need to 
consider design of a variable or unit-linked product if the company's administrative system 
does not have the ability to determine product val ues based on unit prices. 

8.4.4 Asset- liability management 

An inst itution that issues financial products will end up with both liabilities and assets. 
These must be managed in a coordi nated way. It is essential to have a strategy for asset
liability managernentlhroughout the lifetime of the product, from the very beginning of 
the product design process. 

For example. when an insurance company sets insurance premiums, it will make assumptions 
about the rate of rcturn it wil l achieve by investing those premiums until claims arc paid. If 
it assumes a rate of return of 5% per annum. say, then it must have an investment strategy 
that will ensure, to an acceptable level of certainty, that it can earn at least 5% per annum 
and that the investments can be converted to cash when it is time to pay claims. 

Similarly, when a bank makes a loan, it must have a financ ing strate&,'Y that provides an 
acceptable level o f certai nty about continued access to funds at a cost thai is less than the 
interest rate it can charge on the loan. 

The process of asset-liability management is described in more detai l in Chapler 14. 

8.5 Stage 4 of the product design control cycle 

The final stage involves gathering and monitoring experience. Th is step is im portant for any 
product, but it is particularly important for financial products such as insurance. Further. as 
indicated in the introduct ion to this chapter, this fourth stage often leads to the next product 
design cyc le. as it can identify the need for a new or modified product. Furthermore. it will 
even more frequent ly identify that changes to the prici ng of the product are necessary. 

The process of mon itori ng experience is discussed in detail in Chapter 17. 

8.6 Practical implications for actuaries 

When advising a company on product design, the actuary must ensure that the provider 
understands the risks and the implications for capital requirements. The actuary may have 
professional responsibi li ty to other stakeholders in the product design, and can be placed 
in a position of an arbitrator between the confli cting interests of the various stakeholders. 

In 8.4. 1 above we saw that insurance policies sometimes give the provider some discretion 
over the dislribution of future profits or other non-guaranteed elements. Professional 
standards may place a responsibility on the actuary to ensure that these discretions are 
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exercised in a way that treats the customers fa irly. The actuary should consider, as part of the 
product design process, whether this can be managed practically over the life of the policy. 

Actuaries will often be involved in drafting illustrative maleriai, including projections of 
possible benefits. It is essential that any assumptions are reasonable and that the illustrations 
are not misleading. It is important that the customers understand thaI an ill ustration IS 

subject to uncertainty, and the actuary should consider how to convey an idea ofthc level 
of uncertainty. 

It will often be the responsibility of the actuary to provide accurate information to regulators 
who will review and approve the product being designed. If the actuary intentionally 
provides inaccurate or misleading information to the regulators, he or she wi ll be subject 
to disciplinary action. 

Finally, the actuary must document the work carried out in the product design. Professional 
standards require full and complete documentation of work done. For many actuaries, 
having the discipline to document one's work once the project is completed in other aspects 
is difficult. However, this is critically important and not just because it is a professional 
responsibility. Documentation serves as a roadmap to the work done and often provides 
a shortcut in the development of similar products. Documentation also permits other 
actuaries to utilize the work that was completed. 

8.7 Key learning points 

Product design is a cycle within a cycle with stages being: 

o Stage I: Identify the need for a new (or modified) product and develop a product 
strategy. 

o Stage 2: Develop the product. 

o Stage 3: Manufacture and distribute the product. 

o Stage 4: Gather and monitor experience. 

A new product can be identified through: 

o innovation; 

o response to changes in regulation or tax law changes; 

o entry into new market or distribution system; 

o updating product for relevant experience; and 

o market research. 

A product strategy is critical to the success of a product. Among other items, the 
product design must consider the company's distribution method, the risks of the 
product and mitigation techniques, and the resources necessary. 

Project management helps to achieve a successful product design by developing 
expectations and objectives; establishing financial objectives, timelines and 
responsibilities; and facilitating communication. 

Product design can be used to control risk. 

Competition and the marketplace must be considered in product design. 
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Product design must consider stakeholders' expectations. Stakeholders include the 
provider, the customers, the distributors, and the regulators. 

Once the product has been designed, it must be manufactured and distributed. 
This involves distributing to the client using acceptable sales material and contract 
documentation, and select ing appropriate risks. 

Once the product has been sold the provider must administer it, manage the assets 
and liabilities that result, and gather and analyze experience to determine if product 
design changes are necessary. These requirements must be taken into account in the 
initial design process. 

During the product design cycle, the actuary must always keep in mind the actuary's 
professiona l responsibil ities. 

These slages fo rm the product design control cycle. The product design control cycle applies 
to all products. Additionally, while most of our d iscussion was around financial services 
products, most of the concepts discussed in this chapter are appiic"ble to any industry. 
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Fred's Coffee Shop - Modeling 
Fred is very familiar with actuarial models, so he appreciates the value of models 
in decision-making. 

At this stage, Fred has done lots of thinking and research about his planned 
coffee shop. He probably has a fairly clear idea of how he wa nts to proceed. 
Before he does so, however, he should build a model to help him to understand 
the im pl ications of his decision. 

Fred knows that his model won't be entirely accurate - indeed, it is likely to 
be highly simplified - but it must have sufficient deta il to hel p him to decide 
whether it is worth investing his savings in this venture. And after the shop 
opens, his model may help him to monitor its success. 
Before you read on, stop and think about Fred's model. What does he need to 
test? 
Fred will have both financ ial and non-financial objectives. Ideally, he will have 
set these out in a bIiSilll!SS plall, a document describing how a business intends 
to achieve its objectives. He needs to test whether he can expect to achieve 
these objectives and what the key risks are. 

Financially, Fred is likely to want to know: 

• how much he needs to invest to establish his coffee shop; 

• what further investment may be needed in the early days while he builds 
up his customer base; 

• when he can expect to break even, which means having income at least 
equal to outgo; 

• if he has to borrow money, when he can expect to repay the debt; and 

• when the coffee shop is well established, what ann ual income he can 
expect to earn. 

Fred's non-financial objectives are likely to influence the model rather than 
being direct outputs from the model. For example, Fred may wish to use only 
"fair trade" coffee (which you can look up on the internet) and thi s might 
affect his assumptions regarding the cost of the coffee and the price that he 
can charge. 

Modeling is an area where Fred's actuarial skills can be directly applied. He 
can build a spreadsheet with future cash flows based on assum ptions about 
salaries, cost of supplies, price of drinks and sales. Part of his model will be the 
relationship between price and sales. 

Fred will need to check that the results ma ke sense and that they respond 
sensibly to changes in assumptions. For exam ple, if he expects to serve an 
average of 100 customers per day, a projected annual profit of $250,000 implies 
almost S 10 profit per customer. This seems too high and should be investigated. 

Having established that the model works properly, Fred will want to investigate 
what happens if his assumptions turn out to be wrong. He will be particularly 
keen to understand the consequences of adverse variatio n. For example, if his 
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business plan involves serving 100 customers per day, what would happen if he 
only got an average of SO per day? How many customers does he need in order 
to achieve his objectives? 

Finally, Fred must effectively communicate the results of his model, particularly 
when he approaches a bank for a loan. 

In Chapter 9, the author deals with rather more complex models than Fred's. 
However, it is worth bearin g Fred's business plan model in mind as you read 
the chapter. 



Ch apter 9 Modeling 
by Andrew D. Smith 

9.1 Introduction 
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This chapter examines what a model is. why models are useful and how models are selected 
in actuarial work. Starting with an example model. we move on to consider how, in theory, 
models ought to be built and used. We then move on to the business issues affecting models. 
including their place in the control cycle . 

.. 
9.2 Examp les of mode ls 

9.2.1 Automobile insurance 

Drivers in most countries must purchase insurance. To calculate premiums, insurers try to 
evaluate how likely each driver is to make a claim and how big the claim might be. That is 
why applicants have to answer so many questions - not only about their driving history but 
also their occupation, address. type of car driven, whether the car is garaged or not and so 
on . Insurers build models which use the answers to questions such as tliese for estimating 
likely claims cost. 

Two actuaries responsible for such ca lculations are debating whether men or women are 
the safer drivers. One argues that women are safer because they make fewer and less costly 
claims on motor insurance policies. The other argues that men incur greater claims because 
they tend to drive longer distances in larger cars that cause more damage in the event of an 
accident. These factors, he argues, and not the sex of the driver, explain the greater average 
claims for males. To resolve this issue, the actuaries have to build a model that relates 
insurance claims to the characteristics of each driver. 

9.2.2 Savings product w ith an investment guarantee 

An insurer has designed a savings product in which policyholders invest in a portfolio 
of bonds. The insurer also provides a money-back guarantee in the event of falling bond 
markets, so that investors cannot lose their initial investment provided the insurer remains 
solvent. This guarantee has proved to be expensive in an environment of falling bond prices. 
The insurer has the idea of swi tch ing policyholders into another product design based 
on investments in shares. but with no money-back guarantee. This change cannot legally 
be imposed on policyholders without the approval of the regulator. The insurer wants to 
persuade the regulator that the switch leaves policyholders no worse off'. on the grounds that 
shares have historically provided superior investment returns compared to bonds. To make 
this case, the insurer needs a model describing future returns on diffe rent investments. 

9.2.3 Fairness of insurance prices 

The Japanese subsidiary of a multinational insurer provides insurance to the Russian 
subsidiary. Tax rates are lower in Russia than Japan, and the Japanese tax authorities 
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suspect that this insurance is deliberately under-priced in order to transfer profits from 
Japan to Russia so as to minim ize tax - which would be illegal under Japanese law. The 
Japanese tax authorities engage actuaries to demonstrate that the insurance premium is 
insufficient for the risks covered and therefore that the Japanese subsidiary is understati ng 
its taxable profit in Japan. This requires a model of how insurance is priced in relation to 
the claims covered. 

9.2.4 Valu ing pension benefits 

A retirement benefit plan promises employees a pension on reaching retirement age. The 
annual pension amount is calculated based on how long an employee has served and 
on the employee's career average salary. An employee who leaves employment before 
retirement age is offered a cash value in lieu of the pension to which she is no longer 
entitled. The pension plan retains an actuary who certifies that the cash value offered is fai r 
compensation for the lost pension entitlement, using a model that describes the cost of the 
benefits foregone . 

9.2.5 Investment risks and returns 

An investor wishes to construct a portfolio of assets that is expected to provide a good 
return while maximizing the probability of being able to pay a stream of future obligations. 
He constructs a model of the risks and returns on different investments, which he then 
optimizes to find a mix that maximizes the probability of meeting the obligations given the 
initial investment amount available. 

9.2.6 Setting dividend policy 

A bank has made a profit of$IOO mill ion in a given year. The strategy department wants to 
retain the profit to build up a fund that will be used to acquire a competing bank, leading 
to economies of scale and beller scope for long-term growth. The finance director argues 
instead that paying an $80 million dividend would boost the share price, and so serve 
shareholders bener in the short term, as well as providing a boost to executive compensation 
which is linked to the share price. The finance director builds a model to describe the 
likely effect of dividend policy on share prices over the medium term, to support the 
dividend decision. 

9.2.7 Mortal ity improvement 

A writerofl ife annuities is concerned that lifestyle improvements, greater access to med ical 
care and technological developments may cause pensioners to live longer, increasing 
insurance payouts and making its product unprofitable. The firm constructs a model of 
pensioner mortality, analyzing past data to quantify the effect of mortality improvements in 
the past. It is found that the cohort born in the 1930s (and retiring in the I 990s) has shown 
particularly strong improvements. The model is used to analyze whether the improvements 
are explained by factors in the early years of life (such as growing up during an econom ic 
slump) or changes later in life (such as a reduction in smoking). This is used as an input 
into prici ng and underwri ting decisions. 
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9.2.8 Social behavior 

A government is concerned about the rates of pregnancy among teenagers. It proposes 
a program of sex education in schools, including provision of confidential advice on 
contraception. Some religious groups argue that such education merely normalizes sexual 
activity among teenagers. leading to a greater rate of pregnancy rather than the reduction 
intended. The government commissions research to build a model explaining the rate of 
teenage pregnancy in different communities. relating it to the nature of education provision 
and surveyed levels of sexual activity. 

9.3 What is a model> 

Models ar' "widely used for many purposes within financial inst itutions. 

A model is a mathematical representation of a real world phenomenon. Models enable 
analysts to reduce comp lex problems to manageable terms. They must be well understood 
and used with care. 

Models invariably involve making simplifying assumptions about the real world. By 
expressing the phenomenon in terms of a simplified representation we make possible 
calculations. simulations and predictions about the real world while hopeful1y retaining 
enough detail of the underlying processes to realistically represent the real world . Examples 
of the types of simplifying assumptions are: 

assuming a quantity is constant over the period of the model; 

assumi ng we know the statistical distribution of a quantity; 

assuming some aspects of the model are not influenced by (or arc independent of) 
other aspects; 

assuming some aspects of the real world have an insignificant effect on what is being 
modeled; and 

assuming all financial instruments are always priced so as to preclude risk-free 
arbitrage profits. 

Models are usually implemented in computer software. The software implements a series 
of mathematical formu las. using inputs and producing outputs. 

The intended representation of someth ing out there in the real world is a vital aspect 
of modeling. Model evaluation involves comparing aspects of the model to empirical 
observations. We do not consider a computational tool that implements formulas to be a 
model itself. A theoretical hypothesis of how the world might work is not a model either. 
It becomes a model when implemented in formulas and calibrated against the real world 
phenomena it is attempting to represent. 

9.3. 1 Case study - building a model of inflation and interest rates 

9.3.1.1 The business problem 

In many economics. older employees retire from work and receive an income of a certain 
amount per month. Sometimes this income comes from an all/llIil)" that is, an insurance 
contract purchased with a lump sum at the dale of retirement and paying a steady income 
for the remainder of the policyholders life. 

• 
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One possible problem with annuities is that they provide no protection against inflation. 
that is, increases in the price of goods. With inflation a constant annui ty income buys 
less with each month that passes. To overcome Ihis problem, other product designs exist. 
Some of them use payments that are recalculated regu larly to reflect inflation. Most 
governments publish regular inflation statistics that can be used for this purpose. In this 
section. we consider how such products come to market, with a particular focus on the 
role of models. 

9.3.1.2 The actuarial problem 

Within an insurance company or financial institution, the starting point is usually one 
or two individuals within a product development team. Their objective is to design new 
products, get them through a number of interna l checks and then launch these products 
onto the market. 

Suppose an actuary within an insurer's product development department has an idea for 
a new product. The idea is this: in exchange for a single premium paid at ret irement, the 
insurer promises a regular income until death, rising (or falling) in line with inflation. 

9.3.1.3 The Question to be answered 

As part of the design process, the actuary notices that times of high inflation have often 
also been associated with times of high interest rates. He seeks to explore Ihis relationship 
further and use the results as input to proposed pricing for the annuity. For example, if 
the actuary can show that interest rates are usually two percent above inflation, this could 
imply a pricing strategy where policyholders arc promised inflation-linked cash flows and 
the insurer earns two percent more than inflation. That two percent margin provides funds 
to cover expenses, can be used as a source of profit, or may be passed to the customer in 
the form of a lower initial premium. 

9.3.1.4 Data sources 

A starting point is to investigatc the relationship between inflation and interest rates by 
gathering relevant data. In the past, that may have involved difficult searches in libraries. 
but now much of the relevant data is published online. In the UK, the retail prices index is 
available from the Office of National Statistics. Inflation data since 1947 is available from 
their website, http://www.statistics.gov.uk. 

There are many different kinds of interest rates. including yields on various bonds issued by 
governments and companies, rates at which banks lend to each other and rates embedded in 
other trades such as interest rate swaps and repurchase agreements. In the UK, the longest 
historical data is available on the Bank of England rate. This is the rate at which the Bank 
of England, acting as lender of last resort. wou ld normally lend to other banks (subject to 
various other conditions). 

Data on this rate is available as far back as 1700, on the Bank of England website. hup:11 
w\vw.bankofengland.co.uk . 
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With the two key dam elements in hand it is now possible to investigate the hypothesis that 
there is a relationship between inflation and interest rates. 

9.3.1 .5 Exploratory data analysis 

The tWO series. from 1948, are shown in Figure 9.1. 

Figure 9.1 Historic inflation and interest rates 
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9.3.1.6 The first model 

The actuary begins with a hypothesis that interest rates are a fixed margin above inflation. 
In other words. he constructs a model of the form : 

intcrest(t) = inflation(t) + real return 

He wants to test whether the real return is constant. Demonstrating a constant real return on 
cash deposits would be a usefu l contribution to demonstrating profitability of index-linked 
penSions. 

Figure 9.2 shows the real return data. that is, the interest rate at a point in time minus 
inflation over the previous year. 

As this chart is not constant. this immediately disproves the model ofa constant real return. 
Instead of arguing that real returns are constant, the actuary has to propose a stat istical 
argument, that real returns are sufficiently predictable to form a sound pricing basis. A key 
decision when using historical data is how far back in time to go. It appears that the series 
is moderately stable from 1979 onward and for the rest of the analysis only those data 
points wi ll be used. 
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Figure 9.2 Difference between interest and inflation rates 
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For example, the actuary may look at the historic distribution of real returns, as shown in 
the hi stogram in Figure 9.3. 

Figure 9.3 Histogram of differences 

100 

90 
80 

~ 
c 70 
• 60 , 
~ • 50 • 
~ 

40 

30 

20 

10 

0 

'" "- "- "- "- "- "- "- "- "- "- "- "- "- "-"1 or '" '" 
~ 0 ~ N m ~ ~ ~ ~ ~ m , 

Difference 

The model could then be written in the form: 

interest(t) - inflation(t) = real return(t) = mean real return + error(t) 
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It is natural to estimate the mean real return as the sample average over the period. The 
error terms can now be analyzed statistically. They are found to have a sample mean of 
zero (this follows by construction - as the mean real return was estimated from the same 
sample) and a sample standard deviation of 2.2 percent. 

For the purpose of product design. a forecast is needed of how these error terms might 
behave in future. Can we assume these are normally distributed (the histogram is slightly 
skewed left, but maybe not enough to cause concern)? One way to find out is to use the 
sample mean and standard deviation as estimates of the underlying parameters. Then 
construct a graph that shows the actual data alongside a simulation from the normal 
distribution model. 

Figure 9.,\shows the historic path of real returns, with simu lated future returns. according 
10 a normal distribution, and assuming independent observations from one month to the 
next. This appears to be a poor model, as the simulated outcomes look completely different 
than the historical data to wh ich they were supposedly calibrated. 

Figure 9.4 Simulated path using independent normal variables 
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9.3.1.7 The second model 

In the historical data, there are periods of high real returns and periods of low real returns. 
In a period of high real returns. the next real return is also likely to be higher. One way to 
investigate this is to construct a scaner plot with real return at time t on the)' axis, and real 
return at time I-Ion the x axis. This is shown in Figure 9.5. 

• 
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Figure 9.5 Scatterplot of year t difference versus year t-' difference 
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The regression line suggests a possible model of the fonn: 

• • • 

0.06 008 

real rClUrn(t) = A )( real return(t-l) + (I-A) x mean fcal return + error(l) 

J 
I 

This is known as an oll(OI-egress;I'e model in which real returns in onc period depend on 
values in previous periods. The error terms (which are different from the variable of the 
same name in our previous model) are modeled using indepcndcIU zero-mean normal 
variables whose common standard deviation is estimated from {he historic data. 

The result of regression is the estimated parameters A = 0.958 and a mean real return of 
0.0313. The sample standard deviation of the errors is 0.0065. One indication that thi s may 
be a bener model is the smaller standard deviation of the error teon. 

Assuming a normal distribution, this provides a possible model fo r projecting real returns 
into the future. Figure 9.6 shows the historic rea l returns and a randomly generated 
projection. 

On visua l inspection, this looks more promising. The projected outcomes visually resemble 
the past data. and represent plausible continuations of the patterns in that data set. 
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Figure 9.6 Simulation using the autoregressive model 
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Exercise 9.1 

The data for this case study are in the Excel file "Chapter 9 Exercise 9.1 Data 
Sprcadsheet" found on the CD. Verify the numerical results of the regression 
analysis. You may have learned other tests besides the simulation projection 
presented here. Conduct those tests and then decide if this model is appropriate 
for use. 

Starl ing in 1979 was a qualitative decision based on observing the pattern of 
differences. Conduct a sensitivity analysis by using other starting years. For this 
situation. is the choice of starting year influential on the model choice? Do you 
recommend a different starti ng year? 

A slightly more complex autoregressive model is one based on the real returns in 
each of the prior two years (an AR(2) model). It is defined as: 

real rClurn(t) = constant + A >( real return(t-l) + B )( real return (t-2) • 
errore!) 

Using the start ing year you just selected, fit this regression model and determine 
if it is an improvement over the previous model. 

Write a brief memo supporting your chosen model. Assume the reader of your 
memo is familiar with such models but is many years removed from doing 
statist ical analyses. 

• 
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9.3.1.8 Further discussion 

This model illustrates some important lessons: 

A solution to a problem may require investigation of more Ihan one model. In the 
case study above. the actuary built a preliminary model to investigate the relationship 
between interest rates and inflation. This model wi ll support decisions regarding inpm 
parameters into the final pricing model. 

• Model building is an iterative process. The simulated outcomes from the first model 
were completely different from the historical output, indicating that the initial model 
did not capture the behavior of Ihis series. Thus the model was modified and the 
check on the second model indicated that this new model is much more reasonable. In 
practice, the actuary may conduct severa l further iterations until the model is deemed 
sat isfactory. At this point the actuary is ready to apply the model. 

Statistical theory and its appropriate application play an important part in building 
models which are easy to follow, understand and use. 

Exercise 9.2 
Obtain a paper or report in which a model is proposed. Read it critically to 
determine if the author has presented a convi ncing argument for the recommended 
model. Comment on what was done well and what could be improved. If you 
arc unable to locate a paper or report, consider the paper by Hardy (2001) that 
promotes the regime swi tching lognormal model. It is available on the CD. 

9.3.2 Using a fitted model 

Having fitted a mode1. ' the analyst can apply it to the problem in hand. This means turning 
a statistical forecast into a business proposition for launching inflation-linked annuities. 

The development actuary uses the model to advocate the product launch. In our example, 
this advocacy might involve the following four steps: 

(a) Proposal of a pricing basis for the product, for example based on providing customers 
with a real return of one percent per annum. This also requires assumptions about other 
risks such as mortality; larger firms often have standards for how these assumptions 
are derived for pricing purposes. 

(b) Analysis of the product's expected profitability, together with an investigation of the 
likely demand for the product, leading to a business plan incl uding likely vol umes 
sold and other distribution costs, such as commission and advertizing. 

(c) Analysis of lhe product's risks - what might go wrong, for example if there is a change 
in market behavior and the historical analysis turns out to have been a poor guide, and 
how much capital must the insurer put aside to cover a bad scenario? These capital 
requirements are considered over the product's lifetime. 

1 When an appropriate model has been determined. it is customary to refer 10 it as having been 
~fitted" This is shorthand for ~f ittad to tha data." 
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(d) Confirmation that the profit in (b) is sufficient given the capital required In (c). This 
is usually achieved by comparing the return on capital 10 a hurdle rale set by 
company management. 

The intended audiences for this presentation are the insurer's pricing and risk committees. 

By this stage in the process, the product development actuary has invested significant time 
and energy into this product. lfhe is convinced oflhe product's viability, he will be seeking 
to persuade the risk and pricing committees. not merely to lay unbiased information in 
front of them. 

In addition to the scientific content, presentation and communication are important in 
business si tuations. For this reason. the actuary may rehearse the presentation in front 
of colleagues. not only checking content but also carefully crafting the arguments to 
make the lt' as compelling as possible. He may research the individuals on the committee. 
arranging face-to-face meetings in advance of the presentation in order to identify and 
address any of their particular concerns. Even such details as arriving in good time, in a 
freshly pressed shirt, are important. 

Throughout the process, the actuary will need todeal with many groups of people including: 

the marketing team - to gain an understanding of competitor prices and product 
features, customer needs and price sensitivity; 

the operations team - to understand product costs to be built into the expense budget; 

the sales team - to understand commission structures and expected target sales 
volumes; and 

the management team - 10 gain approval of the final product. 

9.3.3 Challenging a fitted model 

The risk and pricing committees have different functions. The pricing committee wants to 
ensure the product is as profitable as possible, so that appropriate consideration has been 
given to the profit margin. taking into account that pursuit of higher margins is likely to 
lead to lower transaction volumes. The committee is unlikely 10 have any idea what the 
right answer is. Instead, it polices the product developer's process, ensuring the calculations 
are logical and sufficient market research has been undertaken. 

In the current example, the pricing committee might challenge the product developer 
over the interest series analyzed. The bank data has the advantage of a long history. but 
it relates to II lending rate for the Bank of England, which is not necessarily the 
rate at which an insurer could invest. The product developer would be expected to justify 
the choice of data period and the way he had gone about fitting a model. All these aspects 
must be documented. 

The role of the risk committee is to understand the risk to the insurer if the pricing 
assumptions should turn out to be invalid. How much cou ld be lost in a disaster scenario? 
And how likely is that scenario? 

A starting point for these questions could be the fitted probability model. The risk committee 
will look beyond the fitted model to consider. for example, whether the estimates of .. 'arious 
parameters are reliable and how alternat ive values would affect the modeling. They may 
consider stress events, such as possible defaults on the cash deposits. Depending on their 

• 
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investment knowledge they may also ask how the proposed pric ing basis compares to 
market prices of inflation-linked government bonds. 

They wil] also try to consider wider aspects of product design. For example. although the 
insurer has a standard set of pensioner mortality assumptions, the risk committee may be 
concerned about adverse selection - thai super-healthy pensioners are more concerned 
about inflation over the long term, and so may find inflation-linked annuities particularly 
attractive, meaning that the insurer's standard assumptions are not vali d for this product. 

Depending on the insurer's organizational structure, the risk committee may investigate 
these items in some depth, or alternatively may require the developer to answer a standard 
set of questions and confirm that a list of items has been considered. 

At the end of this process. there may be agreement to proceed to the marketing phase of 
a product launch. In that case, the prod uct developer has met his objectives. This example 
shows a common aspect of actuarial models: that, although the matter for debate is the 
long-term future, those engaged in negotiations may be more concerned about short-term 
outcomes. such as whether a product launch is a success or a flop. The product developer 
may be concerned about the medium term. to the extent that he needs to develop credibility 
with the risk and pricing committees. That credibility could be undermined by a series of 
models whose forecasts turned out to be badly wrong. There is a limit in any organ ization 
to how many times an analyst can credibly attribute inaccurate forecasts to bad luck. 

Exercise 9.3 

The Excel file "Chapter 9 Exercise 9.1 Data Spreadsheet" found on the CD has 
a more detailed description of the proposed inflation-linked annuity produc!. 
A worksheet has been developed based on the first-order autoregressive model 
for the real interest rate. Certain assumptions have been made (detailed on the 
spreadsheet) that relate to topics covered later in the text (in particular. the 
measurement of liabilities and of profit). There is also a summary of what the 
actuary plans to report based on this model. As a member of the pricing and then 
of the risk committee, what questions do you have for the actuary? 

9.4 Normative approaches to modeling 

9.4.1 Modeling in the physical and social sciences 

Normative theory means a theory of how something sllollldbe done. There is a large body of 
normative theory as to how models should be built. As with most sentences containing the 
word "should" there are different views as to how models should be built. The major fault 
line lies between the social and the physical sciences. Actuarial work is caught in the middle. 

Social sciences address questions of human behavior. The systems analyzed are complex 
and there is little hope offinding a set of equations that describes everything. Furthermore. 
controlled experiments, which are fundamental to the physical sciences. may be impossible 
or unethical in social science. In a democracy, no government would survive an experimental 
raising of interest rates by two percent. four times a year, just to investigate what happens 
to unemployment or trade surplus. 
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Within the social sciences, models are used as a way of organizing hypotheses, revealing 
their logical dependencies. A hypothesis about how the world works is then expressed as 
a modeL Observations are useful for calibrating the model, that is, choosing and selling 
assumptions. Models may then be ranked in their ability to predict different phenomena. 
or usefulness for a certain purpose. Being useful is not considered to imply that a model is 
right in any absolute sense. and there is some tolerance for models that explain an aspect 
of particular interest while shedding no light on other aspects deemed less important for 
the application in hand. 

Within physical sc iences. there is more often an implicit conviction that models are 
capable of describing reality very accurately, and that the purpose of science is to discover 
such models. Diligent scientists spend time devising harsh tests for any hypothesis and 
constructing experiments to validate or refute any assumption. Th is is the basis of the 
mathematica?-discipline known as statistical inference. In the following sect ions. we will 
describe statistical inference in more detail. 

These two approaches to modeling collide in actuarial work. Differences in approach can 
lead to many mi sunderstandings and fruitless conversations between actuaries, economists. 
statisticians and other quantitative analysts. 

9.4.2 Exploratory data analysis 

In the framework of stati stical inference, a staning point for model building is collect ion 
and analysis of data. The idea is to use data to form hypotheses about appropriate 
models. As more is discovered about the data, the process of model construction can 
become more formal. 

The least formal, yel important, stage is called exploratory data allalysis. In effect. this 
means examining the data and looking for patterns. This is often approached graphically. 
An analyst tries to spot patterns, for example whether one data item appears to depend 
linearly on another. If no pattern emerges, data may be transformed in different ways. fOI 
example by taking logarithms of a positive data item. 

Despite its informality. exploratory data analysis can have a strong influence on model 
results. because it is at this stage that major choices are made regarding model structure. 

The result of exploratory data analysis is a formula to be estimated containing observed 
data, unknown parameters and random noise . 

In our example relating to real returns, the proposed formula was: 

real return(t) = A x real return(t-I) + (I-A) x mean real return + errore!) 

Here, the real returns are the data, while the mean real return and A are parameters 
to be estimated. 

In many actuarial examples. there are well established conventions for model choice. Error 
terms in theory appear everywhere. but in practice are often not written down. This can be 
interpreted as saying the error terms are implicit. but given the common understanding of 
their existence it is considered unnecessary to write them down ev·ery time. 

For example, a model of insurance claims for 40-year-old females might be written as: 

number of deaths = death probability x exposed to risk 

• 
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The exposed TO risk is the number of insured lives that would have been counted as deaths if 
they died. The error term, resulting from the randomness in which individuals die, is often 
omitted. This could be for clarity of notation orbecollse it is not believed 10 be material. 

In Ihis case, the formula used is well established - numbers of deaths arc invariably 
compared to exposed to risk. There are a number ofpossihle reasons for choosing a model 
cflhis form. 

First, there may be statistical evidence that exposed to risk does predict the number of 
deaths, and does so better than other predictor variables. There may also be statistical 
evidence in support of a proportional relationship. 

Secondly. there may be an assertion that the relationship is a matter of common sense. In a 
fundamental sense. it seems likely that doubling the number of lives doubles the number of 
expected deaths. Underlying this is an implicit assumption about Ihe relationship between 
ditTerent lives. For example, if there was a particularly nasty life-threatening infection 
that is only likely to reach epidemic proportions in populations exceeding 50 individuals. 
then doubling the population size might not double the number of expected deaths. It is 
very unusual in practice to see such extraordinary scenarios listed and then dismissed. 
The "obvious" relationship is more often justified in terms of "common sense." "general 
reasoning," "professional judgment" or other similar tenns. 

Thirdly, familiarity may favor a particular model. The analyst may have successfully 
used this model before. Success may be measured in a number of ways. from the purely 
statistical (the model accounted for the data) to the more commercial (my audience was 
pleased with the model output, or application of the model resulted in a reported profit last 
year). Familiarity may alternatively stem from a belief that competitors or peers use this 
approach. It might appear in published papers or textbooks. or be easy to use in a particular 
piece of software than happens to be available. 

Given the importance of model choice. financial firms are placing increasing emphasis on 
the processes used to choose models. It is good practice to document the decisions taken, 
including the reasons for these decisions and so subject any significant areas of judgment 
to some form of review. 

9.4.3 Model calibration 

Model calibration means estimating the uncertain parameters in a model. 

Statistical theory provides several techniques for parameter estimation. The most popular 
method is called maximum likelihood, often abbreviated to ML or MLE. The maximum 
likelihood estimate is the choice of parameter value that maximizes the probability of 
observing the actual data. It is plausible, but not obvious, that this method produces the 
best parameter est imates. It is not even obvious how to define what makes an estimate a 
best one. Nevertheless. there are some mathematical results (eg Stuart and Ord, 1984) that 
relate maximum likelihood estimates to definitions of good estimates, and for this reason 
maximum likelihood is widely regarded as theoretically the best approach. 

Maximum likelihood is sometimes described as choosing the "most likely" set of 
parameters. However, that is a misrepresentation; the method says nothing about the 
likelihood of parameter values, it looks on ly at the likelihood of a particular outcome 
given the parameters. The framework, often calledji"eqll€lIIist or classical. therefore treats 
the parameters as fixed and data as the random variable. To some analysts. this seems 
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intuitively the wrong way around. We will revisit this aspect when we consider errors in 
model projections. 

The Bayesial/ method is an alternative approach that treats parameters as being uncertain. 
Here. the analyst specifies a prior distribution capturing a subjective vie\\.: of where he 
expects parameters to lie. The distribution of outcomes given the parameters is given. as in 
the classical framework. The Bayesian method proceeds from Bayes 'theorem to deduce the 
conditional distribution of parameters given the data. 

Both the classical and Bayesian methods encounter significant obstacles in terms of 
computation. Probability densities are often defined by complicated formulas. Likelihood 
max imization is a difficult numerical task. Quite apart from the difficulty of identifying 
a best fit when it exists, problems also frequently arise where no optimum exists, or it 
exists but is not unique. Bayesian analysis is also more difficult than it may seem at first 
sight. The'\, umerical application of Bayes' theorem is often challenging. For these reasons, 
practical work often entails a number of approximat ions, shortcuts and compromises. 
Recent computational breakthroughs, particularly the application of Monte Carlo Markov 
Chain algorithms. have driven a renaissance in Bayesian approaches. 

Results of fitted distributions are not always intuitively easy to explain. For example, 
consider fitting a lognormal distribution to the five observations {0.01, 0.1. I, 10. lOO~. 
It can be shown that fitting by maximum likelihood is equivalent to taking logarithms. 
and then fitting a normal distribution with the same mean and variance. However, this 
fitted distribution has a thCQretical mean in e.xcess of 200, which is larger than any of the 
observations used in calibration. 

Most data sets contain an element of noise, that is, apparently random tenns not explained 
by any plausible model. This means that, although we can try to estimate parameters, our 
ability to do this is limited by the noise in the data. There is almost no chance that our 
estimated parameter value is exactly the correct value underlying the data. The best we 
can hope is that the estimated value is close to the true underlying parameter value. Our 
chances of achieving this improve if we have more data, and if a good statist ical estimation 
method is used. 

9.4.4 Fit to evidence 

With data, equations, parameters and error terms, we have a possible model. What we lack 
is evidence as to whether this model is correct or useful. 

The next step is to show that the model adequately accounts for the history used for 
calibration. An example of such a test is to consider extreme events that occurred in the 
data series, and check to see whether the model gives an appropriate probability to events 
of that severity or greater. Another check is to examine key properties of a model (such 
as means and variances), checking that these correspond sufficiently closely to means and 
variances of the calibration data. 

These and similar approaches are generically known as back testillg. While not a formal 
statistical test. back testing is a popular tool because it is relatively straightforward to 
communicate and the results seem easy to interpret. However, the test is easily fooled 
by over-filling. that is, by having a model with so many parameters that it captures e\"ery 
aspect of the past history. In that case. the back testing appears 10 work well but this does 
not imply that the model will capture likely behavior outside the data sample to which the 
model was calibrated. The analysis can be made more rigorous by the use of out-of-sample 
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or blend-test evaluation. where some recent data is set aside during the calibration process 
and then used for testing. 

An alternative method of testing models is to generate several random future projections 
from the model, including all the error terms. This test was performed in our real return 
example. The test is a visual inspection of the projected future outcomes in comparison 
with the historic observations. If the projections look very different from the past, this 
raises important questions about how well the model captures the data. 

Many models describe how variables move over time, and in this case testing is particularly 
subtle. It is useful to distingui sh between longitudinal analysis that follows the progress 
of one simulated path over time, compared to cross-sectional analysis that looks at a fixed 
future time horizon across many simulated outcomes. When it comes to measures of 
variability, there is no reason for longitudinal and cross-sectional measures to be equal. For 
example. a longitudinal measure of inflation variability is often far greater than a cross
sectional measure with a one year horizon. This is because retail prices tend to change 
gradually but cumulative changes can come over a number of years. 

9.4.5 Hypothesis testing 

At this point in the process we want to see whether the model captures important aspects 
of historical data. This usually involves inspection by eye rather than a formal statistica l 
test. The reason is that for most models there are no statistical tests of goodness of fit. Thi s 
fact is not widely appreciated - for most model classes encountered in practice. there is no 
absolute measure of fit that enables analysts to determine whether an estimated model is a 
good fit to the data or not. 

Consider for example the estimation of a straight line fit by linear regression. Linear 
regression minimizes the sum of squared differences between the data and the model's fitted 
values. But there is no absolute threshold in th is sum of squares that defines a boundary 
between a good fil and a poor fi t. 

Statistical theory does offer tests of one model compared to another. In the typical situation, 
an analyst wants to compare two hypotheses, conventionally called the III/II hypothesis. 
written Ho and an (l{terna/h'e "Jpor/Jesis HI' In the usual set up, HI corresponds to a 
broad class of models and Ho corresponds to a narrower class of mode s within HI' These 
examples, and virtually all practical applications. are compol/nd hypotheses, that is, both 
Ho and HI contain more than one parameter combination. 

For example. consider a linear regression. with points (X"Y). The null hypothesis might be 
that the t; are independent identically distributed normal variates. The alternate hypothesis 
is that 

Y;= a + b~ + error, 

The compound alternative hypothesis allows a and b to be any real value. The null 
hypothesis is the compound subset where b = 0 and a can be any real value. Statistical 
tests then consist of estimating b and ask ing whether the esti mated value is significantly 
different from zero. In other words. is an estimated value of b so close to zero that maybe 
the true value really is zero and the estimate is an artifact of random noise? To perform 
these lests in practice, further assumption s are required, for example that the error terms 
are independent identically distributed normal variates with mean zero. 

We can write the two hypotheses as in Table 9.1. 



Table 9.1 Hypotheses for a linear regression problem 

H. H, 

Name Null hypothesis Alternate hypothesis 

Mathematical formUlation b.O b.O 

supportive test result 
Estimated b is not significantly Estimated b is significantly 
different from zero. different from zero. 

Ideally. a stalistical test supports Hu when Hfj is true. and supports HI when HI is true. 
However, like all else in statistics. hypothesis testing is subject to uncertainty in the presence 
of noisy data. Table 9.2 shows two types of error c lassically considered in statistics. 

~ 

Table 9.2 Type I and II errors in hypothesis tests 

Test result supports Ho Test result supports H, 
(rejects H,) {rejects Hoi 

f\ is true Good outcome Type I error 
Probability l-a Probability (t 

H, is true Type II error Good outcome 
Probability ~ Probability 1-13 

A Type I error is rejecting Ho when it is true. The probability ofthis is traditionally denoted 
by a. The value is usually specified by the user - and called the size of the test. A small 
value ofa means a small probability of rejecting flo when it is true. Unfortunately. this may 
mean a large probability P of accepting Hu when it is false. So the users of hypothesis tests 
face a trade-off. It has become common practice to set a=0.05, so that Ho is falsely rejected 
with a one in 20 probability. However, there is no fundamental reason why this is the right 
significance level to use - it merely represents one possible way to trade off the conflictin!! 
requirements of low probabilities for both Type I and Type II errors. In theory the chosen 
value of a should depend on the nature of the problem in hand. For example. in criminal 
justice Hocould be that the defendant is innocent whi le H~ is guilty. The choice of a, the 
probability of locking up the innocent might reflect society s view of how this compare~ to 
the alternative of criminals roaming free. 

There are good ways to construct tests and bad ways to construct tests. For example. 
if we had a large data set, we could test a hypothesis in" way that ignored h"lfthe data. The 
folly of this approach shows up as a larger· than·necessary probability p of Type II error 
given the Type I error probability a. The best test, the one with the smallest possible P for 
a given value of a. is called the most powelflll and can be interpreted as using the available 
data in the most efficient manner. In many practical situations, a most powerful test docs 
not exist. because the Type II error probability P is different for different underlYlllg 
parameters within HI' 

A further complicating factor is the di fficulry of determ ining the size a of a lest for arbitrary 
underlying distributions. Expressions for a are known when the underlying models take 
the form of straight line fitting (or higher dimensional equivalents) and all the error terms 
are normally distributed. There are also some limiting theorems that say this normal result 
is approximately true if the data set is large enough. For moderate·sized data sets, the use of 
statistical tests requi res an act of faith that the number of observations is large enough for 
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the limiting regime to apply. NOli-parametric tests are less reliant on strong distributional 
assumptions but are also less likely to reject a hypothesis even when it is wrong. 

Exercise 9.4 
In Exercise 9,1 you were asked to perform additional tests on the model. Re
examine either your tests or the ones provided in the solution and comment on 
how they relate to the ideas presented in the previous two sections. 

9.4.6 Parsimony 

We have discussed model fit to data. Good data fit becomes easier as more parameters 
are added but adding parameters without limit may violate the principle of parsimony. 
Parsimony means using only as many parameters as necessary to fit a model. 

Parsimony is often applied informally as follows. A s imple model is constructed as a first 
guess at what may be driving the data, and parameters estimated. Standardized res iduals are 
then calculated by dividing the difference between each data point and the model prediction 
by some measure of prediction standard error. These residuals are then examined by eye, 
plotted against various possible explanatory variables. Where a pattern is spotted a new 
term is introduced to the model designed to explain this pattern. The process continues 
until no further patterns are observed. In that case the residuals appear random, which 
offers support to the idea that all the patterns arc captured within a model. 
A limitation of this approach is the subjective nature of the decision whether a pattern exists 
or not. For example, a pattern may exist where residuals depend on several variables taken 
together but none individually. Such patterns are notoriously hard to spot in graphical plots. 
On other occasions a pattern may be spotted but deliberately ignored because the addit ional 
effort of modeling it is not deemed worthwhile. An example could be deliberately ignoring 
seasonal effect in inflation figures (due for example to cheaper fresh fruit in summer), if the 
objective is inflation projection for many years into the future . 

On the other hand there is a human tendency to spot some sort ofpattem even in data that 
is in fact random. Thi s tendency is well illustrated by the linking of stars into named signs 
of the zodiac. 

The process of adding par'dmeters can be made more rigorous using hypothesis testing. 
As each parameter is added, the new model with the additional parameter is tested as HI 
against the null hypothesis that the original model Ho was valid. The process stops when 
Ho cannot be rejected. 

An alternative approach to this problem is to use an illjormarioll criteriOI/. Suppose we have 
fitted a model with k parameters to 11 data points, by the method of maximum likelihood 
and the maximized likelihood is L. As additional parameters are added the maximized 
likelihood L naturally increases, as adding further variables to an optimization problem can 
only improve the optimum achievable. 

Two examples of information criteria are: 

Akaike llijormatioll Criterion (AIC) "" 2k - 2lnL 

Ba.re.~ llljormarioll CriteriOI/ (SIC) :::: klnn - 2lnL 
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These cri teria are both increasing fu nctions of the number of model parameters, minus 
twice the log li kelihood. Models are selected by minimizing an information criterion, 
which has the effect of penalizing the use of excessive parameters. For moderate-sized data 
sets, the SIC imposes a heavier penalty on additional parameters (if 11111>2) and therefore 
tends to produce morc parsimonious models than Ale , with correspondingly worse fit to 
the data. Compared 10 repeated application of hypothesis tests, Ale tends to produce more 
parameters while S IC produces fewer. 

The information criteria recogni ze the fact that better apparent fits will be achieved by any 
additional parameters, even iftha! parameter was absent from the true undcrlyi ng model (a 
noise parameter). Thc infonnation criteria seek to incl ude additional parameters only when 
the improvement in fit is bener than would be expected from a noise parameter. 

A more di{ficult aspect to control is the multiple testing of many model formulas. This does 
not show up as an increase in parameter count, but picking the best fit from a large number 
of model families could inspire greater confidence in model fide lity than IS truly deserved. 
It follows that an important diagnostic in validating a proposed model is the gral·eyard, a 
term used for the collection of models tested and rejected. 

A common bias in the use of theory is double counting of evidence. A particular data set 
may be examined in an exploratory fashion. resulting in a hypothesis regarding possible 
model approach. Subsequent more formal testing confi rms the appropriateness of the 
approach. However, this is in effect double-counting the information content of a single 
data set. 

To avoid such double counting, we need to exam ine the graveyard in more detail. We 
can think of the model graveyard as consisti ng of several layers. The top layer consists 
of alternat ive models with alternative parameter va lues to those arising fro m the best fit. 
and is exposed using sensitivity tests. The next layer consists of models with more or 
fewer parameters. Further down lie different model form ulas entirely, but still tested in
house. Further down still are models that might have been tested and rejected on previous 
occasions and therefore given low priority. At the lowest level are models that were never 
tried, but are ei ther overlooked or deliberately excluded. 

Exercise 9.5 

In Exercise 9.1 you were asked to fit a second, more complex, autoregressive 
model. Usi ng the two formal criteria presented in this section , which model 
should be se lected? Does thi s differ from your previous choice? 

9.4.7 Fit to theory 

In most cases, data alone cannot drive model choice. There are very many competing sets 
of mathematical formulas that might describe a si tuation; testing all of these formally is 
practically impossible. 

Choosing a model structure may then make an appeal to theory. For example, Fisher (1930) 
suggested modeling interest rates as a sum ofinftation and a real return, with the real return 
being stable over lime. So, in our real return example Ihe chosen model Slructure could be 
justified by reference to theory. 

• 
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There are a number of theori es about the operation of financial markets, some of wh ich 
are more controversial than others. An example of a more controversial theory is that of 
efficient markets. ie thai market prices already reflect all available information. Making 
an assumption about efficient markets reduces the range of models that might be used 
to describe market prices. In particular, effic iency excludes models where past price 
movements are useful fo r predicti ng the direction of future movements. Markel effici ency 
is also consistent with some theories of what constitutes optimal investor behavior. Market 
efficiency could be used as a criterion to distinguish between models with s imilar ability to 
explain historic data, Of two mode ls with an equally good historic fi1. the model consistent 
with market effic iency or rational inveswr behavior might be preferred. Such an appeal 
to theory is controversial, because the criterion is acceptable only to the extent that the 
underlying theory is accepted. 

Another way of expressing the conundrum of market efficiency is to observe that some 
models are selfreferemial, that is, they describe the behavior of other agents who are also 
using models. The presence of a model can change the behavior of the phenomenon being 
modeled. Efficient market models have the property that, even if all other participants 
believed the model, their optimizing behavior would not change the nature of the model. 
Such a thought experiment cannot prove or disprove market effic iency (wh ich isan empirical 
question) but it does explai n why efficient market models have a certain stability that other 
models lack. This issue is peculiar to finance. Self-reference is much less of a problem in 
the physical sciences - the existence of an earthquake model does not cause earthquakes. 

Some references to theory are very explicit. For example, there is a well-known theory of 
option prici ng due to Black and Scholes (1973). This model is very widely quoled and used. 
A modeler making use of th is prior material is effectively taking on all the assumptions 
made by Black and Scholes in developing their theory. Consistency with Black-Scholes 
theory could be used as a criterion for choosing a pricing model. 

In other cases, references to theory may be implicit For example, a model may be fitt ed 
to a mathematical form such as an exponentia l growth curve, with no explicit reference to 
the theoretical construction that would imply that form. Where a formula is proposed prior 
to data fitti ng, there is inevitably some theory, implicit or explicit, leading to that formula. 
However, there will be differences in the extent to wh ich that theory has been documented 
or subjected to empirical test ing. 

In any theoretical work, there is a natural preference for elegant and concise theories. In 
physics, it is difficult not to be impressed by the elegance of Newton's laws of mechanics 
or Maxwell's electrodynamic equations. It is common to hear arguments that a theory is 
more likely to be true, simply because it is mathematically elegant and quite aside from 
experimental support. Similar arguments may be made in favor of economic concepts such 
as market efficiency, or elegant mathematical results such as the Black-Scholes formula. 

Elegant models typically have other advantages too. Algebraic elegance often enables 
quick numerical implementation, with fast run times. For example, manipulations of 
normal distributions often lead to tractable formulas that can be explained quickly and 
implemented reliably with in fast -running code. However, many actuaries have been quick 
to cri ticize certain branches of economics (sometimes ca lled financial economics) that 
are seen as placing too great an emphasis on model elegance at the expense of empirical 
support. This remains an active controversy, particu larly when the alternative models are 
more difficult to estimate. implement and validate . 
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9.4.8 Computer technology development 

It is one thing to build a set of mathematical formulas, and quite another to turn these into 
a work ing computer modeL The missing step is turning the model fonnulas into computer 
code to solve a specific problem. 

While statist ical theory is concerned with random errors, modelers also need to guard 
against the more mundane errors that come from human mistakes. In some situations (for 
example in website design) it is advisable to guard against deliberate or malicious users as 
well as the innocent mistake-prone. 

To guard against mistakes, it is important that mathematics is validated and software tested. 
One approach to this is to have experts check mathematics and computer code line by line, 
seek ing any mistakes. Unfort unately, mistakes are extraordinarily difficult to spot in this 
way. Anytcxperienced modeler will recall examples of code that, after checking and re
checking, still failed to perform as intended. 

Here are some more proactive ways to look for errors: 

In a long step· by-step mathemati cal derivation, verify intermediate equations 
numerically by substituting values into the left and right hand sides. It is often useful 
to perform thi s test with randomly generated variable values. If an equation fails to 
produce equality of the left and right hand sides, this indicates a mistake has arisen 
between this equat ion and the previous equation tested. Testing next an equation 
partway between these two equations provides a binary sectidn algorithm that can 
quickly locate mathematical s lips. 

Where a particularly complex mathematical operation is required such as a Fourier 
transform or integration, then numerical checks are a valuable way to va lidate algebra. 

Sense-check model outputs. Test for different sets of in pUIS and ensure that sensiti\ ities 
can be satisfactorily explained in a business context. Compare results to other analyses. 
studies and reports that may be available and investigate any apparent inconsistencle .... 

Re-test software functionality with many inputs, including both expected and 
unexpected (wrong or mean ingless) inputs. Step through code line by line and \erify 
that data fields are correctly populated after each step. 

Where routine outputs have known properties, test these. For example, test a matrix 
inversion routine by verifyi ng that a matrix, multiplied by its inverse. give ... the 
identi ty. Test a routine for generati ng gamma-distributed random variables by using a 
goodness·of-fit test. 

When a new version of the model is released, apply regression testil/g. Regression 
testing involves using a large number of test input sets and ensuring that the ne\ .... and 
old versions' output is consistent. 

If your mathematics or code solves a problem that others are likely to encounter, 
consider making the model widely available via the internet, providing a facility to 
report bugs. This increases the number of testers and thus helps with timely reportmg 
of bugs, but may fall foul or an employer's IT policy. 

Document the tests performed to avoid repeated testing effort. 

• Be aware that mistakes may not be purely down to your code. Some compi lers, 
operating systems and math processing chips have known problems. This emphasizes 

• 
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the imporlanceoflcsting real model output and not relying only on proven mathematical 
theorems. 

Many model development projects embark on coding 100 early. on an unstructured basis. 
The developer may then be condemned to months of tracking down and fixing bugs, only 
to find thai each new bug fix generates further problems. There are some well-established 
tools for dealing with this situation, generically known as defonsil'e plvgrammil/g. Some 
of these are li sted below: 

Break software down into pieces that can be checked individually. Where possible, 
design components that can be fe-used particularly for common tasks such as random 
number generalion, solution of linear equations, matrix inversion and so on. 

Document model components in plain language, with a complete description of 
inputs, outputs and algorithms used. Use meaningful variable names. 

Ask colleagues to review or audit the code. focusing on completenessofdocumentation 
and ease of relating the documentation to the implemented model. 

• In simulation models. use pseudo·random number generators that can be seeded 
with a starting point. This ensures reproducibility of a set of random numbers 
for later testing. 

Reduce code complexity as much as possible. Clever tricks that shave a small margin 
off run time while making code unreadable are rarely a good idea. Use plenty of 
comments in the code to explain the purpose of each section, referring back to the 
component documentation. 

Use version control. Release updates in a disciplined manner with each new release 
numbered and changes since the previous release documented. 

Write code to handle unexpected conditions. For example, if a particular algorithm 
requires positive inputs, check the inputs are positive and report an error ifnot. 

9.4.9 Using models for projection 

Most models involve producing forecasts of the future. These may be point estimates 
or probability distributions. Projections may also be associated with a stated degree of 
confidence. Statistical textbooks often emphasize the value of accompanying every 
estimate with a measure of its uncertainty. The standard tool for this is the notion of a 
confidence interval. which in this context is commonly understood as an interval with a 
certain probability (for example, 95 percent) of containing the future outcome. Confidence 
intervals are open to back testing, that is. analysis of the frequency of exceptions where 
actual outcomes lie outside the claimed 95 percent confidence interval. 

Modelers need to be aware of several causes of error in projections. If insufficient account 
is taken of all these causes, then back·testing reveals an exception rate in excess of the 
permined five percent. leading to a questioning of the statistical methodology. On the other 
hand. where regulators or other bodies take a particularly close interest in exceptions, firms 
may deliberately err on the side of prudence in constructing confidence intervals. in order 
to reduce the obligation to report exceptions. 

These causes of error may include: process error, parameter error, model error, ca libration 
error, survivorship bias and operational errors. 
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Process error is that part of the randomness that the model is supposed to capture. 
Quanlifying the process error involves an examination of the errors in fining of past data 
and extrapolating these probabi listically into the future. In our real return example. the 
simulated paths take inlo account process error only. Because other forms of error are 
ignored 95 percent confidence intervals constructed from this model would produce 
exceptions more frequently than one in 20. 

Parameter error arises from errors in the estimation of the parameters underlying a model. 
These can also be estimated statistically, using techniques similar to those in hypothesis 
testing. Statisticians may talk ofa "95 percent chance that the mean lies within a confidence 
interval," giving the impression that the underlying mean parameter is stochastic and is 
95 percent certain to lie within a defined range. Within a Bayesian framework, where 
parameters are treated stochastically, this makes sense. Under the classical framework. 
interpretat ion is more subtle than this - as seen for example in situations where two 
95 percent confidence intervals for the mean do not overlap. If the confidence interval 
represented a range for a random parameter then two 95 percent confidence intervals must 
overlap with a common range of at least 90 percent probability. The lack of overlap exists 
because, in the classical framework. the parameter is considered an unknown constant. 
The limits of the confidence interval are stochastic, and the 95 percent probability of 
containing the true mean is contingent on the underlying model being correct. Two 95 
percent confidence intervals for the mean from different models can fail to overlap if the 
models cannot simultaneously be true. 

Within statistical inference. model error occurs when a model uses the wrong functional 
form for its underlying formu las. An example of a model error could be an assumption 
of a normal distribution when in fact the underlying process is driven by a faHailed 
distribution. Another example would be a failure to allow for climate change in models 
extrapolating historic experience of insured damage from storms. Given that no model Will 
ever be correct, some degree of model error is inevitable. This is difficult to quantify. but 
indications can come from trying plausible alternative models. 

Within the social sciences. the concept of model error is less relevant, as there IS 110 

concept of a correct underlying model that explains everything. Instead., there is a concept 
of omitted variablc bias. It occurs when a simplified model with a small parameter count 
does not account simultaneously for all input data. This is a special case of model error. 
where the fu nctional forms and distributions are agreed upon, but the set of input variable~ 
is not. For example, analysts might use the Black-Scholes model to price a complex 
financial derivative. However, as Black-Scholes is a simple model with a small number of 
parameters. it is not possible to capture all input prices simultaneously with the parameters 
available. This then leads 10 some degree ofmispricing, even of the known price IIlputs. 

Survivorship bias happens when models are selected from a range of possibilities. For 
example. an insurer may wish to identify the ultimate value of claims arising from a 
block of policies insuring employers against payouts for negligence toward employees. 
This business is subject to substantial uncertainty, and for a premium of $50 million the 
projected losses could be anywhere between $20 million and $100 million depending 
on the modeling approach adopted. For any value in this range. a case could be made 
consisting of data analysis. modeling. associated statistical tests and projections. You can 
imagine a shelf of 8 1 equally persuasive reports, arguing for projected liabilities of $20 
million. S2l million. and so on until $100 million. It then emerges that the business plan 
profit was 12 percent of premium. so the management selects Ihe report ending with S44 

• 
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mi llion of cla ims. Future calculations are done using this model while the remaining 80 
reports remain on the shelf collecting dust. 

Operational error arises because of mistakes and oversights during the modeling process. 
This can include inaccuracies in input data, software hugs. incorrect copying of information 
from one source to another. deliberate mis-statement and typographical errors. 

Exercise 9.6 
In your development of a model for inflation and interest rates have all of the 
error sources mentioned above either been eliminated or measured? If not, what 
additional steps do you suggest? 

9.4.10 Bootstrapping 

Bootstrapping1 is a powerful but labor-intensive lest. The name refers to the illusion that 
someone might he able to lift themselves into the air by tugging on their own bootstraps. 

The idea is to take a fitted model, taken to be "correct," and use this, with a random number 
generator. to produce random data sets according to that model. Each of these simulated 
data sets is then used in a model estimmion, fitting and testing exercise. The hope is that 
most of these tests will result in a reconstruction of the original model, with more or less 
the same parameters. 

This is a useful exercise, because il simultaneously tests many parts of the modeling 
process. If the model is not reproduced, this may indicate a large degree of statistical 
uncertainty. leading to a degree of caution in interpreting the model. It may alternatively 
point to mistakes in the model coding. In some cases, it may be appropriate to fine-tune 
a chosen information criterion . For example. if the bootstrap systematically results in a 
simpler model than that generated from the data, this may indicate the penalty for parameter 
counts was too I igh!. 

In real examples, there is a shockingly low chance of correctly reconstructing the original 
model, even under the favorable conditions ofa bootstrap where a correct model is known 
to the experimenter. To draw comfort from bootstrapping, the acceptance criterion has to 
be broadened. In addition to accepting an accurately reconstructed model. we may also be 
satisfied with an incorrect model whose predictions for the problem in hand are reasonably 
close to the output from the correct model. In other words we have to be satisfied with a 
model that is useful rather than right. 

9.4.11 Computational model classification 

Models in actuarial use are diverse and there are many ways to classify them. For example, 
models could be classified by their field of application, by the alternative ways in which 

2 This is one application of the bootstrap. You may have learned others that rely on simulations 
from tne empirical observations rather than from the model. 
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assumptions are derived, or by the model's purpose. In this section, we classify models 
according to the computational algorithms embedded within them. 

The first step in the model hierarchy is to distinguish between deterministic and 
stochastic models. 

A deterministic model applies a set of formulas without introducing any randomness. In an 
actuarial context, detenninistic models are used for forecasting cash flows. For example, 
we might model a life assurance business with the following properties : 

This is a start-up company with no existing policyholders. 

At the start, 10 customers each purchase whole of life assurance. They each pay 
premiums of $1 ,000 per annum throughout their life. wi th a sum assured of $8,000 
paya~.e at the end of the year of death. 

Each year. one-tenth of the current customers die. 

Ten more identically situated customers join at each year-end. 

It is then a straightforward maner to project this population of insurance policies. keeping 
track of the number of policies, the premium income, the claims outgo and so on. It is 
easy to see that the populat ion tends to a steady state of 100 customers, of which the 10 
deaths every year are replaced by 10 more new entrants. Each year the premium income is 
$ 100,000 and claims are $80,000 leaving $20,000 profit. 

Models in reat life are more complex tha~ this. Models would allow for: investment 
income; administrative expenses; more frequent cash flows; policyholders failing to keep 
up premium payments: mortality varying by policyholder age and/or time elapsed since 
policy incept ion and perhaps spli tti ng by other attributes such as smoker/nonsmoker status. 
Putting all these equations together produces what is sometimes called a model office. that 
is, a computer model of the financial statements and cash flows of an insurance operation. 

We could debate the role of probabilities in this model. Although there are no explicit 
probability references in the model, actuaries would concede that the actual number of 
deaths in a given year is random. There is some recognition of this in a common actuarial 
convention, that the projected numbers oflives and deaths are not constrained to be integers. 
If the assumption of one-tenth of the population dyi ng leads to a fract ional number of 
deaths. this fract ion is left in the model. and allowed to accumulate into future projections. 
despite the physical fact that any one individual is 100 percent alive or 100 percent dead. 
A justification for this convention is an interpretation of model output as the expected 
number of lives and deaths. In other words, the model output is implicitly an average of 
many plausible scenarios, even though the preci se projected scenario cou ld not in fact 
happen because of the fractional deaths. A probabilist ic setting has been transformed into 
a deterministic model by replaci ng all random items by their expected val ues. 

Despite the underlying references to probability, there are many questions that this model 
cannot answer. One obvious question to ask is the probability that the insurer runs out of 
money, that is, the probabilityofexperiencingaggregate claims in excess of the accumulated 
premiums. On a deterministic model. this ruin cannot occur because the premiums assume 
an eight-year lifetime but the underlying model assumption is an average lifetime of 10 
years. so the insurer continuously accumulates profits. It would be possible to investigate 
alternat ive stress tests - for example. how does the insurer fare if 15 percent of Ihes die 
each year rather than 10 percent? The answer, in th is case, is that the insurer is doomed 

- . ". . . 
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because the premiums are inadequate. But such a stress test tells us nothing about how 
likely ruin is. 

To answer this question. a stochastic model is required that is, a model with explicit 
reference 10 different probabilities. For example. it might be assumed going back to the 
original parameters, that every life, independent of history and of other lives. has a 10 
percent probability of death in a given year. This then provides a stochastic model. that is, 
an explicit probability model. 

There are several computational ways to analyze stochastic models. One method isanalyticai 
and employs explicit calculation of probabilities. In our example. hand calculations 
immediately give us a warning that the business model may be less than robust. If two or 
more deaths occur in the first year then the insurance scheme is unable to pay all claims. 
According to the binomial distribution, this failure has a probability of26 percent. This is 
likely to be an unacceptably high risk. 

In our example, for each future time step, there is a minimum number of lives (zero) and 
a maximum number oflives (if nobody has died). There are also minimum and maximum 
fund balances. It is possible to enumerate all possible outcomes and assign probabilities 
using a probability tree. This process is tedious by hand and there is a limit to this 
calculation even on a computer because it is unlikely that all the myriad possible paths can 
simultaneously be stored. Just as importantly. explicit calculations grow substantially in 
complexity if more factors are made random - the number of new entrants each year. for 
example. Neverthe less, explicit calculations are often a good way to investigate a stochastic 
model. In our case, the explicit calculations for the first year quickly reveal the project is 
not viable, and so a more sophisticated approach is not required. 

Further progress can be made using a number of mathematical devices. Discrete probability 
distributions have a property called the probability gellemtillg jlllle/ioll from which it is 
possible to evaluate means and variances explicitly. In our simple example. the probability 
generating functions for the number of lives and the total fund balance can be calcu lated 
explicitly. This gives a more compact way of calculating future outcomes than using explicit 
probabilities. However, even more than explicit probability calculations. probability 
generating function techniques rely on particular analytical forms for probability models. 
They are a powerful tool, but only in tractable special cases - some would say, only in 
contrived examinat ion quest ions. 

An alternative 10 explicit calculation is Monte Carlo simulation. This tool simulates many 
thousands of scenarios at random according to the assumed probability law. Probabilistic 
questions arc then addressed by analyzing the simulations. For example. to investigate the 
probability that the insurer runs out of money wi thin 500 years, one could simulate a million 
scenarios and count the proportion resulting in ruin. This is an estimate of the probability 
of failure for the original problem. The calculation (which resulls in a roughly 36 percent 
probability of survival after 500 years) runs in a few seconds on a modern computer. making 
Monte Carlo simulation a highly efficiem way to answer this particular question. 

There is always a danger in Monte Carlo models of being blinded by the apparent 
sophistication of the model, and to believe that the presence of millions of scenarios 
implies all risks have been taken into account. In fact, only those risks explicitly modeled 
have been taken into account. For example. making mortality stochastic does nothing to 
address uncertainties in the number of new entrants each year, nor the possibility that the 
initial 10 percent mortality estimate was wrong. 
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Montc Carlo methods inevitably entail some sampling error. If the true probability of 
survival is 36 percent. then out of one million independent samples we might hope to find 
360,000 simulat ions resulting in survival. But as the simulations are generated randomly, 
we are unlikely to observe exactly 360,000 successes. Purely as a result of randomness in 
the sampling, our estimate might be inaccurate by a thousand or two. As this affects only the 
third significant figure in our probability estimate. we may consider that a million simulations 
gives sufficient accuracy. This could, however. be deemed insufficiently accurate in relati\'e 
terms if the probability of failure were much smaller. And remember. our example is a Yery 
simple business model. A typical model of an insurer could take more than an hour to run a 
single scenario, in which case it is not practical to run a million simulations. 

Monte Carlo is a powerful and flex ible tool, but there are some questions which are difficult 
to answer. For example, a regulator might permit an insurer to remain open only if the 
insurer caA demonstrate at least a 98 percent probability of being able to pay all claims for 
the next 10 years. Suppose this is a new rule, and there are transitional arrangements \vhich 
have the effect of deferring this test ulltil five years after the law is passed. 

Our example insurer is interested in the probability of being able to survive the test. applied 
in five years time. In other words, the insurer is required not only to pay all claims over the 
next five years but to do so with suffic ient accumulated profit that, at the end of the five· 
year period a 98 percent survival probability call be demonstrated until 15 years from now 
(and 10 years from when the test is applied). 

To solve th is problem with Monte Carlo.' we need to calculate simulations within 
simulations. This is sometimes called lIested MOllfe Car/a, or MOllfe Carlo w/llaret!. There 
is a set of Ollter simulations for the first five years, as before. After five years, each outer 
simulation must spl it into. for example. 1.000 inner simulations in order to calculate the 
conditiona l survival probability from that point on, given the known history up to year 
five. Thus, if there are 500 outer simulations. and 1,000 inner simulations for each outer 
simu lation, this impli es 500.000 simu lations in total. However YOll look at it. this is a large 
amount of computation. Detailed analysis is worthwhi le to ensure the best use IS made 
of avai lable resources - for example. with capacity for 500,000 simulations 111 aggregate 
wou ld a more accurate esti mate be obtained by performing 100 outer simulations and 
5.000 inner simul ations per outer simulation? 

The increased use of Monte Carlo stochastic models and nested stochastic models has 
spawned new techniques for handling what would otherwise be exploding run timcs such 
as variance reduction techniques, use of closed form approximations ill the inner stocha~tic 
loops, representative scenarios and importance sampling. The text by Glasscrlllan (2004) 
provides a useful overview. 

9.5 Limitations of the normative approach 

9.5.1 Practical difficulties 

The normative approach lays out procedures to be followed, but these procedures are far 
fro m prescriptive and permit many interpretations. This means that a model presented as 
the result of rigorous analysis may represent only one possible set of conclusions. For 
reasons that we will explain. in a business context, it would be naive to suppose that the 
presented model has been selected at random or toward the center oflhe possible outcomes. 

• , 
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First, there are practical difficulties in applying the normative approach. For example. 
maximum likelihood estimation may fail to converge. with the likelihood ever increasi ng 
as fined parameters race off 10 infinity or zero. Even where an optimization algorithm 
appears to converge, the final poim may not be an optimum. Testing ofmultipJe hypotheses 
may lead to apparcllIiy contradictory results, with differenl models resulting from adding 
parameters in a different order. Tests might show that a set of parameters improves the 
fit when added simultaneously while none offers a significant improvement when taken 
individually. Given the combinatorial difficulty of scann ing all possible combinations of 
including and excluding parameters, it is likely that potentially good models arc overlooked. 
These problems are particularly acute for small or poorly understood data sets. A candid 
statistician might protest that no conclusions can be drawn from such unpromising inputs. 
but the actuary has to report model results despite these difficulties. 

In some cases, aspects that improve model fit may be omitted because a better model may 
have little impact on decisions using the model. For example. insurance analysts commonly 
assume that claims arise as a Poisson process where the time interval between claims has an 
exponential distribution. At the detail level. this model could easily be disproved by aspects 
such as fewer claims notifications at night compared to day time, by multiple claims in short 
succession arising from a single incident, or by the fact that a given vehicle is unlikely to 
give rise to further claims while off the road for repair. However, ifthe purpose of the model 
is to predict aggregate claims over a full year, such short-term fluctuations are irrelevant 
even if clearly present in the data. The lack of statistical fit does not, in this case, make the 
model less useful. The same effects could be important for other purposes, however, for 
example in planning staffing levels in call centers and claims handling departments. 

9.5.2 Theoretical ambiguities 

More generally. theory tells us how to test competing hypotheses but does not tell us how 
to construct the hypotheses for testing. Any model can be made to look good in comparison 
to a sufficiently implausible altemative. On the other hand given that a hypothesis test 
at five percent entails a five percent chance of rejecting a correct model, sim ply testing 
against 20 or more alternatives provides a good chance of a statistical rejection - at which 
point. of course, the other 19 alternatives are quietly forgonen. The process of constructing 
hypotheses therefore involves a degree of skill and judgment that is difficult to verify 
from a physical science perspective. From a social science perspective, experience, skill 
or judgment is used to refine the universe of models under consideration, in preference to 
throwing random hypotheses at a set of data until one sticks. The often-quoted facetious 
observation that "you can prove anything you want with stat istics" has substant ially 
devalued statistical testing in the minds of many managers. Forthis reason formal statistical 
tests feature less prominently in commercial negotiations than might at first be thought. 

In this context, Box's dictum is often quoted - that all models are wrong but some are 
useful (Box, 1979). To put this in terms of hypothesis testing. this means that our biggest 
problem is the Type III error, where neither Ho nor H I is correct but we have to pick one 
anyway. Thi s has some subtle effects on hypothesis testing. In theory we would like to 
see the process of adding further parameters tenninating at a correct model. with enough 
data available to distinguish important from unimportant parameters. In actuarial work, 
in the presence of a Type III error, it is more common to see an apparently inexhaustible 
supply of significant further parameters, each of which improves model fit while chipping 
away at parameter estimate reliability. The decision to stop adding parameters is frequently 
pragmatic. for example due to reporting deadlines, rather than statistical. 
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9.5.3 Expecting the unexpected 

A key part of financial planning in most businesses is stress testing against past sccnarios. 
Finns might consider how their business strategy might fare in a repeat of the UK 1974 
equity crash. Hurricane Andrew, the Russian debt crisis of 1998. the 2001 World Trade 
Center attack, and so on. 

Calibration to past data is in the nature of statistical models. As a result. events that have 
never happened are usually ascribed a modest probability. In a data set of modest size. rare 
but extreme events are over-represented if they appear and under-represented if they do not. 

Practical examples of thi s problem include: 

evaluating the cost of earthquake or flood insurance for a building in a location with 
no recorded past earthquakes or floods; 

evalulti ng insurance against events that have occurred in the past but which reforms 
(supposedly) exclude in future. What effectiveness should an insurer a'icribe to reforms 
introduced in the wake of market crashes or accounting frauds? 

evaluating liability insurance in respect of a nuclear power plant, whose only past 
claims have been in relation to minor injuries from slips and falls; and 

evaluating risks in the presence of uncertain trends. for example old-age mortality or 
risks affected by climate change. 

Techniques for est imating such tail events im; lude: 

the fitting of a distribution to historic data. based on a particular functional form. This 
form is then extrapolated to rare events outside the historic data; 

an analysis of extreme but painful outcomes may make use of data on near misses. 
For example, financial firms are interested in the frequency of evelUs sewre enough 
to cause ruin, but by definition these events are excluded from the history ofa solvcnt 
firm. However. there may be clues in accounts of losses whose severity fell short ot 
being ruinous; and 

exposure-based analysis looks at the drivers of potential losses even when no claims 
have been made. For example, a mining company examining the cost ofaccidcnts ma~ 
have no data on a particular kind of loss, but exposure measures such as thc numher 
of cmployees exposed to a particular hazard can be combined with measures of 
likcly costs of compensation or remediation as relevant factors in consideration of 
future risks. 

9.6 Commercial modeling 

9.6.1 The role of modeling within the Actuarial Control Cycle 

Some models are used once and then thrown away. In a business context. this is usually 
regarded as inefficient investment of effort. Models are designed to be used o ... ·er and mer. 
The shelf life of a model may vary from a few weeks to many years. 

The fact that a model is re-used does not mean that it does not change over that period. 
Instead most models are continually updated improved and enhanced. Model forecasts are 
compared to observed outcomes. Any discrepancies are then fed back into the modeling 
process to improve the model's forecasting ability. 

• 
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We might hope for a smooth progression of ever-improving models on a happy trajectory 
to perfection. Each new piece of emerging new information leads to improved estimates 
and the model becomes an ever morc effective forecasting tool. Reality is not usually this 
simple, and the modeling process usualJy involves blind alleys. that is. promising modeli ng 
approaches later abandoned. Data may confirm the ex isting model. or may alternatively 
discredit a model enti rely. Catastrophic events such as market crashes, earthquakes. floods. 
epidemics and man-made disasters may have a huge human cost but also act as stimuli fo r 
new directions in modeling. 

9.6.2 Costs of models and data 

Statistical theory has a great deal to say about optimal estimates. In many contexts, an 
additional factor comes into play. which is the cost of building a model and using the 
output. These costs include: 

costs of data collection. cleaning and processing: 

costs of estimating model parameters: 

costs of model testing and validation; 

• hardware and software costs of computer implementation; and 

costs associated with the use of model outputs. including communication. 

We now consider examples of these costs and how they affect Illodel choice. 

Collecting data can be expensive. For example. consider a pension plan that wants to 
improve the accuracy of mortality estimates by reflecting levels of obesity. Statistically, 
this is very likely to improve forecasting accuracy. as obesi ty exacerbates Illany medical 
conditions. There may also be a social benefit, in that obese members confronted with the 
longevity implications may take steps to lose weight. 

But the practical costs of collecting that data are severe. Quite apart from the logistics of 
tracking down and weighing a large number of pension plan mcmbers. willi ng cooperation 
is by no means assured. There may be legal obstacles to asking members about their weight, 
and members may have a legal right to refuse to share the information. Data reported by 
members may sufTer a number of biases. Data storage requires appropriate security and 
compliance with privacy legislation. 

Model estimation is made more complex by the use of additional data. For example. 
an important actuarial task in motor insurance is the forecasting of claims ultimately 
arising from a collection of policies. This issue is subtle because insurers may not be 
immediately notified of the loss on an insurance policy when an accident happens. There 
may be delays in reporting of accidents. and various elements of negotiation as a claim 
proceeds. The last claims to be settl ed are subject to greatest uncertainry. for example in 
relation to the cost of ongoing medical care for a faultless party injured in an acc ident. It 
is currently standard practice within the industry to estimate the ultimate losses by plotting 
claims notifications and payments cumulatively as a function oftime since policy inception. 
This produces a sigmoid ("s"-shapcd) curve that may be extrapolated using various curve
filling techniques. 

There is the possibility. however. of mak ing use of more granular data broken down at the 
level of individual claims. [t is then possible. for example. to detect whether an unexpected 
flurry of payments is due to new notifications of accidents. or a deterioration in the financial 
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positions of claims already recognized. There may be evidence of data changes at a granular 
level which are invisible. or only visible later. in aggregate patterns. Granular data may also 
give better insight into estimation uncertainty. One of the effects of developing information 
technology is to reduce the cost of data processing and analysis, with the result that the use 
of claim-level data is becoming more widespread in loss estimalion. 

It is common in modeling to group input data. For example, in a database of insurance 
policyholders with ages between 40 and 50, a model might instead assume that all 
policyholders are aged 45. Plainly this simplification makes the model output less accurate. 
but it is also likely to reduce by a factor often both the input data storage requirements and 
the calcu lation run time. If the loss of accuracy is not significant, then the data grouping is 
justified by reference to the cost savings. 

Many moJels start their lives as computer spreadsheets . Spreadsheets make many things 
easy, inclltding manipulation and graphical display of moderate-sized data sets. Popular 
spreadsheet packages are widely used and understood. Most analysts will have access to a 
desktop computer with spreadsheets already installed. 

Although many spreadsheet packages have basic statistical functionality. there comes a 
point in some models where a special ized statistical package is required. However. the 
process for an analyst to obtain access to that package may not be straightforward. Common 
difficulties include obtaining authorization for the cost of software licensing. arrangements 
for training, and support in the absence of in-house expertise. Organizations arc likely 
to also require extensive testing of new software in the context of existing technology 
infrastructure. A quick way to become unpopular is to download a piece of clever software 
from the internet that causes a substantial slowing of network traffic. 

For all these reasons, it is common to see model s analyzed and fitted in spreadsheets. 
using intuitive and informal methods even when superior statistical tools are available in 
specialized software. From a purely statistical perspective, this may nOI be the best course 
of action. However. the benefits of greater statistical sophisticat ion are outweighed by other 
costs associated with model soph istication. 

Final1y, we can consider the costs of use of model output. Senior executives in large 
organizations may prefer not to spend their time understanding the models embedded 
within their organization or waiting for output of complex number crunching. As a result. 
models presented to senior management are often simplified to a level that management 
can grasp within an allotted 30-minute presentation, including time to re-run under 
alternative hypotheses. It is good practice for analysts preparing sllch simplified models 
to compare the output to more theoretically justifiable models, ensuring that key messages 
are not lost. 

9.6.3 Robustness 

It is common to see models described as robllst. with this term intended to denote a 
good thing. 

So what does robustness mean? In plain English, il means a robust model can stand up 
to challenge. It signals confidence in assumptions, in the mathematical formulas and in 
the software implementation. There is also a precise, but different, statistical meaning 
of robustness, defined in terms of estimator sensitivity to outlying observations. In this 
section we use the broader definition rather than the statistical one. 
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In a business context, modelers may face difficult timing decisions in relation to the 
disclosure of model results, These decisions are not purely statistical, hut also arise from 
information asymmetries within commercial organizations. 

For example, suppose a model initially produces resuhs that nobody believes. The search 
for an explanation picks up first the most flagrant mistakes - for example an input in 
millions that should be in thousands. Attention then moves on to other variables whose 
value might be subjective and could be varied to move the answer in the right direction. 
When the model produces the previously expected answer. particularly if a reporting 
deadline is looming, modelers might call off the search for further mistakes. 

Such a process is unlikely to lead to a robust model. but how can management evaluate that 
risk? The recipient of modeling output tries to evaluate several things at once: 

the answer to the problem posed; 

• the quality of project management; and 

the quality of the modeling. 

Project management is about planning, organizing and managing resources to complcte 
a project successfully. A piece of good statistical analysis may still be a poor example 
of project management - for example, because it was delivered late or the budget was 
overspent. Every project sponsor's fear - particularly for technically complicated projects 
- is a series of reassuring interim reports followed by a failure to achieve any of the 
project's objectives. For this reason, most project plans involve the reporting ofmilestones, 
includlllg intermediate results. Analysts may feel under pressure to release results early, 
perhaps before the proper statistical and quality controls arc in place. 

Quality of modeling includes an assessment of whether modeling has been competently 
executed, with sufficient checks and reviews in place. One possible indication ofpoorqua lity 
is output results that flucruate wildly between one report and the next - for example because 
of mistakes in data or coding which are then rectified. There are also legitimate reasons for 
results to fluctuate; for example. most analyses of the risks of corporate bond investment 
produce dramatically different results after a year of bad credit experience. The difficulty 
from the recipient's perspective is that these explanations for volatile results are difficult 
to distinguish, so clear communication from the modeler is vital. There are usually many 
factors that contribute to fluctuations in results, and it is understandable that explanations 
from modelers themselves tend to give greater prominence to those causes, such as moves 
in market data, for which the modeler is unlikely to be blamed. For this reason, modelers 
are often reluctant to release early model results until thorough testing has been done. lest 
subsequent revisions undermine the modeler's reputation for good quality work. 

9.6.4 Governance and control 

The multiplicity of approaches to model building can lead to unpredictable output or 
unpredictable changes in results from one period to the next. Organizations can seek to 
manage this volatility in two ways: governance and information technology. 

Governance is the process of oversight in decision making. Where modeling decisions 
affect the way a business works or reports, inputs need to be validated with the relevant 
business units and the conclusions need to be brought to the attention of a su itably senior 
person. Governance includes the structure of financial reports, the distribution lists of 
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people who receive them. the process for numbers to be signed off, as well as the processes 
for establishing and maintaining documentation relating to the models themselves. 

Information technology can be both a blessing and a curse in model control. Without 
computers. most of today's modeling would be: impossible. Model users often va lue 
flexibility - the abil ity to run many different models, and experiment \\ ith data sets. 
assumptions. outputs and so on. This flexibility can create dangers for the integrity of 
financial reporting. For example. suppose an actuary experimented with alternati\'e 
mortality tables ("what happens if everybody dies at age 70T') and then forgot to reset the 
table prior to a financial reporting run . To mitigate this risk. most business systems Impose 
a series of locks and approvals to limit users' ability to make changes to business.critical 
processes. There are also processcs to migrate models from an experimental spreadsheet 
environment during development to a more disciplined environment sometimes described 
as "busint'ss as usual." These controls. however, bring their own frustrations, for example 
when an important bug fix is delayed because the approval is stuck in the in·box of a 
colleague who is on holiday or an untested fix is forced into production because of an 
important subsequent change to the same code. 

9.6.5 Models for advocacy 

In many actuarial applications. the modeling purpose is close to what the textbooks assume 
- to produce the best forecasts of real world events. For example, the purpose ofa mortality 
investigation is to deve lop tables that can be used to forecast deaths in future. Analysis 
of borrowers' defaults on credit card debt, as a function of borrower attributes such as 
income, occupation or age, are built with a purpose of predicting future defaults and (from 
a lender's perspective) avoiding the advance of money to borrowers who are unlikely to pay 
it back. In these cases, the modeling comes first, and whatever conclusions are drawn are 
then supported with reference to the modeli ng effort. 

Constraints of time and money may limit the amount of modeling that can in practice be 
performed and good modelers develop a strong sense of where time and money can be 
best spent. With experience. they may also develop a sense of the kind of investigations 
that are a waste of time and money, that is, which bring little incremental insight for the 
effort put in. 

On the OIher hand many modeling projects are commissioned for the purpose of advocacy. 
especia lly in long·term actuarial work. Actuaries are in the business of long. term financial 
projections for long·term purposes such as multi·year life protection and 10ng·h~rm 
savings. In any contract, lawyers will attempt to foresee a range of possible events and 
capture in the contract the rights and obligations of each party under a nearly exhausti\e 
list of circumstances. However. the longer the term of the agreement, the wider the range 
of possible outcomes and the more likely a chain of events not fo reseen in the original 
contract. Examples of this include the various circumstances under which an arrangement. 
such as a retirement benefit plan or a policyholder fund with profit·sharing provisions. may 
be wound up or restructured. 

There is a way of dealing with such situations, where legal uncertainty arises from 
contracts failing to anticipate all future eventualities. The business solutions ill\oke 
nOlions of fairness. and compliance with the intention of the original agreement. There 
is often a consumer protection concern, with either a court or regulator appointing an 
independent expert whose role is to ensure the interests of plan members or policyholders 
are appropriately represented. 

• 
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In this situation, an insurance company or retirement benefit plan sponsor must try to 
convince the members' representative that its proposed solution is fair. For example. 
it may argue that a restructuring to simplify the operalion of a profit-sharing fund can 
provide a cash benefit to shareholders while leaving policyholders no worse off in terms 
of their expected benefits. Other cases where fairness may need to be demonstrated are 
in the justification for discriminatory insurance pricing, or that a proposed merger docs 
not impair competition. Banks may wish to argue to a regulator that they can exploit new 
gro\\1h opportunities in exotic financial products or emerging markets without adversely 
affecting depositors' security. 

Where fairness is to be demonstrated, the project sponsor clearly desires a particular model 
outcome. A mode l that demonstrates the fairness of the sponsor's approach is a good 
outcome. A model that demonstrates the opposite is a waste of money, from the sponsor's 
point of view. The dilemma for the business is how to plan expenditure to ensure value for 
money, when the results of modeling are not known in advance. This is a vitally important 
area for actuaries, bringing together questions of statistics, economics and business ethics. 
We consider these issues in the next section. 

9.6.6 Models and markets 

Economists since Adam Smith have tried to understand the im'isible hand, that is, the 
mechanism by which markets direct production and consumption with minimal external 
planning or control. As well as being a way to describe the world about us, models are a 
tool by which some earn their living, which makes models open to study as an economic 
good. There is a market in models. which can lead to supply and demand for models rather 
different from those arising from normative principles. The way in which managers source 
model output to support their arguments is subtle, delicate and seldom discussed. This 
section gives an introduction to some of the tools available to study model selection. 

Analysts very seldom receive requests to prove a statement that everyone knows to be 
false. Compliance with such a request would be not only unethical but also damaging 
10 the analyst's reputation. For example, there is practically no research now published 
demonstrating health benefits from the smoking of tobacco. However much the tobacco 
manufacturers might like such research to exist, they are also realistic about the prospects 
of any credible research coming to that conclusion. So there is some self-censorship by 
management in proposing only those positions that have some chance of credible defense . 

The market in models is of particular interest where data is scant, ambiguous or open to 
several interpretations. In that case. normative principles may be inconclusive. leaving a 
greater role for the market in model selection. Prior to commissioning research, management 
may try to become familiar with the various possible methodologies in order to understand 
approaches that are likely to lead to the desired conclusions. 

Modelers may also develop knowledge of the relationship between prior views, approaches 
adopted and modeling conclusions. This knowledge may be developed at first by the labor· 
intensive approach of trying out many alternatives and logging the results. Published literature 
surveys may also help in developing a sense of what techniques lead to what conclusions, 
and why. Expert modelers with knowledge of available data and commercial operation of a 
particular market often develop a fine intuition in relation to modeling approaches. 

From management's perspective. hiring an expert has the clear advantage of reducing 
the uncertainty in model outcome. The procurement process for commissioning models 
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provides ample opportun ity for modelers to signal in advance the likely out,ome of their 
investigations, without the sponsor having to demand explicitly a certain set ofconclusions, 
Research papcrs supporting certain commercially expedient conclusions are more widely 
quoted and more effectively disseminated than papers proposing the opposite Analysts 
with a good understanding of management's objectives are able to deploy I imited resources 
more productively - a key requirement for promotion in most organizations. 

The operation of this market does not imply that management or researcher!> are being 
di shonest or otherwise unethical. An accountant may observe that the lower the value he 
puts on a liability, the happier his clients are. If a button on the computer program ha~ the 
effect of doubling the stated liabilities, the accountant soon learns not to press that button. 
just as laboratory rats learn to avoid the corridor that leads to an electric shock. A simple 
process of learning from client feedback leads to a preference for certain methodologie~ 
and avoid<JJce of others. It is easy to interpret a happy client as a signal of intellectually 
superior work. There need be no conspiracy to drive down stated liability \aluc~. 

[t might be tempting to draw the sad conclusion that the only stable situation is of shoddy 
work produc ing conclusions to order, with elastic moral principles the primary requirement 
for a profitable actuarial career. That conclusion would offend the high principles of many 
actuaries and in any case is wrong because of the feedback mechanism of reputation. 
Most analysis ultimately seeks to persuade, and that persuasion is most effecti\e when it 
builds on the author's reputation for integrity. For this reason, individuals, corporations ami 
professions invest in their own reputations by ,refusing to sign statements that may later be 
proved false. Fears of litigation, professional censure or reputational damage combine \\ ith 
ethical principles to encourage good quality work. For this reason. aspects sllch as consensus 
and authority of the author sit alongside statistical tests in many model evaluat ions. 

9.6.7 Disclosure 

According to the best practice in scientific methodology, hypotheses should be subje!.: 0 

harsh tests and independent verification before they can be regarded as knowledgc. Su",h 
testing works best in an environment where data and models are published and debated 
openly. For this reason, it is usually good practice to document models fully, so that another 
analyst, faced with the same data, can reproduce the model results. 

In commercial pract ice, full and open disclosure is not the norm. and it is important to 
understand why. The first reason relates to intellectual property and the second to the 
negotiation process. 

To understand the intellectual property issue, let us consider the example of natural 
catastrophe models. I nsurers have an interest in forecasting events such as storms. tsun:lmis 
and hurricanes that may give rise to insurance claims. However, few insufe"" ha\'c the 
geological and meteorological expertise in-house to develop credible models in this area. 
Instead a small number of specialized teams of scientists carry out the necessary research 
and generate their income by licensing to the insurance community software that encodes 
the results of the research, allowing insurers to enter the geographic coordinates and \alue~ 
of insured property and providing as output a distribution of catastrophe losses. 

Unfortunately, it is in the nature of information that once you have gi\en it awOl}. it is 
much more difficult to use that information to earn continued income. For this reason. 
catastrophe modelers may be evasive about the exact data and assumptions that underlie 
the model. Such secrecy may also reduce the scope for disputes, but thi s creates a difficult 

• 
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situation for customers, that is, insurers. They may be unclear how much reliance they can 
place on black-box models. [t is difficult to calibrate allowances for effects such as cli mate 
change if the model builder is secretive about the extent to which the model already allows 
for these effects. There is some scrutiny after events have happened; for example fo llowing 
events such as Hurricane Katrina. insurers evaluate how well the model captured their loss 
experience and the model bu ilders rush to patch any exposed model weaknesses. 

Another reason for withholding modeling information is the process of negot iating. For 
example consider the sale ora business unit from one insurer to another. The seller natural ly 
wants to achieve the highest price possible, but it will have in mind a walk-away price at 
which there is no fu rther interest in selling. The buyer wants to achieve a low purchase 
price. but also has in mind the highest price it is prepared to pay. 

Negotiations do not typically follow a series of numerical bids and offers. Instead, mode ls 
and discussion of model results are an important part of the process. The purpose of the 
modeling is not merely 10 provide work for actuaries (although that is an incidenta l benefit) 
but reflects the role of information in negotiation. At the start of negotiations. the seller 
has more information about the business than is available to the buyer, although the buyer 
may have information about possible synergies with its own business, affecting the price it 
is prepared to pay. Information asymmetries act as a hurdle to transactions. as each party 
fears signing up to a deal that turns out to be different from how it originally seemed. 

As part of the negotiation process, each side seeks additional information that may give it 
a pricing advantage. Information is traded against price - for example, the buyer may point 
to a particular area of uncertainty as an obstacle to raising its bid; the seller then discloses 
aspects of its own models in the hope of securing a higher price. 

One of the most persistently difficult elements in negotiation is understanding the 
model graveyard, that is the modeling approaches that were tried but later abandoned. In 
negotiation each party is keen to show its proposal in the best possible light. so models that 
might not support the desired conclusion are censored. On the other hand each party wi11 
try hard to dig into the other party's model graveyard in order to discover any business risks 
that may otherwise not emerge until after the deal is signed. A policy of openness is clearly 
not an optimal negotiating strategy. 

Disclosure is about sharing models and assumptions with other parties. However, even 
within organizations. openness and transparency may not be the norm. Management is 
increasingly alert to the risks this brings. and may seek to mitigate the risks by ensuring 
knowledge is broadly spread and that documentation is accessible, comprehensive and up
to-date. Analysts, however. may see a career advantage in being one of a small group that 
understands a business-critical modeling process. Sharing that knowledge may increase the 
risk of employment being terminated at a later date. There may also be risks of documenting 
models in the event of a discovery process. This is a legal process where one party may 
have access 10 another party's working documents in the event of a dispute. 

To conclude this section. in many circumstances clear documentation and open discussion 
are inherently good things. Free dissemination of good modeling and analysis can 
contribute to the public good with benefits to society as a whole. However. appropriate 
mechanisms for getting to that position remain a matter for debate. Producing models and 
analysis is expensive. and in many negotiation situations the private gain from access to 
confidential information remains a powerful motivation for producing that information in 
the first place. 
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9.7 Practical implications for actuaries 

Models are an integral part of the management of any modern financial business. 

There is a large body of theory in statistics and computer science relating 10 model s. 
This theory is a source of good practice fo r designing. building and operating actuarial 
models in a business context, even when data and computational power are limiting factors. 
However. practical situations frequently require compromise and there is often room for 
debate regarding the best modeling approach. 

The commercial environment adds complexity to actuarial modeling. Good project 
management imposes budget and timescale constraints. There may be a preference for a 
particular model outcome, for example to support a panicular argument. Such commercial 
pressures can bias model ourput in many ways of which the recipients of model output need 
to be awa" . For this reason, model expens need skills in communication and negotiation 
in addition to technical statistics and computing experti se. 

Many insurers have experienced a proliferation of thousands of models as technology has 
enabled these to be created in greater volume and variety than ever before. The next decade 
is likely to see substantial investments in computer systems and procedures to bring these 
models more substantially under management control and to minimize any threats to the 
integrity of financia l reponing and busi ness management. 

9.8 Key learning points 

Models are essential to actuarial work. 

Models represent reality with the degree of accuracy req uired depending on the 
application. 

There are formal , statistical approaches to constructing and validating models. 

There is a difference in how the social and physical sc iences approach the modcling 
process. 

Parsimonious models are genera lly preferable. 

Documenting and communicating all steps in the modeli ng process is critical 

Computers and information technology playa sign ificant role in the modehng procc:-.:-.. 

Modeling may be part of an advocacy process. 
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Fred's Coffee Shop - Data and Assumptions 
Fred needs data to help him to set the assumptions for his business plan mOOel. 
He will also need data and assumptions when he sets his prices, which we will 
cover in Chapter 13 (Pricing). Finally, he will need to collect data on theoperation 
of his business so he can track experience and make changes as needed. 

What data do you think that Fred might be able to gather for his business plan? 

Fred has many options for gathering data. For example, he could: 

• count how many other coffee shops there are in the area where he intends 
to operate. He could visit similar areas and count the coffee shops there, to 
see whether his patch appears under-serviced; 

• In\ estigate the loca l office buildings where his potential customers work to 
estimate the total amount of occupied office space within striking di~tance 
of his proposed coffee shop; 

• visit the local competitors, as a customer, to check their products, prices 
and the pattern of usage; 

• undertake market research by handi ng out survey forms; 

• obtain demographic data (ages, incomes, etc) from the Census Bureau or 
local civic association; and 

• gather data on costs such as rerit, utilities (electricity, gas and water) 
and labor. 

Having obtained his data, Fred can use it to help him to set the assumptions 
for his model. He must understand that much of the data he has collected is 
unreliable (people do not respond truthfully to surveys, demographic data may 
be ou tdated, etc) and so the basis fo r his assumptions may not be as accurate 
as he likes. He may have to make some assumptions with no data at all. Even 
where data is plentiful and accurate, Fred will need to exercise judgment in 
using it to set assumptions. For example, if demand has been unusually high 
due to unseasonal weather, or if Fred's proposed offerings are markedly different 
from the current products, the data from current providers may not be a good 
guide to his future sales. He may choose pessimisti c assumptions so that reslllt~ 
are more likely to be better rather than worse than projected. 

Once his business starts up, Fred must have a plan for continui ng to collect 
data. Some will be necessary for accounting and tax statement s. In addition, he 
wil l want to have data available to revise h is business plan and its assumptions. 
By deciding his data needs in advance, he can ensure that it is collected in a 
timely and reliable man ner. 

• 
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Chapter 10: Data and Assumptions 
by Stuart Klugman 

10.1 Introduction 

The quality of actuarial work depends on the quality of the data and assumptions used. 
Consider the following list of factors that can hinder the development of the best possible 
solution: 

lack of time; 

lack (tfresources (computer time/power, assistance, etc); 

lack of data (q uantity); 

lack of re levant data (qual ity); and 

lack afknowledge about key factors. 

The fi rst two are realities of working life. Every aspect of actuarial work discussed in th is 
text is constrai ned by time and resource limits. The last three are more specific and are the 
subject of thi s chapter. 

Much. ifnol all , actuarial work involves considering the effects of uncertain future events. In 
fact , the slogan of the UKActuarial Profession is "making financ ial sense of the future." Since 
we can't knoll' what the future wil l bring. we need to make assumptions. We also need data. 
for three reasons. First, we must have data about the present, to give us an accurate starting 
point for projecting into the future. Second, we will usually require data about the past. to 
use as a guide in constructing models and sening assumptions about the future. Finally. 
knowledge about key factors is essential. This knowledge will detenn ine our approach to the 
whole problem, including dealing with any weaknesses in the quality and/or quantity of the 
data, and deciding how much \veight to give to past data when sening assumptions. 

To see how data and assumptions are necessary and intertwined, consider the owner of a 
professional sports team that is about to move from a covered stadium to an open air venue. 
The owner is concerned that on rainy days some ticket holders may choose to stay home (in 
thi s sport, games are always played whatever the weather. and most of the tickets are sold in 
advance). The owner gets to keep the money from tickets sold in advance, but will not make 
money from selling food drink, souvenirs and parking. The owner would like to estimate 
the revenue to be lost in the coming season and has hired a consultant to provide the answer. 

The consultant has various sources from which to obtain data and set assumptions. The 
following possibili ti es are typi cal of such assignments: 

Facts that are known with certainty. Here that might be the seating capac ity. the 
number of tickets al ready sold for the upcoming season, and the prices to be charged 
for the various items purchased by those anending games. 

Reasonably accurate data. It should be possible to get data on the past frequcnc; of 
rain from the weather service. There should be data from the owner concerning sales 
of the various items in the season just ended. There should also be hi storical data from 
teams that play outdoors regarding the number ofno--shows on rainy days. 
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Assumptions based on the data combined with judgment. Because the future 
circumstances differ from the present. it may be necessary to adjust the data-based 
results. For example, it is possible that customer buying patterns will differ once the 
team moves outdoors. 

It is possible to use data directly without making explicit assumptions (the implici t 
assumption is that the future will look exactly like the data). However, when doing so, 
careful thought should be given before proceeding. For example. if an actuarial student 
has passed the first four Society of Actuaries examinations on the first try, the data would 
indicate that all future examinations will be passed on the first try. Unfortunately, many 
actuari al students have proved this assumption to be unsound. Or, suppose 1,000 people 
age 58 are observed for one year and 48 die, and then 1,000 different people age 59 are 
observed for one year and 45 die. If one·year term insurance premiums are based direct ly 
on these observations, a 59 year old customer will pay a lower premium. This would be 
contrary to large amounts of previous actuarial experience which strongly indicate that in 
this age range. mortality increases with age. 

While the terms data and assumpTiolls are familiar to almost everyone, the Merriam
Webster Online Dictionary (2009) defines them as follows :' 
Data: factual information (as measurements or stat istics) used as a basis for reasoning, 
discussion, or calculation. 

Assumptioll: a fact or statement (as a proposition. axiom, postulate, or notion) taken 
for granted. 

Actuaries may find the phrase "taken for granted" a bil ex.treme when their assumptions 
are questioned by regulators or in the courtroom. But once an assumption is set (keeping 
in mind that the assumption may be a probability distribution or a range of values), it is 
indeed taken for granted as the basis for further work and the concl usions that follow. 

In th is chapter we will first look at data. Aspects include types of data, quality of data , data 
checks and repair, standards of practice and challenges when data are limited. Once the 
problem has been defined and the objectives determined, the next step is to decide what 
data is required, how it will be obtai ned, and what steps are required to ensure its validity. 
It is tempting to start collecting data at the onset ofa project, but the actuary's work wi ll be 
most successful when data issues are informed by the objectives of the project SO that the 
most useful information is collected. 

The second purt of the chapter will cover assumptions, including a description of an 
assumption·setting control cycle; choosing and quantifying assumptions; and the 
interdependency of assumptions. 

10.2 Data 

10.2.1 Why is data critical to actuarial practice? 

Data is important both to know where we are today and where we might be tomorrow. For 
the former, it provides the starting point for any analysis. As an example, in a retirement 

1 Less relevant definitions have been omitted. 
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benefit plan the composition of the covered employees (including those currently receiving 
benefits, those who are no longer employed but who may receive benefits in the future. 
and current employees who may receive future benefits) is needed. Information needed for 
the plan will depend on the terms of the plan, but may include age, gender. salary history 
and years of employment. A second example is valuing a block of insurance policies for 
sale or purchase. The first step is to know the characteristics of the policies in the block. 
It may appear that gathering and verifying such data is trivial, but mistakes happen and 
there can be surprising difficulties. In one real-life example, when a retirement benefit 
plan administrator computerized the employee data, data on years of service prior to 
plan inception was not transferred. Fortunately this caused the valuation numbers to be 
significantly out of balance with regard to what had been expectcd and a diligent search 
eventually uncovered the problem. Another real-li fe example was a class action lawsuit 
against an .... insurance company. The issue was deceptive sa les practices that occurred 
decades in the past. Only paper application records were available and it was not always 
possible to determine which policies fit the criteria to be in the class. 

The second use for data is to aid in the development of a model for what might happen in 
the future. Actuaries do not have the luxury of predictability that is common to the physical 
sciences. For example, a physicist can tell you how long it will take a 20 pound ball to 
fall from a height of 100 feet and would also know how fast it will be going at impact. A 
chemist knows what will happen when two chemicals are mixed and knows that the same 
thing will happen the next time.' . 

Actuaries face a more difficult situation for two rcasons. First, the future is random (if it 
were not, there would be no need for actuaries). That means the goal is either a probability 
distribution or characteristics ofa probabi li ty distribution. The second is that the probability 
distribution or its characteristics are rarely known with certainty. 

For example. consider the number of clai ms a 27 year old male driver in an urban location 
will make in the next year under an insurance policy that pays benefits each time the dri\er 
is involved in an automobile accident. A Poisson or negative binomial distribution may be 
appropriate, but a lot of data will be needed to set the parameters and aid in deciding which 
distribution to use. 

Insurance companies have long recognized the need to acquire large amounts of data and 
often do so by collaborating in its collection. Such collaboration might be viewed as anti
competitive. In the US, the McCarran-Ferguson Act allows this collaboration by exempting 
insurance companies from certain provisions of anti-trust laws. 

And even if the actuary knew enough to make a h ighly accurate estimate, the appropriate 
formula wi ll change each year as driving habits, safety measures, policy wordings and laws 
change. This means that data-based models may need to be altered to reflect changes in 
the environment. So, wh ile physicists, chemists, economists and actuaries all have theories 
about how the world works, only the first two have the luxury of working in a reasonably 
stable and predictable envi ronment. 

The ability to process more numbers at greater speeds continues unabated. As a result. the 
actuary has more and more infonnation available. But this makes it even more important 
that data be valid for its intended purpose. Here is an example (from Squire, 1988) where 
there was an abundance of data, but it was of linle value for making predictions . 

• 
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Example 10.1 
In 1936 the Literary Digest magazine mailed 10 million poll ballots asking 
the respondcm to indicate if they would vote for Roosevelt or Landon in the 
upcoming US presidential election. 2.4 million ballots were returned and 
accurately counted, showing Landon the winner 55 percent to 41 percent (with 
other candidates getting some votes). The election turned Oul to be 61 percent to 
37 percent for Roosevelt. They had accumte data. What happened? 

It turned out that there were two problems. First, the poll was mailed to lists of 
telephone and automobile owners, a subpopu lation that tended to view Landon 
morc favorably. Second, it turned Qut that those who returned the poll ballot were 
morc likely to be Landon supporters. 

Actuaries similarly have to recognize that observations from the past mayor may not be 
representative of the conditions which will apply in the future. For example, the time period 
over which data is collected should be long enough to capture a variety of environmental 
conditions. Or, sometimes it is just a mailer of being sure to understand exactly what each 
field in a data set represents. For example, a field may indicate whether or not an insured 
life is a smoker. Without knowing the definition of being a smoker (current or former, 
regular or occasional, etc) the results of any analysis will have little value. 

10.2.2 Specifying data requirements 

Data does not appear on demand. It must be collected, perhaps from a company's own 
records. perhaps from a statistical agency, or perhaps from a government agency. Regardless 
of the source, the first step is to determine what data to collect. Although the Actuarial 
Control Cycle suggests that solving problems is an iterative process, it can be very costly if 
add itional data needs to be requested. Although the solution cannot be obtained until after 
the data is collected, it is important not only to understand the problem, but to have a very 
good idea of the nature of the sol ution in advance of data collection. It is also beneficial to 
consult with the data sources to know what might be available. For example, in a study of 
joint life mortality it would be ideal to have the date of death of both lives. While it is clear 
that the age of the second death in a policy that pays at the first death will not be available, 
it may not be obvious that the age of the first death in a policy that pays at the second death 
will not be available. The company may only note that the first death occurred. Since no 
payment is made, the date of the death is not relevant to company operations. 

In the discussion above it is assumed that the process is already underway and the only data 
that will be available is that which has been collected. At times the actuary has the luxury 
of being part oflhe process when a new product or system is introduced. Thi s provides an 
opportunity to request data fields that may be useful for future analyses. While it appears 
that there is little to risk in not getting it right. on December 31, 1999 the entire world was 
concerned about just this issue. Many databases recorded dates using only the last two 
digits of the year. What would happen at midnight when 99 became OO? Calculations done 
on these dates might be producing negative numbers and odd results. Companies spent 
millions of dollars leading up to this date investigating what became known as the Y2K 
problem to find any programming errors. There was a concern that power grids, airplane 
guidance systems, and anything on a timer might fail. People in the US watched the New 
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Year's Eve celebrations in Sydney not to see Australians welcome in the New Year but to 
see if the city was still functioning. When midnight passed in Australia without incident. it 
could then be reasonably assumed that the US was not at risk. 

The key point of the above example is to be thinking not only of today's task but also of 
data needs for the futu re. As another example, it may not be clear today what rating factors 
might be used (or allowed) in the future. 

Example 10.2 
Consider a defined benefit pension scheme. At retirement, the benefit is based on 
the number of years of service and the average salary over the five years prior to 
ret irement. At retirement, employees may choose from several annuity types. but 
they i!e all actuarially equivalent (that is, the actuarial present value at the time of 
retirement is eq ual for all choices). Employees contribute a fixed percent of their 
salary to the plan and the employer funds the difference. In addition. employees 
who leave the company prior to retirement age are entit led to benefits earned as 
of the time they leave employment. One of the tasks of an actuaria l consultant to 
such a plan is to determine the actuarial present value of all promised benefits. 
What data is needed to perform this task? 

As noted earlier, initial data is needed to understand the employee group. For 
each employee, the following is the minimal amount of information required: 

date of birth; 

• date hired: 

• current status (employed, previously employed but not receiving benefits. 
currently receiving benefits); 

salary history (only last five years needed and only for those not receiving 
benefits); and 

benefit amount and annuity choice (for all but those currently employed). 

The projections may be improved with additional information. sllch as: 

• gender; and 

job classificat ion and time in that job. 

These may help because mortality and retirement rates may differ by both these 
factors. Future salary values may differ by job classification and time served in 
that position. 

In order to construct a model (deterministic or stochastic) for furure beha\·ior. it is not alway~ 
necessary to collect data. In a case such as Example 10.2, models for mortality. retirement. 
and salary increases may be available from industry studies or from government agencies. 
However. if the plan has been in operation for some time, there will be data available from 
prior reviews. Thi s can be used to modifY assumptions (as discussed in Chapter 17) to 
reflect differences inherent in this employee group. 

• 
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Exercise 10.1 
Your company operates in a jurisdiction where reserves may be calculated using 
mortality tables based on your company's own ex perience. You have been asked 
to collect experience data from the past five years on your company's universal 
life policies. You arc about 10 ask the IT department to provide data on all policies 
that were in force during that period. What data items should you request? 

When collecting data, there is a choice between individual and grouped data. Individual 
data means that the entries for each person (or each pol icy, or each loan, etc) are kept 
separate throughout - think of it as one spreadsheet row for each person. Sometimes 
it is conven ient to grOllp data. For example, instead of using the entries for each term 
insurance policy separately, results could be grouped by age. The record would show the 
totaled amounts for male, nonsmokers, age 36-45; mal e, nonsmokers, age 46-55 .. . etc. 
All policies in a single group are treated as if they are identical, with each measurement 
based on an average (possibly a weighted average), such as using ages 40.5, 50.5 and so 
on in the above example. The advantage is that significantly less computer work, both in 
storage and run time, wili be needed. When doing stochastic simulations, the savings can 
be considerable. The trade-off between the accuracy of individual data and the si mplicity of 
groupi ng wili be determined by the resources available and the materiality of not grouping. 
Before considering whether to use grouping it is a good idea to do some preliminary 
analyses using individual data to verity that the grouping is not creating di stortions. While 
it seems like grouping would rare ly create distortions, consider the case of endowment 
pol icies maturing at age 65. With five-year age groupings, the projected maturity benefits 
wi ll be paid every five years (for example, if everyone currently aged 58-62 is treated 
as age 60, they will be projected to receive their endowment in five years, with no one 
receiving endowments in the two years before or the two years after), creating unrealistic 
cash flow projections. 

10.2.3 Sources of data 

There are various sources of data. The next three paragraphs discuss some of the choices 
we have over sources of data. 

10.2.3.1 Internal versus external 

Data may be classified as being internal (collected by the company on its own business) or 
external. Some relevant data can be available from both sources and then a decision about 
relative weighting must be made. 

10.2.3.2 Whole population (census) versus sampling versus survey 

A whole population study, or census, is a complete enumeration of all members of the 
relevant population . Sampling selects a subset of the population for study. The subset is 
selected so that each population member has a known random chance of being picked. 
Survey data is based on questionnaires bei ng sent to selected members of the popUlation, 
but depends on their cooperat ion 10 return them. Actuarial calculations for a retirement 
benefit plan will nonnal1y use the data from the whole populat ion of the plan's members. 
Auditing of processing of health insurance claims often uses stratified sampling (where 
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large claims have a higher probability of being selected). This is necessary due to the cost 
of auditing every claim. Surveys are more likely to be used for market research or to gauge 
customer satisfact ion . 

10.2.3.3 Cross-sectional versus longitudinal 

Cross-sectional data arises when observations from numerous subjects are collected at 
one point in time. An example would be claim payments made in respect of automobile 
accidents during a fixed time period. Longitudinal data refers to observations collected 
over time on the same entity. Monthly returns on a stock market index is an example 
(such data is often referred to as a time series). Of course, both can be present in one 
data set (for example, several years of automobile accident claims on a block of policies 
with characterist ics varyi ng from one policy to another). In statistics this is referred 10 as 
panel data,-Challenges can arise with panel data when characteristics change over time. For 
example, in determining loss reserves the speed with which claims are sen led can change 
over time. In life in surance mortality studies conducted over longer periods of time some 
contributing companies may drop out in mid study while others may join in. 

10.2.4 Obtaining high-quality data 

It is obvious that high-quality data is preferred over low-quality data. There are three steps 
in improving data quality: 

Prevention: this step is done in advance, with a goal of eliminating errors before they 
enter the database. For example, consider an application for a life insurance product. 
A form containing re levant information about the applicant as well as characteristics 
of the product being purchased must be completed. This may be a paper form that is 
later copied into electronic form or may be directly filled in on the agent's computer or 
on the internet by the applicant. The system should be programmed to reject ob\"ious 
errors such as non-existent categories (eg gender not M or F) and inconsistent dates 
(eg application date prior to birth date). 

• Detection: the next step is to study the collected data in a search for errors. This 
will involve simple checks such as those applied in prevention, as \vell a~ other 
investigations. Section 10.2.5 discusses in detail the sorts of checks that can be applied. 

Treatment: the final step is dealing with the errors which have been detected. It may 
be possible to repair the data, as described in Section 10.2.6, or we may be faced with 
deciding whether to proceed with less than perfect data , as discussed in Section 10.2.7. 

Further reading on these issues can be found in Herzog, Scheuren, and Winkler (2007). 

It is important to carry out the steps of detection and treatment before the daw is used. This 
may seem obvious. but is not always done in practice. 

• 
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Example 10.3 
In a real~life consulting assignment, calc ulations were to be done on 60,000 
policies. A unique rate of interest reflecting past investment earnings was to be 
assigned to each policy. This seemed to be straightforward because another party 
had already calculated the rates. (Section 10.2.8 points out that there are often 
standards of practice for relying on data supplied by others.) Thus, prevention 
was not an option. While an examination of 60,000 numbers was not feasible, a 
detection step might include calculating summary statistics such as min imum, 
mean, and maximum. Had this been done, the assignment ofa 20,000% interest 
rate to one of the policies wou ld have been identified as an error, alerting the 
parties involved to examine the data further. This was not done, and only when 
the results (the product of numerous calculations) were significantly out of line 
with expectations was the search for the cause undertaken. The repair was made, 
but with significant extra time expended. 

10.2.5 Data checks 

Appropriate data checks will always depend on the characteristics of the problem at hand. 
Nevertheless, it is possible to construct lists of items to consider. One such list was compiled 
by Mailander (2000) and is summari zed below. The full article "Some Guidelines on Data 
Quality Verification" can be read on the CD. 

(a) Know where the data comes from. 

(b) Know why and how the data was originally captured. 

(c) Understand the incentives inherent in the data's original use. 

(d) Examine several randomly selected records. 

(e) Have an expectation of the distribution of the data. 

(f) Look for blanks and duplicates. 

(g) Ask for the definition of the critical data items. 

(It) Develop some ways to verify the data. 

The first three items seem trivial, yel it is easy to end up with the wrong data. with 
incomplete data, or wi th data collected in an inappropriate manner. 

Data checks may be deterministic or exploratory. Deterministic checks look for specific 
errors that are likely to occur. An explorololJ' check examines various global characteristics 
of the data to see ifanything unusual has been recorded. Deterministic checks are completely 
dependent on the specific problem, and thus can only be discussed in generalities here and 
then illustrated with an example. Some general categories are: 

entries are restricted to a specific list of possibilities, such as Male/Female, or Smoker/ 
Nonsmoker, or Urban/Suburban/Rural; 

entries are restricted to certain numerical ranges, such as a range of allowable ages at 
issue or of policy amounts; and 

entries must bear a specific relationship to other entries, such as current date must be 
later than issue date, which in tum must be later than birth date, or surrender value 
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must be less than death benefit. Another example is that ifone entry or combination of 
entries have certain values then another entry is restricted (for example. only certain 
age ranges or benefit amounts allow non-medical underwriting). 

Exploratory methods extract certain characteristics of the data. Examples include 
calculati ng the maxi mum, minimum, and average values. A histogram or box plot may also 
give an indication of whether the items are distributed as expected. For example, when a 
histogram is made of the number of people at each age in a government enumeration of its 
population, there will be more people than expected at ages ending in 0 or 5 (due to people 
who are unsure of their age tending to report a round number). Adjustments can then be 
made before using the data. A histogram may quickly reveal some high or low va lues that 
need further investigation. 

At times l here is an additional option: reconci ling the data against other sources. For 
example, when doing a valuation on a block of insurance business or a pension plan, there 
may be summary totals from the company's sales records or from the plan sponsor's payroll 
records. For quan titi es calculated each year, the previous year's value, properly updated, 
may provide a good indication regarding this year's number. Thi s may seem trivial, but 
sometimes it is the on ly way to detect major errors such as using the wrong data set. 
Examples of incorrect data sets include extracting the wrong month or year or extracting 
the wrong type of clai ms. 

Exercise 10.2 

From the list of eight items taken from Mailander, which are deterministic 
checks, which are exploratory, wh ich are both, and which cannot be categorized 
as either? 

Example 10.4 
This example is paraphrased from the Society of Actuaries' "1986-2002 Credit 
Risk Loss Experience Study." Data from pril'ate placement bonds was collected 
in order to learn more about cred it risk event rates. Private placement bonds are 
loans made by insurance companies to corporations. They are not publicly traded. 
so little information about them is available. A credit risk eWIII was defined as 
failure 10 make any payment which was due under the terms of the contract. 
Rates were to be calculated in terms of both counts (number of events divided by 
number of bonds) and amounts (amounts lost due to event divided by value of 
bonds). Only one event per bond was allowed. 

As a result, for each bond, the following infonnation was required: 

the date of the credit risk event; 

the value of the bond just prior to the event, di scounted at current interest 
rates appropriate for a bond of its characterislics prior to the event. This 
calculation used the contractual cash flows; 

• , 
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the value of the bond after the event, discounted at current interest rates 
appropriate for its characteristics after Ihe event. This calculation used the 
revised cash flows, taking account orlhe event; and 

the book value orlhe bond allhe time of the default. In Ihis case, book value 
meant the value of the contractual cash flows di scounted at the interest rate 
in effect at the time of issue. 

The original data set. from which the above were calculated, was examined for 
inconsistencies. These included bonds having a positive book value on dates after 
complete default or after maturity; book values being negative; bonds continuing 
in the database after a credit risk event; bonds leaving the database for no reason; 
and cash flows that appeared to be normal bond activity even though a credit 
risk event is stated to have occurred. All changes were made to a copy of the 
original submission to ensure that the supplied data remained intact. (Details of 
this process are on pages 140- 142 orthe report.) 

Once the data was cleaned, the key quantities were calcul ated. Addi tional checks 
were then made such as comparing the stated book value to the future cash 
flows discounted at the original interest rate; identifying bonds where the bond 
value after the credit risk event was equal to or exceeded the bond value prior to 
the event; and checking bonds with zero value after the event (while possible, it 
is unlikely). 

At both stages, when anomalies were discovered, the contributing insurance 
company was asked to check the data it had provided. 

Exerc ise 10.3 

You have been asked to perform a mortality study on poli cyholders who have 
converted their retirement plan benefit into a life annuity. For each policy being 
studied you want to obtai n the fo llowing infonnation: 

policy ID number; 

date of annuitization (all dates arc in yyyymmdd format and annu itization 
must occur on or after age 40); 

amount of single prem ium used to purchase the annuity: 

monthly annuity payment; 

annuity fonn (allowable values are 1,2 and 3); 

gender (M or F); 

date of birth: and 

date of death (0 entered if annuitant is alive at the end of the study). 

The file "Chapter 10 Exercise 10.3 Data Spreadsheet" on the CD contains 1,000 
records that were collected for the study. Determine wh ich of the records contain 
data that warrants further investigation. 
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10.2.6 Data repair 
In Example lOA, one common method of correcting errors was employed: return to the 
source and determine what went wrong and then make the correction. At times it is not 
necessary to return to the source, as it is possible to make the corrections based on internal 
consistencies or obvious changes, for example, changing cents to dollars or months to 
years, or filling in a blank data field for gender if the other characteristics point to the data 
being only for males. 

If the correct answer is not obvious and it is not possible to return to the source. then 
an alternative way of continuing the analysis must be found. One such method is called 
impwa/ioll. Th is is commonly used in government census work to fill in missing values. 
By looking at records with complete data, an inference can be made about the missing field 
based on those fields that are filled in, for example, by regressing the missing item on the 
other variilbl es. Most applied statistics texts offer methods of dealing with missing data. 

If the record cannot be repaired then it may have to be deleted. or at least not used for those 
analyses that make use of the entry known to be defective. However, this in itself may lead 
to further problems, as discussed in the next section on missing or inadequnte data. 

10.2.7 Missing or inadequate data 
Much of the above discussion concerns the data you have and assumes thm except for small 
mistakes it is the data you wanted and is appropriate for the task at hand. On occasion, 
some data Ihal was expected is not present: The reconciliation checks mentioned earlier 
may help to identify such a s ituation . Regardless, it is always a good idea to regularly ask 
whether you have all the data that was requested. 

Sometimes it is not possible to obtain the data you need to do a proper analysis. For example, 
when a company changes administrative systems, its actuaries may believe that all rclcvalJl 
data has been transferred 10 the new system. It may tum out later that calculations require 
historical data that was not captured. In such cases the likely possibilities are eitherlO spend 
the resources to obtai n the data or to do the best possible analysis with the available data. 
In the taller case it is essential to document the shortcomings of the subsequent analYSIS. 

In Exercise lOA an example oflhe challenges of incomplete data is presented. 

10.2.8 Standards of practice and professional implications 
Some of the national actuaria l assoc iations have developed standards of practice with regard 
to data qual ity. The CD contains "Actuarial Standard of Practice 23 - Data Quality" from 
the US Actuarial Standards Board and "Standards of Practice - Sect ion 1530 Data" from 
the Canadian Institute of Actuaries. The UK and Australia do not have a specific standard 
regarding data qua lity, but data issues are mentioned in the context of other standards. 
Some extracts from the UK standards are provided on the CD. Whether or not the country 
in which you practice has data quality standards. these provide exceHent guidance for good 
practice. The following points summarize the key items in the US and Canadian standards, 
but those practicing in the two countries represented should read the standard and not rely 
on this summary. 

The actuary should commun icate and disclose all data issues and in particular any 
data limitations. 

Data should be appropriate for the scope of the assignments and the intended use of 
the analysis. 

• 
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• Accuracy and completeness of data supplied by ot hers can be relied upon, with the 
following precautions. There must be disclosure, that is, all reports must identify the 
supplier and the manner in which the data was retied upon; and while a complete 
audit is not required such data should be reviewed for reasonableness, consistency 
and questionable values. 

• The actuary must decide if the data is suffic ient and is fu lly useful; is usable, but must 
be qualified; or is unusable. 

The following view from outside the profession is also helpful. The Australian Bureau of 
Statistics (2009) has a data quality framework which lists seven dimensions of quality. 
While designed for use by government statistical agencies, they are applicable to all who 
use data. 

(a) Institutional environment the production of data should be impartial and objective; 
conducted by independent professionals; carried out with adequate resources; and 
controls must be in place to ensure confidentiality. 

(b) Relevance: the data should be adequate in scope and coverage; should be collected 
over an appropriate time frame; and should measure those qualities it is intended 
to measure. 

(c) Timeliness: the delay between the events measured and when the data become available 
should not be too great. Timel iness also includes the frequency of updates. 

(d) Accuracy: sampling error is the most critical component for actuarial studies. For 
surveys there are issues of coverage, non-response and erroneous responses. 

(e) Coherence: there should be both internal consistency in the data as well as consistency 
with regard to previous studies and those done by others. 

(f) Interpretability: the data should lead to results which can interpreted by and be 
meaningful to users. 

(g) Accessibility: the data and reports must be available to those who will use them. 

As with all actuarial work, it is important to document what has been done. While this is 
noted above when communication is discussed, there are two other concerns. If the report 
considers only the task at hand, some features of the data may not be mentioned. However, 
data that is sufficient for the current task may not be reliable for other tasks in the future. 
Also, for audit or legal purposes, it is important to have careful documentation of the steps 
taken to obtain the final clean set of data used in any analyses. 

10.2.9 Challenges presented by limited data 

In many insurance applications there is an abundance of data. But that is not always the case. 
For example, liability insurance claims such as medical malpractice are fairly infrequent. 
This is particularly problematic when setting assumptions such as selecting a probability 
model. Having only ten or twenty observations can make this very difficult. 

Options for obtaining more data include going back further in time or obtaining data from 
other sources. In both cases the additional data are not likely to be representative of the 
process being studied. This is particularly problematic in enterprise risk management. For 
example. when aggregating risks, correlations are critical, yet tend to be unstable over 
time. However, there is often no extended history regarding correlations of newer products. 
With regard to operational risk (sometimes defined as failures due to people or processes) 
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there is limited data on failures (after all, in the history ofa given firm. almost by definition 
a catastrophic failure has never happened). There is public information aboul major losses 
but each one occurs in a unique set of circumstances. For example. how many failures can 
be attributed to faulty or fraudulent auditing processes? The following is paraphrased from 
Samad-Khan, Moncelet and Pinch (2006). 

When choosing between internal and external data, there arc trade-offs that cannot be 
reconciled. When it comes to extreme events, there is likely to be little (if any) internal data. 
For operational risk events there will be even fewer data points. External data will be more 
voluminous, but usually must be scaled to reflect the risks of the panicular organization. 
That is. the cost of a particular failure at company X may be $3 billion, but if the same 
event happened at our company it might cost $0.5 billion. The authors caution that the 
scaling s~ould be only to firm size, and not by the risk manager's assessment of how the 
risk's specific impact would be altered by happening in his company. In the example, it can 
bc inferred that our company is one-sixth the size of the company that had the failure. No 
attempt should be made to try and deduce the specific impact of that type of failure. An 
additional problem when using outside data is that the reporting basis may not be consistent. 

Exe rcise 10.4 
This exercise is from the Casualty Actuarial Society Committee on' Professionalism 
Education (2008). Some of the words have been changed to be more consistent 
with usage in this text . 

ETH ICAL ISSUES FORUM - Working with what you got - a question of 
data quality 

Kerry Komplete FCAS MAAA works as an analyst for Advanced Actuaries. 
LLC, a large consulting organization. For each of the past five years, Kerry has 
performed an annual reserve review (that is, the determination of reserves for 
claims yet to be resolved and those incurred but not yet reported) for GLRUS 
Inc., an insurer that provides liabi lity coverage to mid-tier commercial clients. 
GLRUS is one of Advanced Actuaries' oldest and best clients. However. Kerry 
has been increasingly concerned about the financial position of GLRUS over the 
last few years. 

As she docs every year, Kerry requests updated data from GLRUS and places her 
annual call to Joe Honest, the executive in charge of claims, to find out if thcre 
have been any changes in claim handling. Joe tells Kerry that GLRUS laid ofl'a 
large number of claims handlers about a year ago. Kerry expects the tolal annual 
payments and adjustments to case reserves (reserves for claims that are in process 
but the amount is yet to be determined) to be affected by this (with fewer claims 
handlers it is likely that there are more outstanding claims than in past years), but 
her initial review of the data does not show anything out of the ordinary. 

Knowing that the 10lal reserve liability could be greatly affected by a change 
in claim handling if she uses the same factors and methods. and that the 
financial position of GLRUS is uncertain, Kerry decides to veri fy. quantify, and 
if necessary. adjust for the change. That analysis requires additional data and 
additional time. 

• 
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GLRUS te lls Advanced Actuaries that the cost of obtaining the additional data is 
too high and that they will not provide it. They ask Kerry 10 work with the data 
thai she has already received. In addition. they respectfully ask that Kerry try to 
keep her bil lable hours close to last year's level since they are trying to keep costs 
down during a difficult time. 

Should Kerry complete the analysis with the current data provided? 

10.3 Assumptions 

10.3.1 Why are assumptions critical to actuarial practice? 

The dictionary definition of an assumption given earlier was "a fact or statement (as a 
proposition, axiom. postulate. or notion) taken for granted." There are two categories to 
consider when interpreting this definition: 

facts or statements which everyone agrees are true; and 

• facts or statements with which not everyone may agree. 

An example of the first case is the statement "The sun will rise in the East tomorrow." We 
all believe it to be a true statement and make decisions based on this statement. Of course, 
it is possible that a statement with which we all agree will ultimately be proved false (at one 
time everyone agreed that protons. neutrons and electrons were the smallest particles). The 
second case is far mOre interesting. Consider the following four statements: 

Inflation next year will be exactly 3%. 

The mortality rates on my company's superpreferred-ultimate-galactic life insurance 
policy will be exactly 50% of the standard valuation table rates. 

The times to death of each member of a married couple are independent. 

Insured lives who die between ages 90 and 91 all die at age 90.5. 

All four statements are almost certainly false. For each of the first two, unless there is a 
remarkable coincidence. the true number will differ from that assumed. There is ample 
evidence that death times for spouses are positively correlated. At older ages. the average 
death age in an interval is probably prior to the halfway point. In these last two cases the 
actuary has made a simplifying (though wrong) assumption. It may be because the effect of 
being wrong is immaterial (likely the case for average death age) or because the resources 
are not available to construct a more complicated model (as is likely the case for correlated 
death times). 

While an actuary may select different assumptions from those above (maybe a stochastic 
model for inflation or making allowance for dependence in mortality), two things should 
be clear. First. whatever assumptions are made. they will be wrong and second it is not 
possible to proceed without assumptions about the processes that drive the cash flows. 

It is important to differentiate assumptions from forecasts, predictions, or estimates. All of 
the latter terms imply a sort of precision that is not possible when approaching an actuaria l 
problem. There are a lot of lools available to calibrate a model so that ils output closely 
matches the past from which the data were taken. It is another matter to claim that the 
same model will closely malch the future. As Niels Bohr said "Prediction is very difficult, 



Data and Assumptions ,,, 

especially about the future"" and as Paul Valery said '"The trouble with our times is that 
the fUlUre is not what it used to beY' Pemberton (1999) asserts that "Actuarial science is 
concerned with the development of models which approximate the behaviour of reality and 
have a degree of predictive power, not the truth." 

The rest of this section describes a control cycle process for setting assumptions. 
It is followed by an expansion of the first two steps of the cycle (the third step is 
covered in Chapters 17 and 18). The section closes with a discussion of the interdependency 
of assumptions. 

10.3.2 The assumption-setting control cycle 

The concepts of the control cycle can be applied to the assumption-setting process. There 
are three \ teps: 

Identify the assumptions. This is a qualitative step where a list is made of the 
assumptions required to complete the assignment. 

Quantify the assumptions. In this step, numerical values are assigned to each of the 
assumptions listed in the previous step. 

Monitor the assumptions. As experience is obtained, it can be used to make appropriate 
numerical changes to the existing assumptions. It may also reveal the need for 
addi tional assumptions to be added or for some to be altered beyond just changing the 
numbers (for example, a change to the type of probability distribution used). 

The monitoring phase will be covered in later chapters. Monitoring can lead to changes 
either in the model (eg use a new probability distribution or change a dcterministic 
assumption to stochastic) or in the assumptions (eg change the inflation rate or the effect of 
a deductible on average claim payments). 

10.3.3 Identification of assumptions 

The list of assumptions required will depend on the particular assignment. What is not 
so obvious is that for any given assignment. we will often have some choices about 't\hat 
assumptions to use, as well as how we quantify them. While it is not necessary to categorize 
assumptions into various types, it may help in understanding the range of possibilities. 

One such categorization is by the source of the data used to set the assumption. Sources ..:an 
include historical experience from: 

the same company and product; 

the same company, but different (though similar) products; 

similar products sold by other companies: and 

sources unrelated to the company or product. 

It is also possible to combine data from the various sources. A decision will have to be 
made regarding relevance. For example, mortal ity data may be reasonably stable across 
companies and so a mortality study reflecting the combined experience of many companie ... 

1 According to www.quotationspage.com/quoles/Niels_Bohr. 
J According to www.quotationspage.com/quoteslf.alll_Valery. 

• 
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may be appropriate. Lapse data tcnds to be morc directly related to the particular terms of 
the policy (such as cash values or penalties for surrender) as well as the market in which 
the policies are sold. For economic assumpt ions, such as investment rates and expense 
inflation, it is more likely thm external sources will supply the information needed. 

Another breakdown is implicit versus explicit. Most assumptions are explicit, but at times 
simplification can be obtained by making assumptions that are not immediately obvious or 
stated. For example, consider an annuity wit h payments that increase with the inflation ratc. 
An explicit approach would be to model separately inflation and investment earnings. An 
implicit approach is to note that if the investment rate minus the inflation rate is constant, 
then the correct present va lue can be obtained from a level payment annuity valued at that 
constant difference. There is now one explicit assumption (the size of the gap between 
investment rate and inflation rate) and an implicit assumption (that the gap is constant). 
A danger of implicit assumptions is thai in the future the implicit assumption may be 
forgotten and trouble may ensue if it no longer holds. Assumptions thai are not stated are 
a lso referred to as being implicit. For example. automobi le insurance premiums might be 
increased to reflect inflation in claim costs. There is an implicit assumption that all other 
factors have remained unchanged. 

Consider an analysis of a life insurance product. Depending on the model selected and the 
purpose of the analysis. it may be sufficient to assume a single. constant rate of investment 
return . Other possibilities are different assumptions for each of the various asset classes 
(needed if investment deci sions are being made); the term structure of returns on each asset 
class (needed to study asset/liability risks); or maybe the investment earnings assumptions 
need to be set as random variables to be used in a stochastic model. For this last case 
probability distributions for investment earn ings and the parameters of those distributions 
will need to be specified. 

Exercise 10.5 

You are the actuary responsible for performing calcu lations with regard to an 
employer-sponsored defined benefit pension plan. At retirement it provides a life
time annuity for an amount based on the employee's sa lary immediately prior to 
retirement. It also provides annuity payments to disabled employees. Make a list 
of assumptions required and identify possible sources of information on which 
calculations related to the present value of future payments may be based. 

10.3.4 Quantifying assumptions 

There are a variety of qualitative considerations to thi nk about when assigning numbers 
to an assumption. Among them are the purpose of the assignment, regulatory or practice 
constraints. the quality of the data. materiality. and beliefs about the future. 

Actuarial work often uses what is called the best estill/Me. at least as a starting point. It 
is best in the sense that it uses available information and appropriate techniques to arrive 
at the most accurate result. It is usually considered to be the expected value (ie the mean) 
of a distribution, using assumpt ions which are not deliberately optimistic or conservative. 
This is not to imply that different actuaries wi ll all produce the same number. but their 
methodology should be defensible. There may then be a deliberate departure from the best 
estimate. A more cautious. or prJ/dem. estimate can be reached either by making expl icit 
additional margins for uncertainty, or by moving to deliberately conservative assumpt ions. 
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When performing analyses for regulatory, tax, or other governmental purposes, some of 
the assumptions may be prescribed. There may a lso be standards of practice that dictate 
what to do. This may be finn guidance, or a suggested safe harbor. 

The quality of the data will have an impact on how refined the assignment can be. If the data 
is sparse or of low quality it should be made clear that the assumptions based on such data 
have more uncertainty than those based on data that is more plentiful andiorofhigher quality. 

The marerialily of an assumption refers to how much impact a change in the assumption 
will have on the eventual results. Sensitivity testing can be used to evaluate materiality. 
For less material assumptions, fewer resources need be devoted to se lecting the value. 
Sensitivity testing can also be used to identify the assumptions that require monitoring. 

While an assumption may be a number, that number (or numbers) may be the parameters 
of a probability distribution. This illustrates where the boundary between model and 
assumpti~l can become blurred. Consider, for example, the time from the insured's 
death until when the benefit is paid. The following might be considered, til mcreasing order 
of complexity: 

(a) not considered in the model. so the time is effectively zero; 

(b) modeled as a fixed time for all claims. Data is used to set the assumption as a number: 

(c) modeled as a gamma distribution. Data is used to set the assumptions regarding the 
two parameter values: or 

(d) modeled as a probability distribution wnh an unknown functional form. Data is used 
to determine both the type of probability distribution and its parameters. 

In practice, case (a) will most likely be used as this assumption is probably not material. 
For cases (c) and (d) it is not clear if naming the probability distribution is an assumption 
or pari of the modeling exercise. There is no practical need to decide this issue since tn 
either case the choice of distribution should be monitored as part of the assumption-setting 
control cycle. 

There is a compromise available between setting assumptions either as fixed numbers or 
as probability distributions. This compromise is the use ofa set number offixcd scenarios. 
Here, various plausible values are selected and then the analysis is done for each one. 
Probabilities are not attached to the scenarios (or else it would be no different from assuming 
a probability distribution). Often, the point is to perform the analysis under each scenario 
to ensure that the outcome is favorable in each case. Another use is to postulate ,vorst-case 
scenarios to learn how bad the outcome might be. This is different from sensitivity testing. 
The goal is not to eva luate the impact of having the wrong value for the assumption but 
rather to ensure that deviations can be tolerated. 

If it is believed that the future will be different from the past, then assumptions should 
reflect that difference. For example, if highway speed limits are lowcred it is likely that 
there will be fewer accidents and therefore the frequency assumption for automobile 
accidents may be modified from one based on past experience. 

Regardless of the method used having appropriate data is likely to be more Important 
than any statist ical technique employed. For example. when evaluating historical workers 
compensation claim data the past payments will need to be modified to reflect medical and 
or salary inflation and to reflect what the payments would haye been had the current policy 
terms been in force at thaI time. 

• 




