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1. Introduction and Terms of
Reference
The International Insurance Accounting Board (IASB) has currently in development an
international standard for accounting for insurance business. Proposals currently being
considered by the IASB would reduce the levels of prudence in provisions in a number of
major territories. Consequently the prudential supervision of insurers in many of those
territories will require revision. At the same time, adoption of a uniform accounting
approach for insurance raises the possibility of defining a uniform approach to capital
requirements and solvency. This is perceived by insurers and regulators as an
opportunity to re-evaluate the prudential regime and in particular to consider whether
general purpose financial statements and prudential returns can be combined on a
consistent basis into one reporting regime.
The IASB published its Insurance Issues paper in November 19991. The aim of that
paper was to identify the important issues in insurance accounting and to evaluate the
merits of alternative approaches. Virtually at the same time, on the 2nd of December
1999, the International Association of Insurance Supervisors (IAIS) issued a paper2
entitled “On Solvency, Solvency Assessments and Actuarial Issues - An IAIS Issues
Paper.” This paper addresses many important philosophical, regulatory and practical
issues related to insurance company solvency.
In response to the IASB issues paper, the International Actuarial Association (IAA)3 gave
support to the IASB Steering Committee’s goal of “developing a single approach to
general purpose financial statements applied in a uniform manner in all circumstances.”
In expressing its support, the IAA commented, “Consequently, we support an initiative to
adopt these general-purpose financial statements as the basis for regulatory oversight as
well. However, while these general purpose statements should be designed to produce
appropriate measures of income, expense, assets and liabilities, they can not be
construed to deal effectively, if at all, with solvency concerns and with measurement of
capital adequacy. We believe that additional information is required to provide users of
the statements with the information necessary to assess whether the enterprise is, in fact,
a viable and attractive going concern.”
In addition, the IAA stated that it, “encourages the IASB to continue to engage in active
dialogue with corresponding insurance supervisors (the IAIS) to develop a mutually
acceptable accounting paradigm. We are willing to provide assistance to such efforts.”

1

Available at www.iasb.org.uk in the “Project Archives” of the IASB’s “Standards”.
Final version dated March 15, 2000 available at www.iaisweb.org under “Publications”
3
Final version dated October 11,2000 available at www.actuaries.org under “Publications”,
page 27
2

Final
Updated: 02/07/2002

1

The IAA response to the IAIS issues paper on solvency included an offer to support the
IAIS in developing a solvency framework, applicable under a new international
accounting standard.
As a result, in May 2000, the IAA Insurance Regulation Committee requested research
into questions relating to the appropriate methods for determining solvency requirements
for insurance companies. The committee requested proposals on two investigations, the
first of which is a survey of existing capital requirements for insurance in various
countries. The second is a survey of available research into the actual distributions of
financial outcomes. This report addresses only the second investigation, which has the
following mandate:
Investigation #2. A survey of available research into the actual distributions of financial
outcomes from portfolios of policies.
While there is much discussion of possible models, there appears to be little data on
actual outcomes. The aim of this investigation is to identify such data as is available and
if possible comment on the distributions that are statistically consistent with the observed
data. Given that the objective of the IAA initiative is improved solvency management
rather than profitability, the focus of this investigation should be on more extreme
outcomes and the tails of the distributions concerned. Commentary on those asset and
liability projection models that are best suited to modelling the tails of the distributions is
also sought.
A working party was assembled and agreed to take on this second investigation. The
working party (WP) consists of:
Allan Brender (Canada)
Henk van Broekhoven (Netherlands) – Vice-chairperson
Jan Dhaene (Belgium)
Marc Goovaerts (Belgium)
Teus Mourik (Netherlands)
Glenn Meyers (U.S.)
Harry Panjer (Canada)
Dave Sandberg (U.S.)
Harvey Sherman (U.S.)
Simon van Vuure (Netherlands)
Stuart Wason (Canada) - Chairperson
Hans Waszink (Netherlands)
The purpose of this document is to report on our progress to the IAA Committee on
Insurance Regulation and obtain their feedback and direction. The IAIS paper on
solvency was used extensively in guiding the work leading up to this report.

Final
Updated: 02/07/2002

2

2. Executive Summary
After careful consideration, the Working Party concluded that it would restrict its work to
a few main themes in examining the whole question of solvency:




Identify the types of risk to which insurers are subject.
Identify the approaches used to model, and the data resulting from such modelling, of
each of these types of risk.
Identify the approaches used to model, and the data resulting from modelling, to
determine the interaction/correlation between risks.

In addition, the Working Party agreed to review the modelling approaches used with
specific reference to:






Techniques for analyzing the tail of the distribution
Time horizon to be used in the modelling
Techniques for determining the “catastrophic” portion of the distribution
Practical guidance on modelling the interaction/correlation between risks.
Identify the implications for regulatory capital measurement.

The key elements of this report are the following:


Assessing risk in an insurance company is an extremely complex topic with
significant implications on all aspects of the operations of the insurer. The
professional requirements and training of actuaries put them in a unique position to
provide advice to the insurer as well as the regulator on the management of its risks
and to provide assessments of the financial condition (both current position and future
financial positions) of the insurer.



There is currently no single internationally agreed upon scheme for classifying
insurer risks. The Working Party believes that convergence toward a single
international scheme is desirable. This report suggests a scheme based on the
knowledge and experience of the Working Party in the insurance industry as well as a
review of various existing relevant regulatory schemes.



To create sufficient comparability of banks and insurers, a common international
structure for solvency assessment would be useful. However, caution will be required
since a) similar names for risks between the two type of institutions may mask
significantly different types of risk exposure and b) significantly different risk time
horizons to measure risk for solvency assessment purposes may be needed.



This report provides an overview of the risk assessment process used by actuaries to
model and manage the risks of insurers. Important in this overview are:


Actuaries use a variety of powerful tools to model risk.
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Actuaries pay special attention to the key components of the entire distribution of
losses for each peril, notably their volatility risk (risk of random fluctuations),
uncertainty risk (model or parameter misestimation) and extreme event risk (high
impact, low frequency events).



Due to the nature of the business conducted by insurers, especially life insurers, a
longer time horizon than that commonly used for the banks is needed to assess
potentially serious threats to the insurer’s solvency.



An assessment of insurer risks must recognize the variety of techniques used to
manage those risks.



There can be a significant difference between the gross effect of an insurer’s risks
(i.e., before the insurer’s risk hedging or risk transfer programs are taken into
account) and the combined net effect of all its risks (i.e., also allowing for the
correlation between risks).



The inherent variety and complexity of insurer risks (especially the
“underwriting” category of risks) suggest that the application of common
formulae for solvency assessment across insurers will not adequately reflect their
individual situations. The use of internal models within the first pillar may
therefore be more important for the appropriate solvency assessment of insurers
than it is for banks.



This report provides more specific information, as well as examples, for some of the
risks, within the major categories of risks, faced by insurers.



The Working Party believes that the actuarial profession can be of assistance to
insurance regulators in the development of common approaches to the solvency
assessment of insurers. Therefore, the Working Party looks forward to an early
opportunity to open a dialogue between the IAIS and the IAA.
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3. Strategy of the Working Party
3.1.

Overall approach to the project

The Working Party (WP) has taken a rather broad view of its mandate. Over several
meetings, the WP examined a number of general issues in order to develop a clearer
perspective on its mandate. It considered the following questions, among others:










What is a definition of solvency?
How is it measured?
For whose purpose is solvency measured?
How should one consider the various risk elements?
What are the risks to which an insurance company is subject?
Can each of these risks be modelled?
How can the interaction and combination of risks be handled?
What is the form that solvency requirements can take, both now and in the future?
How can individual company features be incorporated into solvency requirements?

After careful consideration, the WP concluded that it would restrict its work to a few
main themes in examining the whole question of solvency:




Identify the types of risk to which insurers are subject.
Identify the approaches used to model, and the data resulting from such modelling, of
each of these types of risk (where such examples already exist).
Identify the approaches used to model, and the data resulting from modelling, to
determine the interaction/correlation between risks.

In addition, the WP agreed to review the modelling approaches used with specific
reference to:







Techniques for analyzing the tail of the distribution
Time horizon to be used in the modelling (e.g. similar to “holding period” for risk
assessment used in accordance with Value at Risk technique which corresponds to the
longest period of time required for an orderly disposition of the portfolio in question
in order to unwind the risk position being measured)
Techniques for determining the “catastrophic” portion of the distribution
Practical guidance (where possible) on modelling the interaction/correlation between
risks.
Identify the implications for regulatory capital measurement.

Final
Updated: 02/07/2002

5

3.2.

The Purpose of Capital

In its broadest sense, capital represents the excess of an insurer’s assets over its liabilities.
There may be many definitions of precisely what constitutes capital depending on the
needs of the user of that information. Therefore, the amount of capital available depends
on how assets and liabilities are defined. For example, certain accounting assets such as
goodwill may not be counted as capital for regulatory purposes since the value may not
be realizeable in times of distress. In addition, certain types of debt instruments,
especially long term debt, may be considered to form part of capital.
There are different notions of what amount of capital is required by an insurer. For
example, economic risk capital is the amount of capital that insurers would devote to
support their financial activities in the absence of regulatory constraints, after careful
consideration of the risk-return trade-off.
On the other hand, regulatory capital is important in providing insurers and regulators a
standardized benchmark by which to assess the current financial position of an insurer, to
ensure that they remain solvent. The IAIS paper makes it clear that the purpose of
solvency is “to ensure that insurers have the capacity to meet their obligations to pay the
present and future claims to policyholders.”4 A required minimum can further serve to:





“Reduce the likelihood that an insurer will not be able to meet claims as and when
they fall due.
Provide a buffer so that the losses of the policyholders can be limited in the event of
the failure of the insurer.
Provide an early warning for regulatory intervention and early corrective action,
taking into account that the supervisor may have access only to incomplete
information, and that corrective action may be subject to delays.
Promote the confidence of the general public in the financial stability of the insurance
sector.”5

These requirements make it clear that the time horizon to be used in examining solvency
must be a sufficiently (related to the product features) long period to ensure that all (or at
least most of the) future obligations can be met, and to ensure that corrective action can
be taken. As a result, the risk factors involved in any solvency calculation must be
considered into the relatively long-term future.
Capital requirements have seen three levels of development over the years. At the
simplest level, all companies can be required to have a certain minimum amount of
capital. The next level of development has involved the use of company-specific
minimum capital requirements through the use of fixed factors that are applied to various
4

“On Solvency, Solvency Assessments and Actuarial Issues, An IAIS Issues Paper” final
version, March 15, 2000, page 17; available at www.iaisweb.org under “Publications”
5
Ibid
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items of a company’s reported balance sheet or financial statement. In Finland, a risk
based system of capital requirements was introduced as early as in the beginning of the
1950’s with subsequent revisions in the 1960’s, in the beginning of the 1980’s and in the
1990’s. The present system might be described as a combination of “fixed factor” and
internal model approach. A risk based system of capital requirements was also developed
in the US and Canada in the early and mid 1990’s (more modest, less complex versions
were present in the 1980’s) and in many other countries in recent years. The fixed factors
in these requirements are generally determined based on a ruin theory approach, but are
set to reflect a conservative view of an industry-wide exposure to risk and do not
necessarily reflect a company’s true (economic) capital requirements.
The third level in the development of capital requirements puts increased focus on the use
of company specific internal models to assess their unique capital requirements. This is
necessary due to the increasing amount of financial product sophistication (for assets and
for liabilities) in use by both banks and insurers. While the concepts discussed in this
paper can be used as a basis for initially setting fixed industry factors, their real value lies
in contributing to a sounder and more thorough use of internal models specific to each
company. It should be noted that there is currently an on-going European Union
Commission project to investigate future changes to the capital requirements of insurers.

3.3.

Relationship of Solvency and Accounting

As previously mentioned, a common approach to the calculation of minimum capital
requirements for insurers is to apply predetermined factors to measures of exposure to
risk, that are taken from the insurer’s annual accounts. Therefore, solvency provisions
are often intimately related to the insurer’s accounting system.
There are a variety of possible accounting systems. Different surplus requirements will
be determined under different systems. Because of the way accounting systems define
liability and asset values, they may create a “hidden surplus or deficit”. Capital
requirements generated under these systems should appropriately recognize these hidden
values.
A proper assessment of an insurer’s true financial strength will require appraisal of its
total balance sheet under a system that depends upon realistic values and does not
generate hidden surplus. The IASB is currently developing such a system.
It is important to recall that traditional accounting systems are based on a going-concern
principle. However, in determining capital requirements to protect the insurer’s
solvency, we must be clear about the meaning of “solvency” – this is not necessarily
synonymous with maintenance of the organization as a going concern.
A solvency standard may be defined in terms of a wind-up. In this case, the object would
be to ensure the insurer had sufficient funds on hand to pay outstanding claims and

Final
Updated: 02/07/2002

7

unearned premiums and to satisfy all other creditors. This standard might be appropriate
for very short-tail types of insurance business.
Run-off is the basis of a second approach to solvency. Under this approach, a primary
goal is to continue in-force all long term insurance coverage. This is appropriate for long
term business where issues of insurability may make a wind-up approach unsuitable,
since policyholders, under that approach could be left without insurance protection. In
this scenario, the business could be run off by the estate of the failed insurer, by a
liquidator or by another insurer that assumes the business.
Finally, it is often appropriate to adopt a solvency standard that goes beyond wind-up or
run-off and incorporates a going-concern approach for a limited period. There will often
be a significant delay between the time a failing insurer’s financial statements are
prepared and the time the company’s supervisory authority is able to take effective
control of the company and begin the wind-up or run-off process. During this time, the
company will usually continue to operate as a going concern and, in particular, to write
new business. The capital required under this standard must be sufficient not only to
provide for the wind-up or run-off benefits of all policyholders and claimants as of the
statement date but must also provide for benefits to those new policyholders who become
customers of the company during this delay period.
In addressing the solvency question, the WP has attempted to separate the issues of
accounting from the questions of solvency. Accounting determines the financial progress
from period to period. As such it gives greater emphasis to the annual profit and loss
statement than does prudential regulation. While positive financial progress is a very
good “leading indicator” of future solvency, prudential regulation focuses on the balance
sheet i.e., the capacity of insurers to meet their obligations to pay the present and future
claims to policyholders. In order to separate out the accounting issues, the WP believes
that solvency would be better defined in terms of a “total balance sheet requirement”, i.e.,
for the sum of both the liabilities and the (solvency) capital requirement. Using the total
balance sheet requirement as the measure allows it to be independent of the accounting
system. One obtains the (solvency) capital requirement as the difference between the
total balance sheet requirement and the liability requirement determined on the basis of
the accounting system.

3.4.

Measurement of Risk

Capital requirements are by their nature numeric, based upon quantifiable measures of
risk. However, insurers, like many other enterprises, are subject to certain risks that are
not quantifiable. It follows that no capital requirement can be expected to fully protect
solvency.
Another type of difficult-to-assess risk is operational risk, which is defined as the risk of
losses resulting from inadequate or failed processes, people and systems. Some types of
operational risk can be significantly influenced by the approach the company’s
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management takes to risk and risk control. For example, underwriting processes may be
appropriately protected by relevant underwriting guidelines but they are without value if
they are inadequately applied. As a result, solvency will highly depend on the insurer’s
risk appetite culture as well as the quality of an insurer's risk management. Capital
requirements are only designed to provide for sufficient financial strength. It is left to
supervisors to oversee management’s risk appetite culture in this respect as well as the
risk management processes in the enterprise.

3.5.

The Basel Accord

In 1988, the Bank for International Settlements (BIS) first promulgated its capital
requirements for clearing banks in the G10 countries. This Accord (named the Basel
Accord) has been adopted by many other jurisdictions and is effectively the international
solvency standard for banks. The Accord is currently going through a process of revision
with the intent of producing a “New Accord”.
The Accord endeavours as far as possible to adapt itself to actual circumstances in the
banking sector. This is quite natural and appropriate. However, major differences
between the banking sector and the insurance sector are quite noticeable. Apart from the
"new" operational risk, the risks taken into account by the prudential banking system are
essentially asset risks and there is, for example, no equivalent to traditional insurance
risks such as underwriting risk, pricing risk and claims risk. In the words of the EU
Insurance Solvency Sub-Committee which has been reviewing the New Accord as part of
its Solvency II project in 2001,
“The difference between the two prudential regimes goes further in that their actual
objectives differ. The prudential objective of the Basel Accord is to reinforce the
soundness and stability of the international banking system. To that end, the initial Basel
Accord and the draft New Accord are directed primarily at banks that are internationally
active. The draft New Accord attaches particular importance to the self-regulating
mechanisms of a market where practitioners are dependent on one another. In the
insurance sector, the purpose of prudential supervision is to protect policyholders
against the risk of (isolated) bankruptcy facing every insurance company. The systemic
risk, assuming that it exists in the insurance sector, has not been deemed to be of
sufficient concern to warrant minimum harmonisation of prudential supervisory regimes
at international level; nor has it been the driving force behind European harmonisation
in this field.”
Despite these differences, in considering capital requirements and approaches to solvency
assessment for insurers, it is appropriate to consider the approaches used by other
financial institutions such as banks. Indeed some products sold by insurance companies
are similar to those offered by banks. While consistency between capital requirements
applicable to financial institutions with similar products or risks is desirable, the WP has
decided to address anew each risk faced by insurers based on first principles.
Nonetheless, we remain cognisant of the continued convergence occurring in the
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supervision of the financial services sector and the need to consider important elements in
the current supervision of financial institutions, such as the Basel Accord.
The Accord has, over time, been amended to differing degrees (in particular in 1996 with
the review of the "market risk" assessment methods). In 1999 the Basel Committee
embarked on a more thorough-going review aimed at devising a more risk-sensitive and
more flexible prudential regime conducive to improved management of banking groups.
This process gave rise in January 2001 to a draft New Basel Accord that was opened up
to consultation until May this year.6 The draft will probably be re-exposed in 2002.
The proposed draft contains three categories of rules, the three "pillars" of the Accord:
• First Pillar: minimum capital requirements;
• Second Pillar: a supervisory review process;
• Third Pillar: measures to foster market discipline.
The first pillar (minimum capital requirements) is not intrinsically new. However, the
draft Accord makes several changes in this field: a new risk, operational risk, is taken
separately into account in calculating minimum capital requirements. Moreover, the
methods for calculating minimum capital will themselves depend as far as possible on the
banks' own characteristics (and on their ability to model them).
The second pillar of the new Basel Accord lays down the following prudential
supervisory principles:
• banks must develop capital assessment procedures commensurate with their risk
profile; they must also have a strategy for maintaining adequate capital;
• supervisors must evaluate the quality of banks' internal capital assessment procedures
and the strategies they implement (as well as their ability to comply with the minimum
regulatory ratios);
• supervisors must be able to impose a capital requirement in excess of the Accord's
minimum requirements (whether for a particular institution or for the entire domestic
market);
• supervisors must endeavour to intervene at an early stage to prevent capital from
falling below its regulatory level; and, if capital is not maintained or restored to a level
higher than the regulatory requirement, they must require prompt adoption of remedial
measures.
The second pillar is a necessary adjunct to the first pillar (minimum capital requirements)
for a number of reasons. First, under the new regime the numerous possibilities for
applying internal models to calculate capital requirements involve detailed verification by
the supervisory authorities of the assumptions and reasons underlying the models used.
Second, the Basel Committee is aware that capital requirements determined under the

6

The consultation package is available on the BIS website at the following address: www.bis.org
under “Publications”.
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first pillar may not fully reflect an institution's risk profile. Lastly, an institution that
holds substantial capital still needs to manage and monitor its risks properly.
The third pillar of the New Basel Accord is designed to strengthen market discipline by
introducing disclosure requirements. The arrangements set in place by the Accord
comprise not only disclosure requirements but also "strong recommendations". A
requirement imposed by the Basel Committee is a sine qua non for the use of internal
models. For the rest, the Basel Committee employs the term "strong recommendation" to
take account of the fact that some banking supervisory authorities may not issue rules in
this area.
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4. Classification of Insurance
Company Risks
There is no single generally accepted classification system of insurance company risks.
Insurance supervisory groups have attempted to develop classification systems for
insurance companies in order to describe the risk profiles of insurance companies.
Banking authorities have similarly built classification schemes for bank risks. Those
supervisory bodies with integrated responsibility for all financial institutions have also
developed such schemes. There are common elements in many of these schemes.
However, these classification schemes tend to use different terminology or summarize
groups of risks in different ways. In addition, there are significant risks taken on by
insurance companies that are not reflected in the schemes designed for banking risks.
The purpose of this section is to highlight some elements of these classification systems
and to propose a scheme that includes the key elements of insurance company risk and
the key elements of risk common to all financial institutions. This scheme can then be
used as a coherent basis for further consideration of insurance company risks amongst
regulators and other experts from any financial sector.

4.1.

Examples of Insurance Company Risk
Classification Schemes

IAIS
A classification of insurance company risks has been proposed by the International
Association of Insurance Supervisors (IAIS). In their document entitled, “On Solvency,
Solvency Assessments and Actuarial Issues, An IAIS Issues Paper,” the IAIS has
classified insurance company risks according to the following three broad categories:
Technical risks (liability risks) -various kinds of risk which are directly or indirectly
associated with the technical or actuarial bases of calculation for premiums and technical
provisions in both life and general insurance, as well as the risks associated with
operating expenses and excessive or uncoordinated growth,
Investment risks (asset risks) -various kinds of risk which are directly or indirectly
associated with the companies’ asset management, and
Non–Technical Risks -various kinds of risk, which cannot in any suitable manner be
classified as either technical risks or investment risks.
In a subsequent draft paper entitled “Principles on Capital Adequacy and Solvency”
released in April 2001, the IAIS focused on technical risks, but also identified a number
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of risks for which regulators “may impose other requirements”: concentration risk, credit
risk, liquidity risk and liquidation risk. The IAIS also identified risks of loss arising from
mismatches in currency, cash flow timing and amounts of cash flow as well as
operational, market, organisational and conglomerate risks, among others.
The technical risk category is the classical risk framework for the development of capital
requirements for insurance companies. These risks focus on the nature of the insurance
risk that the insurance company is assuming by selling insurance contracts. In other
classification schemes, technical risks are also referred to as “product risks” or as
“pricing/underwriting” risks. Classically, technical risks refer to risks associated with the
liability side of the balance sheet and to future claim cash flows.
The investment risk (asset risks) category focuses on the asset side of the balance sheet.
Therefore, it could include the (asset) concentration risk, credit risk, liquidity risk and
liquidation risk that are discussed separately in the April 2001 IAIS draft paper.
Regulators in a number of countries have developed their own risk classification
schemes. Some examples of risk classification schemes that have been developed by
insurance regulatory authorities in specific countries are given below to illustrate both the
differences and the similarities of approach.
U.S. – NAIC (National Association of Insurance Commissioners)
The current risk categories used in determining the minimum capital requirements for
U.S. life insurance companies are as follows:
C-0 Insurance subsidiary and off-balance sheet risk
C-1 Asset Risk (varies by credit quality and asset type of invested assets held by
the insurer).
C-2 Insurance Risk
C-3 Asset/Liability Mismatch Risk
C-4 General Business Risk
General insurance (or Property & Casualty, P&C) companies track the following risks:
R0 Insurance subsidiary and off-balance sheet risk
R1 Invested Assets: Fixed Income (excluding insurance subsidiary investments)
R2 Invested Assets: Equities (excluding insurance subsidiary investments)
R3 Credit Risk – general business receivables, half of reinsurance
receivables/recoverables risk
R4 Loss & Loss Adjustment Expense reserve risk, risk, plus half the reinsurance
receivables/recoverables risk
R5 Premium risk
Adjustments are also made in the R4 and R5 amounts for concentration by product line
and for premium growth.
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For both the life and general insurers, adjustments are made to the total risk to account
for reduced risk due to independence between some risk groups and/or risk reductions for
diversification effects.
The NAIC is currently reviewing its risk assessment process. As part of that process, the
following nine risk categories have been proposed by the Risk Classification Subgroup of
the Financial Reporting Working Group of the NAIC in a document entitled “Enhanced
Regulatory Risk Assessment Framework” dated June 2001.


Credit - amounts actually collected or collectible are less than those contractually
due.



Market- movement in market rates or prices, such as interest rates, foreign exchange
rates or equity prices which adversely affect the reported and/or market value of
investments.



Pricing/Underwriting- pricing and underwriting practices are inadequate to provide
for risks assumed.



Reserving- actual losses or other contractual payments reflected in reported reserves
or other liabilities will be greater than estimated.



Liquidity- inability to meet contractual obligations as they become due because of an
inability to liquidate assets or obtain adequate funding without incurring unacceptable
losses.



Operational- operational problems such as inadequate information systems, breaches
in internal controls, fraud or unforeseen catastrophes will result in a disruption in
business and financial loss.



Legal- non-conformance with laws, rules, regulations, prescribed practices, or ethical
standards in any jurisdiction in which the entity operates will result in a disruption in
business and financial loss.



Strategic- inability to implement appropriate business plans, to make decisions, to
allocate resources or to adapt to changes in the business environment will adversely
affect competitive position and financial conditions.



Reputational- negative publicity, whether true or not, causes a decline in the
customer base, costly litigation and/or revenue reductions.

Australia – General Insurance
The draft Prudential Standard GPS 110 related to the capital adequacy of general insurers
was issued by APRA in March 2001.
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The classification used in the prescribed method (i.e., the method for companies not
using internal models) contains the following risk categories:




Insurance risk
9 Outstanding claims risk
9 Premium liability risk
Investment risk
Concentration risk

4.2.

Examples of Risk Classification Schemes
in Banking

Banking risks have also been classified by banking authorities. Since most risks to which
banks are exposed, are also common to insurance companies, it is useful to study the
schemes used in banks. In particular, the Bank of International Settlements (BIS) has
played a leading role in identifying regulatory capital requirements for credit, market and
more recently, for operational risk. It is important to note that the extent and the effects
of these risks may differ considerably in insurers versus banks. Examples of
classification schemes used in specific countries are given below:
USA - Federal Reserve
Risk-Based Supervision of Large Complex Banking Organizations (LCBOS):
 Credit Risk
 Liquidity Risk
 Market Risk
 Legal Risk
 Operational Risk
 Reputational Risk
USA - Office of the Comptroller of the Currency
Risk-Based Supervision for Large Banks:
 Credit Risk
 Interest Rate Risk
 Price Risk
 Foreign Exchange Risk
 Liquidity Risk
 Transaction Risk
 Compliance Risk
 Strategic Risk
 Reputational Risk
Dutch Central Bank
The risk types used by the Dutch Central Bank7 are as follows:
7

From “Risk analysis as a supervisory tool”, issued by the Dutch Central Bank, www.dnb.nl
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Credit risk
Price risk
Interest rate risk
Foreign exchange risk
Liquidity risk
Operational risk
Information Technology risk
Strategic risk
Regulatory and integrity risk
Reputational risk

Insurance companies are subject to most, if not all, of these risks but the extent and
effects of these risks may differ considerably from those of the banks. In addition,
insurance companies are subject to insurance product risk or underwriting risk; that is, the
specific insurance risk arising from the underwriting of insurance contracts. The longterm nature of some of the obligations of an insurer shapes the nature of this underwriting
risk. Moreover, the long-term nature of the obligations related to several insurance
products gives rise to specific insurance risk.

4.3.

Examples of Integrated Risk Classification

In some countries with integrated banking and insurance supervisory functions, risk
classification is similarly integrated. Three examples (with separate identification of
unique insurance risks) are given below:
Canada - Office of the Superintendent of Financial Institutions








Credit
Market
Insurance
Operational
Liquidity
Legal And Regulatory
Strategic

Sweden – Finansinspektionen









Credit Risks
Market Risks
Underwriting Risks (Insurance)
Reinsurance Risks (Insurance)
Reserving Risks (Insurance)
ALM-Risks (Insurance)
Solvency Risks (Insurance)
Operational Risks
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UK – Financial Services Authority






Credit
Market
Operational
Insurance
Group

4.4.

Other Risk Classification Schemes

Various authors in the risk management field might take all of the firm-wide risks to
which an insurer (or any company) is subject and separate those which are directly
related to the products sold by the company (i.e. Business Risks) and those not directly
related to the products sold (Non-Business Risks). In an insurer, Business Risks are those
risks the insurer is paid to undertake by its clients. Non-Business Risks are related to the
running of a business in general, not the specific products sold by the company. NonBusiness Risks can be sub-divided into Event and Financial Risks. A feature of Event
Risks is that they tend to have only a negative effect. Operational and Financial Risks on
the other hand, are generally symmetrical. A portrayal of this general view of enterprise
risks is illustrated8 in Diagram 1.

Diagram 1 - A General View of Enterprise Risks

8

Philippe Jorion,“Value at Risk”, Second edition, page 468
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Enterprise-W ide Risks

Business Risks

Product Risk
Macroeconomic Risk
Technological Risk

Non-Business Risks

Event Risks

Financial Risks

Legal Risk
Reputation Risk
Disaster Risk
Regulatory/Political

Market Risk
Credit Loss
Liquidity Risk

Operational Risk
Foreign Exchange

An extension of this general view of enterprise risks for an insurer might appear as in
Diagram 2. Note that Business Risks are now titled Product risks and Non-Business
Risks are titled Non-Product Risks. The Product Risks might logically be subdivided
(based on the way insurers are typically managed, especially for life insurers) into Asset,
Liability and Asset/Liability Management Risks (i.e. the integrated management of those
risks).
It should be noted that market risk can be a significant risk for insurance companies
(most particularly life insurance companies) and its potential impact throughout their
operations is made clear by the multiple references to different aspects of this risk in the
preceding chart.
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While the same classification of risks can be used for both, life and general insurance
companies, the relative importance of some types of risks varies significantly. For
example, the risks associated with the assets supporting the products (and the consequent
A/L management risks) are typically more significant for life insurance companies than
for general insurance companies, due to the typically larger investment element present in
many life insurance products.

Diagram 2 - A General View of Insurer Risks

Insurer Risks

Product Risks
(Directly related to products sold)

Asset Risks
(assets supporting products)

Market Risk
Credit Risk
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Frequency
Severity
Pay't Pattern

Pol'er Behaviour
Market Risk

Non-Product Risks
(Not directly related to products sold)

A/L Management Risks

Market Risk
Liquidity Risk
Foreign Exchange
Pricing Risk

19

Event Risks

Legal Risk
Reputation Risk
Disaster Risk

Regulatory Risk
Political Risk

Operational Risks

Financial Risks
(surplus assets only)

Market Risk
Credit Risk
Liquidity Risk
Foreign Exchange

4.5.

Conclusions

The Working Party recognizes that a variety of approaches to classifying insurer risks are
possible. Each has its own merits. Diagram 2 above may better represent the integrated
manner in which risks (notably market and credit risk) are managed across an insurer.
While the WP recognizes that insurer risks include many internal dependencies which
require an integrated approach to risk or solvency assessment, the WP suggests that
insurer risks be categorized under six major headings:
 Underwriting (see section 6.1)
 Credit (see section 6.2)
 Market (see section 6.3)
 Operational (see section 6.4)
 Liquidity (see section 6.5)
 Event (see section 6.6)
While each risk is listed as if it existed in isolation, independent of the other risks, there
are situations, as occurs in life insurance, where products are specifically designed and
then managed with the asset and liability risks modelled together in an integrated fashion.
In addition, there are additional important considerations (to be discussed in Section 5.5)
for combining the impact of the various risks across the whole company.
Specific insurance risks that are covered by the company through the insurance contracts
it sells are specifically identified as underwriting risks. The other risks are generally
present (to different degrees) in other financial institutions. For example, market risk is
generally associated with changes in the values of invested assets.
The Working Party noted that since liquidity risk is associated with the sale of assets, the
underlying risk is a direct consequence of asset market value. As such, it is possible to
incorporate liquidity risk under market risk. We have chosen not to do so here to be
consistent with the general treatment of liquidity as a separate risk category.
The Working Party also noted that some authors include “event risk” in the category of
operational risk since operational risk management often includes the mitigation of risk
of various kinds of possible disasters. We have chosen not to do so here. We feel that it
is clearer to separate those risks that are internal to the company (“operational risk”), for
which the company has direct control, from those that are external events (“event risk”)
which can have a devastating effect on the company but over which the company has no
(or little) control.
Each major category contains several more specific risks. Some risks for each category
are listed below. Even these specific risks are not entirely mutually exclusive.
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4.5.1.

Underwriting Risk

Insurance companies assume risk through the insurance contracts they underwrite. The
risks within the underwriting risk category are associated with both the perils covered by
the specific line of insurance (fire, death, motor accident, windstorm, earthquake, default)
and with the specific processes associated with the conduct of the insurance business.
The Working Party has chosen not to list all the specific hazards, but rather to focus on
more generic risks that are applicable to all (or at least most) lines of insurance.


Underwriting Process Risk- risk from exposure to financial losses related to the
selection and approval of risks to be insured.



Pricing Risk- risk that the prices charged by the company for insurance contracts will
be ultimately inadequate to support the future obligations arising from those
contracts.



Product Design Risk- risk that the company faces risk exposure under its insurance
contracts that were unanticipated in the design and pricing of the insurance contract.



Claims Risk (for each peril)- risk that many more claims occur than expected or that
some claims that occur are much larger than expected claims resulting in unexpected
losses. This includes both the risk that a claim may occur, as well as the risk that the
claim might develop adversely after it occurs.



Economic Environment Risk- risk that social conditions will change in a manner
that has an adverse effect on the company.



Net Retention Risk- risk that higher retention of insurance loss exposures results in
losses due to catastrophic or concentrated claims experience.



Policyholder Behaviour Risk- risk that the insurance company’s policyholders will
act in ways that are unanticipated and have an adverse effect on the company.



Reserving Risk – risk that the provisions held in the insurer’s financial statements for
its policyholder obligations (also “claim liabilities”, “loss reserves” or “technical
provisions”) will prove to be inadequate.

4.5.2.

Credit Risk

Credit risk is the risk of default and change in the credit quality of issuers of securities (in
the company’s investment portfolio), counter-parties (e.g. on reinsurance contracts,
derivative contracts or deposits given) and intermediaries, to whom the company has an
exposure. Within this category, we include:
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Business Credit Risk- risk that a counter-party fails to perform an obligation. This
includes the risk that a reinsurer fails to meet its obligations to the company under a
reinsurance contract.



Invested Asset Credit Risk- risk of non-performance of contractual payment
obligations or adverse changes in credit-worthiness of invested assets.



Political Risk- risk that changes in government policies or actions affect the credit
worthiness of financial instruments held by the insurer.



Sovereign Risk- risk of default or adverse change in credit-worthiness of securities
issued by governments or government entities. Although sovereign risk could be
included with invested asset credit risk, it is often separately identified due to its
importance.

4.5.3.

Market Risk

Market risk arises from the level or volatility of market prices of assets. Market risk
involves the exposure to movements in the level of financial variables such as stock
prices, interest rates, exchange rates or commodity prices. It also includes the exposure
of options to movements in the underlying asset price. Market risk also involves the
exposure to other unanticipated movements in financial variables or to movements in the
actual or implied volatility of asset prices and options. Within this category, we include:


Interest Rate Risk- risk of exposure to losses resulting from fluctuations in interest
rates.



Equity and Property Risk- risk of exposure to losses resulting from fluctuation of
market values of equities and other assets.



Currency Risk- risk that relative changes in currency values decrease values of
foreign assets or increase the value of obligations denominated in foreign currencies.



Basis Risk- risk that yields on instruments of varying credit quality, liquidity, and
maturity do not move together, thus exposing the company to market value variation
that is independent of liability values.



Reinvestment Risk- risk that the returns on funds to be reinvested will fall below
anticipated levels.



Concentration Risk- risk of increased exposure to losses due to concentration of
investments in a geographical area or other economic sector.



ALM Risk- risk that fluctuations of interest and inflation rates have different impacts
on the values of assets and liabilities.
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Off-Balance Sheet Risk- risk of changes in values of contingent assets and liabilities
such as swaps that are not otherwise reflected in the balance sheet.

4.5.4.

Operational Risk

Operational risk is the risk associated with events such as fraud, systems failure, litigation
or regulatory breach within the company. Operational risk loss data can be difficult to
obtain since it has not been required in the past for risk modelling. Capital management
focuses significantly on those operational risk events which are infrequent but of high
severity. Operational risk events that are more frequent (and which also tend to be
smaller) can be significantly mitigated or exacerbated by the quality of internal controls
and guidelines.


Human Capital Risk- risk that the insurer will not be able to obtain and maintain
sufficient well-trained personnel.



Management Control Risk- risk that the insurer fails to have appropriate
management discipline or internal controls resulting in inappropriate actions by the
insurer or its representatives.



System Risks- risk that computer systems failures impair the company’s ability to
conduct normal business.



Strategic Risks- risk that arises from the company's inability to implement
appropriate business plans, to make decisions, to allocate resources or to adapt to
changes in its business environment.

4.5.5.

Liquidity Risk

Liquidity risk is the exposure to loss in the event that insufficient liquid assets will be
available from amongst the assets supporting the policy obligations to meet the cash flow
requirements of the policyholder obligations when they are due. Within this category, we
include:


Liquidation Value Risk- risk that unexpected timing or amounts of cash needed may
require liquidation of assets when market conditions could result in loss of realized
value.



Affiliated Company Risk- risk that investment in affiliated companies may be
difficult to sell or that affiliated companies may create pressure for drain financial or
operating resources from company.



Capital Market Risk- risk that the company will not be able to obtain sufficient
outside funding sources from outside markets.
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4.5.6.

Event Risk

Event risks are risks outside the control of the enterprise, which can have a significant
negative impact on the enterprise. In some classifications, some specific event risks are
separately identified. Within this category, we include:


Legal Risk- the risk that unforeseeable lawsuits, or adverse judgements can disrupt or
otherwise negatively affect the operations or condition of the company.



Reputation Risk- risk that negative publicity, whether true or not, causes a decline in
the customer base, costly litigation and/or revenue reductions.



Disaster Risk- risk that major external events such as earthquakes, fires or floods can
have a negative impact on the systems of the company that impair the ability of the
company to conduct its business in an orderly manner.



Regulatory Risk- risk that legislative actions, tax changes, court decisions or
regulatory rulings will alter markets or competitive abilities.



Political Risk- risk that actions by governments or government entities will impair
the company’s ability to conduct business.
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5. Overview of the Risk Assessment
Process
Actuaries specialize in the financial measurement and management of risk and contingent
events. The previous section described the classes of risk to which insurers are subject.
This section focuses on the models and methods that are used by actuaries to assess the
financial impact of various risks on the insurer.
The overall management of risk by an insurer includes:









the design, pricing and underwriting of its insurance policies
the selection of assets backing the policies
the estimation of the size and volatility of the liabilities associated with those policies
the determination of the insurer’s capital needs
claims management
the updating of all these elements over time as more data and other information
becomes available or because the underlying risk processes change
an adequate/sound disclosure/communication process to key stakeholders, e.g.
management, investors, policyholders and regulators
periodic financial condition analysis, providing a prospective view of the company as
a whole

This process is illustrated in the following diagram used by the Australian Institute of
Actuaries to describe the “actuarial control cycle.”

The business environm ent
E xperience

Profit

Solvency

A L m gt

A ssets

R isks

C apital
D esign

L iabilities
Professionalism
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Pricing

The assessment of risk is key to the operations of an insurer. Throughout the “actuarial
control cycle”, actuaries are involved in the assessment of risk. Actuaries use a model
based approach to assess risk. The remainder of this section includes discussion of the
key considerations in the construction of these risk models by actuaries. The section
concludes with the implications for solvency assessment for insurers.

5.1.

Modelling Tools

An actuarial risk model is a mathematical description of the behaviour of a collection of
risks (the insurance portfolio), under some well-defined assumptions. It is constructed
based on the knowledge and experience of the actuary (as well as that of the collective
actuarial profession) combined with data from the past. The data help guide the actuary
in selecting the form of the model as well as in calibrating key quantities, called
parameters, of the model. The model reflects a balance between simplicity and
conformity to the data and the processes being modelled. The principle of parsimony
dictates that models should be as simple as possible without losing key features. Overly
complex models may represent the past extremely well, but may have little ability in
forecasting the future or may be too complicated to be useful.
Models are used to assess individual risks separately, or a number of risks in
combination.
Key modelling tools of the actuary include:






Collective risk models
Aggregate risk models
Diffusion models and other stochastic processes
Multi-state models
Cashflow models

Collective Risk Models
Collective risk models have two main components, a probability model for the frequency
(or incidence) of events and a probability model for the severity (or size or amount) of
gain or loss resulting from the occurrence of an event. They are used to model the types
of short-term insurance often found in health and in general insurance where the main
components are the number of insurance claims and the amount of the claims. They can
also be used for modelling other non-insurance product risks, such as credit risk and
operational risk. In credit risk, for example, the main components are the number of
credit events (either defaults or downgrades), and the amount lost as a result of the credit
event.
Collective risk theory and statistical theory provide the tools to calibrate the frequency
and severity probability models (probability distributions). The probability distribution
for total (or aggregate) losses is computed from the frequency and severity models using
any one of several numerical tools, either exactly or approximately. Based on this
Final
Updated: 02/07/2002

26

distribution, one can determine the probability of total losses exceeding any threshold.
Estimating the total probability distribution in this way avoids the need to consider the
underlying frequency and severity distributions of individual policyholders.

Aggregate Models
When it is not possible to develop separately the probability distributions for the
frequency and severity of claims, the total claims may still be developed using an
aggregate model. Aggregate modelling is extensively used in general insurance.
Possible distributions to model the claims liability on an aggregate level include the
normal, log-normal, Pareto, gamma and inverse Gaussian probability distributions. The
Pareto especially takes into account the possibility of extreme events outside of the
observed range by having a heavy tail.

Diffusion Models and Other Stochastic Processes
Diffusion models are mathematical models that are used to describe the movement of
returns for the stock market or yield rates on fixed income securities. These models are
then used in connection with long term modelling of the assets of the insurer. Stochastic
processes are used to model the evolution of an insurance company’s portfolio over time,
in particular, the liability stream arising from insurance claims.

Multi-State Models
Multi-state models are used to describe probabilistically the movement over time of an
entity from one state to another. Examples are mortality tables describing the movement
from one age to the next and to the death state from the living state. In health and other
insurance, multi-state models are used to describe the movement from good health to any
of several states of impairment or other classification. They are also used to describe the
movement of fixed income securities from one rating category to another.

Cash Flow Models
Cash flow models describe cash flows for an entity over time. These models may involve
any of the above models as elements of the description of the cash flows. Cash flow
modelling provides the framework for valuation of future cash flows and, currently, has
two major uses:


Cash flow modelling can be used to estimate the probabilities related to possible
outcomes over some time horizon. In particular, the probability of insolvency for an
insurer can be estimated using cash flow modelling.



Cash flow models can also be used to determine the consequences of certain events
occurring. This is often called “scenario analysis.”

One important feature of the application of models repeatedly over time, e.g., annually, is
the updating of information to modify features of the models in order to reflect the latest
data and other information. One such actuarial tool, credibility theory, allows one to
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combine information from the risk under consideration, other risks, and prior
information.

5.2.

Key Components of Risk Models

In modelling risk, actuaries pay special attention to the following key components of risk
for each peril. The modelling tools described above need to reflect the following
components of risk resulting from each peril:
1.

Volatility risk (process risk)
Volatility risk is the risk of random fluctuations in either the frequency or severity
of a contingent event, such as the risk that the rolling of one die will be different
from its expected (or average) result of 3.5. This risk is “diversifiable”, meaning
that the volatility of the average claim amount declines as the block of
independent insured risks (or the number of rolls of the die) increases.

2.

Uncertainty risk
Uncertainty risk is the risk that the models used to estimate the claims or other
relevant processes are miss-specified or that the parameters within the models are
misestimated. Using the die example above, if the die actually has two 5’s on it
and no 6 (or a different number of sides), then the estimate of 3.5 based on a
“normal” die has miss-specified the expected value. Since insurance companies
often have unique underwriting standards and market niches, they may be
expected to have their own unique parameters. Thus, actual experience observed
for one group may not be indicative of the future experience for another group
and the experience of the whole population may not be appropriate for an
individual company.
Included in uncertainty risk are three key elements.


The model itself may be incorrect (i.e. there may exist no parameters that
make the model an adequate description of reality). This is usually referred to
as “Model Error” risk. This can occur when the distribution itself is
misunderstood (such as the actual process may be log-normal and one
assumes it is normally distributed) or when a key driver or relationship is
wrong. However, this introduction of model error may be a deliberate choice
in order to have a simpler, more usable model, with an acceptable error
tolerance.



In addition, the risk structure (i.e. parameters) can change over time or be
uncertain for other reasons. This too needs to be considered in modelling the
risks. Sometimes called structural risk, examples include a new court ruling
that changes the interpretation of policy language, a new medical
breakthrough (cure for cancer), or a new disease (AIDS). This risk is
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sometimes incorporated into the model through “structural” distributions of
parameters.


Even if the model of a cash-flow process is correct, and the underlying model
is appropriate, the parameters need to be estimated. Parameter risk is the error
in this estimation, which exists because:
1. the number of observations on which best estimates are based is limited
because the observation period is too short.
2. the volatility of the observations makes estimation less certain.
3. the period over which the observations were made may not include certain
calamitous events that, in fact, should be reflected in the parameters of the
distribution.
4. contamination of the observations.

For example, all of these uncertainty elements contribute to estimating the
likelihood of an earthquake in the New Madrid area of the United States (St.
Louis to Memphis along the Mississippi River). Is it a 1 in 100 year event or a 1
in 1000 or higher year event?
3.

Extreme Event Risk
Extreme events have also been described as high impact, low frequency events for
the company as a whole. For any risk, one or more extreme events can cause
fluctuations to be much greater than might be expected to arise from normal
(modelled) fluctuations under items 1or 2 above. These are one-time shocks from
the extreme, adverse tail of the probability distribution that are not adequately
represented by extrapolation from more common events and for which it is
usually difficult to specify a loss value, and thus an amount of capital to hold. For
example, a contagious disease process may affect many persons simultaneously,
nullifying the usual assumption of independence between persons; or, a rumour or
dramatic public statement might lead to a severe liquidity shortfall scenario at an
insurance company. Using the dice example again, what is the chance that two
dice end up leaning against each other, with no clear result of the roll?

Another important consideration in the assessment of the impact of risk events on an
insurer is whether some, or all, of the uncertainties in the cash flows of the insurer are
diversifiable or not. For example, systematic (non-diversifiable) variations in cash flows
are usually captured by uncertainty risk, and are reflected in the value (particularly, fair
value) of the cash flow. In contrast, much of volatility risk is viewed as diversifiable and
thus not reflected in the fair market value of the cash stream, since in financial theory,
markets do not reward diversifiable risk. Capital is required to absorb the fluctuations
resulting from this volatility risk. The risk of remote events, beyond normal volatility of
cash flows, needs special consideration since the resulting fluctuations may be so extreme
as to require independent management strategies.
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5.3.

Time Horizon to Measure Risk

An important consideration in the modelling of risk is the time horizon over which risk is
to be assessed. The definition of an appropriate time horizon will vary depending on the
goals of the risk assessment itself. What is the appropriate time horizon for the solvency
assessment of insurers?
Some types of risk assessment may seek to determine the variability of results over a
fixed time period such as a week, a month or a year. Value at Risk (VaR) techniques9 are
increasingly becoming accepted as a useful way to assess risk. VaR suggests using a
holding period (time horizon) for risk assessment which corresponds to the longest period
of time required for an orderly disposition of the portfolio in question in order to unwind
the positions. For deposit taking institutions, the VaR holding period may be as long as
one year, while trading portfolios may be as short as 10 business days.
However, for the solvency assessment of risk in an insurer, a time horizon of a year may
be too short to assess its financial condition.
Many life insurance product risks extend for many years (even decades) into the future.
For example, a level premium individual life insurance contract may remain in force for
many decades. The valuation of the policy liabilities for such a product must include
provision for all policyholder obligations. The time horizon needed to project all of the
cash flows resulting from existing insurance contracts can extend for many decades into
the future.
A number of insurer product liabilities may have a policy term of the order of one year
(e.g. individual and group life insurance, yearly renewable term life insurance, general
insurance coverage for auto and home property insurance). In one sense, the obligations
involved in these products end after one year; however, other aspects of these products,
such as renewability for life insurance products or the settlement lag period for general
insurance products, may suggest a term several years longer. Even for these shorter term
product obligations, a financial condition analysis for purposes of solvency assessment
tends to be interested in the insurer’s performance over different business, underwriting
or economic cycles. The length of these cycles may be several years.
However, when assessing an appropriate time horizon to use for insurers, the longer the
time horizon selected, the greater the need for assumptions about policyholder and asset
behaviour in varying economic conditions as well as insurer management actions and
responses in these circumstances. As well, some of the key expected experience
assumptions may be subject to fundamental changes over time (e.g. impact of genetics on
mortality and health care or impact of new materials and technologies on automobile
safety). Additionally, it may be argued that the time horizon for diversifiable risks could

9

The Value-at-Risk is the amount of capital required to provide solvency over a specified time
period.
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be shorter than for undiversifiable risks, since, as mentioned above, future management
actions will quite possibly reduce these risks.
Finally, the theoretical desirability of assessing solvency risk over a long period may be
disturbed by increasing model uncertainty. However, discounting these future results
according to realistic stochastic interest models may serve to dampen the impact of this
increasing future uncertainty.
When appropriate, shorter risk assessment time horizons may permit more quantitative
and objective analysis than longer time horizons since a number of assumptions can be
relatively well known in the shorter time interval (i.e. smaller model error, as discussed
later in this paper).
Therefore, in general, a longer time horizon (perhaps of the order of a few years), than
that typically used in VaR by the banks, is needed to assess potentially serious threats to
an insurer’s solvency.

5.4.

Risk Management

The actuarial control cycle referred to in the introduction to this section is a continuous
review process that is fundamental to any soundly based enterprise risk monitoring
process. The control cycle provides information to improve the company’s ability to
manage its risks and make more effective business decisions. Some of the ways in which
an insurer can manage its risks, beyond the fundamentals of prudent claim management,
include:







risk reduction
risk integration
risk diversification
risk hedging
risk transfer
risk disclosure

Risk Reduction
For all types of risk exposure, management will have the choice of establishing the
needed capital to back the risk or to seek a reduction in the risk exposure itself. For
example, in the event that a certain type of insurance coverage is exposing the insurer to
unexpected losses or to potentially catastrophic losses, the insurer can seek to lessen its
losses from current or future business through a combination of sales reduction, more
stringent selection process or re-pricing/redesign of the product (e.g. by introducing
maximum limits into the product design). In general insurance, engineering and/or loss
control inspections are made of insured property as well as lobbying for items such as
more stringent building codes or for improved automobile safety.
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Risk reduction can also occur through improvements in operating practices. The use of
improved information management systems can be used to improve claim costs.

Risk Integration
Life insurers typically choose to manage their risk exposures on both sides of the balance
sheet in an integrated manner. A company may be liability or product driven in that the
selection of assets is dependent on the risks assumed through the insurance products sold.
In some situations, a company may be asset driven in that the company attempts to sell
insurance products that are dependent on the risks and return profile of the assets
purchased. In either situation, insurers will first select the initial desired risk exposure,
then manage that risk in conjunction with both sides of the balance sheet. This integration
succeeds (can be implemented) through the use of sound asset/liability management
principles.

Risk Diversification
For some types of risk exposure, it may be possible to reduce the volatility of the
insurer’s average risk exposure through diversification. Such risk reduction depends on
the assumed mutual independence of the risks involved. For example, the issuance of
mortgages across a wide geographic area exposes the insurer to lessened volatility in
credit losses or losses from natural perils in comparison with a mortgage portfolio limited
to a much smaller geographic area. It may not be possible to diversify all types of risk.
For example, an insurance product which exposes the insurer to a drop in equity markets,
may not be diversifiable.

Risk Hedging
Hedging transactions result in a net reduction in risk as the insurer assumes an offsetting
risk to the one currently held by the insurer. The insurer still retains the original risk but
the offsetting hedging transaction results in a net reduction in risk for the insurer. It is
important to note that the insurer assumes additional counter-party default risk as a result
of the hedging transaction unless the hedge is a “natural” hedge. A natural hedge occurs
when a company can offset risks in different lines of business. For example, writing both
life insurance and life contingent annuities for similar groups of policyholders may help
to provide a hedge against the impact of improving mortality.

Risk Transfer
For some types of risk exposure, it may be possible to eliminate a part, or substantially
all, of the risk via a risk transfer.
A risk transfer may take the form of an outright sale of a business or a block of business.
In this circumstance, the insurer has eliminated all, or substantially all, of its risks related
to this business.
A securitization may similarly result in the transfer of substantially all of the financial
risk associated with the underlying instrument. However, in the case of a securitization,
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the insurer may be left with some residual financial risk as well as some operating or
administration responsibilities with respect to the underlying instrument.
Reinsurance is a common way for insurers to manage their risk. Reinsurance in the
normal course of business, or indemnification reinsurance, can be compared to a hedging
transaction, in that the insurer retains the risks inherent in the original policies sold, while
the reinsurer and insurer separately agree to exchange certain specified payments. This
has the impact of transferring a portion of the insurer’s risk for those policies to the
reinsurer. However, unlike hedging, reinsurance transactions can be structured to
virtually eliminate the basis risk present in hedging transactions. Indemnification
reinsurance can be structured to permit the policyholder to retain varying degrees of risk
(e.g., via deductibles, coinsurance, captive reinsurance, retrospective premium
arrangements etc.). The presence of a reinsurance contract exposes the insurer to the risk
of counter-party default.
A specific form of reinsurance, which functions in a similar manner to an outright sale of
business, is assumption reinsurance.
Reinsurance can be used to reduce volatility, uncertainty and extreme event risk. For
example, some types of insurance can be structured to directly insure against catastrophic
events such as earthquakes or hurricanes. They succeed by limiting or “spreading” the
risk due to one event through the use of reinsurance to limit their exposure.

Risk Disclosure
Regardless of the risk management process used by the insurer for its risks, including full
retention of its risks, effective management of these risks is encouraged by appropriate
disclosure of the extent of the risks and their management by the company. Appropriate
audiences for such disclosure include the stakeholders of the insurer including the
regulators. The IAA’s Insurance Regulation Committee has indicated its support10 for
the initiatives of the IAIS in this area11.

5.5.

Approaches to Combining Risks

There is an empirically observed interaction, dependence or diversification between
separate risks, where the total risk is different from the sum of its individual risks. This
combinatorial impact needs to be captured in the risk modelling process.
There are two general approaches to combining risk to produce total required capital:
a) One is through an aggregate model that includes all risk exposures. In the model,
the various parameters for the risks may be defined in terms of some common
10

IAA Insurance Regulation Committee Commentary on IAIS Draft Guidance Paper on Public
Disclosure, July 2001
11
IAIS Draft Guidance Paper on Public Disclosure by Insurers, April 2001
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variables (e.g., interest rates, and inflation) that influence one or more of the risk
exposures.
b) The other is to determine various capital requirements separately by risk, and then
combine the results using formulas that reflect correlations or other interactions or
dependencies between risks.
Two examples of the second approach, which are included in the NAIC companyspecific RBC formula (there are actually three formulae; one each for “life”,
“general” and “health” insurers) in the U.S., are:
i) The covariance adjustment at the end of the “life” insurer formula to combine
the individual risks. Under the assumption of independence of risks, the total
required capital for the traditional actuarial risk components, C1 (credit risk),
C2 (pricing risk) and C3 (mismatch risk) would be

2
2
2
C1 + C 2 + C 3 .

Components believed to be totally correlated have their capital requirements
summed together. If C1 is 100% correlated with C3 , but independent from
C2 , the covariance adjustment would be (C1 + C3 ) 2 + C2 2 .
ii) There is also a diversification credit in the “general” insurer formula for
writing multiple lines of business. For example, given that the combined
variance across all lines for the industry is observed to be 70% of the sum of
the individual line variances for the industry, a simple factor is used to adjust
the company-required capital. This approximation is a factor, multiplied by
the sum of the companies capital requirements by line, equal to 0.7 if the
maximum diversification across lines is achieved, 1.0 if no diversification
exists, and an intermediate value otherwise. The actual formula for this factor
used in the NAIC formula is [ .7 + .3 x ( volume in biggest line)/(total
volume)].

There are some practical problems involved in combining risks. A number of these
are the subject of current research in order to obtain consistent resolutions:
a) Simple formulas can only provide rough approximations.
b) Correlations or other interactions may need to be determined between policy or
accident year and between lines of business. With many accident years with open
claim liabilities and many lines, the resulting covariance matrices can be very
large (hundreds of values).
c) There may not be enough data to determine all the dependencies.
d) The relationships may not be stable. Correlations alone can be give an inaccurate
picture of actual dependencies, especially in extreme situations and over time.
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e) By the time enough data is available to reliably measure the correlations, the
relationships may have changed.
f) There can be practical challenges in finding an appropriate method for allocating
capital back to the individual lines once the total is achieved (note, this is more of
a management issue than a concern of regulators).
g) Defining a common measuring process, allowing for the combined effect of risks,
for determining the capital requirement for insurers can be a challenge.
A number of insurers are beginning to model the combined effect of a number of their
risks to better assess their true net risk. Example 9, at the end of this report, illustrates the
significant correlation impact when the actuary for a bancassurance company models the
combined effect of the company’s underwriting (insurance) risks.

5.6.

From Distributions to Assessment to Risk
Measures

Actuaries often describe risks using probability distributions. These distributions give the
likelihood of all possible outcomes of the risk. Solvency is concerned with extreme
adverse outcomes. The likelihood of these extreme outcomes is described in the tail of
the probability distribution.
The likelihood of these extreme outcomes is a key tool in the assessment of the risk of
insolvency of the company. A risk measure provides a single absolute monetary value
that summarizes the information contained in the distribution of possible extreme
outcomes and can be used to determine a capital requirement.
An example of a risk measure is Value at Risk (VaR) which gives the capital required to
ensure solvency with a prescribed degree of certainty. There are numerous alternative
risk measures that can be used. In each case, information is sacrificed to reduce the risk
assessment to a single number. Therefore, it is important to ensure that the risk measure
that is used has certain desirable properties.
An alternative to VaR, is a risk measure variously known as Tail VaR, Tail Conditional
Expectation or Conditional Tail Expectation. This risk measure is illustrated in some of
the examples in this paper.
There are a number of issues faced when choosing risk measures, not the least of which
would be arriving at a total risk measure (and, hence, the capital requirement) for the sum
of risks through the sole use of the risk measures for the separate risks. A single
approach may not fit all situations.
It is recognized by the WP that, from a regulatory view, it is desirable to have a single
common measure that can be used consistently across companies. From the point of
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view of internal company management, several risk measures can be used, since each
provides different information. There is extensive and growing literature on risk
measures in the insurance and finance fields.
The purpose of this paper is to focus on the distributions and not the specific risk
measures that are ultimately used for regulatory of management purposes. However, this
topic needs to be the subject of very important future studies.

5.7.

Implications for Solvency Assessment

5.7.1.

Role of the Actuarial Profession

The assessment of risk is key to the operations of an insurer. Throughout the “actuarial
control cycle”, actuaries are involved in the assessment of risk. Actuaries select from a
variety of modelling approaches the one most suitable for the risk(s) in question.
Actuaries seek to understand the key components of the risk(s) in question, not only their
expected value but their volatility, uncertainty and extreme event risk components as
well. Actuaries tend to take a long term view of the risks they assess, using a timeframe
suitable for the task at hand, whether that be for pricing, A/L management, profitability,
current financial position reporting or long term capital adequacy testing. Actuaries use
their risk assessment and modelling expertise to help their companies to manage risk,
both individual risks, as well as the collective risks of the company.
Assessing risk in an insurance company is an extremely complex topic with significant
implications on all aspects of the operations of the insurer. While many insurer risks
require detailed analysis and modelling, this may not be possible for some risks which
have little or no observable precedent. In any event, the actuary is in a unique position to
provide advice to the insurer as well as the regulator on the management of its risks and
to provide assessments of the financial condition (both current position and future
financial positions) of the insurer.
In providing this advice, the insurer and the regulator can be assured, that the actuary is a
professional, who has met and must continue to meet, the profession’s rigorous initial and
on-going education standards, code of conduct and standards of practice (relevant to the
actuarial work in question).

5.7.2.

Supervisory Approach

While the selection of specific risk measures for assessing the solvency of insurers is
beyond the scope of this report, the WP believes that the supervisory concepts within the
Basel Accord’s three “pillar” approach have significant merit for financial organizations.
Once again, the three "pillars" of the Accord are as follows:
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• First Pillar: minimum capital requirements;
• Second Pillar: a supervisory review process;
• Third Pillar: measures to foster market discipline.
Some observations of the WP regarding the use of a three-pillar approach for insurers are
as follows:










This three-pillar approach is not unlike the prudential framework for insurer
supervision in some jurisdictions (e.g. Europe, Canada, Australia etc.)
This approach highlights the difficulty with prudential risk-based capital systems
(albeit based in part on banking models), which attempt to capture, with a single
margin requirement, all the risks facing an insurance company and in which the
supervisory authorities intervene once certain minimum capitalization thresholds are
no longer met.
The inherent variety and complexity of insurer risks (especially the “underwriting”
category of risks) would seem to require the use of internal insurance company
models in order to properly assess these risks. The WP therefore supports the use of
internal models within the first pillar.
The possible use of internal models for some risks by insurers will require the
development of models which reflect a balance between individual insurer experience
and an industry need for standardization and transparency.
To create sufficient comparability of banks and insurers, a common international
structure for solvency assessment would be useful. However, caution will be required
since a) similar names for risks between the two type of institutions may mask
significantly different types of risk exposure and b) significantly different risk time
horizons to measure risk for solvency assessment purposes may be needed.
An interesting question which the WP has not explored is whether the banking
industry may be more prone to systemic (system-wide) risk than for the insurance
industry
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6. Description of Risk Types
This section provides more specific information, for some risks within the 6 major
categories of insurers risk identified by the WP in section 3.5, relating to the application
of the actuarial control cycle and the resulting implications for solvency assessment. In
this section, the volatility, uncertainty and extreme event components of some of the risk
types are identified. References are made to the more detailed examples included in the
Examples section of this report.

6.1.

Underwriting Risk

As can be seen from section 3 of this report there are many component risks within
Underwriting Risk. In this section the Working Party has chosen to highlight three of
these component risks (e.g. mortality risk, general insurance liability risk and
policyholder behaviour risk) to illustrate the complexity of these risks as well as the
processes applied by actuaries in modelling these risks.

6.1.1.

Mortality Risk

6.1.1.1. Background
Insurance companies measure exposure to mortality risk through the use of basic
probabilities of death over a fixed time period such as one year. These probabilities
(called mortality rates) depend on a number of variables (covariates). Normally actuaries
use the gender of the person, the age and type of insurance. Other variables may include
number of year since issue date, smoking/non-smoking and some medical issues. The
mortality rates are estimated from historical data. The rates are usually presented in the
form of mortality tables, also known as life tables.
It should be noted that assumptions about the level of mortality in future years should
reflect the expected mortality rates in the future for the class of persons (insured lives,
annuitants, pensioners) considering the characteristics of the insurance policies or other
contracts.
The process of modelling future mortality generally starts with using historic data and the
analysis of these in order to develop an expected current level of mortality. In order to
produce mortality rates that are applicable to future years, the future developments are
considered, which might also be based on recent information about recent trends in
mortality improvement or deterioration. In any case, since the projections yield
expectations only, the level of model uncertainty and volatility should be considered as
well.
The exercise begins with obtaining a best estimate of mortality rates. This best estimate
includes the current level of mortality (starting point of the mortality development) and
Final
Updated: 02/07/2002

38

also a trend of the mortality rates over time. The projection may be done directly on the
insured population; but more commonly. It is done in relation to overall population
mortality. This process is illustrated in the diagram below.

Best Estimate Mortality
trend
level

Population
trend

Ln(qx)

Insured population

start

6.1.1.2.

time

Volatility

Volatility risk (or fluctuation risk) results from the random nature of mortality. Fewer or
more persons may die than expected purely due to chance even if the underlying
mortality rates are completely accurately measured.
An important part of the volatility risk is caused by the variation across insurance policies
of the sum-at-risk (i.e., the loss for the insurance companies if the death of the insured
person occurs). Although the sum-at-risk is usually positive, in some circumstances, it
can be negative.
In addition to the normal random fluctuations, due purely to chance, additional volatility
can result from external causes such as (extreme) cold winters or an unexpected number
of influenza epidemics in a year. This additional risk can also be considered a part of
model risk (in the next section) since it is created by systematic fluctuations in the
underlying mortality probability model. In general, the expected value of the volatility
process is zero with fluctuations being either positive or negative.
6.1.1.3.

Uncertainty

There are several elements of uncertainty risk that can be considered separately.
Best estimate mortality –current level
The mortality within an insured portfolio will differ from the population mortality and
also from the industry mortality. There are several reasons for these differences:
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the insured population differs from the population in general
different products attract different groups (for example annuities or term insurance)
the objectives of the persons for insurance (pensions, mortgages)
company specific underwriting
underwriting classes

Sometimes the mortality rates are directly estimated using observations in similar product
lines in the insurer’s own portfolio or in the (whole of or part of) industry. Sometimes
the level of mortality is translated using a correction to the mortality of the whole
population in a country.
Another cause of uncertainty is that projection into the long-term future based on limited
data gathered from prior years will introduce estimation error, both in the current
mortality level, as well as in the future mortality levels.
Best estimate mortality – future trend
Over the centuries the mortality rates of humans have decreased. This process is
expected to go on in the future. One of the drivers causing decreases in mortality rates is
the pace of ongoing developments in nutrition, medical and genetic science. Since
observations can only be done in the past but in-force as well as newly issued life
insurance contracts will remain in-force for many years into the future, the process of
mortality improvement must be carefully incorporated in the best estimate mortality
assumption for both pricing and valuation purposes. Depending on the goal and the
available data, several models can be made to predict the future mortality. It is important
that the insurer takes the trends in mortality trends into account. This is certainly the case
when the product is guaranteed over a long period such as whole life guaranteed annuity.
6.1.1.4.

Extreme Event Risk

On occasion, mortality fluctuations can be extreme. Major epidemics or natural disasters
like an earthquake can cause this. An example of a major epidemic was the Spanish flu in
1918, which caused millions of deaths world-wide.

6.1.2.

General Insurance Liability Risks

6.1.2.1.

Background

General insurance liability risk (underwriting risk) in this report is understood to mean:
The risk of variability of amount, frequency and time to payment of future losses and
expenses related to claims, development of outstanding claims and allocated expenses for
general insurance product lines.
Obviously, there are other categories of risk involved in a P&C business operation, such
as business risk, operational risks etc. These risks are discussed in other sections of this
report.
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Sources of general insurance risk are as various as the nature of general insurance
products. Various general insurance products present almost every combination of
low/high frequency and size of loss. For example, in homeowners insurance, natural
phenomena such as hurricanes are a low frequency/high severity source of risk. Another
example of low frequency high severity risk is the risk that a single product insured under
products liability is later found to generate life-threatening injuries for a widespread
group of product users, resulting in significant insurance costs. An example of a high
frequency/low severity risk for property coverages would be losses from the theft of
radios and stereo equipment covered by automobile insurance.
Changes in legislation, technology and the social and economic environment are factors
that impact the relative frequency and severity within each product. Different sources of
general insurance risk are discussed more extensively in the following subsection in
relation to modelling approaches for the different components of general insurance risk.
6.1.2.2.

Volatility Risk

Volatility risk is the risk that, given the probability distribution of total claims, the total
amount of claims will differ from its expected value. Volatility risk is caused by the
randomness of frequency, severity and time to payment of claims and related expenses.
The volatility risk of a portfolio is higher if the range of insured amounts may be higher,
as more variability in insured amounts leads to a higher degree of randomness in the
severity of individual claims. Also heterogeneity in policyholder characteristics (such as
kilometers driven each year, alcohol consumption patterns etc.) contributes to volatility.
On the other hand, volatility risk relative to the portfolio size decreases if the size of a
portfolio is increased. This can be explained by the law of large numbers. However,
volatility risk may not vanish entirely with increasing size of a portfolio due to
correlations between policyholders.
Modelling the total amount of claims can be done in various ways. One possibility is to
estimate probability distributions for the frequency and severity of claims by the
individual policyholders and combine them to find a distribution for the total liability.
The severity in such a framework should be the discounted value of expected payments,
so that the time to payment risk is also taken into account. Another possibility is to
estimate a distribution function for the total liabilities directly without considering the
underlying frequency and severity distributions of individual policyholders.
A distinction is normally made between new claims and claims incurred in prior accident
years. For incurred and reported claims, the frequency is already known, and only the
severity and time to payment risk contribute to volatility. For incurred but not reported
(IBNR) claims, there are both frequency and a severity elements in the volatility. The
estimation of the distribution of liabilities resulting from claims incurred in prior accident
years, both reported and unreported, is usually performed at a portfolio level directly,
with a segmentation into product type and/or coverage.

Final
Updated: 02/07/2002

41

If the volatility is modelled by the frequency-severity approach, an assumption has to be
made regarding the dependence between policyholders. A practical assumption in this
regard is that conditionally given the parameters for frequency and severity for a given
portfolio in a given period of time, the policyholders are independent and frequency and
severity are independent of each other. The fact that the frequency and severity
parameters also change randomly over time does create dependence between
policyholders. This dependence can be modelled separately as a type of parameter
uncertainty risk. Parameters of frequency and severity distributions can change due to for
example weather conditions: severe winter weather leads to a higher expected frequency
of automobile claims. Such parameter changes may be part of uncertainty risk but may
also contribute to the volatility of the total claims over time.
Some techniques to model volatility as combined frequency and severity risk of
individual policyholders include:
•
•
•

Translated gamma/normal power distribution
Panjer recursion
Esscher approximation

This type of modelling is more commonly used in business lines with relatively
homogeneous portfolios, for example personal lines automobile, than for lines with more
heterogeneity such as commercial lines liability.
If volatility is modelled on an aggregate level, no explicit assumption needs to be made
regarding the correlation between different insureds. If there is such a correlation, it will
cause additional volatility of the total claims liability. In estimating a distribution of the
total claims liability based on passed observations, such correlations are implicitly taken
into account.
Possible distributions to model the claims liability on an aggregate level include the
normal, log-normal, Pareto, gamma and inverse Gaussian probability distributions. The
Pareto especially takes into account the possibility of extreme events outside of the
observed range by having a heavy tail.
6.1.2.3.

Uncertainty Risk

The uncertainty risk in the P&C-claims process can be divided into three parts. Firstly,
the parameters of the distributions used are prone to misestimation. Such misestimation
can be quantified using statistical theory.
Secondly, as already discussed in the previous subsection, the parameters driving the
claims process are not constant over time. They fluctuate as a result of changes in the
environment such as legislation, weather and climate conditions, rising expenses etc.
For instance, in a dry summer, there will be an increased frequency of fire incidents. The
fluctuation of parameters over time can be observed in evidence of a number of a few
past years. However, modelling such fluctuations ranges from straight-forward to very
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complex. For instance, weather conditions can often be modelled reasonably well, but
changes in a legal system can not.
The fluctuation of parameters for the individual insureds over time can also regarded as a
part of volatility risk, depending on the kind of model that is used for the volatility risk.
This part of the volatility can not be diversified away be increasing the size of the
portfolio, as it affects all insureds in the portfolio simultaneously.
Finally, model risk is the risk that the chosen distribution and other model assumptions
are not correct. Although it is not easy to further quantify model risk (another model
would be needed for it), it can be said that some risks can better be modelled than others.
Hence there is more model risk for risks that can not be modelled well (e.g. the changes
in a legal system as mentioned above).
6.1.2.4.

Extreme Event Risk

Extreme event risk for purposes of this section, are events that will give rise to claims for
a major part of a portfolio. Extreme events include natural catastrophes such as
hurricanes and earthquakes, and man-made events such as mass tort litigation, fires,
pollution, explosion etc.
Extreme events are events occurring with a low frequency and a high severity. Due to
the low frequency of catastrophes, catastrophe risk cannot be estimated on the basis of
statistical evidence dating back only a few years. It should therefore be recognized as a
separate category.
Estimating the total risk of a portfolio based solely on statistical evidence of a number of
past years may ignore extreme event risk if no extreme events have occurred in those
years and thus underestimate the total level of risk. If an extreme event is included in the
experience data, estimating risk and expected liabilities on the basis of that experience
may lead to an overestimation of both.
Estimation of natural catastrophe risk is extremely difficult, as detailed and specific
knowledge about the stochastic nature of such catastrophes is in most cases unknown.
Important, but almost always unknown information is the dependency structure between
the individual risks. Due to the scarcity of experience data, the parameter uncertainty and
model risk are usually large.
The risk of natural catastrophes is manifest mainly in business lines that insure the value
of property, though catastrophic events can also result in large numbers of costly liability
claims. Examples of liability claims occurring as a result of a catastrophe are
‘construction defect claims’ following a catastrophe or many workers compensation
claims occurring during the catastrophe.
The National Association of Insurance Commissioners (NAIC) in the US requested the
American Academy of Actuaries (AAA) to develop a report on how property and
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casualty insurers manage catastrophe risks. The AAA report12 provides an overview on
how insurers manage catastrophe risk and how risk transfer mechanisms are used to
spread catastrophe risk. Much of the remainder of this section provides an overview of
the AAA report.
Insurers address catastrophe exposures through a five-step process:
1. Identify the Catastrophe Risk Appetite: The insurer needs to understand how much
loss, in a period of time, they can absorb without an unacceptable adverse impact.
This decision is influenced by the following factors: earnings volatility, market
pricing, availability and cost of reinsurance, cost of capital, solvency regulation,
available capital for catastrophe exposures, rating agency evaluations, tax
considerations, cash flow needs, financing requirements, rate regulation and other
lines of business written. Typically an insurer’s risk appetite is expressed as a
maximum acceptable reduction to surplus (or income) from a single event or multiple
events in a year.
2. Measuring Catastrophe Exposure: This is done by evaluating the company’s loss
potential based on the aggregate policy limits written in various catastrophe exposed
areas. In recent years, more sophisticated computer models have been used to
produce more scientific estimates (see next section).
3. Pricing for Catastrophe Exposure: Previously companies utilized historical
aggregated catastrophe experience (10+ years) to estimate current loss potential.
Inherent problems arise in using historical experience to project catastrophe losses.
Such experience is inherently volatile, historical exposure concentrations are not
representative of current or future concentrations, the available historical period may
not capture the full potential of catastrophes, and the single addition (or removal) of
one event may significantly impact the result. More recently, use of computer
modelling has been adopted for certain catastrophic events (earthquake and
hurricane). Models are built by a multi-disciplinary team made up of seismologists,
meteorologists, other physical scientists, engineers, mathematicians, statisticians,
actuaries, and computer specialists.
Regulators have expressed some concern with insurers’ use of such models to
establish rates. Four principal reasons are the models’ technical complexity, their
proprietary nature, the range of estimates produced by various models, and the
perception that model results may be highly sensitive to changes in estimated
parameters. Responses to these concerns include:

12

Public Policy Monograph “Insurance Industry Catastrophe Management Practices” American
Academy of Actuaries, 2001
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The actuarial profession in the U.S. is guided in their use of catastrophe model
by Actuarial Standard of Practice 38 Using Models Outside of the Actuary’s
Area of Expertise.
The Florida Commission on Hurricane Loss Projection Methodology has
established standards that need to be met before a catastrophe model is
acceptable for ratemaking purposes.
The California Earthquake Authority has established rates through use of a
catastrophe model.
The NAIC published the Catastrophe Computer Modelling Handbook.

4. Controlling Catastrophe Exposure: A company may recognize a need to limit its
exposure to catastrophe risk. This effort includes:




Identifying where the company can grow without exceeding capacity
limitations.
Reducing property exposures where the company has exceeded its capacity
for the region.
Reducing exposures through reinsurance, capital market alternatives,
deductibles, and other efforts to mitigate loss.

5. Evaluating Ability to Pay Catastrophe Losses: Insurers need to establish
contingency plans for dealing with cash demands. The development of such plans
includes steps to:






Determine potential size and timing of cash demand.
Determine the dependability and flexibility of current sources of cash
including daily cash flow from insurance and investments.
Determine willingness of reinsurers to advance funds.
Determine if these sources may be impacted by a catastrophe.
Develop a plan to bridge any anticipated gap.

These five steps need to be reapplied periodically to reflect changes in exposure
concentrations and changes within the insurer’s overall business and risk appetite.
Insurance companies need to limit their risk exposure to an acceptable level because of
concerns about solvency and the cost of capital. Alternatives available to insurers include
buying reinsurance and utilizing financial instruments to transfer risk to the capital
markets.
Reinsurance is the traditional method insurers use to reduce or transfer risk. The two
most common types of reinsurance are treaty (dealing with many policies from the
insurer) and facultative (arranged on a policy by policy basis). Coverage is provided on a
pro-rata or excess of loss basis. Catastrophe reinsurance is excess of loss reinsurance and
is typically written on an occurrence basis and applies to all losses from a single event.
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Recently, insurers have looked for new sources of capacity to assume some of the
catastrophe risk. Three general products have been developed which access the capital
markets: insurance-linked notes and bonds, exchange-traded products, and other
structured products.
Insurance-linked notes and bonds include ‘cat-bond’ and contingent surplus notes. These
products provide new capacity for catastrophic risk, allow for traditional reinsurance
accounting treatment and have minimal level of credit risk.
Exchange-traded products include catastrophe options, risk exchange, and some weather
derivatives. These products have the advantage of low frictional cost, minimal
information requirements, fast transaction times, low credit risk, and transparency due to
observable market pricing.
Disadvantages have been standard product offering, lack of liquidity, lack of reinsurance
accounting treatment for the insurer, creation of cash calls from exchange-mandated
margin requirements, and creation of some level of basis risk for an insurer from the use
of such products.
Other structured products include over-the-counter derivatives and contingent capital
products. These are typically customized products and therefore have higher transaction
cost and development time.
Ignoring catastrophe or extreme event risk heavily underestimates the upper tail of the
aggregate claims distribution. Losses may no longer be independent as a result of
extreme or catastrophic events.
6.1.2.5.

Time to payment risk

The uncertainty around timing of claim and expense payments not only affects the
present value of the claims total at any point in time, but also affects the quality of
matching strategies. In long tail lines, the time of payment risk is usually taken into
account in the severity by discounting future claim payments to a common date.
6.1.2.6.

Implications for Capital Adequacy

The various types of general insurance risks mentioned can have an impact on capital
adequacy in many ways. For example, the impact of a natural catastrophe will be a
sudden and directly visible decrease of capital adequacy. This kind of risk is comparable
to the risk of writing an out-of the-money option. In most years, a premium is collected
and no losses are suffered, but in a few years, heavy losses are suffered.
In the case that no losses have been suffered for a number of years in succession, the
business line may look very profitable, and capital adequacy may seem abundant. This
picture may change dramatically however if the possibility of a catastrophe is taken into
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account. Insurers can mitigate their exposure to catastrophes by seeking geographical
diversification of their catastrophic risks.
Even non-catastrophe risk (either volatility or uncertainty risk) can have a significant
impact on capital and therefore capital requirements. A gradual deterioration in loss
experience, realized as claims are slowly settled, would result in higher losses being
booked than that initially expected. This deterioration in losses also can result in
inadequate loss reserves and inadequate prices for renewal business. Insurers with
exposure in longer-tail lines must hold capital to cover this risk for a longer period of
time. In calculating its current capital requirements, an insurer must take into account the
uncertainty in its unpaid losses from prior accident years.

6.1.3.

Policyholder Behaviour

The risks posed to an insurer through policyholder behaviour, as discussed in this note,
are limited to behaviour once an insurance contract has come into force. Therefore,
issues of anti-selection that involve behaviour by (prospective) policyholders before
inception of insurance coverage are not treated here.
In general, the opportunity for policyholders’ behaviour to generate risk for an insurance
company arises from the policyholders’ rights to exercise certain options that are granted
to them in their policies or contracts. Some of this risk can be controlled through proper
product design that limits the unfavourable effects on the company of these options.
However, there may exist marketing or regulatory considerations that effectively require
the insurer to offer these options in its contracts, with concomitant exposure to these
risks.

Lapse Risk
The most fundamental choice offered to a policyholder is the choice between
continuation of the policy in force or surrender or lapse. Early lapse can affect an
insurance company in a number of ways:


Acquisition or marketing and selling expenses: Often, these expenses exceed the
amount that is available in the initial premium to recover these expenses. The
insurer’s pricing often assumes this recovery will be made over a number of years.
An early lapse before the end of this expense recovery period will generate a loss for
the insurer. Some of this may be recovered from other margins in the premium and
from the release of the policy reserve upon lapse.



Future profit: Under some insurance reserving and accounting systems based upon
gross premiums, the insurer may take into income at the time of sale some anticipated
profits that are expected to emerge from the policy. An early lapse therefore exposes
the insurer to loss of anticipated and already recognized income, thus weakening its
financial position. Moreover, even if reserving and accounting do not recognize
future profit at issue, a policy lapse does reduce future anticipated earnings, though
the recognition of this effect is less obvious. It will be observed in a calculation of

Final
Updated: 02/07/2002

47

embedded value.


Liquidity: If a group of insurance policies offers the payment of cash surrender
values, a large number of unanticipated surrenders could cause a liquidity crisis for
the insurer.



Investment loss: A lapse that necessitates payment by the insurer of a cash surrender
value can result in forced disinvestments or sale of assets by the insurer. In the event
that asset values at the time of lapse and disinvestments are lower than the carrying
value of the assets being disposed of, the insurer will incur an investment loss as a
result of the policy lapse.

Lapse rates are known to vary considerably by insurer, by distribution method (tied
agents, brokers, direct marketing, etc.), and by product type. For many products, they are
influenced by the economic environment and, in some cases, directly by the levels of
interest rates or equity markets. The relationship of policy lapses to the economy
becomes stronger as the savings and investment features of a particular product become
more important than its insurance component.
The lapse of a policy normally results in the release of the reserve or policy liability
established for that contract. However, the insurer is subject at the same instant to certain
costs that can result from the writing off of unamortized expenses or future profits
already taken into income, from payment of cash surrender values, or from investment
losses. Therefore, a lapse may lead to a loss or a gain for the insurer, the exact amount of
which is determined by the mixture of all the quantities mentioned here. It follows that a
lapse situation that is favourable to the insurer will be determined by high lapses at some
times in the history of a policy and by low lapses at other times. Moreover, the exact
relationship will vary from individual policy to individual policy.
There is virtually no theory that is helpful in analyzing the general nature and the effect
of lapses. The primary approach to studying this risk appears to be through cash flow
projection simulations. These are done using various scenarios of future lapse rates. In
cases where lapse rates are known to be influenced by economic factors, more
complicated scenarios involving variations in interest rates, equity markets and lapses
would be tested. The most advanced approach involves stochastic simulation. Scenarios
are drawn randomly from joint probability distributions of economic factors and lapse
rates. The resulting costs to the insurer are then described in a probability distribution
using the results of the simulation exercise. It would then be a relatively simple matter to
establish capital requirements for this risk based upon measures of the right tail of this
distribution of insurer costs.

Financial Option Risk
Many investment products offered by life insurance companies, primarily universal life
and deferred annuities, grant significant options to policyholders. These options give the
policyholder the right to select and alter the particular way funds under the contract are
invested. There may be guarantees with respect to interest rates on funds credited to the
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policyholder’s account. The policyholder may have the right to continue making
additional “deposits” or premium payments that are subject to earnings guarantees that
are no longer justifiable under current economic conditions. The policyholder may have
the right to alter the manner in which funds are invested so as to benefit from economic
changes through operation of investment guarantees in the contract (e.g. certain
segregated funds in Canada or separate account variable deferred annuities in the United
States).
The situations described above vary considerably from company to company and even
between different policy series of the same product in a particular company. The degree
of risk posed to a company through policyholder exercise of these options, to the
detriment of the insurer, depends upon detailed technical wording in the contract, the
manner in which the product has been marketed and sold, the financial sophistication of
the policyholder, and the volatility in the underlying economic environment.
Primary control of this risk is through sound product design and the selling process.
Nonetheless, once the product has been sold, the financial fortunes of the product are a
valid area for actuarial analysis.
The fundamental actuarial approach to this problem is through stress testing using cash
flow projections. Since there is considerable variation in product design and in utilization
of these options by policyholders, little is known about probability distributions for
utilization rates for these options. Tested scenarios are most likely to be chosen in a
deterministic manner. It should be noted that the risk in these products usually stems
from changes in the economic environment. These changes are subject to stochastic
analysis. Therefore, it is possible that actuarial analysis can give a reasonable indication
of the degree of financial risk that a particular insurer faces as a result of financial options
it has granted in its contracts to certain policyholders.

6.2.

Credit Risk

As mentioned earlier in section 4.5.2 there are several components to credit risk for an
insurer. Frequently, the most significant component for life insurers is the risk associated
with the invested assets. For insurers, the most significant component of credit risk may
be that associated with the failure of reinsurers to meet their obligations when due.
Proper assessment of credit risk is necessary for the pricing of insurance products for the
proper provisioning for all risks in the policy liabilities as well as for the capital adequacy
measures used by insurers.
Losses due to credit risk also result from the failure of an asset to deliver contractually
agreed upon cash flows in their original amount or timing. Credit loss experience can be
analyzed by reviewing the frequency and severity of the loss events.
For fixed income securities such as bonds/gilts, there is considerable historical loss
information available for publicly traded securities. For example, considerable research
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has been compiled by mathematicians, investment specialists and actuaries on the
probabilities (for a given time period) that a rated security will change its rating category.
When a ratings downgrade occurs, this is commonly thought to be a credit risk event
since the value of the security reflects the downgrade. The downgrade reflects the
market’s view that cash flows are less likely to be received. Eventually, of course, the
lowest rating category must recognize a payment default. There is significant available
research into the probabilities of downgrades and defaults for rating categories as well as
the amount of loss given a default event.
Another significant asset class involves mortgages on real property. Since these
securities are not usually traded publicly (except where portfolios of mortgages are
securitized), their credit quality is typically assessed using an insurer’s in-house rating
criteria. This can make the compilation of comparable credit losses for such securities
more difficult. The losses for such securities depend significantly on the underwriting
criteria and processes used by the insurer. Regardless, credit losses from a mortgage
portfolio can be examined using the same general frequency and severity approach
mentioned previously.
In making provision for future credit losses, the actuary for an insurer must consider all
the expected credit losses over the duration of the policy liabilities (not just the duration
of the current assets). Future credit losses (the result of both frequency and severity
assumptions), can be applied in product pricing or incorporated into remaining present
value the policy liabilities in a number of ways; e.g., an interest rate margin.
Given the longer time frame typically involved in managing an insurer’s policy liabilities
(especially for a life insurer), the actuary may need to consider the impact of changes in
the underlying economy and various markets (especially for real property) on the
probabilities of default and recovery ratios during the projected lifetime of the policy
liabilities. For example, if in favourable economic times a portfolio of commercial
mortgages experiences losses averaging 30 basis points per annum, this may consist of an
average probability of default of .6% per annum and an average loss on default of 50%.
On the other hand during poor economic times the expected losses could rise
significantly to (example for illustration only) 120 basis points per annum. This rate of
loss may now consist of an average probability of default of 2% per annum and an
average loss on default of 60%. While these numbers are illustrative only, they generally
reflect the types of changes resulting from changing economic times.
Actuaries can use the tools described in section 5.1 to model the distribution of credit
losses over the life of the insurer’s portfolio of business. Analysis of the distribution of
credit losses can help determine the expected amount of losses, the volatility of losses as
well as permitting an examination of the tail of the distribution.
Key in modelling credit risk are the benefits of diversification (i.e. many securities
representing a variety of industries and geographical regions, for example) versus the
dangers of concentration risk (i.e. fewer number of securities, industries, geographical
regions).
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As with the banks, credit risk arising from invested assets (especially for life insurers), is
likely to be the largest component of risk requiring capital within an insurer. For general
insurers the credit risk arising from counter-party risk with reinsurers may be a more
significant component of credit risk.
Credit risk arising from ceded reinsurance is generally a function of the current credit
rating of the reinsurer and the time period over which the reinsurer will be billed by the
ceding insurer. The longer the billing period, the greater the chance that the reinsurer’s
credit rating will fall from its current (presumably high) level. In general insurance,
losses, such as asbestos losses can occur some decades after the policies were written.
Due to the potentially large size of these claims, it is important that the reinsurer
continues to be well capitalized over long periods of time. Default related reinsurance
credit risk is sometimes grouped together with reinsurance uncollectibility due to
reinsurance disputes.

6.3.

Market Risk

Market risk is the risk introduced into insurance company operations through variations
in financial markets. These variations in financial markets are usually measured by
changes in interest rates, in equity indices or in prices of various derivative securities.
The effects of these variations on an insurance company can be quite complex and can
arise simultaneously from several sources:


The business of insurance usually involves a mismatch between the time when
premium income is received and the time when expenses and policy benefits are paid.
Insurers invest funds derived from premiums until these funds are needed to satisfy
obligations to policyholders. In the interim, severe fluctuations in the values of
invested assets can pose a serious risk to a company’s ability to realize sufficient
value from its investments to allow it to satisfy policyholder demands.



In investing, insurers often engage in a program of asset-liability matching (ALM) in
which the cash flows received from the portfolio of invested assets closely match in
timing and amount the anticipated cash flows required to satisfy obligations to
policyholders. In the event that either stream of cash flows is sensitive to changes in
financial markets, the ALM program can be seriously harmed and could impose a
significant financial risk for the insurance company in the event it had to liquidate
additional assets at distressed values in order to meet its obligations under the
insurance contracts it had issued.



The timing and amount of insurance benefit payments may, in some cases, be
uncertain and sensitive to changes in financial markets. For example, various forms
of general insurance are subject to inflationary effects. Also, the rates of incidence of
and recovery from long-term disability are often affected by changes in the economy
and financial markets. For certain products with a significant investment component,
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where the policyholder may exercise some discretion with respect to the amount and
timing of premiums paid or cash values withdrawn, policyholder behaviour is often
related to financial values and expectations in financial markets.


Some insurance companies have sold investment products that provide guarantees
with respect to the return of the policyholder’s invested capital. These insurers are
therefore directly exposed to risk resulting from a downturn in financial markets.
Moreover, this risk is generally not diversifiable but increases directly with the
amount of such business that is sold.



Currency risk is the exposure to gain or loss that occurs as a result of an exchange
rate change. This risk can emerge when the insurer invests in other currencies than
the (domestic) currency in which the liabilities are denominated. It can also emerge
when the insurer has liability exposures expressed in foreign currencies (e.g. a
reinsurer that underwrites business in several currencies).

The approach that is emerging in current practice and that is likely to become the
standard approach in the future is to make use of a variety of scenarios of possible future
market values. One does a separate valuation for each such scenario (this is possible due
to the great increase in speed and availability of computing resources). If the scenarios
have been chosen from a stochastic model of financial markets, the resulting valuations
can be considered as values of a random variable with a known distribution. The liability
value is then chosen as a particular point of this distribution (e.g. some pre-determined
percentile) while the solvency value is further out in the tail. Recent actuarial research
has led to analytical results and approximations for determining the percentiles of such
distributions (see Example 12).

6.3.1.

Volatility Risk

Volatility arises from the natural day-to-day variability in interest rates and equity values.
It is often assumed that these values follow Brownian motion or some other stochastic
process. Financial models that attempt to measure and project this volatility are common
in the financial literature. However, it should be noted that most of these models cover a
much shorter time span (usually no more than one year) than is of interest for insurance
work. There is little to suggest that there is, for a particular economy or set of markets,
any preferred model or set of models. Nonetheless, the volatility risk is significant and
not always easy to measure.

6.3.2.

Uncertainty Risk

As the discussion above indicates, there is considerable volatility risk, even if proper
financial models are available. However, there is a significant model risk present since
the choice of market models is not a simple matter.
Model risk also arises when the scenarios incorporate cash flows that are sensitive to
interest rates or other external financial values. Although the sensitivity of some
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policyholder behaviour to changes in economic conditions is a recognized phenomenon,
there is little understanding today of how these relationships should be expressed or
modelled. Therefore, there is considerable risk that the models that are being used do not
completely capture the effects of the phenomena being studied or valued.

6.3.3.

Extreme Event Risk

Economic events that might be described in probability terms as extreme value tail events
have been known to occur in real life. Two examples are the economic collapse of 1929
as well as the performance of Japanese financial markets during the period since 1988.
Many insurers are exposed to these tail events, particularly with respect to products that
carry long-term capital guarantees. It will be necessary to include them in any approach
to determining sufficient capital requirements for insurance companies.

6.4.

Operational Risk

6.4.1.

Background

The concept of operational risk has come out of the banking industry, which has decided
to classify risks into the three broad categories of market risk, credit risk and operational
risk. This view has lead to the 'broad' definition of operational risk (at least in the
banking sector) being every risk other than market risk and credit risk. The Basel
Committee on Banking Supervision has recently proposed a capital requirement for
operational risk for banking institutions.
A more useful definition of operational risk has been developed by the British Bankers’
Association which is: “The risk of direct or indirect loss resulting from inadequate or
failed processes, people, and systems or from external events.” The WP finds this to be a
helpful definition, but, for the purposes of this report, the WP has split out “external
event” risk from operational risk and included them under the category Event Risk.
Operational risk is an important form of risk since it has been responsible for numerous
failures in financial institutions. Recognition of operational risk is relatively new,
however. Examples of inadequate or failed processes might relate to the booking,
execution or settlement of transactions. Operational risk can also arise from poor or
inadequate controls resulting in people exceeding limits, rogue trading, fraud, money
laundering, security risk or key personnel risk. Systems risk can arise from systems
failure, model error, management information error, programming error,
telecommunications error or contingency planning error.
Operational risk requires vigilant internal monitoring of internal processes. Nevertheless,
operational risk events may occur, and modelling of the frequency and severity is helpful
in establishing capital requirements.
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6.4.2.

Volatility Risk

One of the greatest challenges with operational risk is getting good data on the
operational risk events themselves. At one extreme, are high frequency/low severity
losses which naturally lend themselves to study, analysis and mitigation through the
introduction of improved processes/people or systems. At the other extreme are the low
frequency/high severity losses which are potentially the most interesting to study (due to
their potential threat to solvency) but the data may have to be gathered from firms which
compete in the same or similar industry sector. Naturally such firms may not wish to
provide details on the losses they have incurred.
Volatility in losses from operational risk therefore arises partly from random fluctuations
in the severity and frequency of the high frequency/low severity losses but also very
significantly from the infrequent very severe loss events.

6.4.3.

Uncertainty Risk

Traditional attempts to model operational risk start with the collective risk model, a
standard actuarial tool which models the operational risk loss process as the combination
of a loss frequency distribution with a loss severity distribution. A prerequisite to such as
approach is having access to sufficient reliable historical loss information. In practice,
relevant operational loss data is hard to obtain due to the reluctance of organizations to
share such information. Even when data is available it may not be fully useable since
operational risk is so dependent on the circumstances of individual organizations. In the
absence of these data issues, standard tools for calculating the distribution of aggregate
losses from the two inputs are often assumed to be a Poisson or negative binomial
distribution for the loss frequency (see Example 4). The loss severity is harder to model
because most institutions have very little data in the high severity tail of the distribution.
It can be difficult to “size” the loss at one institution (e.g. Barings Bank) to the
circumstances of another institution. Extreme value theory provides some distributions
as candidates for the severity of large operational losses (see Example 1).
Another approach to modelling operational risk, described as a causal approach (see
Example 6), can be used to overcome the data issues surrounding a parametric approach.
The causal approach uses an organization’s managers’ knowledge of key cause and effect
relationships to develop a simulation model of certain aspects of the organization’s
operational risk. The inputs to this simulation model are necessarily partly qualitative
and partly quantitative thus creating uncertainty risk in the model itself.

6.4.4.

Extreme Event Risk

Operational risk has the potential to be a significant threat to insurer solvency.
Management practices designed to minimize the risk of direct or indirect loss resulting
from inadequate or failed processes, people, and systems, as well as the use of
appropriate reinsurance coverage are used to control operational risk losses. It is not yet
known to what extent these actions will minimize the low frequency/high severity
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operational risk events, which are a source of catastrophic loss to insurers. A
combination of parametric and causal modelling of operational risk shows promise in
helping to understand and quantify these risks for purposes of solvency assessment.

6.5.

Liquidity Risk13

Liquidity risk is inherent in the financial services industry. In an insurance context,
liquidity risk is exposure to loss in the event that insufficient liquid assets will be
available, from among the assets supporting the policy obligations, to meet the cash flow
requirements of the policyholder obligations when they are due. An insurer should be
aware of the potential liquidity risks associated with the early termination of insurance
contracts. Life insurers often offer policyholders embedded options (e.g. settlement
options) which have the potential to cause liquidity problems.
The most striking example of loss due to this risk is a “run-on-the-bank” event that
causes an institution to fail. This type of event hit banks during the Depression when too
many customers demanded to have their money paid immediately in cash, and the
demand exceeded the cash reserves. An illustration of the liquidity risk problems which
can occur in the insurance industry, is the General American case. On July 30, 1999, the
company’s credit rating was downgraded by a major rating service company. In the days
following the downgrade, many investors invoked the seven-day redemption clause in the
short-term funding agreements issued by General American. The funding agreements
suddenly behaved like short-term liabilities despite the fact that the assets supporting
them were invested for longer terms. The company was unable to sell assets quickly
enough to meet these requests and voluntarily sought state insurance department
supervision. The cause of these problems was a mismatch between the term of the
liabilities and their underlying assets, which, due to a downgrade, led to a liquidity crisis.
Less dramatically, smaller losses can occur when a company has to borrow unexpectedly
or sell assets for an unanticipated low price. The liquidity profile of a company is a
function of both its assets and liabilities.
There are different levels of liquidity management. There is day-to-day cash
management, which is commonly a Treasury function within a company. There is
ongoing cash flow management, which typically monitors cash needs for the next six to
twenty-four months. The third category of liquidity management addresses the stress
liquidity risk, which is focused on the catastrophic risk. It is important to recognize that
stress liquidity risk management is distinct from asset/ liability management and capital
management issues. It is therefore not generally covered by actuarial opinions and may
not be included in normal measures of risk-based capital; rather, it is a separate and
fundamental area of financial risk management.

13

Report of NAIC Life Liquidity Work Group – June 2001 Society of Actuaries Financial
Reporter Newsletter
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Possible Sources of Liquidity Risk
Unexpected demand for liquidity may be triggered by
 A credit rating downgrade
 Negative publicity, whether justified or not
 Deterioration of the economy
 Reports of problems of other companies in the same or similar lines of business
Other random fluctuations in demand for liquidity and certain company-specific
characteristics can amplify liquidity risk. However, these characteristics by themselves
may or may not cause liquidity failure. Good liquidity management can significantly
reduce that risk.
Examples of company specific characteristics that can contribute to liquidity risk
exposure include:


A single or a few contract holders who control large sums of money (policies or
contracts). Institutional-type products are the biggest risk in this respect, although in
retail lines, a small group of agents and/or brokers may control large blocks of
business, and that poses a similar risk.



The size of the company may limit access to capital markets. If a company is too
small, it may not have the funding choices available to larger companies. On the other
hand, if a large company is forced to liquidate billions of dollars of assets at once, the
marketplace may not be able to absorb the volume at fair value.



Immediate demands on cash. Any immediate demand for a cash payment can be a
risk if cash is in short supply. An unpredictable cash demand is a larger risk. If a
funding agreement has a 7-day put option, the issuer has only one week to collect the
cash needed to satisfy the obligation. A predictable cash demand is less of a risk. A
well-managed company can structure its assets in such a way so that it has enough
cash to cover the known obligation. So, for example, large GICs with fully
predictable payout dates and no surrender provision should have minimal liquidity
risk in a well-managed company because the cash flows are predictable and planned
for.



Unpredictable deferred or deferrable demands on cash. Unpredictable cash demands
increase liquidity risk. However, the longer the deferral period, the smaller the risk.
For example, a surrenderable GIC contract may have a 90-day delay provision, which
under normal circumstances gives the company a reasonable amount of time to access
its liquidity sources.



Insufficient ability to borrow short term through bank lines of credit, commercial
paper, etc.
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Lack of diversity in either the liability or the asset portfolio when analyzed by
product, region, industry, creditor, etc. An over-concentration of illiquid assets, such
as real estate or thinly traded securities, may be especially risky.

In the case of General American, the event was triggered by a downgrade. The
contributing factors to liquidity risk were large funding agreement contracts held by
relatively few, sophisticated customers; and these funding agreements had 7-day put
options in them, i.e., the cash outflows were unpredictable and had short time horizons.

The Stress Liquidity Risk Management Process
The keys to reducing the stress liquidity risk are product design, portfolio strategy,
systematic monitoring, and preparedness to act. Communications and co-ordination
through a strong corporate oversight function are vital in a multi-line environment. It is
essential to monitor the asset/liability liquidity risk continuously and to have the
mechanisms for action (for example, deferral rights) aligned closely with the liquidity
needs timeframes. Once a company has a portfolio strategy in place and issues products
with appropriate designs, it must routinely monitor the liquidity risk and be prepared to
act if necessary. All of these components can apply to the business unit level and to the
total company, and it is up to the company’s management to select the level, the timing,
and the tools that fit its business model.

Some Tools To Measure Stress Liquidity Risk Exposure
In order to determine a company’s exposure to liquidity risk, a set of measurement tools
should be selected and then applied to the company’s portfolio. There are no simple
formulas that work for all companies, but the basic tools that the industry uses can be
classified into two groups: cash flow modelling and liquidity ratios. The following
sections present an overview of these tools. It should be kept in mind that these are the
monitors of a company’s risk profile. They should be kept current (modified as the
business changes) and re-run periodically and can be used for a business unit or an entire
company.

Cash Flow Modelling
While cash flow projections are often used for asset/liability matching and surplus
testing, the projection mechanisms can be modified to examine liquidity exposure as
well. Cash flow modelling starts with projecting all known cash flows, such as asset
maturities, interest payments, and liability payments (including expected benefit
payments and contractual GIC and funding agreement maturities). These cash flows can
be projected for a short or intermediate length of time, depending on how they are to be
used. New business flows can be estimated and added if desired. A sophisticated model
can then undergo various shocks to see where the largest cash mismatches may occur.
The modeller can assume that various options will be exercised at various times on both
the asset and liability flows. Using appropriate option models can be helpful in this
exercise. Results of these tests can warn management of potential cash shortfalls.
Management can then put an action plan in place to reduce the risk, depending on its
likelihood and its proximity in time.
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Liquidity Ratios
Liquidity ratios are a commonly used tool to assess a company’s liquidity risk. The
concept itself is fairly simple. For a given point in time, liquidity-adjusted assets are
divided by liquidity-adjusted liabilities. If the resulting ratio is greater than some target
number (>1), then the company can feel fairly confident that its exposure to liquidity risk
is acceptable. If the resulting ratio is too small, the company will want to take steps to
reduce the risk. For example, the assets or the liability mix may need to be restructured.
In order to determine the value of the liquidity-adjusted assets and the liquidity-adjusted
liabilities, appropriate “haircuts” must be developed and applied to the book values of
assets and liabilities. These “haircuts” should reflect company specific sales (and
redemption) practices with relevant experience if possible. It is important to understand
the assumptions underlying the “haircuts” in order to correctly interpret the result.

Conclusion
It is important for companies to focus on liquidity risk management. The risk affects a
company’s creditworthiness as well as its total balance sheet composition (assets in light
of liabilities). The key to managing liquidity risk is to ensure that the company
constantly monitors liquidity in an appropriate manner, keeps channels of communication
open, and acts promptly to avoid situations of extreme liquidity risk. Since the
management of liquidity risk can be complex, it is helpful to get an understanding of how
the principles of liquidity management can be used in actual circumstances. The
Academy report gives examples of companies’ approaches to liquidity risk management.
These may be useful for companies that are developing their own liquidity plans. It is
likely that a number of actuaries will be asked to assist in the liquidity risk management
process in the near future.

6.6.

Event Risks

Event risks can generally be ascribed to negative events outside the control of the
enterprise. They tend to be one-sided, generating only losses, some of which can be
covered by insurance. Due to the encompassing nature of these losses, the insurance
tends to be assumed at the highest level within an enterprise.
Event risk is generally not controllable. Certain types of event risk may be closely
related to the circumstances of a given industry. Losses from event risk tend to be
sporadic and infrequent although overall experience within a given industry may be
helpful in gauging the frequency and severity of the losses.
Event risks, in the context of an insurer, represent risks impacting on the company’s
ability to deliver its products and services to customers.

Legal Risk
Legal risk represents the possibility of losses arising from contracts which are not
enforceable or documented incorrectly. Legal risk is frequently classified as a financial
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risk as it regularly occurs as a result of market or credit losses of clients. Contracts which
lead to large losses for counter-parties are a significant source of legal risk. Legal risk
can emanate from a significant change in the business of the enterprise (e.g. winding up
operations in a country or line of business).
Legal risk can be minimized through the greater use of standardized wording in contracts
as well as procedures for executing contracts. Industry standardized wording developed
for some types of transactions/agreements can be used to minimize legal risk. Legal risk
can also be reduced through the adoption of policies by the senior management in this
area.

Reputation Risk
Reputation risk is the damage caused to the value of an enterprise, in addition to any
immediate monetary losses, due to a damaged reputation. This is especially important to
an insurer whose business is so dependent on the trust of its clients that the insurer can
deliver, and will continue to be able to deliver for many years ahead, competitive levels
of service and security to meet their financial needs.
Certain business practices may be the cause of the loss of reputation. This may be due to
these practices being below the accepted norm for that industry, product or service. It
could also result from changes in consumer attitudes (e.g. sales practices) which have
overtaken the industry or companies involved. Sometimes the reputation of the
enterprise can be affected not so much by the publicity surrounding a serious event
involving the business practices of the company but the manner in which the enterprise
deals with the situation. The reaction of the McNeil pharmaceutical company when
tampering with the packaging of their Tylenol was discovered, is a classic success story
in this area. Unfortunately, there have been many other situations where an enterprise’s
slow response to a situation has led to a loss in client and investor confidence and a
significant reduction in the enterprise’s value and future profitability.
While it may not be possible to estimate the likelihood or frequency of an event affecting
an enterprise’s reputation, the potential impact on its business can be estimated. The
financial impact of a sudden increase in client withdrawals, loss of future business from
existing and new clients, can be readily estimated. Actuaries are commonly involved in
similar appraisal or embedded value type calculations.

Disaster Risk
Disaster risk includes such natural disasters as earthquakes, hurricanes, tornadoes, ice
storms, fires and floods. These can affect the insurer’s liabilities, assets as well as the
ability of the insurer to carry out its business. The liabilities of a general insurer can be
most noticeable affected by such disasters if their insured risk lie in the path of the
disaster. The assets of an insurer can also be subject to loss. Investments supported by
property such as real estate and mortgages would be subject to loss from such disasters.
To the extent that the insurer’s employees, offices or systems are affected by these
natural disasters, then the insurer could suffer additional operating losses.
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The principal protection against these types of losses is insurance. However, the
insurer’s own ability to continue to function must also be protected by emergency backup plans.
These types of losses vary by geographic region and the insurer’s exposure to loss can be
assessed using a combination of weather, geographic, seismic studies and modelling
techniques.

Regulatory Risk
Regulatory risk is concerned with losses that may arise from sudden changes in the
regulatory environment in which the insurer operates. To the extent that regulatory
supervision fails to catch poorly managed companies, then the accompanying losses from
those troubled companies may impact on the others in the industry either through
strengthened liability and capital requirements, increased policyholder protection fund
assessments or loss of client confidence in the industry.

Political Risk
Political risks arise from policymakers’ actions which may affect the manner in which an
insurer conducts its business. In the extreme, political risk can cause an insurer to cease
writing new business, the nationalization of the insurers’ business interests and/or the
prohibition of the repatriation of some or all of an insurer’s earnings from a given
territory. Solvent foreign clients or counter-parties may be unable to meet their
obligations due to an inability to obtain the convertible currency needed as a result of
government restrictions/regulations (e.g., the liquidity crisis in Russia in August 1998).
Political risk may result in unfavourable changes to insurer taxation, cost of doing
business or restrictions on the premiums that may be charged to clients
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7. Examples
Example 1
Underwriting Risk Example - Extremely Large Fire
Insurance Losses
Adverse fluctuations in insurance company claims experience can result from a very
large number of claims occurring and/or some extremely large individual insurance
claims. There are numerous actuarial/statistical methodologies to analyze historical
experience in terms of either/both the number of claims and the sizes of the individual
claims.
This example focuses on the analysis of very large claims. The purpose of the analysis is
to determine the probabilities of extreme outcomes of any magnitude.

Background
A Danish fire insurer has collected data on its fire losses over a period of time. The
insurer is interested in the likelihood of catastrophic fire losses. The data set used for the
analysis described here consists of losses for 2157 fire losses in excess of DK1 million
(in constant monetary units). Although almost all losses are under DK10 million, there
are several losses well in excess of DK100 million including one in excess of DK250
million. The concern for the insurer is the risk of one or more extreme losses, which
could have a major financial impact on the insurer. The insurer needs to have adequate
capital to cover such losses with a very high probability. In lieu of adding capital, the
insurer can mitigate the impact of such extreme losses by putting in place reinsurance
agreements that cover part of the loss.
The problem for the actuary is to determine an appropriate model to compute the
probabilities of very large losses including losses larger than what have already been
experienced.

Modelling Approach
Actuaries use parametric models frequently to describe probabilities of all possible
outcomes. These models are calibrated by “fitting” the models to data. In many
applications models describe the full range of data, from small losses to large losses.
Because there are few data points corresponding to extremely large losses and because of
the impact these losses, it may be desirable to analyze large losses separately.
The body of statistical/actuarial theory known as Extreme Value Theory provides the
theoretical justification for the “shape” of the extreme tail of the distribution of losses.
The theory shows that in most situations, the distribution of losses in excess of some
threshold follows a generalized Pareto distribution (GPD).
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The model for large losses is calibrated by fitting (using rigorous statistical procedures)
the GPD to losses over some threshold. The cumulative probability distributions of the
109 observed exceedences over DK10 million and the 36 exceedences over DK20 million
are plotted in Figure 1 (which is taken from a well-known paper in the actuarial
literature).

Figure 1. GPD Fit to Exceedences over DK10 and DK20 million
There are numerous statistical methods for refinement. As an example, one can
determine the best threshold to use.

Implications for Capital Adequacy
The result of this kind of analysis is a probability distribution describing large losses for
this particular fire risk. In particular, this approach can provide estimates of the
probability of losses that are even greater than any loss observed to date. This can then
be incorporated into larger company models, which include other risk model components.
The results of the larger model can then be used to determine capital requirement for
underwriting risk.
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Example 2
Market Risk Example – Guaranteed Minimum Value of
Investment Funds
Background
Variable annuity products in the North American marketplace can offer a guaranteed
minimum return on the contract’s funds held in a separate account of the insurer (similar
to unit trusts in other jurisdictions). A guaranteed minimum value offered in the event of
death is referred to as Guaranteed Minimum Death Benefit ( GMDB). Some products
also offer Guaranteed Minimum Income Benefits (GMIB) on annuitization or Guaranteed
Minimum Accumulation Benefits (GMAB) on contract maturity. However, this example
is limited to the GMDB benefit.
The policyholder can invest his/her money in a wide variety of separate account funds
offered by the insurer such as diversified equity, bond, balanced, foreign, emerging
markets etc. On death, if the market value of the contract’s fund is less than the
guaranteed value, the insurer pays the difference. Guarantee levels can take a variety of
forms such as a fixed percentage of the deposit amount (return of premium), reset of
guarantee value each year if the market value of funds has increased (annual ratchet), or
the guarantee may increase at a fixed percentage each year (roll-up). This example is
based on an annual ratchet product. The premium for the benefit is usually charged as a
percentage of fund value included in the management expenses.
This risk presents an interesting exposure to the insurance company. Essentially, the
policyholder holds an embedded long-term put option on the market value of funds
exercisable on death. Costs to the insurance company are asymmetric and very systemic
(non-diversifiable) in that costs are generally paid during falling markets, and there is a
high degree of correlation across the portfolio since the contracts are invested in the
common world securities markets. In addition, the premium is charged as a percentage of
fund value and is thus also directly correlated to movements in market value. Scenarios
of high cost (low markets) will also produce lower revenue.
Another key characteristic is that the risks are in long term evolution of the securities
market value. The time horizon can be up to thirty years or longer.
Modelling Approach
One model used in the industry, is highlighted in the following example. A stochastic
scenario generator of future long-term investment returns forms the core of the analysis
platform. A wide variety of equity return models exist in literature, however, due to the
long-term nature they may be different from traditional models used in the capital
markets. This example uses a correlated two-regime switching log normal model
calibrated to the proxy indices reflective of the underlying available investment funds.
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On a contract by contract basis, future fund development over the life of the contract and
corresponding expected cost and revenue cashflows are projected for each of the
scenarios. Standard double decrement framework is used to reflect both mortality
decrements and other policyholder actions such as termination of the contract.
Discounting the cost and revenue cashflow stream and aggregating across all contracts
generates a present value of net cost for the scenario. The resulting measure is the
amount to which on a present value basis the future revenues for the portfolio are
sufficient to cover the costs of the guarantee.
Results
The example included for illustration purposes is based on a portfolio of 15,000
contracts. Total market value of funds is $1.3 billion and the current overall guarantee
level is $1.6 billion. Note that the current guarantee level is higher than the market value
of funds, which reflects that the market has fallen subsequent to the resetting of the
guarantee level. It is also important to note that market to guarantee relationships will
vary at the contract level and these aggregate measures represent an indication of the
approximate position of the portfolio. Available premium charges for the guarantee are
15 bps.
In our example, 1000 stochastic scenarios of future equity returns, correlated among fund
types, were used in the analysis creating a distribution of net costs facing the insurance
company.

Distribution of Present Value of Cash Flows
45%

Relative Frequency

40%

PV DB Cost

35%
30%

PV Premium

25%
20%

PV Net Cost

15%
10%
5%

6%

5%

4%

3%

2%

1%

0%

-1%

-2%

-3%

-4%

0%

% of Fund Value

Summary statistics for the net cost distribution are included in the following table and
expressed as a percentage of current fund value.
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Distribution of PV Net Cost
Average
Min
Max
Percentile
70
80
90
95
99
99.9

-0.6%
-3.4%
5.2%
-0.2%
0.1%
0.8%
1.5%
2.8%
4.9%

Although on average the premiums are sufficient to cover future costs, the distribution of
net costs has a fat tail creating values of almost 3% of total fund value for the 99th
percentile. Intuitively, in the event of a prolonged market down turn across major
investment classes, the costs would be generated across the portfolio combined with a
major reduction in the revenue cash flow stream.
Implications for Capital Adequacy
The asymmetric nature of this type of risk indicates that the proper assessment of this
risk, especially the tail of the distribution is vital for solvency assessment purposes. This
risk’s systemic nature reinforces the need for proper system-wide approaches to capital
requirements for this risk.
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Example 3
Market Risk Example - Annuity Portfolio Interest Rate
Risk
Background
In common annuity products issued by insurance companies policyholders provide a
lump sum amount to the insurance company in exchange for guaranteed payments in the
future. For example, guaranteed investment contracts provide a guaranteed investment
return over a specified term such as one, two or five years. Immediate payout annuities
are another example where the insurance company guarantees a regular payment for the
period of the remainder of the policyholders life and so in addition to a mortality risk,
there exists an implicit guaranteed investment return incorporated on the premium or
deposit amount.
Good Asset-liability matching practices will require purchasing assets using the
premiums/deposits which result in a similar cashflow pattern to the liability exposure.
However, this matching will likely not be exact and will require reinvestment of
cashflows or the sale of securities at points in time in the future. Uncertainty in the
interest rates and market value of securities introduces risks into the ability of the
insurance company to meet these guaranteed payments.
This particular example relates to a $10 billion annuity portfolio of a large North
American insurance company. The business is a mix of short term guaranteed investment
contracts, payout life annuities and some long term structured settlement contracts.
Modelling Approach
Two common methodologies for quantifying the interest rate risk that can be used for
capital or reserving purposes are outlined below. The first is a Market Value at Risk
approach. Projected assets and liability cashflows are discounted at the current yield
curve to determine the market value. The difference between the value of the assets and
the liability represents the market value of net assets or also referred to as economic
surplus. Changes in interest rates at various key rates of the yield curve will affect the
economic surplus. By assessing a distribution of how interest rates can change over a
specified time horizon a “value-at-risk” (i.e., the capital required to provide solvency
over a specified time period with a specified degree of confidence) can be determined.
This method is more common in the banking industry. Time horizons for measuring the
possible changes in value are usually quite short; usually just days or months. Using such
a short time horizon includes the assumption that management can take action to
restructure the asset portfolio to exactly match the liabilities and neutralize future
exposure to interest rate movements.
The second methodology, which is commonly used in the insurance industry is the AssetLiability Roll-forward Method. Various forms of this have been used in the insurance
industry such as the Canadian Asset Liability valuation method or required cashflow
Final
Updated: 02/07/2002

66

testing in the United States. For a given scenario of future market indices, the net asset
and liability positions are rolled forward over the projection period (usually the time
period of the obligation or guarantee). Net cashflows being the difference between assets
cashflows and liability payments are reinvested at the prevailing market interest rates
contained in the scenario. If the accumulated net cashflow becomes negative, assets are
sold to cover the shortfall. The opening assets are then adjusted to solve for the exact
amount of assets that will payout all of the liability payments under our tested scenario.
By incorporating a stochastic financial scenario generator as a basis for a simulation, a
distribution of required assets can be determined. The difference between the required
solvency level (say 99th percentile) and the liability value would represent an appropriate
buffer to hold as capital to support the risk.
Results
First, applying a Market Value at Risk approach, we start with the mark-to-market of the
current asset and liability portfolio. Next a stochastic interest rate generator created a
series of future yield curves in one month’s time. Revaluing the portfolio under each of
the scenarios creates a distribution of the economic surplus in one month’s time.
The annuity block of business has total assets of $10 billion and an economic surplus
(market value of assets less the market value of liabilities) of $72.0 million. Higher
losses in market value of surplus will occur with more adverse scenarios. At the 99th
percentile of the distribution economic surplus was $69.9 million for a difference of $2.1
million or 0.02% of assets. We can interpret this result as there being a one percent
chance of the net market value of surplus falling by more than $2.1 million over the
period of one month. When considering the variability of the results, it should be noted
that this portfolio is currently very well matched with respect to key rate duration
measures, and thus the market value of assets would be expected to move consistently
with the market value of liabilities for an over small movement in the net position.

Distribution of Loss in Market Value of Surplus
Market Value at Risk Method over 1 month horizon
($m illions)

9%

Relative Frequency

8%
7%
6%
5%
4%
3%
2%
1%

Loss in Market Value of Surplus
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3.2

2.6

2.0

1.4

0.8

0.2

-0.4

-1.0

-1.6

-2.2

-2.8

-3.4

-4.0

-4.6

-5.0

0%

Now applying the Asset-Liability Roll-forward Method, our time horizon has now
extended over the period which in which the investment return is guaranteed. Again,
using a stochastic interest rate generator to project interest rate yield curve scenarios, we
can attain a distribution of required additional assets. Setting the base scenario as the
current yield curve held constant, the other scenarios can be measured relative to this
scenario. Higher additional assets will be required for more adverse scenarios.
A solvency threshold of the 99th percentile corresponds to required additional assets of
$43 million or 0.43% of total assets.

Distribution of Required Additional Assets
Asset-Liability Rollforward Method
($millions)

Relative Frequency

7%
6%
5%
4%
3%
2%
1%

60
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44
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28

20

12

4

-4

-12

-20

-28

-36

-44

-52

-60

0%

Required Additional Assets

Implications for Capital Adequacy
 Both of the methods produced quite normal balanced distributions for this block of
annuity business. Other liabilities with optionality in the cashflows may produce
more skewed distributions.


Time horizon represents a significant element. A one-month Market VaR measure
produces a significantly lower value than the Asset-Liability Roll-forward method.



The roll-forward has a much longer time horizon (50 years) which considers a much
wider variety of interest rate environments which may ultimately face the firm.



In the roll-forward method, it is very difficult to reflect the expected management of
the business, as the company would make adjustments for the maturing of the
business and changes in the market environment. Including a simplistic reinvestment
strategy to make the calculations practical and understandable may exaggerate the
exposure
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Example 4
Operational Risk Example – A Parametric Approach
Background
Recent developments in the banking industry have created a significant new interest in
the modelling of operational risk. In January 2001 the Bank for International Settlements
put forward the proposal that all banks should hold capital for operational risk in addition
to the previously defined market and credit risk. Within the banking world operational
risk is usually defined as,
“The risk of direct or indirect loss resulting from inadequate or failed processes, people,
and systems or from external events.”
The idea of holding capital for operational risk is new and the Basel committee
acknowledges that the science of operational risk is not yet fully developed.
Modelling Approach
Modelling operational risk is relatively new for most financial institutions. One of the
most difficult aspects of modelling operational risk is the absence of relevant historical
data. Even when present, such data may be sparse and require considerable judgement to
properly link together comparable events (i.e. are the costs of a production line
malfunction applicable to a services company?) or to properly “size” losses (i.e. should
one expect the amount of an operational loss for different organizations to be scaled in
some way due to their different size?).
However, when sufficient relevant historical loss data exists, the standard collective risk
model is an appropriate starting point for modelling this risk. The collective risk model is
an actuarial tool that models the cost of a risk by considering both the incidence and
severity of events. More specifically, the model assumes that number of events in a
given time period is a random variable N and the amounts of each loss or claim X i are
independent samples from an assumed serverity distribution. The total cost or claim
amount is then
N

S = ∑ Xi,
i =1

an expression which is known as a random sum since the number of elements in the sum,
N, is itself random.
For operational risks, typical starting points are to assume that the number of events for a
fixed time period has a Poisson distribution and the severity of loss X has a log normal
distribution. Actuaries are very familiar with the tools to turn theory into practice with
this model.
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The model can be extended by assuming that the total risk can be represented as a
number of independent random sums S α so that
m

S = ∑ Sα ,
α =1

the idea being that there may be several different independent sources of operational risk.
For financial institutions a distiction is usually made between internal and external
events. Internal events are often characterized by high incidence rates and relatively low
severity per event. This allows standard actuarial techniques to applied to the study and
and quantification of these risks. For example, the insurer could collect data on
transaction processing errors from which both the incidence rate and severity distribution
could be estimated with a reasonable degree of rigour.
The analysis of external events (in this report these events fall in the Event Risk category)
poses a number of challenges because these events tend to be of the low incidence, high
severity variety. As is well known these risks are harder to model accurately. It is also
difficult to estimate the impact of the external event on the company.
An example of such an operational loss to the North American life insurance industry
was the cost of the 'vanishing premium' class action law suits that the affected the
industry in the mid to late 1990's. The issue went through the insurance industry
somewhat like an epidemic and a number of high profile companies in both Canada and
the United States incurred losses on the order of 1% of their assets.
A commerical database of operational loss events in financial institutions has been
assembled by the NetRisk Corporation in the United States. The data is based on
publicly available sources of information and strives to be complete for events on or after
January 1, 1993. Even with this data though there is a significant methodological issue.
For example, what does a class action law suit in the life insurance industry say about
operational risk in the banking industry? There are a number of reasonable, and
different, views that one could take to this question . The end result is that any attempt to
use the NetRisk data to model the low incidence, high severity events will involve an
element of subjectivity and the use of statistical tools such as extreme value theory.
Results
The following graph below shows the results of using the NetRisk data to estimate the
operational risk capital requirements of a large US financial institution. The NetRisk data
was combined with expert opinion to come up with assumed incidence rates and a
severity distribution of operational losses. An actuarial tool, known as Panjer recursion,
was then used to calculate the probability distribution of operational losses for a given
year.

The chart suggests that if the institution wishes to hold capital at the 99% confidence
level it needs about $50 million. Raising the hurdle to 99.5% requires the instituion to
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hold something close to $150 million in capital. Some managers thought that holding
capital at the 99.75% was consistent with a AA credit rating and this would require about
$375 million.
Implications for Capital Adequacy

Operational Capital at Risk
1.0000
0.9950

Percentile

0.9900
0.9850
0.9800
0.9750

7.1.1.

0.9700

Implications for capital adequacy

0.9650

The methodology described is new and still developing. In particular, the manner in
which0.9600
expert opinion is brought into the modelling process can have a significant impact
on the0.9550
results. For this reason a number of experts caution that there is a limit to the
precision of 0operational
risk models
time. However,
is agreement
that
200,000
400,000at this
600,000
800,000 there
1,000,000
1,200,000
1,400,000 1,600,000
organisations can get a significant amount of value to be gained by going through the
($000)
modelling process even if the precision of the end result
is not ideal.
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Example 5
Underwriting Risk Example - Creditor Insurance
Portfolio Mortality Risk
Background
Typical creditor life insurance products are issued by insurance companies in connection
with an underlying loan or mortgage commitment of the policyholder. The underlying
loan or mortgage has a payment structure under which the outstanding balance of the loan
is repaid over a specified term. The creditor life insurance policy provides protection to
the policyholder in the event of the death of the policyholder; the insurance pays the
outstanding balance on the loan as of the date of death. The premiums that the insurance
company charges for this risk can be annually increasing rates, or can be level premiums
for the duration of the loan or mortgage. The mortality risk to the insurance company
consists of a frequency risk (that more people will die than expected in any period), and a
severity risk, which is dictated by the timing of death of the various policyholders. The
timing affects the amount of death benefit actually paid, relative to the premiums that are
collected, as well as the timing of claims payouts.

The volatility component of mortality risk is diversifiable. The more policyholders that
are insured, the less volatile are the annual deaths and associated cash flows. Insurance
companies manage the mortality risk at a portfolio level, where the portfolio consists of
all policyholders that have this type of insurance policy. Typical management techniques
include underwriting policies that balance the cost of underwriting with the benefits in
terms of improved mortality; diversifying the portfolio by accepting insurance across
different risk profiles and amounts of insurance; and the use of reinsurance, which
transfers some of the mortality risk to a third party reinsurer. For example, the insurance
company might reinsure 100% of the risk in excess of a specified retention limit, thereby
limiting the maximum claim to the insurance company. Even with such management
practices, there will always be some volatility in the amount and timing of claims
ultimately incurred, which impacts the potential solvency of the insurance company.
This example studies the mortality risk on a creditor mortgage life insurance portfolio
associated with a large North American bank. Annual premiums on the portfolio are
approximately $75 million, derived from 245,000 insured mortgages, with an average
current balance of approximately $100,000.
Modelling Approach
The mortality risk for capital or reserving purposes is often assessed using a cash-flow-atrisk approach. Two methodologies for determining cash-flow-at-risk are outlined below.
The first is a Monte Carlo simulation approach. Projected death claims for the following
year are simulated under several thousand scenarios, and the resulting distribution of
expected death claims is observed. This provides information about both the expected
levels of death claims to be paid in the following year, as well as the potential volatility
of those death claims. The analysis is often extended to include a projection over several
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years, for example the remaining lifetime of the portfolio. In this case, the distribution of
the present value of future claims at, say, a risk-free discount rate, would be assessed.
The analysis can further be extended to include all related cash flows exposed to the
mortality risk, such as premiums and expenses. This method is used in the insurance
industry to set capital requirements, and to assess the impact of risk mitigating actions
such as reinsurance.
The second method is a historical loss ratio approach, in which the distribution of the
historical experience of the claims paid relative to the premiums received in prior periods
is analyzed and fitted to a statistical distribution. This approach provides information
about the expected death claims and volatility of claims, but expressed in relation to
expected premiums, rather than in dollar terms. Claims distributions can be derived from
this analysis based on future expected premium levels. This approach has the advantage
of capturing the actual historical experience of the portfolio, but is not necessarily
indicative of the future experience of the portfolio. It is predictive if the future
distribution of business is similar to the historical distribution and if there are no premium
pricing changes expected in the future, and if the premium rates have not changed during
the historical period of observation. This approach is still useful even if these conditions
are not all true, but modifications would have to be made in applying the resulting
distribution in estimating future claims levels. This approach is often used in the group
insurance industry in evaluating shorter-term liabilities. The time horizon is generally
one year.
In both approaches, the objective is to determine a distribution of expected death claims,
or cash flows, over a period of time. The total provision that the insurer should have on
the balance sheet, i.e., the required solvency level can then be established at, for example,
the 99th percentile. The excess of this amount over any liabilities held on account of this
risk would represent capital.
Results
First, applying the Monte Carlo approach, we start with a listing of each of the
policyholders in the portfolio, along with an estimate of each person’s expected mortality
and potential claim liability for the following year. A random number is generated for
each policyholder and compared to the expected mortality rate. Death is assumed to
occur for an individual if the random number is less than the mortality rate. The total
claims that would be paid under this scenario over the following year is observed,
constituting one simulation. The simulation is repeated 10,000 times, which gives a
distribution of the claims paid in one year’s time.

Our creditor mortgage block of business has expected annual premiums of $75 million,
with expected annual claims of $36.2 million. The distribution of claims is very similar
to the normal distribution in this case, although other, less diversified portfolios would
generate more skewed distributions. In this example, the 99th percentile of the
distribution of claims paid was $40.7 million for a difference of $5.7 million or 16% of
expected claims. We can interpret this result as their being a one percent chance that the
actual claims paid next year will exceed expected claims by more than $5.7 million, or
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16% of expected premium. This analysis makes the additional assumption that the
insurance portfolio is constant, or stable during the year. That is, the individuals are
assumed to be exposed only to mortality risk. Policyholders that lapse, or whose
mortgages mature during the year are implicitly assumed to be replaced by a similar risk
profile. This assumption is valid with relatively stable, or mature, insurance portfolios.
Distribution of Claims Paid
10,000 simulations: Mortgage Life Portfolio
3%

2%

Relative Frequency

2%

1%

1%

0%
25,000,000

30,000,000

35,000,000

40,000,000

45,000,000

-1%
Claims paid

We reach similar conclusions with the Historical Loss Ratio analysis. The first step in
this process is to observe the actual loss ratios (claims paid divided by earned premiums)
over as long a historical period as possible.
Using statistical methods, the distribution from which these loss ratios were most likely
sampled can be determined. In our example, we observed loss ratios on a monthly basis,
and therefore determined the most likely distribution of monthly loss ratios. This shows
that
a) the normal distribution is the most likely distribution from which the observed loss
ratios were sampled;
b) the average monthly loss ratio was 49.8% (as with the Monte Carlo simulation); and
c) the standard deviation of loss ratios was 14.3%
This can be converted to a distribution of annual loss ratios by assuming that the monthly
loss ratios are independent of one another, which is a reasonable assumption for typical
life insurance portfolios, less so for other insurance risks. Under this assumption, the
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expected annual loss ratio is the same as the monthly loss ratio (49.6%), and the standard
deviation is equal to the monthly standard deviation divided by the square root of 12 (i.e.,
4.1%).
Historical Monthly Loss Ratios
(Mortgage Life)
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The claims paid at a solvency threshold of the 99th percentile corresponds to a loss ratio
of 59.1%, which when applied against an annual premium of 72.9M, is $43.1M, which is
slightly higher than the estimate (40.7M) based on the Monte Carlo approach. It should
be noted that the historical loss ratio approach is based on only 51 observations and also
includes some effect of other operational risks related to mortality. The most obvious
additional factor is the variations in monthly claim payments caused by staffing issues of
the insurance company’s claim department. (The loss ratio upon which the analysis is
based includes changes in claims reserves, which partially but not completely eliminates
this effect).
Implications for Capital Adequacy
 These two methods both produce similar, and normal, distributions for claims paid on
this block of business. Other insurance portfolios with more variability in each
policyholder’s sum assured, or with much fewer policyholders in the portfolio, may
produce more skewed distributions.


Time horizon represents a significant element. The longer the time frame, the more
variable or volatile the range of results may be.
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Example 6
Operational Risk Example – A Causal Approach
Background
Modelling operational risks is a relatively new endeavour for most financial institutions
yet these risks can substantially impair the value of an insurer. For example, improper
agency sales tactics can destroy a well-regarded insurer’s reputation and brand value. For
a number of reasons, historical data necessary for a parametric approach may not be
available or appropriate for use (e.g. nature and impact of operational risks depend on the
circumstances of the individual organization; these risks are dynamic and change
quickly). In these circumstances a causal approach may yield better results.
Modelling Approach
Causal methods simulate the dynamics of a specific system by developing cause and
effect relationships between all the variables of that system. For example, a model for an
independent agent distribution channel involves modelling the effects on market share
and profit of a number of variables, such as: embedded value relative to market value,
number of agents, commission rate relative to market rates, marketing and advertising
expenditure and investment in alternative distribution channels etc.

The dynamics of the captive agent and direct marketing distribution channels can be
developed similarly and combined to produce an overall model of the impact of changes
in the distribution strategy on profit and market share.
The development of operational risk simulation requires the participation of experienced
senior managers from the major functional areas of an organization. The process
involves assembling a group of these experts and gathering any direct or ancillary data
related to the system being modelled.
The first step is to prepare a graphical representation of the interconnected causal
relationships. The second step involves quantifying the cause and effect relationships
between variables based on a combination of expert testimony and available data.
Finally, the results of the first two steps are combined into a computer simulation model
that is used to generate scenarios for the output variables of the system being modelled.
For this example, the simulations produce probability distributions for financial and
operational metrics, such as profit, premium, market share and number of policies.
Implications for Capital Adequacy
A causal approach to modelling operational risks helps managers of organizations to
understand better the cause and effect relationships within their organization as they
relate to operational risk. Through sensitivity analysis of the results, they become aware
of the implications of those risks on their operational metrics and financials (including
impact on capital). This process will facilitate improved decision making, risk
management and a better understanding of the capital requirements for operational risk.
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Example 7
Underwriting Risk Example – Catastrophe Hedge
Program Effectiveness
Background
In 1998 the NAIC Securitization Working Group requested assistance from the American
Academy of Actuaries to provide technical assistance in determining whether indexbased insurance derivatives should receive underwriting accounting treatment. The report
provided by the American Academy of Actuaries was provided to the NAIC Working
Group in 1999. The following summarizes this activity. The Casualty Actuarial Society
research committees supported the AAA research.
Issue
In response to recent catastrophes (Hurricane Andrew and Northridge earthquake) several
products have been developed that transfer insurance risk to investors. One such product
is index-based transactions. Index-based transactions, whose settlement is triggered or
derived from the value of an independent index, include exchange-traded index options,
over-the-counter options or other derivatives that rely on an index for triggering or
establishing the value of the instrument. An objective of the NAIC Working Group was
to investigate whether it is appropriate to permit the underwriting accounting treatment of
index-based insurance derivatives. The Working Group sought proposals that would
change statutory accounting treatment (i.e. underwriting rather than investment
accounting) for index-based insurance derivatives if the transaction can be shown to be
effective in hedging the exposure of the insurer.
Approach
The AAA report suggested a four step procedure to evaluate hedge effectiveness:





Define the risk exposure
Identify the structure of the derivative
Identify the causal relation between the index and the exposure (qualitative criterion)
Prove hedge effectiveness through statistical testing (quantitative criterion)

The definition of the exposure needs to be specific enough to allow the expected and
actual effectiveness to be measured unambiguously. The definition of the exposures may
include the following – lines of business, geographic areas, classifications, perils,
retentions, limits or pro rata share of losses, period of coverage.
The derivative program will likely be a part of a broader risk management program for
the insurer. Evaluation of the hedge effectiveness may require consideration of portions
of the insurers reinsurance program.
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The qualitative criterion requires that there be an economic and/or physical relationship
between the index and exposure during the relevant time period. Characteristics of a good
index include the following:
 Easy to understand
 The index, and payoff of the derivative, is related to the loss process
 The timing of changes in the index’s value is consistent with the emergence of the
loss process
 The index does not create moral hazard potential
 The index is capable of being modelled
 The data required to construct the index are not subject to manipulation
 The index is flexible enough to allow parties to an index-based derivative to
customize their transactions
For example, annual rainfall and exposure to flood loss would appear to have a
relationship. Further, the company must be able to demonstrate that the index and
exposure display the desired relationship during the relevant period.
Risk Measures
The AAA report contained several possible quantitative measures that can be used to
determine whether the index is effective. During this study, several measures were
dropped from further consideration. The following summarizes the statistical measures
given further consideration by the AAA.

Risk Reduction Metrics:
1.
2.
3.
4.

Change in Expected Policyholder Deficit (EPD)
Change in Value at Risk (VaR)
Change in Standard Deviation (StD)
Change in a blend of EPD and VaR (Tail Value at Risk – TVaR)

These statistics are determined pre-hedge and post-hedge. Post-hedge results include the
revised net losses (gross loss less recovery from the hedge) plus the cost of the hedge.
When the recovery is less than the subject loss but closely related to it, downside risk has
been protected and risk has been reduced. It is possible that a hedge that often results in a
recovery in excess of the underlying loss may actually increase risk because of the cost of
the hedge.
Formula:
1. Expected Policyholder Deficit

EPD(pre-hedge) = E[max{0,subject loss – threshold}]
min(E[subject loss], surplus)
EPD(post-hedge) =
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E[max{0,subject loss + hedge premium + borrowing cost – recovery –threshold}]
min{E[subject loss],surplus}
Change in EPD = EPD(post-hedge) – EPD(pre-hedge)
2. Change in Value at Risk

VaR @1%(pre-hedge) = subject loss at 1%
VaR @1%(post-hedge) = (subject loss at 1% + hedge premium + borrowing cost at
1% - hedge recovery at 1%)
Change in VaR = VaR(post-hedge) – VaR(pre-hedge)
3. Change in Standard Deviation

StD(pre-hedge) =
StD(post-hedge) = (subject loss + hedge premium + borrowing cost – hedge
recovery)
Change in StD = StD(post-hedge) – StD(pre-hedge)
4. Change in TailVaR@1%

Tail VaR @1% = VaR @1% + EPD(VaR @1%)/(1-.01)
Change in Tail VaR = Tail VaR(post-hedge) – Tail VaR(pre-hedge)
The method of analysis prepared by the AAA was to run simulations (with industry
catastrophe models) for a large number of insurers (using actual exposure data) against a
public index. The number of options of each index was selected to minimize basis risk.
The statistical measures were evaluated for this number of options and 3 times this
number (to determine if the statistical measure would recognize investment strategies
versus insurance strategies).
Based on the test results, the AAA Task Force recommended two statistics to be
considered by the NAIC for use in testing hedge effectiveness: Standard Deviation, Tail
Value at Risk.
•

‘Evaluating the Effectiveness of Index-Based Insurance Derivatives in Hedging
Property/Casualty Insurance Transactions’ American Academy of Actuaries, October,
1999.
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Example 8
Underwriting Risk Example - Establishing Capital
Requirements for Property & Casualty Insurers
Background
In 1994 the National Association of Insurance Commissioners (NAIC) adopted riskbased capital requirements for property and casualty insurance companies operating in
the United States. The general insurance risk-based capital formula was developed from
the corresponding life insurance formula. The life insurance formula groups risks into
four categories, C-1 through C-4, which correspond roughly to asset risks, underwriting
risks, interest rate risks, and other risks. The general insurance formula groups risks into
categories R0 through R5.

This example briefly describes the calculation of the Loss & Loss Adjustment Expense
reserve risk component (R4) of the general insurer RBC requirement. For most general
insurers the reserving risk charge is the dominant part of the RBC requirement.
Reserving risk represents the possibility that carried reserves, as of an evaluation date,
will not be adequate to pay the final, when settled, liabilities. Data available to determine
the likelihood and magnitude of adverse emergence (initial reserves are set too low) was
limited to 10 current accident years of Schedule P data (contained in the Annual
Statement).
Modelling Approach
The reserving risk charge (R4) calculation includes the following components:




Company adverse development ratios by line of business =
[increase in estimated ultimate incurred losses between two statement dates]/
[loss reserves at the earlier statement date].
Schedule P line of business, and
Statement date (e.g. changes in incurred losses for accident years 1991 and prior
between statement dates 1991 and 2000, changes in incurred losses for accident years
1992 and prior between statement dates 1992 and 2000, and so forth).

Individual company ratios were averaged to determine the base industry reserve charge
and were promulgated by the NAIC. For each line of business, 9 average adverse
development ratios were calculated. The greatest average value is selected among all the
statement dates for each line of insurance. For example:
Statement Date 1991

1992

1993

1994

1995

1996

1997

1998

1999

Avg. Adverse
Development

14%

16%

14%

18%

21%

16%

12%

11%
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The most severe adverse loss development as a percentage of original reserves (21% in
1996) would be the “industry-wide adverse development ratio for the line”. The above
observed ‘adverse development ratios’ represent samples of possible future development
of current reserves.
Several adjustments are made to the line “adverse development ratio.”
A. Interest Discount Factor

Statutory accounting requires that loss reserves be reported at an undiscounted level. The
difference between the discounted value of reserves and undiscounted value of reserves
serves as an implicit “cushion” for solvency. The implicit cushion varies by line of
business, depending on the payout rate of the loss reserves. The payout pattern is
estimated by comparing paid losses to incurred losses by accident year for each line of
business, using Best’s Aggregate and Averages Schedule P Part 1 data. The discount rate
used is a flat 5%.
If the ratio of discounted to undiscounted reserves is .92, the adjusted “adverse
development ratio” is 1.113 [(1+ .21) x (.92)].
B. Company Differences

Reserve emergence will vary between companies due to differences in the types of risks
written and their reserve estimation procedures. The NAIC RBC formula compares the
companies own average loss development to that of the industry. This is done by line of
business. The average loss development is derived from Schedule P, Part 2. The
calculation is as follows:
(current incurred losses – initial incurred losses) / (initial incurred losses)
If the company ratio is 1.04 and the industry ratio is 1.065, the ratio of company to
industry average adverse loss development is .977 (1.040 / 1.065).
The company worst case year is then calculated by applying the above factor to the
industry worst case year (prior to adjusting for interest discount). In this example, the
company worst case year is .205 (.977 x 0.21).
C. Offset for Loss-Sensitive Contracts

The reserving risk charge in the RBC formula is adjusted to the extent that some of the
adverse development will be funded by additional premiums from retrospective policies
or additional commission on sliding scale reinsurance agreements, for example. For such
policies, if losses emerge worse than expected, the insurer can collect additional
premiums. The amount of additional premium is controlled by the specific terms of the
policy.
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Other adjustments are made to the all lines combined RBC charge:
D. Diversification By Line

If adverse development is caused by random loss fluctuation, one would expect little
interdependence among lines. If adverse development is caused by conscious company
actions or economic or legal events, one would expect greater interdependence between
the lines.
The RBC formula adopted by the NAIC assumes partial interdependence among all the
lines of business. The total reserving risk charge, after all adjustments, is multiplied by
the following factor to reflect diversification by line:
70% + 30% x (reserves in largest line / total reserves for all lines)
The ratio of the reserves in the largest line to total reserves is termed the “loss
concentration factor”. Further discussion of this factor can be found in Butsic Robert P.
“Report on Covariance Method for Property-Casualty Risk-Based Capital,” Casualty
Actuarial Society Forum, Summer 1993, pp. 173-202.
E. Growth Charges

Several studies [Best’s Insolvency Study: Property/Casualty Insurers 1969-1990,
Oldwick, NJ:A.M. Best Company, June 1991] suggest that rapid growth was a prime
cause of some insurance company insolvencies. The RBC formula considers excess
growth (three year average growth of gross insurance group premiums in excess of 10%).
The Reserving Risk Growth Charge is:
50% x (growth – 10%) x 90% x Held Reserves
The 50% factor represents the potential ‘bias’ in reserve estimates for companies growing
in excess of 10% relative to all companies. The 90% factor is the adjustment for the
implicit interest margin in the reported reserves.
In summary, the reserve risk charge (R4) is comprised of the following parts:





Basic reserving risk charge (including company differences, interest adjustment)
Offset for loss-sensitive business
Loss concentration factor
Growth Charge

{Based on ‘NAIC Property/Casualty Insurance Company Risk-Based Capital
Requirements’ by Sholom Feldblum, Proceedings of the Casualty Actuarial Society, Vol.
LXXXIII}
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Example 9
Aggregation of Risk Example - Combination of
Insurance Risks
Background
Insurance companies typically offer several different types of products, which expose the
company to several different types of insurance risks. This diversification tends to reduce
the total risk to which the insurance company is exposed. Risks that are independent of
one another, such as a combination of two life insurance portfolios offering protection to
two different market segments, tend to reduce the volatility of claims exposure in
aggregate. Other risks may be positively or negatively correlated with one another,
which further increases or decreases volatility of aggregate claims, i.e., the risk to which
the insurer is exposed. For example, in the property and casualty industry, it is generally
true that home insurance claims and automobile insurance claims are negatively
correlated, which means that unfavourable automobile claims experience in a particular
period is usually accompanied with favourable home insurance claims experience, and
vice versa. Another example of negative correlation is the mortality risk of an annuity
portfolio relative to a life insurance portfolio. Increased mortality rates result in
increased costs on the life insurance portfolio, but reduce the ultimate costs associated
with the annuity portfolio. Complimentary insurance and annuity portfolios therefore act
as a natural hedge of the mortality risk to which the insurer is exposed.

This example explores the diversification effect on insurance risk of a medium size North
American Bancassurance company that offer life and disability insurance to customers of
the bank. Annual premiums of the company are $375 million, with almost 1 million
insured policyholders. The 10 different insurance products offered by the company are
linked to, or dependent on, an underlying loan, line of credit, mortgage or credit card
offered by the bank. The insurance benefit pays off any outstanding balances upon death,
and pays minimum monthly loan payments upon disability or loss of employment, for
certain periods of time. There is some weak correlation between the insurance risks of
each of the 10 portfolios, because some policyholders have several insurance products.
For example, some policyholders have both a mortgage and a line of credit; adverse
mortality therefore increases claims on both portfolios.
The example is focussed on determining the appropriate economic capital to attribute to
the insurance company in aggregate, as opposed to assessing each risk independently
without reflecting the portfolio diversification effect.
Modelling Approach
Each of the 10 insurance portfolios exposes the insurer to either a mortality risk or
morbidity risk (which is further broken into incidence of disability risk and termination
risk, that disabled claimants do not terminate their disability claim as expected). As
above, some of the portfolios are weakly correlated with one another, because
policyholders can be in more than one portfolio.
Final
Updated: 02/07/2002

83

The insurance risk for each portfolio was quantified using Cash-Flow-At-Risk techniques
illustrated in prior examples. Specifically, the claims distribution of each portfolio was
derived either through Monte Carlo simulation or through statistical distribution fitting of
historical claims experience. Some of the larger portfolios had approximately normal
claims distributions, while others were more skewed.
The aggregate insurance risk was assessed by considering the claims experience of the 10
portfolios in combination. Historical analysis of the aggregate claims captures the
correlation effect between portfolios, since claims affecting multiple portfolios are
automatically included in the analysis. Prospective analysis, i.e., Monte Carlo simulation
in which annual claims arising from the combined portfolio are simulated, also captures
this correlation effect, because policyholders having multiple policies are identified and
simulated accordingly. The combined portfolio has significantly less claims volatility
than the sum of the individual portfolios.
Economic “insurance risk” capital was defined by the company at the 99.865th percentile
over a one year horizon. Under an assumption that claims are normally distributed, this
is equivalent to 3 standard deviations above expected claims. Other measures of
economic capital might be more useful if the claims distribution is significantly skewed,
as is the case with catastrophic types of coverage. For example, economic capital could
be based on a conditional tail expectation, such as the average of the worst 5% of the
claims distribution.
Results
As shown in the following table, the economic capital (over a one year horizon) is
assessed as the difference between claims at the 99.865th percentile and the expected
claims (50th percentile). In other words, the capital protects against earnings volatility,
and may still be too conservative from a solvency standpoint. (As the table shows, the
annual premiums of 373 million are more than sufficient to pay for the claims even at the
99.865th percentile. One might draw the conclusion from this that no capital is actually
required, or that the premiums themselves are sufficient to “guarantee” the solvency of
the company).

The view presented in this example is that economic capital, being the difference between
an adverse claims scenario (99.865th percentile) and the expected claims, protects against
earnings volatility, and is therefore meaningful from a shareholder perspective.
Specifically, the premiums in excess of expected claims are earmarked by the company
or shareholder as being available to pay for expenses and profits, and is factored into the
share price of the company. Adverse claims experience jeopardizes this expectation, and
the purpose of the capital is to protect against this.
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Economic (Underwriting Risk) Capital - Bancassurance company
Expected
Premium 2001
(A)

Expected
Claims 2001
(B)

Capital established independently
Product 1
Product 2
Product 3
Product 4
Product 5
Product 6
Product 7
Product 8
Product 9
Product 10

36,000,000
1,300,000
700,000
120,398,956
52,423,592
48,089,872
47,396,414
8,077,978
8,635,530
50,146,596

25,687,026
849,452
147,221
37,844,673
12,703,886
24,052,300
14,414,501
4,493,720
4,390,189
9,564,078

33,752,108
1,477,981
1,872,213
51,304,731
16,650,566
35,667,189
21,733,335
8,243,337
8,113,776
17,346,377

8,065,082
628,529
1,724,992
13,460,058
3,946,681
11,614,890
7,318,834
3,749,617
3,723,587
7,782,299

22.4%
48.3%
246.4%
11.2%
7.5%
24.2%
15.4%
46.4%
43.1%
15.5%

Total of Portfolios

373,168,938

134,147,046

196,161,613

62,014,568

16.6%

Capital established in aggregate

373,168,938

134,147,046

161,388,378

27,241,332

7.3%

Product

Claims @
99.865th%
(C)

Economic
Capital
$
(C-B)

Economic
Capital
(% premium)
(C-B)/A

Implications for Economic Capital
 Risks should be assessed in combination, not in isolation. The interaction of other
risks, such as investment risks and operational risks also should be considered,
although this was beyond the scope of this example. The portfolio diversification
effect (and correlation effect) can be significant. In this example, the economic
capital derived independently for each portfolio ($67 million) is more than double the
economic capital established in aggregate ($27 million).


Another way of expressing the diversification effect is through the solvency levels, or
percentiles, at which economic capital is established. Establishing economic capital
for each portfolio independently to achieve, say, a 99.865% probability of solvency in
each portfolio over a one year horizon results in a much higher solvency probability
for the company in aggregate. In this example, in order for the $62 million of capital
to be depleted, each of the ten portfolios has to incur claims at the 99.865th percentile
or worse, at the same time. Unless the portfolios are perfectly 100% correlated with
each other, the probability that all 10 portfolios experience this kind of claims
experience at the same time is virtually zero.



A practical application of this for capital planning purposes is that companies might
target an aggregate economic capital at the, say the 99.865th percentile over a one
year horizon, but may target lower thresholds for each individual portfolio, such that
the aggregate solvency level is 99.865%. This is a useful way of managing the
operations of the company itself.
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Example 10
Underwriting Risk Example - Automobile insurance
Volatility

In this example, the volatility risk for the portfolio is modelled considering the frequency
and severity of claims separately. The probability distribution of the total claims liability
is estimated on the basis of the normal power distribution, which is essentially a
transformation of the normal distribution. The probability distribution function is given
by:
P ( X ≤ x ) = Φ ( 9 / γ 2 + 6( x − µ ) / σγ + 1 − 3 / γ )

(1)

To use this approach, observations of individual claim sizes over a given historic period
are required as input for the calculations. The normal-power distribution uses three
moments: mean, variance and skewness. To estimate these we need to estimate the first
three moments of the claim size distribution first. These are estimated respectively as the
average of the claim size, the squared claim size and the third power of the claim size.
For the example, we use the following data:
Average
Number
of
policies
10,000

Claim size data over book year 2000:
Number of
Average Average
claims
claim
squared
size
claim size

1,200

2,000 $

5 million

Average
third
moment
claim size
30 billion

The average claim size is an amount in any monetary unit, indicated by the $ sign. The
amounts of 5 million and 30 billion for average squared and third power of the claim size
are no dollar amounts, but should only be seen as an intermediary step in the calculation.
Assuming that the claim frequency follows a Poisson probability distribution, the
moments of the total liability S are:
E[S] = number of policies * expected claim frequency * average claim size;
E[S2] = number of policies * expected claim frequency * average squared claim size;
E[S3] = number of policies * expected claim frequency * average third moment claim
size.
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This gives the following results:
E[S]
Var[S]
Stdev[S]
γ [S ]

= 2.4 million $
= 6.0 billion.
= 77,000 $
= 0.15.

These values are now substituted into formula (1) as input for the normal power
distribution function:
E[S] = µ ;
Stdev[S]= σ ;
γ [S ] = γ
On the basis of these parameters, the following values are found for the median and upper
bounds for the distribution of the total claims liability.
Percentiles of total claims liability under normal power distribution
Median
95% upper bound for S 99.5% upper bound for S

2.40 million $

2.53 million $

2.61 million $

Uncertainty /parameter risk
I. Misestimation of parameters

The statistical misestimation of the parameters in used in the process described in the
previous section can be determined by writing the estimators as a function of
observations.
For example, we have that:
Estimation of frequency = NC/NP
where NC is the total observed number of claims and NP is the average number of
policyholders during the book year.
As NP is not a stochastic variable but a constant, we have that:
Variance of estimation of frequency = Var(NC)/NP2
Since we have assumed a Poisson distributed number of claims, the variance of NC is the
expected value of NC, which can best be estimated by NC itself. Hence the variance of
the estimated frequency is estimated by:
Estimated variance of estimation of frequency = NC/NP2
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II. Model risk: risks left un-modelled in the frequency-severity approach

Suppose the auto-portfolio under discussion has had the following loss ratios14:
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
65%

55%

59%

57%

53%

46%

50%

48%

50%

50%

51%

45%

41%

The standard deviation of the loss ratio equals 6.4% of the earned premiums. If the
premium volume in 2000 amounts to $3 million, this corresponds to a standard deviation
of the claims liability of $191,000. This is considerably higher than the standard
deviation of $78,000 previously estimated for the volatility risk. The difference can in
part be attributed to the fluctuation of the frequency and severity parameters over the
years. It can be concluded that the frequency-severity model only captures part of the
total risk involved. Additional efforts need to be made to model the risk of changes in
frequency and severity over the years.
Various possibilities exist to model the fluctuation in loss ratios, for instance autoregressive processes. Fluctuations in loss ratios are caused not only by claims risk but
also by pricing risk: the risk that the market does not allow adequate pricing. Making a
distinction between these two risk in practice, however, can be an onerous task.
Extreme event risk

It is possible that many vehicles will be damaged simultaneously as a result of an extreme
event, such as a hailstorm or a flood. This kind of event is usually not reflected in
experience data as presented above, unless an extreme event has happened in that period
of time. The total sum insured of all vehicles insured in a catastrophe prone area gives an
indication of the risk involved.

14

Incurred liabilities divided by earned premiums
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Example 11
Underwriting Risk Example - Mortality Risk: Using An
Analytical Approach For Volatility
We assume that the number of deaths is Poisson distributed. Including the distribution of
the sums assured at risk results in a Compound Poisson distribution of total claims over a
fixed time period. There are good reasons (theoretical and practical) for this assumption.
Based on the collective risk model, we can estimate the shape of the mortality
distribution using the normal power approach (as in Example 10). In this approach we
use the first three moments to compare the distribution with the standard normal
distribution. The steps are as follows:
1) Determine for each life:
 the sum assured at risk for each life i (Xi), (i.e. the capital to be paid out because of
death).
 the mortality rate of life i, based on a Best Estimate level qi(x)
2) Calculate the standard deviation:

σ =

∑ q ( x) × ( X

+
i

)2

∑ q ( x) × ( X

+
i

)3

i

i

and the skewness:

γ=

i

i

(σ ) 3

3) The x% confidence interval can than be calculated as follows using the normal power
approach.
P{[ S − E ( S )] / σ s ≤ s + 16 γ ( s 2 − 1)} ≈ Φ ( s ) = x / 100

For example, to find the 90% (one sided) confidence point the calculation is as follows:
s=1.28 (90% point in a normal distribution)
So the 90% interval of S follows:

σ s × (1.28 + 16 × γ × (1.28 2 − 1)) = σ s × (1.28 + γ × 0.11)
Some examples to show the sensitivity of the model:
The next (simulated) “portfolios” are analyzed:
Number of risks (lives): 1,000,000
Final
Updated: 02/07/2002

89

Average mortality rate: 0.005
Portfolio 1: Everybody is subject to the same sum assured at risk (a pure Poisson
distribution)
Portfolio 2: Sum assured at risk drawn from an Exponential (1) distribution
Portfolio 3: 99% drawn from Exponential distribution, 1% from uniform (1 to
500*average)
Portfolio 4: 99.9% drawn from Exponential, 0.1% from uniform (1 to 1000 * average)

In Portfolio 3 & 4, after the simulation, the numbers are set so that the average is always
equal to 1.
Volatility
portfolio 1

portfolio 2

portfolio 3

portfolio 4

0.6

P(S-E(s))/E(s)>x

0.5

0.4

0.3

0.2

0.1

0
0%

10%

20%

30%

40%

50%

X

It is clear that the impact on the risk of the “fat tailed” spreads of the sum assured at risk
(portfolio 3 & 4) is larger. Some results:
Portfolio

Stand. Dev.

Skewness

Volatility capital
needed based on a
90% conf. interval

1
2
3
4

71
100
496
1297

0.01
0.03
0.18
0.59

1.8%
2.6%
12.9%
34.8%

(* E(s) = 5000)

Although there are 1,000,000 risks involved, the impact of the fat tails in cases 3 & 4 is
very important and leads to a significant increase of the volatility risk.
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An example of a “calamity” in the 20th century was the Spanish
Flu.

Crosby (1989) estimated that in the U.S. alone, the disease took the lives of 550,000
Americans. Worldwide, millions of people died because of the Spanish flu. Especially at
the age group 20-40, the mortality rates showed a drastic departure from the norm. A
doubling of the number of claims for a life insurer could have been the result of this
calamity. Although it is said that the Spanish flu had something to do with the First
World War and also with tuberculosis we still cannot exclude that something like this can
happen again.
(source: “The 1918 influenza Epidemic’s Effects on sex differentials in Mortality in the
United States.” Andrew Noymer and Michel Garenne, Population and development
review 26(3), 9-2000)
Other risks that can lead to a mortality calamity are nature catastrophes like an
earthquake or the impact on earth of a meteorite and also terrorist attacks.
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Example 12
Underwriting Risk Example - Capital Requirements for a
Portfolio of Annuity Liabilities
Background
This example illustrates an analytic method that can be used to determine the total capital
requirements necessary to properly provide for the future obligations of a portfolio of
annuity liabilities and to protect the enterprise from the related risks it faces. This
example is based on the work of Kaas, Dhaene and GoovaertsF.

The determination of these requirements entails the analysis of the distribution function,
more specifically the tail of the distribution function (or the catastrophic part) of the
present value of the future cash flows.
The projection of the future cash flows relating to the annuity obligations, and the
subsequent determination of their present value, may be at its simplest, when the amount
and timing of the asset and liability cash flows are insensitive to varying economic
conditions. Even in these circumstances, the possible impact of mortality improvements
and the future course of the reinvestment assumptions are important. On the other hand,
these computations are most complex, when the timing and amount of the cash flows are
affected by the economic scenario (e.g. annuity payments whose amount and timing are
solely, or partly, driven by economic performance of some type as well as to the
policyholder reaction to such performance).
The use of inappropriately simple (i.e. perhaps for computational ease or convenience)
methods for these computations, is likely to introduce hidden “surplus” (could be a deficit
too). Capital requirements calculated under such a regime may not reflect the true capital
required to support the insurer’s business.
In order to compute the likelihood that an insurer will not be able to meet its obligations
when they fall due, knowledge is required of the nature of the cash flows and any
underlying stochastic process which drives their timing and amount. The method
illustrated in this example starts from this knowledge. It enables the actuary to determine
(approximately) the relevant probabilities of extreme events. It allows the actuary to
determine the necessary provision, based on the level safety desired.
The Cash Flow of the Future Liabilities
Firstly, the cash flows depicting the future payments of the annuity portfolio are projected
into the future. The cash flows represent, for each year between 2002 and 2079, the
expected payment of that year, adjusted with a safety margin. The expectations of the
payments due are calculated using realistic technical bases concerning disability,
morbidity etc. The additional margin is a safety margin against the possible negative
deviations and also includes costs.
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The Distribution of the Capital Requirement
We will determine the present value at January 1, 2001, which we will consider as the
time 0. The time unit is chosen to be one year.

Let αi be the amount due at time i. The stochastic capital requirement, V, is then given
by:

V = α1e −Y1 + α 2e − (Y1 +Y2 ) + ... + α n e − (Y1 +Y2 +...+Yn )
Where Y1 is the return on the investments from 2001 to 2002, Y2 is the return from 2002
to 2003, etc.
We will assume (for illustrative purposes – more complex approaches could also be
taken) that the yearly returns Yi are normally distributed with mean µ and variance σ2.
We also assume that the yearly returns are mutually independent.
In the following Table, a number of possible investment strategies with values of the
parameters µ and σ are given (figures fictious, for illustrative purposes only).

100% Shares
75% / 25%
50% / 50%
25% / 75%
100% Bonds

µ
0.10
0.09
0.08
0.07
0.06

σ
0.15
0.12295
0.09922
0.08173
0.075

It is clear that V is a sum of dependent random variables. Indeed, the different discount
factors will be strongly positive dependent. The computation of the distribution function
of V cannot be performed exactly. One could try to determine the distribution function of
V by simulation, but this will lead to untrustable estimates for the tail probabilities.
Moreover, simulation will be very time-consuming for determining the optimal asset mix.
Recent actuarial research results allow to compute lower and upper bounds for the
distribution of V. It will be shown that these lower and upper bounds are often close to
each other, which of course illustrates the accurateness of the approximations.
On the next pages one finds upper bounds for the distribution of V for the different
investment strategies. These bounds are upper bounds in the sense of convex order for the
exact but unknown distribution function. The upper bound is denoted by CO (dotted
line). We also present approximations for the percentile, the expected shortfall and the
conditional tail expectation at different levels.
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100% Shares

Upper Bound

80%
90%
95%
99%

Percentile

Expected
Shortfall

Conditional Tail
Expectation

5.712.519
7.421.786
9.263.053
14.224.715

537.425
291.727
159.533
39.578

8.399.644
10.339.051
12.453.716
18.182.529
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75% Shares / 25% Bonds
Upper Bound

80%
90%
95%
99%

Percentile

Expected
Shortfall

Conditional Tail
Expectation

5.820.015
7.226.903
8.673.925
12.325.970

422.885
220.069
115.924
26.654

7.934.440
9.427.594
10.992.403
14.991.412

50% Shares / 50% Bonds
Upper Bound

Percentile
80%
90%
95%
99%

6.118.644
7.305.082
8.477.273
11.274.242

Expected
Shortfall
343.966
172.501
87.956
18.941

Conditional Tail
Expectation
7.838.475
9.030.097
10.236.398
13.168.379

5% Shares / 75% Bonds
Upper Bound

80%
90%
95%
99%

Percentile

Expected
Shortfall

Conditional Tail
Expectation

6.722.113
7.802.926
8.840.306
11.218.731

305.781
149.299
74.363
15.282

8.251.018
9.295.919
10.327.564
12.746.884
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100% Bonds
Upper Bound

80%
90%
95%
99%

Percentile

Expected
Shortfall

Conditional Tail
Expectation

7.876.111
9.068.340
10.202.571
12.771.449

334.863
162.155
80.184
16.241

9.550.426
10.689.894
11.806.261
14.395.547

The Optimal Asset Allocation
The optimal asset allocation is a combination of the different investment strategies (also
taking into account the dependencies between the yearly returns), that minimizes a
certain criterion.
Here we will consider the optimal asset allocation the one that minimizes the initial
amount that has to be reserved in order that there is a probability of 99% that all future
obligations can be met. Hence, the optimal asset allocation is the one that minimizes the
99%-percentile of V.
Considering the lower bounds, the optimal investment strategy turns out to invest 40,40%
in assets and the remaining part in bonds. Considering the upper bounds (which are less
accurate) we find that the optimal investment strategy is to invest 35,87% in assets.
Upper Bound

Percentile
80%
90%
95%
99%

6.410.485
7.518.701
8.593.818
11.095.298

Expected
Shortfall
316.332
155.990
78.371
16.386

Conditional Tail
Expectation
7.992.144
9.078.596
10.161.239
12.733.889

REFERENCE
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