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Executive Summary

“Economic capital” is an emerging concept that should be on the 

minds of decision-makers at various financial institutions , par ticularly 

insurers and banks . Economic capital means dif ferent things  

to dif ferent people , but the term generally has two meanings :

 • “  Required economic capital ,” which typically applies  

to the realist ic amount a business believes it needs  

to meet future r isks .
 • “ Available economic capital ,” which typically indicates  

the realist ic or market-consistent amount the business  

actually has available . 

A company that properly employs economic capital analysis  

wil l str ike a balance between :

 • Too much capital—which can lead to an excessive cost  

  of insurance.
 • Not enough capita l—which can lead to an unacceptable  

  r isk of insolvency.

The move toward economic capital is driven by the recognition that 

companies need to make strategic decisions based on a realist ic 

assessment of the capital that is required or available . Other 

impor tant dr ivers include Solvency I I and the emerging global 

solvency framework proposed by the International Association  

of Insurance Supervisors (iais) . 



In this new paradigm, regulatory solvency is determined in terms  

of economic capital , reflecting each insurer ’s specif ic f inancial 

condit ion . Risks are held more real is t ica l ly than they are in 

convent ional formula ic approaches , many of which merely focus  

on the dif ference between the va lue of assets and l iabi l i t ies  

on a statutory balance sheet . Such formulaic approaches are either 

incapable of dealing with al l t ypes of r isk , or they are not adaptable  

to changing market condit ions .

There is no single approach to developing economic capital models , 

and calculation methods are st i l l  emerging. Many companies have 

yet to adopt economic capital calculations , and even those that have 

adopted calculations may sti l l  be interested in other methods . This 

explains why economic capital is of such primary concern to insurance 

executives , shareholders , and regulators .

Decision-makers looking to develop an organizational approach  

to economic capital have several questions to ask themselves :

 • What type and scope of r isks should their company consider?   

  (see p. 14)

 • How should these r isks be measured and what probabil i t y  

  of ruin is the company ready to accept? (see p. 18)

 • What kind of decisions should underpin the development  

  of economic capital models? (see p. 24)

This repor t endeavors to answer these questions as well as to look 

at a few i l lustrative cases of how economic capital can be practically 

applied . The repor t wil l help decision-makers formulate an approach  

to economic capital that will align with their larger corporate strategies. 

f i nancial an d r eg u latory force s 
c ontr i b uti ng to th e ec onom ic 
cap ital move m e nt

•   The Chief Financial Officer (CFO) Forum and the 

Chief Risk Officer (CRO) Forum in Europe, which 

strive to achieve a degree of standardization.

•  The International Accounting Standards Board 

(IASB), which is driving the move towards 

 “fair value.”

•  The International Association of Insurance 

Supervisors (IAIS) and the International Actuarial 

Association (IAA), which are developing a common 

structure and common standards for the assess-

ment of insurer solvency.

•  Solvency I I, which is part of a convergence be-

tween economic and regulatory management  

of insurance companies in the EU.

•  Basel I I, a regulatory standard for internationally 

active banks.

•  Individual Capital Assessment (ICA) in the UK 

and the Financial Assessment Framework (FTK) in 

Holland, which have introduced solvency regimes 

ahead of Solvency I I.

•  A long-standing move toward Principles Based 

Valuation in the US.



Acknowledgements

This report has been prepared for clients and potential  

clients  of Milliman.

The primary authors are:

 Gary Finkelstein

 Takanori Hoshino 

 Rikiya Ino  

 Ed Morgan

The authors would like to thank the following Milliman  

consultants for their contributions:

 Joshua Corrigan

 Kazuya Hata

 Toshiyuki Ikuma

 Jeremy Kent

 Marc Slutzky

 Dennis Stanley



m i l l i m a n e c o n o m i c c a p i ta l m o d e l i n g : d e c e m b e r  20 0 6�

Table of Contents
 

1. introduction 2
2. what is economic capital? 4
3. what are the benefits of economic capital analysis? 7
4. how can economic capital analysis be applied? 8 
5. what type of risks should be considered? �4
6. how should each of those risks be measured? �8
7. what modelling decisions should inform the analysis? 24
	 7.1.	VaR	Vs.	Tail-TaR	 24
	 7.2.		sTochasTic	analysis	Vs.	sTRess	TesT	 25
	 7.3.	Real	woRld	Vs.	Risk	neuTRal	 27
	 7.4.	diVeRsificaTion	effecT	 29
	 7.5.	Time	hoRizon	To	consideR	 3�
	 7.6.		wheTheR	To	allow	negaTiVe	cumulaTiVe		

suRplus	in	The	middle	of	Time	hoRizon	 33
 7.7.		wheTheR	To	accounT	foR	fuTuRe	new	business	 34
8. illustrative examples  35
 appendix: examples of iaa classification of insurer risk 45



in short, economic capital 
can be used as part of the 
valuation of the business,  
or as part of the risk man-
agement of the business.

regulatory pressure  
is an important driver  
for accelerating the use  
of economic capital analyses.

Introduction

Economic capital means different things to different people. The concept  
is widely used in the management of a company’s resources. The word 
“economic” is generally interpreted as referring to either a realistic or market-
consistent valuation, while the word “capital” refers to the discounted present 
(capital) value of future cash flows, or to the resources within the company’s 
balance sheet more generally. Thus the concept can be used either to measure 
and optimize the capital resources already existing within a business, or to 
determine the amount of capital required by a business to meet the risks 
inherent in its liabilities and business operations. In this context it may be 
useful to distinguish between the amount of economic capital a business 
believes it needs—“Required Economic Capital”—and the amount of 
economic capital the business actually has—“Available Economic Capital.”

In short, economic capital can be used as part of the valuation of the business,  
or as part of the risk management of the business.

Increasingly, more and more companies employ economic capital analysis,  
as it is being recognised as a useful measure/tool for facilitating strategic 
management decisions. Hayes and Monet (2005) report in their paper, 
“economic capital: implementation pr actice s and methodologie s ,” that 
the increasing adoption of economic capital within the banking community 
has in part been hastened by the pressures of Basel, though its use as an 
everyday instrument is based on a deeper need. Milliman’s own report, 
“analysis of europe an embedded value developments,” published early in 2006, 
found that many life insurance companies use economic capital as part of both 
their vocabulary and their set of metrics for managing risk across the entire 
enterprise. For example, economic capital was found to be widely used to 
calculate cost of capital for embedded value calculations.

That said, regulatory pressure is another important driver for accelerating 
the use of economic capital analyses. The drivers include both Basel ii (which 
is a new regulatory standard for internationally active banks) and Solvency 
ii (a similar standard for insurers in the eu). In addition, the International 
Association of Insurance Supervisors (iais) is also in the process of developing 
a common structure and common standards for the assessment of insurer 
solvency. It is currently expected that insurers should have an adequate risk 
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the way to calculate  
economic capital varies,  
so one needs to make  
various judgments.

management process established and have an adequate internal model to 
calculate economic capital that can capture all material risks the insurer is 
exposed to; such a process should be used for making decisions in the risk 
management process. At the same time, the way to calculate economic capital is 
still emerging. Different companies use different approaches. Thus, one needs 
to make various judgments. Potential questions include: 
 

 •    What type and scope of risks should their company consider?   
(see p. 14)

 •  How should these risks be measured and what probability  
of ruin is the company ready to accept? (see p. 18)

 •  What kind of decisions should underpin the development  
of economic capital models? (see p. 24)

Within the insurance industry, where embedded value measures are widely  
used (and despite the efforts of the cfo (Chief Financial Officer) and cro  
(Chief Risk Officer) Forums), there are still widely varying approaches  
to calculate embedded value.

There are still many companies that have not adopted the economic capital 
calculation, and many companies that have already developed an economic 
capital model may still be interested in other methods. The purpose of this 
report is to overview various issues that insurers encounter when they develop 
an economic capital model and to provide useful information that can aid 
decision making. 

Sections 1-4 provide an overview of economic capital and examine the 
benefits and applications of economic capital analysis. Sections 5-7 point to 
examples of how economic capital (whether required or compared against the 
available capital) can be managed to take into account the risks inherent in the 
business. Section 8 provides three illustrative examples that are widely used by 
leading insurers.
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“required economic capital” 
can be defined as the capital 
required to support  
a business with a certain 
probability of default.

“available economic capital” 
can be defined as the excess 
of the value of the company’s 
assets over the value of its 
liabilities on a realistic basis.
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What is economic capital?
As explained above, various definitions of economic capital are possible.  
We will focus on the following two definitions (while keeping in mind  
that other definitions are possible). 

“Required Economic Capital” can be defined as the capital required to support  
a business with a certain probability of default. It should be noted that this 
capital is “required” from an economic point of view rather than from a 
regulatory point of view. While regulatory capital requirements are moving 
towards economic capital-type definitions in many countries, these requirements 
are certainly not identical.

“Available Economic Capital” can be defined as the excess of the value of 
the company’s assets over the value of its liabilities on a realistic or market-
consistent basis. This definition is closely related to the European Embedded 
Value (eev) standard, which is discussed further in section 4 (p. 8) of this report. 

The following diagram illustrates the relation between these concepts and 
between the statutory and the economic balance sheet. 
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the true level of financial 
strength also depends on the 
basis on which the value of 
the assets and the liabilities 
are valued.
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Clearly, a number of parameters and questions will arise in a formal definition  
of economic capital. These include: 

 •   What is the scope of risks under consideration? Ideally, this scope would  
 include all material risks to which the company is exposed.

 •   What is the probability of ruin to be accepted? This probability could,  
 for example, be equivalent to a certain credit rating.

 •   What is the time period over which the probability of ruin is to be 
assessed? E.g., are we looking at the capital needed to have a 1 in 200 
chance of not meeting liabilities over a one-year time period? A multi-
year time horizon could involve projecting the balance sheet over a long 
period (e.g., 20 years) or even until all the liabilities have run-off. 

 •   Should the company look only at the current in force business or should  
it also look to view the business on a going concern basis, which includes  
the impact of future new business?

These issues are discussed in more detail in the following sections.

It is widely recognised that the true level of financial strength for a life insurer 
depends not just on the difference between the value of the assets and the 
liabilities, but also on the basis on which these are valued. Existing supervisory 
systems have tended to rely, in theory at least, on a combination of prudence 
in both the asset and liability valuation bases; these systems look to simple 
formulae to define the required minimum level of solvency. Although it is not 
always certain that the combined impact of the asset and liability valuation 
bases will be prudent, it is most normally the case. 

The International Accounting Standards Board (iasb) is among the many 
regulatory bodies involved with moving towards “fair value” (i.e., financial 
reporting standards that give a true and fair picture of the company’s 
business—for an example of this, see ifrs (2006)(b)). Fair value generally 
equates to market-consistent valuation, although there are some qualifications 
to this. Whereas the use of market values for assets is generally uncontroversial 
(although far from universally in use today), the correct method for liability 



the issue is whether to  
assess the amount of capital 
required based on a statutory 
view of solvency, or on an 
“economic” view of solvency.

valuation has been the subject of considerable debate. Among other things, it 
needs to be decided whether future discretionary bonuses are to be considered, 
not considered, or partially considered as a liability.

The issue is therefore whether to assess the amount of capital required based  
on a statutory view of solvency, or on an “economic” (or fair value) view of 
solvency. A few companies using economic capital models currently have 
to look at the results on a statutory accounting view of solvency (i.e., on the 
current rules), but it seems clear that in the future all companies will move 
toward an economic view of solvency. This approach recognises prudence in 
existing technical provisions and is sometimes referred to as a total balance 
sheet approach1. 

Economic capital models have been increasingly used by leading insurers as a 
key tool to manage their risks and capital and to measure their performance. 
Several leading insurers have developed such models and publicized the results.
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1 t h e i n t e r n at i o n a l a c t u a r i a l  a s s o c i at i o n ( i a a )  r e f e r r e d t o a n d r e c o m m e n d e d “ t o ta l b a l a n c e s h e e t a p p r o a c h ” i n  t h e r e p o r t “a g l o b a l f r a m e w o r k f o r 
i n s u r e r s o lv e n c y a s s e s s m e n t ” ( 20 0 4 ) .  i a i s  h a s a d o p t e d t h e t o ta l b a l a n c e s h e e t a p p r o a c h t o i t s v e n t u r e t o d e v e l o p a c o m m o n f r a m e w o r k f o r i n s u r e r s ’ 
s o lv e n c y a s s e s s m e n t .  t h e a s s e s s m e n t i s  c u r r e n t ly u n d e r w ay.
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establishing the “correct” 
level of capital is important 
to guard against excessive 
cost of insurance (too high) 
or a high risk of insolvency 
(too low) .

What are the benefits of economic  
capital analysis?

One of the underlying principles of a private insurance market is that insurance 
companies hold capital in order to take on risks and absorb the inevitable 
fluctuations in experience. They do so in a way that will maintain a high probability 
of having the financial resources needed to meet obligations to their customers. 
The providers of this capital (e.g., shareholders in an insurance company) want to 
earn an adequate return, and the cost of this return on capital needs to be allowed 
for in the pricing of the insurance. Therefore, there is an interest in establishing 
what is a “correct” level of capital under given parameters so that:

 •   The capital on which the providers of capital are expecting to earn a risk 
return is not too high, since this leads to an excessive cost of insurance.

 •  The capital is not too low, since this leads to an unacceptable risk of 
  insolvency.

For these reasons, economic capital is an extremely useful tool for all 
constituencies interested in the financial health of an insurance company.

The management of insurance companies needs to better understand the 
capital requirements of their business. They should be able to explain and 
justify their views of such capital requirements to rating agencies and other 
users of company financial statements. Many companies believe that the 
formulaic approach used by the rating agencies does not appropriately reflect 
the company’s processes and procedures for effectively managing risk; these 
companies feel confident that their risk management practices would be 
positively reflected in the determination of economic capital. For example, the 
companies may want to be able to take credit for the diversification of risks 
and for the recognition of superior credit management. Insurance company 
management will also want to measure performance, taking account of the 
capital that is effectively being employed in different business areas. 

Shareholders and other users of insurance company financial statements need  
to understand whether companies are adequately capitalized or over-
capitalized. They should be able to judge the effective return on capital 
employed in the insurance business.

Regulators will want to understand on as realistic a basis as possible how 
well capitalized companies are, since one of their primary goals is preventing 
insurance company failures.

3. 
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How can economic capital analysis  
be applied?

As mentioned above there are wide applications for economic capital  
analyses. What follows are some details on the background of its  
applications and the parallel developments in regulations, financial  
reporting, and financial management.

International Regulatory Trends

Many regulators have recognised a number of weaknesses in formulaic 
approaches to the assessment of required solvency levels for insurance 
companies. For example:

 •   There is no link between the amount of capital required and the 
effectiveness of a company’s risk management and risk mitigation 
strategies.

 •  The current formulaic rules cannot deal with all types of risks.
 •   Mistaking prudent management with capital requirements leads to a lack  

 of transparency over the actual level of solvency of a company.
 •   Formulaic approaches do not necessarily cope with changes in the 

financial environment or in insurance markets (e.g., the introduction of 
new products).

 •   Such approaches do not generally allow for the benefit of the various 
forms of diversification.

In 2000 the European Commission started the so-called Solvency ii process, 
which will lead to a major revision of the solvency margin regime for insurers  
in the European Union. Solvency ii is intended to be much more realistic than  
the current eu solvency basis in assessing the capital requirements for insurers. 

The process of developing and agreeing upon the Solvency ii system is complex  
and beyond the scope of this report. As of the writing of this report, a draft 
outline of the Framework Directive had been published; a consultation process 
and impact study was underway. 

regulators have recognised 
many weaknesses in formulaic 
approaches to the assess-
ment of required solvency 
levels for insurance com-
panies.

4. 
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The draft Framework Directive defines two levels of solvency capital, the 
Solvency Capital Requirement (scr) and the Minimum Capital Requirement (mcr). 

•   The scr is the level of capital required so that there is a 0.5% probability 
that assets will not be sufficient to meet liabilities during the following year. 

•   The mcr represents an absolute minimum level of capital, below which 
urgent action would be required by the regulator. The mcr is calculated 
according to a simple formula. 

 
The draft Framework Directive envisions a day when regulators permit insurers  
to calculate the scr using internal models, provided these have been validated  
and approved by the regulator. Such models will need to have risk measures,  
time horizons, and scopes of risk at least as prudent as those underlying the 
standard approach to calculating the scr. From the regulators’ point of view, 
internal models have the advantage that they encourage insurers to measure  
and manage their risks. They are more flexible than industry-standard models 
and can be updated as financial markets and a company’s business evolve. 
Furthermore internal models should be able to represent the business of an 
insurer more closely than a rule-based standard approach. Internal models are 
most likely to be suited to large insurers or to innovative or niche players for 
whom the standard formulae are least likely to be representative.

The body driving the development of Solvency ii, the Committee of European 
Insurance and Occupational Pensions Supervisors, has pointed out that the 
scr “shares many features with economic capital.” The development of such 
economic capital models can therefore be viewed as a precursor to the use of 
internal capital models in the regulatory supervision of companies. Solvency 
ii is part of a convergence between economic and regulatory management of 
insurance companies based on a realisation that, ultimately, companies that are 
profitable and well managed are those which are most likely to remain solvent.

Since Solvency ii is expected to become effective around 2010, some countries 
have already adopted their own solvency regimes, which are generally 
consistent with the spirit of Solvency ii. Examples include the Individual 
Capital Assessment (ica) of the United Kingdom and the Financial Assessment 
Framework (Financieel toetsingskader/ftk ) of Holland.

internal models are more 
flexible and can be updated 
as financial markets and a 
company’s business evolve.

solvency ii is part of a con-
vergence between economic 
and regulatory management 
of insurance companies 
based on a realization that, 
ultimately, companies that are 
profitable and well managed 
are those which are most 
likely to remain solvent.
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In the United States, regulators use Risk-Based Capital (rbc) as a measure of 
the sufficiency of surplus. rbc is generally formulaic and the use of internal 
capital models is being adopted slowly. In one of the first important steps, 
the National Association of Insurance Commissioners (naic) adopted an rbc 
provision in October 2005 for variable annuity contracts with guaranteed 
minimum death benefits and living benefits such as guaranteed minimum 
withdrawal benefits, accumulation benefits, or income benefits. Under this 
provision companies will:

 •   Calculate their capital requirements using stochastic projections.
 •  Use internally developed models that represent the risks assumed.
 •   Potentially use company-specific assumptions, prudent best-estimate 

assumptions, and equity and interest return scenarios calibrated to a set  
of 10,000 scenarios provided by the American Academy of Actuaries.

 •   Be permitted to use projections that reflect the use of hedges, under  
certain circumstances, if the company has adopted a clearly defined 
hedging strategy.

In addition to using internal models and stochastics, rbc must be calculated 
using a deterministic projection set by the regulators (referred to as the 
Standard Scenario). The actual rbc is the greater of the amounts produced by 
the deterministic or stochastic projections. A similar methodology is being 
considered for the calculation of basic reserves (technical reserves) for the  
same contracts. 

The adoption of internal models for Universal Life (ul) Insurance is also under 
consideration, yet another part of a move towards Principles-Based Valuation  
in the US. However, because us regulatory capital and surplus requirements  
are still formulaic, companies are developing internal capital models  
to more accurately reflect their risk profiles and risk management practices.

In Canada, principles-based supervision and financial reporting have been in 
effect for several years. Internal models and company-specific assumptions, with 
margins, are used.

Switzerland is not a member of the eu; it announced the introduction of the 
Swiss Solvency Test (sst) in 2006. The sst is based on stochastic modelling and 
extreme scenarios. It is, to a large extent, formulated in terms of principles and 
guidelines defined by the supervisory authorities rather than by strict formulas. 

in the us, regulators  
use risk-based capital (rbc) 
as a measure of the suf-
ficiency of surplus. rbc  
is generally formulaic  
and the use of internal  
capital models is being  
adopted slowly.
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The development of a solvency regulation framework is also proceeding  
on an international basis, much like the International Financial Reporting 
Standards (ifrs) development by iasb. The iais is an association of insurance 
supervisors from about 180 countries and districts. The iais was formed in 1994 
and has established various principles and standards that should be followed  
by local supervisors.

In October 2005, the iais adopted a policy paper, “a ne w fr ame work for 
insur ance supervis ion : towards a common structure and common 
standards for the asse ssment of insurer solvency ” (Framework Paper). 
Since then, the iais has published subsequent papers and is steadily proceeding  
the venture. It will finish publishing most of the major papers by the second 
quarter of 2007. 

The iais takes the view of the total balance sheet approach recommended  
by the iaa. The iais has kept a good relationship with the iaa, and it has 
approached the iasb so that the new solvency standard and the soon-to-be-
adopted ifrs will be consistent (or, at a minimum, insurers should be able  
to reconcile the different standards). 

At the time of this writing, the iais had completed a draft of its fourth major 
paper, the Structure Paper, where the iais shows its intention in more detail  
than in prior papers. The details of the iais papers are beyond the scope of 
this report, but generally they are consistent with the spirit of Solvency ii. 
It is expected that solvency regulations in many countries are moving toward 
being consistent with the iais’s common solvency framework, which will be 
completed a few years from now.

 
EUROPEAn EMBEDDED VAlUE

Over the last 10 years, almost all leading European life insurers and a number 
of companies outside Europe have disclosed information about embedded 
value in their financial reporting. This disclosure aimed to provide users of 
financial statements with additional information about the financial position 
of the company that could not be derived from statutory accounts. However, 
limitations of the traditional embedded value approach were exposed following 

the development  
of a solvency  
regulation framework  
is also proceeding  
on an international  
basis.
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extreme market conditions in recent years, with drops in interest rates and 
equity markets uncovering guarantees.

In May 2004, the Chief Financial Officer (cfo) Forum (a body formed by the 
major European insurance companies) launched the European Embedded 
Value (eev) principles. eev takes traditional embedded value techniques and 
extends them to include explicit valuation of options and guarantees. It also 
aims to standardise the way in which embedded values are reported, with the 
goal of having eev reporting that is more consistent and transparent via the 
establishment of unified guidelines. 

Historically, traditional embedded value approaches have allowed for the cost  
of holding the minimum regulatory capital by considering the discounted value 
of future releases of that capital and investment returns theron, and comparing 
it with the face value of that capital at the valuation date. This does not allow 
for differences in the appropriate level of capital and the minimum regulatory 
capital, although some European companies have started to modify this 
approach in recent years.

One of the eev principles states that the level of required capital is at least the 
level of solvency capital required before the regulator can take action, but may 
also include amounts required internally (e.g., based on an economic capital 
calculation or on what is required to achieve a target credit rating). This leaves 
considerable discretion in determining the required capital for a particular 
company and there has been a wide divergence in the approaches followed. 

Some companies have used economic capital as the basis for the cost of 
capital. This particular approach appeals to advocates of the market-consistent 
embedded value (mcev) approach, which generally does not involve any risk 
margin for non-market (non-financial) risks. By using a cost of capital based 
on economic capital, which considers all risks to which a company is exposed, 
companies are able to claim that they have made adequate allowance for all 
risks without the need to diverge from a market-consistent approach to non-
market risk.

by using a cost of capital 
based on economic capital, 
companies can claim they  
have made adequate allowance 
for all risks.
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 RISK-ADjUSTED RETURn On EqUITy OR CAPITAl  

(RAROE OR RAROC)

Insurance companies typically have various products that involve different 
levels of risk and hence require different amounts of economic capital. 
Management should look to measure return on equity in a way that recognises 
economic capital employed. It would then be reasonable to look for the same 
return on economic capital for all business. If some other capital measure 
which does not sufficiently differentiate levels of capital for high-risk and low-
risk businesses is used instead (e.g., statutory solvency capital), and if the same 
return is targeted for all business, there will be a tendency to overprice the less 
risky business lines and underprice the more risky ones.

Different companies may use different measures of return with European 
companies, most commonly using the embedded value profit. raroe or raroc 
also have the advantage that they can be compared with the same measures 
employed in parallel businesses, such as banking, asset management, and non-
life insurance within diversified financial services companies.

management should look  
to measure return on equity 
in a way that recognises  
economic capital.
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 What type of risks should 
be considered?

Risk can be defined differently depending on the context. For example, risk  
is defined as variability (standard deviation) of investment return under  
the traditional Capital Asset Pricing Model (capm), where better performance 
than expected is also considered as risk. However, for the purpose of enterprise 
risk management, economic capital is calculated so that it is sufficient to cover 
a certain level of possible losses due to holding risks, and thus it focuses only on 
downside risk.

It is important to account for all risks that the insurer is exposed to for the  
purpose of economic capital calculation—oftentimes one of the most difficult 
aspects of the economic capital calculation. The definition of insurer risk types  
and key components are well described by the iaa’s paper, “a global 
fr ame work for insurer solvency asse ssment,” (Global Solvency Paper) 
published in 2004; this can be a starting point. 

IAA RISK CATEgORIES

The Global Solvency Paper categorizes risk under the five major risk types: 
underwriting risk (insurance risk), credit risk, market risk, operational risk,  
and liquidity risk. 

it is important to account  
for all risks that the insurer  
is exposed to for the purpose  
of economic capital calculation.
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(1) Underwriting Risk
Underwriting risks are associated with both the perils covered by the specific 
line of insurance (death, major accident, fire, windstorm, earthquake, etc.) and 
the specific processes associated with the conduct of the insurance business. 
The main risk drivers for life insurers are mortality, morbidity, persistency, and 
lapse risk. Examples include Underwriting Process Risk, Pricing Risk, Product 
Design Risk, Claims Risk, Economic Environment Risk, Net Retention Risk, 
Policyholder Behaviour Risk, and Reserving Risk. This is described in more 
detail in the Appendix (see p. 45 ).

(2) Credit Risk
Credit risk is the risk of default and change in the credit quality of issuers  
of securities, including corporate bonds in the insurer’s portfolio, 
counterparties such as on reinsurance contracts, over-the-counter derivative 
contracts, and intermediates to whom the company has an exposure. Examples 
of credit risk include Direct Default Risk, Downgrade or Migration Risk, 
Indirect Credit or Spread Risk, Settlement Risk, Sovereign Risk, Concentration 
Risk, and Counterparty Risk.

(3) Market Risk
Market risk results from the volatility and uncertainty inherent in the market 
value of future cash flow from insurer assets and liabilities. Market risk is thus 
driven by the exposure to movements in the level of financial variables. The 
prevalent risk drivers are interest rates, stock prices, exchange rates, real estate 
prices, and commodity prices. Regarding derivative prices, not only exposure 
to the movement of underlying asset prices but also the effect of other 
financial variables such as market-implied volatility are included in market risk. 
Examples of market risk include Interest Rate Risk, Equity and Property Risk, 
Currency Risk, Basis Risk, Reinvestment Risk, Concentration Risk, Asset/
Liability Management Risk, and Off-Balance Sheet Risk.

(4) Operational Risk
Operational risk is the risk of loss resulting from inadequate or failed internal 
process, people, or systems, or from external events. While the operational 
risk is not a well-defined concept, it is broadly categorized by two components, 
operational failure risk and operational strategic risk. Operational failure risk 
arises from the potential for failure in the course of operating the business. 
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Failure of people, process, and technology used to develop the business 
plan can be included in this category. Operational strategic risk arises from 
environmental factors, such as a new competitor that changes the business 
paradigm, a major political, tax and regulatory regime change, and earthquake 
or other disasters that are outside the control of the company. 

(5) liquidity Risk
Liquidity risk is exposed 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 
or when assets may be available, but only at excessive cost. Loss due to liquidity 
risk 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 its liabilities. Life insurers often offer policyholders embedded 
options (such as settlement options) that have the potential to cause liquidity 
problems. Unexpected demand for liquidity may be triggered by cash calls 
following major events, a credit rating downgrade, negative publicity,  
or deterioration of economy. In the case of a large us life insurer that suffered  
a significant liquidity event, the event was triggered by a downgrade in its 
credit rating. The contributing factors to liquidity risk were large funding 
agreement contracts held by relatively few, sophisticated customers.

THREE KEy COMPOnEnTS FOR MODEllIng

In modelling those risks mentioned above, each risk type can be further 
decomposed into three key components: volatility, uncertainty, and extreme 
events.

(1) Volatility Risk 
Volatility is the risk of random fluctuations in either the frequency or severity  
of a contingent event. In fully efficient markets, volatility is not market-
valued, since investors can reduce volatility by diversifying their portfolio. 
However, because of the relatively inefficient markets for valuing insurance 
risks, the volatility component of risk cannot be ignored. An insurer can go into 
bankruptcy because of diversifiable risk. For example, even if the distribution 

each risk type can be further 
decomposed into three key 
components: volatility,  
uncertainty, and extreme 
events.



m i l l i m a n e c o n o m i c c a p i ta l m o d e l i n g : d e c e m b e r  20 0 6�7

of claim payment is modelled accurately (i.e., real claim distribution is the same 
as modelled), a company’s actual claim payment may largely differ from the 
average of the distribution depending on the size of the business.

One good example is mortality risk for small companies. The law of large 
numbers works for mortality risk, which means that smaller companies have 
more volatility risk than larger companies and thus should hold more capital 
per unit of insurance liabilities for a given probability of ruin.

(2) Uncertainty Risk
Uncertainty involves the risk of misspecifying the model used to estimate 
the claims; uncertainty can also originate from misestimating the parameters 
within the models. Examples include misspecification of models for frequency  
and severity (model risk), for parameters in selected models (parameter risk), 
and the use of incorrect or miscalibrated models for market value or interest 
rate movements. For example, a company’s liability may be based on an 
incorrect assumption of claim distribution (risk of misestimation); even if the 
current model is appropriate, there may be a trend of parameters that are not 
considered in the current model (trend risk). Uncertainty risk is nondiversifiable 
since it cannot be reduced by increasing portfolio size.

As an example, it could be generally said that term insurance has lesser 
uncertainty risk than medical insurance, since cost of medical insurance 
would depend not only on pure incidence rates but also on government policy, 
improvement of medical technology, economic downturn, and other social 
problems that are difficult to predict. 

(3) Extreme Events (Calamity)
Extreme events include the risk of large common-cause events such as 
calamities: high-impact, low-frequency risks. Models may not capture all 
aspects of extreme risk, especially if no extreme events appear in the historical 
data used to develop models. Examples include catastrophes with multiple 
claims, market crashes, or extreme interest rate movements.



How should each of those risks  
be measured?

Total risk is calculated by measuring the effect of specific (or aggregate) risk(s) 
to a company’s earning or surplus, generally as a function of the probability 
distribution of losses. Total capital requirements may be based on the aggregate 
distribution of losses or an indicated capital requirement for a component 
based on the loss distribution of the component only. The issue of aggregating 
individual risks is explained in detail in the section “7.4. Diversification 
effect.”

There are several approaches to the measurement of losses: scenario-based 
model, static-factor model, stochastic-factor model, and covariance model.

A scenario-based model can be deterministic or stochastic. Risk capital  
is calculated by measuring the impact of specific scenarios to the distribution  
of loss. These scenarios simultaneously cover multiple risk drivers. The 
approach is different from stress tests, under which only one shock is given 
to specific risk drivers. Correlation between risk drivers must be taken into 
consideration when stochastic scenarios are generated.

A static-factor model is based on a linear combination of a static risk factor 
multiplied by a company-specific amount, which are typically accounting items 
such as the amount of a specific asset class or premium income. rbc in the us is 
an example of such an approach, except C3 phase i and ii, where a scenario-based 
model is used. A stochastic factor model is processed in the following steps:

 1.  Identify relevant risk drivers.
 2.   A sensitivity analysis for each risk driver value is conducted to measure 

Delta (proxy for the first derivative), Gamma (proxy for the second 
derivative), or a scenario vector (evaluation of several known points for 
highly non-linear functional dependency).

 3.  Joint distribution of risk drivers is modelled.
 4.   The resulting loss is aggregated across all risk types, leading to its 

stochastic distribution; risk capital is determined by applying a risk 
measure such as value at risk (var) or conditional tail expectation (cte) to 
the company’s total losses.
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total risk is calculated  
by measuring the effect of 
specific risk(s) to a company’s 
earning or surplus.

6. 



A covariance model is a special case of a stochastic factor model with multi-
normal distributions, first order sensitivities, and var as risk measure. The 
accuracy of the covariance model may be improved by using the iaa’s sub-risk 
classification, including the risk components volatility, uncertainty, and calamity.

According to “Benchmarking Study of Internal Models,” carried out in late  
2004, for the cro Forum,2 eight out of 13 surveyed use a stochastic factor model 
and the remaining five participants use a covariance model, although it is not 
straightforward to classify the modelling approach.

Since there are varieties of risk types, it is beyond the scope of this report to 
fully describe the risk measurement models for each risk type. Following are 
some briefly-explained examples of widely used approaches:

(1) Underwriting Risk
For life insurance, the major drivers of underwriting risk are mortality, 
morbidity, longevity, lapse, and other policyholder options such as guaranteed 
annuitization. 

Mortality, morbidity, and longevity risks can be further decomposed into a 
diversifiable component and a systematic component. Diversifiable component 
(Volatility Risk) decreases as the number of policies increases. The iaa’s 
Global Solvency Paper illustrates that the volatility risk can be measured as the 
difference of liability amounts between best estimate and the tail value at risk 
under stochastic simulation of binomial mortality distribution. Here is one 
way to conduct such a binomial mortality analysis: 

For each policy in force at the beginning of each period

 1.  Generate random number s, 0<=s<=1
 2.  If s<=qd, the policy is terminated by death
 3.  Otherwise, generate another random number s
 4.  If s<=qw, the policy is terminated by lapse  

where qd is best estimate mortality rate  
and qw is best estimate lapse rate

Systematic component relates to mortality level risk (Misestimation of the 
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mortality, morbidity,  
and longevity risks can  
be further decomposed into  
a diversifiable component  
and a systematic component. 
diversifiable component 
(volatility risk) decreases 
as the number of policies 
increases.

2  t h e c r o f o r u m i s  c o m p r i s e d o f t h e c h i e f  r i s k o f f i c e r s o f t h e m a j o r e u r o p e a n i n s u r a n c e c o m p a n i e s a n d f i n a n c i a l  c o n g l o m e r at e s .
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Mean) and mortality trend risk (Deterioration of the Mean). Life insurers often 
estimate the mean (best estimate) of mortality based on company specifics or 
on industry experience in the past. However, there is a risk of uncertainty that 
actual mortality rates fluctuate around the mean due to the volatile nature 
of the historical observations. The iaa’s Global Solvency Paper introduced 
a technique to modify the estimate by enhancing the credibility to certain 
confidence levels as an example. This method tests the case as if observed 
sample mortality mean were, for example, at the 95th percentile of true 
probability distribution. Then the true mean based on the true probability 
distribution can be obtained using an inverse Normal Power approximation. 
The use of the Normal Power approximation (as outlined by Van Broekhoven, 
2002) is just an example, but it has a merit in that it is a closed-form formula 
and an analytic solution can be found without conducting a time consuming 
simulation. 

Mortality trend risk is the risk that mortality trend differs from what is expected. 
This may result from medical improvements or new diseases. As mortality rates 
improve in many countries, the mortality trend is important, especially for 
products vulnerable to longevity risk such as life annuities. 

Catastrophic mortality risk is another risk that should be explicitly considered. 
There is no established way of estimating catastrophic mortality risk at this point 
since we have only limited experiences (such as a few pandemic cases and large, 
infrequent earthquakes in some countries). Life insurers traditionally reduce this 
risk through traditional reinsurance agreements. Another risk mitigation method 
recently emerging involves issuing mortality bonds in the capital markets. For 
example, Swiss Re issued a mortality catastrophe bond in 2004. If more and 
more insurers issue mortality catastrophe bonds in the future, market-consistent 
approaches for mortality risk may become feasible.

Surrender and lapse risk can be quantified in a similar way as described for the 
mortality risk.

Risks associated with a policyholder’s options are often dependent on economic 
conditions and can be more properly measured with stochastic analysis or a 
stress test. Examples are:

risks associated with  
a policyholder’s options  
are often dependent  
on economic conditions  
and can be more properly  
measured with stochastic 
analysis or a stress test.

systematic component relates 
to mortality level risk 
(misestimation of the mean) 
and mortality trend risk 
(deterioration of the mean) . 
life insurers often estimate 
the mean (best estimate) of 
mortality based on company 
specifics or industry experi-
ence in the past.
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 • Policyholders’ right to surrender policies to receive predetermined  
  cash value.
 •  Policyholder’s right to annuitize policies to receive predetermined   
  annuity amount. 
 •  Profit sharing mechanism where negative profit cannot be shared.

Once an interaction formula between economic assumptions and policyholder’s 
option execution assumptions is defined, the risk can be quantified by 
conducting simulations under a number of economic scenarios. The interaction 
formula can be developed by calibrating to past company-specific or industry 
experiences. However, policyholder behaviour is difficult to formulate, as it 
is affected by other factors than economic conditions such as downgrade of 
a major player in the industry and changes in tax policies. While a number of 
interaction formulae are introduced in reading materials, one would need to 
make judgments to come up with the formula that is reasonably adequate for 
economic capital calculation purposes.

(2) Credit Risk
Credit risk is modelled in a way consistent with the banking standards. Default, 
credit mitigation, spread, and spread volatility risks are considered. 

CreditRisk+, CreditMetrics, and kmv are industry-standard credit models in 
use. Often, the economic scenario generator for market risks is also used for 
measuring credit risk.

A general approach of default model is to explicitly model the rates of default  
and recovery. “CreditRisk+,” developed by Credit Suisse Financial Products, is 
one of the default models. It assumes that the probability distribution for the 
number of defaults over any period of time follows a Poisson distribution with 
the parameters estimated by historical statistical data of default experience by 
credit class.

Credit migration models consider not only the risk of default, but also the risk 
that an investment will lose or gain value due to changes in the corporation’s 
credit rating. “Transition Matrix,” containing the probability that a bond will 
change from its current credit rating to another, is used by credit migration 
model. An example of credit migration models is “Credit Metrics” developed by 
JP Morgan.

credit risk is modelled  
in way a consistent with  
the banking standards.  
default, credit mitigation, 
spread, and spread volatility 
risks are considered. 



Another type of credit model is the asset model developed by Merton in the 
1970s. The general concept is that a firm’s default can be modelled as an option 
against its asset because the firm will go into default if the value of its assets 
becomes less than the value of its debt. kmv, developed by kmv Corporation, is 
one of the widely used credit risk models.

The reinsurance default risk is also quantitatively assessed. For the quantitative 
modelling, stochastic factor models implemented by the Monte Carlo method  
are in use. It is desired that the dependencies between reinsurance defaults, 
market risks, and catastrophic losses are taken into account. A way to introduce 
risk dependency is described in section “7.4. Diversification effect.”

(3) Market Risk
Market risk can be modelled in a way consistent with those used in the banking 
industry and other financial institutions, but oftentimes it is not meaningful  
for insurers without evaluating the market risk in conjunction with liability, 
which is sometimes called “alm risk.” The volatility of market price (market 
risk) of course affects the net market value of insurer’s assets, but at the same 
time insurers should be aware of its impact on liabilities:

 •  Changing asset yields could affect the market value of liabilities through  
the discount rate that is implicitly or explicitly derived.

 •   Changing asset yields could affect the amount and/or timing of future 
liability cash flows. Performance-linked bonus is one of the examples.

 •   Changes in asset returns in the competing market may affect the  
amount and/or timing of future liability cash flows through changes  
in policyholder behaviour such as excessive surrenders due to higher 
return in the competing market or additional premium payment to 
the existing products guaranteeing higher return compared to the 
competing market.

Market value of insurance liabilities is not so straightforward as that of assets,  
which can generally be obtained from market price. Due to the lack of real 
market for insurance liabilities, market/fair value of liabilities needs to be 
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3		f o r t h e a s s e t v a l u at i o n ,  i t  i s  o f t e n e x p r e s s e d a s a “ m a r k-t o - m a r k e t ” a p p r o a c h ,  w h i c h m e a n s t h at t h e v a l u e c a n b e d e r i v e d f r o m t h e m a r k e t p r i c e . 
f o r l i a b i l i t i e s ,  t h e r e a r e v e r y f e w t r a d e s a n d t h e m a r k e t i s  m u c h s m a l l e r ;  a s a r e s u lt ,  l i a b i l i t y  v a l u at i o n h a s r e c e n t ly e m p l o y e d a “ m a r k-t o - 
m o d e l”  a p p r o a c h ,  i n  w h i c h t h e a c t u a r y u s e s a m a r k e t- c o n s i s t e n t m o d e l t o c a l c u l at e m a r k e t- c o n s i s t e n t v a l u e o f t h e l i a b i l i t y .
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is sometimes called “alm risk.”
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technically derived.3 Replicating portfolio is one of the approaches to measure 
the market value of insurance liabilities. A general approach of measuring 
market risk is to project future asset and liability cash flows with reflecting 
the nature of embedded options by using possible future economic scenarios 
and then discounting the cash flow. There is a debate that the valuation should 
be done by either risk-neutral valuation or real-world valuation. This issue is 
covered in section “7.3. Real World vs. Risk Neutral.”

(4) Operational Risk
For insurers, operational risk is the area where methodology on risk 
measurement is least developed. Operational risks are either quantitatively 
modelled or qualitatively assessed, and may or may not lead to a capital charge. 
Modelling approaches currently in use are classified as follows:

(a) s imple add-on model

The model aggregates operational risk by combining the anticipated costs  
for the various identified operational risks. In order to apply an aggregation 
method to these risks, one must assume a certain degree of correlation and a 
certain confidence level.

(b) stochastic frequency-se verit y model

The main operational risks are captured in each business unit through scenario 
analysis with experienced staffs and risk managers. The scenario analysis 
process includes defining the story behind each risk scenario and determining 
frequency and severity parameters. These processes require a wide range of 
experience and information, including the company’s existing risk reporting 
and relevant external sources. 

According to the “Benchmarking Study of Internal Models” carried out in 
late 2004 for the CRO Forum, seven out of 13 surveyed use a simple add-on 
model, three use a stochastic model, and three use other methods or qualitative 
analysis.
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What modeling decisions should  
inform the analysis?

As seen in the previous section, there are a variety of models to calculate 
economic capital and it is necessary to make a number of decisions for what 
type of models, techniques, and parameters should be adopted. This section 
goes through some of those issues typically relevant for economic capital 
calculation.

7.1. VAR VS. TAIl-VAR

The two risk measures that have generally been viewed as most suitable are  
VaR (Value at Risk) and tailvar (Tail Value at Risk). Other measures are also 
possible such as the standard deviation of the losses that a company may suffer.  
All these measures are based on a view of the possible outcomes for the future 
level of solvency as a probability distribution (this is true even under a stress 
test approach because the stress test will be calibrated to represent a certain 
point on the distribution). 

VaR assesses the probability of ruin at a given quantile of the probability 
distribution. tailvar considers both the probability and severity of losses 
that exceed a given quantile and is defined as the arithmetic average of losses 
exceeding a given quantile. 

Note that the definition of required economic capital provided in the opening 
section was effectively based on var. However tailvar is also discussed as 
a possible measure for solvency capital and is used by some companies as the 
measure to assess economic capital. 

From a shareholder perspective, var can be considered adequate because once  
the net worth has been exhausted, shareholders have lost the value of their 
shares and are not, in theory at least, interested in the severity of further losses. 
From a regulatory point of view, however, the magnitude of losses is significant 
because it will determine the losses to policyholder and hence influence the 
damage to the reputation of the insurance industry and the regulator. 

there are a variety  
of models to calculate  
economic capital.

note that the definition  
of economic capital can  
be based on var or tailvar
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tailvar is generally considered to deal better with low-frequency high-severity 
events because it takes more account of the shape of the tail of the distribution.  
For this reason, the iaa has expressed a preference for tailvar over var. 
Although var is commonly used in banking, insurance more commonly 
involves skewed risk distributions. On the other hand, it is often hard to find 
data to accurately model the tail of the probability distribution.

At present, the majority of companies’ economic capital models are using  
a var approach. Some local regulators who have implemented this type of 
solvency system have favoured one approach and some the other.

An alternative measure is a conditional tail expectation set at the x% level, 
denoted cte(x), which is the average cost of the highest (100-x)% of the 
results. It should be noted that cte(x) is generally greater than a (x + ½(100-x)) 
percentile coverage (i.e., cte(90) is generally greater than the 95th percentile). 
Conceptually cte is quite similar to tailvar and is used in US regulation.4

7.2. STOCHASTIC AnAlySIS VS. STRESS TEST

Both stochastic analysis and stress test are commonly used to see an impact  
of extreme events where you want to know how much capital you need, but 
they have different characteristics and one may be more suitable than the other 
for quantification of particular risks. For the purpose of this report, we define 
stochastic analysis and stress test as follows:

Stochastic Analysis
Stochastic analysis can be defined as an analysis done by projecting future cash 
flow based on multiple scenarios of which probability distribution is defined.  
An example is a Monte Carlo simulation based on 10,000 economic scenarios  
where probability of occurrence of a particular scenario is typically assumed  
evenly (1/10,000). You can also assume a certain probability distribution such  
as Log-Normal or Exponential and use particular scenarios for which 
occurrence probability is calculated from the assumed probability distribution. 
For example, if you assume experience mortality for the next year is 
normally distributed, you can project cash flow by using, say, a 99 percentile 

4 a c c o r d i n g t o t h e i a a’s  d e f i n i t i o n ,  ta i lv a r i s  t h e q u a n t i l e  v a r p l u s t h e a v e r a g e e x c e e d e n c e o f t h at q u a n t i l e  i f  s u c h e x c e e d e n c e o c c u r s .  a lt e r n a-
t i v e ly,  t v a r at l e v e l  p  i s  t h e a r i t h m e t i c a v e r a g e o f a l l  v a r ’s  f r o m l e v e l p  a n d a b o v e .  t v a r a n d c t e a r e i d e n t i c a l  i f  t h e d i s t r i b u t i o n f u n c t i o n  
i s  c o n t i n u o u s .  s e e p .  47 f o r m o r e i n f o r m at i o n ;  d h a e n e j . ,  s .  v a n d u f f e l ,  e t  a l . 
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stochastic analysis can  
be defined as an analysis done 
by projecting future cash 
flow based on multiple  
scenarios for which  
a probability distribution  
is defined.  

tailvar is generally  
considered to deal better 
with low-frequency high- 
severity events because  
it takes more account  
of the shape of the tail  
of the distribution.  



mortality rate, to quantify the mortality impact on a 99% confidence level. 
In order to know the impact of extreme scenarios that would occur with x% 
probability, one needs to project cash flows under a large number of scenarios 
for the Monte Carlo simulation, but one needs just one scenario to know the 
probability distribution. However, one needs to do the Monte Carlo simulation 
for many cases, since the real world is almost always too complex to depict by a 
simple well-known probability distribution.

Stress Test
A stress test can be defined as an analysis done by projecting future cash flow 
based on a (set of) particular scenario(s) that could occur in some extreme 
environments but for which occurrence probability is not specified. The 
essential difference from stochastic analysis is that the occurrence probability of 
the stress scenario is not specified, and it is not stochastically meaningful.5 An 
example is the Dynamic Capital Adequacy Test (dcat) of Canada that requires 
insurers to develop some extreme scenarios in order to evaluate those scenarios.

As seen in another section of this report, it is getting common to calculate 
economic capital as the amount sufficient to cover losses that can occur over x  
years with y% confidence probability. To calculate this type of economic 
capital, stochastic analysis must be used as defined above. However, it is 
sometimes difficult to assume any meaningful probability distribution for a 
certain risk. For example, it would be difficult to determine how likely it is that 
the government might reduce a national health insurance subsidy to half as much 
as it is now. In this case, it is not a good idea to spend a lot of time and effort 
to define such a probability distribution, since it is more or less a judgment 
call. What is important is to identify such stress scenarios that can cause large 
amounts of losses to the insurer. 

In order to calculate economic capital that is defined to cover future losses 
with a certain percentile of confidence, one should assume an occurrence 
probability even for such difficult risk by any means. Another important aspect 
for managers involves understanding that such a probability distribution 
is determined with actuarial judgment, and the results can differ if such 
a subjective assumption changes. For the example of a health insurance 
subsidy reduction, the degree of reduction may be half, one third, or complete 
elimination at the 95% confidence level. In this case, it is important for the user 

5 t h i s  d e f i n i t i o n i s  j u s t f o r t h e p u r p o s e o f t h i s r e p o r t ,  s i n c e o c c u r r e n c e p r o b a b i l i t y  i s  s o m e t i m e s at ta c h e d t o “ s t r e s s t e s t ”  s c e n a r i o s a s w e l l .
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a stress test can be defined  
as an analysis done by 
projecting future cash flow 
based on a particular scenario 
that could occur in some 
extreme environments but  
for which the occurrence 
probability is not specified.
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and management to understand the consequences if the impact is different 
from the base scenario.

In summary, it is important to understand the following two points:

 •  Stochastic analysis, where the occurrence probability is allocated to each 
scenario, is necessary to calculate economic capital, which is defined  
as an amount to cover future losses with a certain confidence level.

 •  For risks for which it is difficult to determine the probability distribution,  
the occurrence probability is attached just for a technical purpose of 
economic capital calculation, and thus the user, including management, 
needs to understand its nature and the sensitivity to change of such  
subjective judgments.

7.3. REAl WORlD VS. RISK nEUTRAl

A risk-neutral technique is a commonly used method to calculate derivative 
price based on stochastic scenarios. The process of an economic capital 
calculation is similar to the derivative price calculation in a sense that both 
involve a present-value calculation of future cash flow based on stochastic 
scenarios. However, a real-world technique is widely used and is a preferred 
method to calculate economic capital. We will briefly discuss why the real-world 
technique is commonly used for the economic capital calculation in this section.

For the purpose of this report, we define the real-world and the risk-neutral 
techniques as follows:

Risk neutral
A risk-neutral technique is a method to calculate the present value of cash 
flows by discounting risk-adjusted future cash flow with risk-free rates based 
on multiple scenarios. The risk-neutral method assumes no arbitrage and a 
complete market where there is no arbitrage opportunity (no free lunch) and 
any derivative instruments can be perfectly reproduced by a combination of 
securities available in the market. If these conditions hold, a mathematical 
theory ensures that the expected value of the present value of future cash flows 

a real-world technique  
is widely used and is a  
preferred method to 
calculate economic capital. 

management needs to  
understand the consequences  
if the impact is different  
from the base scenario.



m i l l i m a n e c o n o m i c c a p i ta l m o d e l i n g : d e c e m b e r  20 0 628

based on risk-free discount rates and a transformed probability distribution  
(q-measure) is equivalent to the expected value of the present value of future 
cash flow based on adequate discount rates and a real-world probability 
distribution (p-measure). 

The risk-adjusted cash flow for a particular scenario can be described as cash 
flow multiplied by a ratio of the occurrence probability of the scenario under  
the q-measure to the corresponding probability under the p-measure. The risk-
neutral technique is used because it is often difficult to know the “adequate 
discount rates” under the P-measure, but under the q-measure, you know 
risk-free discount rates from the current yield curve and risk-adjusted cash flow 
can be directly derived by utilizing the risk-free rates and implied volatilities 
available from the current market price of existing derivative instruments under 
an adequate modelling of future cash flows.

It is beyond the scope of this report to explain the detail of the risk neutral 
technique, but important to note that it is the technique to derive “expected 
value” of future cash flow so that it can be consistent with current observable 
market prices of derivative instruments. 

Real World
A real-world technique is a method to calculate the present value of cash 
flows by discounting projected cash flows with risk discount rates based on 
multiple scenarios. Under this method, projected cash flows are not adjusted for 
uncertainty risk, which is the risk that future cash flows can be different from 
those projected. To reflect the “price” of this uncertainty risk, it is common to 
set the risk-discount rates higher than risk-free rates.

However, as mentioned above, it is often difficult to determine how much the 
risk- discount rate should be adjusted, and it may need to be set more or less 
subjectively. If the adjustment is made adequately, the expected present value 
of future cash flows should be the same under both real-world and risk-neutral 
techniques.

The risk-neutral technique is superior in that the adjustment for the uncertainty 
can be consistent with observable market prices of securities. However, there  
are the following considerations for use of the risk-neutral technique for 
economic capital calculations:
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 •  Under the risk neutral technique, economic capital needs to be defined  
as the expected value of cash flows. For example, if economic capital 
is defined as a loss amount at 95% (var definition), the probability 
distribution should be converted so that the expected value ties to the 95 
percentile. It is not straightforward how one can use the market price  
of securities to construct such a risk-neutral probability distribution.

 •  Since the loss amount is derived as an expected value under an adequate  
risk-neutral probability distribution instead of the 95 percentile under  
a real-world probability distribution, it is often difficult to interpret  
the meaning of the results.

Because of these shortcomings of the risk-neutral technique for economic  
capital calculation, the real-world technique is widely used. Particularly relevant  
to the second point, management people need to have a clear understanding  
of what the derived economic capital means in order to effectively use it for 
enterprise risk management.

7.4. DIVERSIFICATIOn EFFECT

It is widely recognised that the total capital requirement could be less than  
the sum of the capital required for individual risks to the extent that these risks  
are independent. Mathematical techniques such as linear correlation can be 
used to analyse risk dependencies. However, it has been pointed out that risk 
correlations can behave differently in extreme scenarios than they do across 
most of the probability distribution. For example, a limited movement in 
mortality may be largely uncorrelated to economic factors driving market 
risks, but large movements in mortality would seem intuitively to be more 
likely to be correlated to market risks. A big earthquake or terrorist attack 
could cause a mortality/morbidity surge and a huge drop in asset market prices 
simultaneously.

There is a technique called copulas to introduce dependency between risks. 
Mathematically speaking, a copula is a multivariate probability distribution 
function with uniform marginal distributions. Although it can be applied  
to any kind of risk, copula functions are often used in conjunction with default 
risk modeling, since it is convenient to use copulas to model clear historical 
evidences that more defaults occur when the market is bear than it is bull. As 

it is widely recognised  
that the total capital  
requirement could be less 
than the sum of the capital 
required for individual risks 
to the extent that these  
risks are independent.

risk correlations can behave  
differently in extreme 
scenarios than they do 
across most of the probability 
distribution.
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seen in this default risk case, market and default risk dependency is not a fixed 
relationship in general, and thus it can not be modelled by a simple multivariate 
normal distribution with correlation matrix. Copulas are useful to model this  
risk dependency characteristic. 

While a copula function has such an appealing feature, there are sometimes 
difficulties when applying it to actual practices:
 

 •  There is no unique way to determine what kind of copulas should be used.
 •  There are multiple methods to assess goodness of fit of copulas to sample  

data points. Those methods include comparisons of likelihood functions,  
and graphical comparisons of Monte Carlo simulation results with 
copulas to the sample data points.

Some parties, such as rating agencies, have been historically skeptical about 
giving full credit for diversification, and the uk fsa has indicated that it expects 
that the allowable benefit for diversification of risks across jurisdictions or 
between life and non-life is likely to be small. The problem of tail dependencies 
seems to justify this skepticism and suggests that a rigorous approach to 
understanding risk dependencies is necessary in order to take full credit for 
aggregation benefits. 

Quite a lot of data exists to support the analysis of correlations between various 
market risks and significant analysis and modelling has been done in this area. 
Correlation is also supported by well-established economic theory. Whether 
and why operating factors such as lapse rates are positively or negatively 
correlated with the stock market is harder to demonstrate and depends on less 
well-established theories on social trends.

As well as the diversification effect of different independent risks, insurance 
groups with diverse businesses will benefit from group diversification benefits 
by the extent to which their different businesses have non-correlated risks. 

Leading European insurers are generally large complex groups operating 
in both life and non-life insurance and have for many years argued that 
this diversification benefit helped to smooth earnings. From a shareholder 
perspective this argument relative to earnings seems spurious because investors 
could achieve the same smoothing by diversifying their investment portfolios 

some parties have been  
historically skeptical  
about giving full credit  
for diversification.

insurance groups with  
diverse businesses will  
benefit from group  
diversification benefits  
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different businesses have 
non-correlated risks.
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without having to invest in diversified businesses. However, the benefits 
of diversification on capital management seem more concrete since these 
could not be achieved unless the capital was available to support the different 
business activities of a company.

It is therefore natural that in presenting their economic capital models, large 
insurance companies have emphasized the benefits of diversification on the 
amount of capital calculated as being required. For example, one of Europe’s 
largest insurers calculated diversification benefits of 46% (the reduction in 
the group capital required compared to the sum of the capital required for 
the individual operating companies). Of this, 35% was due to geographic 
diversification and 17% to segmental diversification.

It should be pointed out, however, that from the perspective of local regulators, 
diversification benefits from a group perspective may not be relevant since 
they need to ensure the solvency of the individual legal entities that they are 
supervising. Unless the insurance groups are providing guarantees to provide 
capital to support potential losses in their operating subsidiaries, then the 
regulation will require an adequate level of capital for each legal entity. 

This has led the cro Forum to propose that there should be a “Solo Entity 
Solvency Test” and a “Group Solvency Test” and that the former should be 
able to take account of capital within the group provided that sufficient capital 
mobility can be demonstrated, the pledge of capital is backed by appropriate 
formal legal agreements, and the credit risk associated with such pledges is 
allowed for. It is worth noting that restrictions on the movement of capital can 
exist even within different classes of business in the same legal entity as is the 
case, for example, for uk with-profits business.

7.5. T IME HORIzOn TO COnSIDER

Generally speaking, insurers that have implemented internal capital models 
have tended to follow one of two methods in measuring risks and required 
capital. The first method has a one-year time horizon denoted as a covariance 
model in the prior section, and the second method involves a multi-year time 
horizon where the economic balance sheet of the company is projected for a 
long period such as 30 years or until the liabilities have run-off.

there are two methods in 
measuring risks and required 
capital: one-year time horizon 
and multi-year time horizon.
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Under the first method, the insurer could involve testing the solvency for a 
short-term shock such as a sudden movement in equity market or interest rates. 
The shock is calibrated to represent a certain probability such as a one in every 
200 year event. Hence, the amount of capital required to survive the shock is 
the amount needed to ensure continued solvency with this level of probability. 
It should be noted that a one-year change in certain risk factors can have an 
impact on cash flows beyond that one year. An example is the lapse rate. The 
lapse rate can change due to new information coming in over the year, such as 
market forecasts, which in turn affects the anticipated future lapse rates that 
underlie the liability value at the end of that year.

Although this method does not give information about the magnitude of the 
loss in the tail of the distribution and so could not be used to calculate var or 
cte, the short-term shock is an attractive approach to those companies wishing 
to avoid complex and time-consuming stochastic modelling, since if solvency 
can be adequately estimated by using deterministic methods then no stochastic 
modelling is required. Another variant of the one-year method could involve 
projecting stochastically for one year and determining the capital required to 
have a certain probability of remaining solvent at the end of the current year, 
for example, by looking at the worst 0.5% of the scenarios.

The second method, which is called a stochastic scenario-based model in the 
prior section, can either be structured such that there is adequate capital 
throughout a certain percentage of these scenarios, or only at the end of a 
certain percentage of these scenarios, which is specifically discussed in the 
following section “7.6. Whether to allow negative cumulative surplus in 
the middle of the time horizon.” A multi-year time horizon can give deeper 
understanding of the long-term risk exposures. However, a possible weakness 
of a multi-year or run-off model is that it may ignore management actions to 
some extent. Whereas most stochastic models will allow for some dynamic 
management actions such as investment policy (e.g., asset rebalancing in the 
event of market falls) and dividend policy, it may be hard to allow realistically for 
the full range of possible regulatory and management actions on questions such 
as capital raising and hedging of risks.
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The iaa pointed out that there were likely to be various delays between a 
solvency assessment being established and the regulator taking action due to the 
need to prepare the reports, regulatory review, and decisions on appropriate 
actions. However, this delay is unlikely to exceed one year, which could be 
taken as implying that a one-year horizon for projecting solvency is adequate. 
Generally, most local regulators and the current economic capital models of 
leading insurers appear to be in favour of adopting a one-year time horizon. 
According to the “Benchmarking Study of Internal Models” carried out in late 
2004 for the cro Forum, 10 out of 13 surveyed assess their risks on a one-year 
time horizon and the remaining three participants use multi-year (5-30 year) 
time horizon.

7.6. WHETHER TO AllOW nEgATIVE CUMUlATIVE SURPlUS  

In THE MIDDlE OF THE TIME HORIzOn

When economic capital is defined as present value of future losses for a 
particular adverse scenario, one must decide whether economic capital should be 
at a level so as not to allow negative cumulative surplus only at the end of time 
horizon, or at any time in the time horizon.

Definitely more capital is needed if negative cumulative surplus is not allowed 
in the middle of a time horizon. If it is allowed one may want to assume some 
borrowings to cover such a shortfall, but it may introduce an issue of what 
borrowing rate one should use. However, neither one is necessarily superior  
to the other, and actually both methods are widely used. For example, the 
current total balance sheet requirement for variable annuities in the US is 
cte(90) (not allowing negative cumulative surplus in the middle), but cte(95) 
taking into account all future cash flow to the end of projection period in 
Canada. Since both countries use a different cte level, it is not apparent which 
is more conservative for a given set of risks. 
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7.7. WHETHER TO ACCOUnT FOR FUTURE nEW BUSInESS

As a going-concern entity, it is important to confirm that writing new business 
does not jeopardize the company’s economic capital. In fact, one of the CRO 
Forum’s recommendations for the internal model states that “an internal 
model is more than just stressing the balance sheet—new business must not 
jeopardize the sufficiency of current assets.” If the new business is profitable, 
which should normally be the case, then including future new business may 
lower the current value of the insurance liabilities (and thus increase the 
available economic capital). However, including future new business is also 
likely to increase the required economic capital. Insurers may therefore want to 
be certain that there is sufficient capital in each year after taking account of the 
impact of new business.

According to the “Benchmarking Study of Internal Models” carried out by the 
CRO Forum, 11 out of 13 surveyed take at most one year of new business into 
account. The other two participants take two to four years of anticipated new 
business into account.
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Illustrative Examples

While the definition and the method to calculate economic capital varies 
largely from company to company, thereby incorporating all material risks 
that the company is exposed to, this section overviews three examples that are 
widely used by leading insurers.

 1   Measuring the instantaneous capital strain under a deterministic stress test.
 2   Measuring the loss from the tail of a p&l distribution using stochastic 

projections.
 3   Measuring the value at risk (var) from each source of risk independently, 

and then combining this for all risks and products allowing for 
diversification benefits.

Example 1: Deterministic Stress Test

This approach is based upon determining what the capital strain would be 
when an instantaneous shock to various risk factors is applied to the economic 
(or realistic) balance sheet. When the stress scenarios applied are immediate, 
the approach is seen to be a short-term one, although the impact of the stress 
on the long-term capital value is taken into account. By using an immediate 
stress, the approach simulates the impact on the economic balance sheet before 
management has time to react to it. Consequently it does not include any 
allowance for possible management actions, such as changes to underwriting 
practices, or the rebalancing of any hedged positions held.

This approach is a common way of determining capital requirements for 
companies in the uk (Individual Capital Assesments (ica) and risk capital 
margins (rcms) in Switzerland, under the new Swiss Solvency Test). The choice 
of stress test does however vary by country and by company. The cro Forum 
has recently advocated this approach across Europe.

We consider by way of example a portfolio of unit-linked business with 
financial guarantees. The stress test illustrated below assumes an instantaneous 
shock of -20% to equities, +5% nominal to volatility (based on volatility 
increasing from 20% to 25%), and -1% to short-term interest rates. These 
are the main sources of market risk, and the amounts selected are generally 

the deterministic stress test 
is based on determining what 
the capital strain would be 
when a shock to various risk 
factors is applied to the 
economic balance sheet.

8. 
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determined to be equivalent standardised shocks. For example, each shock 
could represent a three or four standard deviation move on a daily basis. The 
example below assumes perfect knowledge about other risk factors such as 
mortality and lapse behaviours, however these factors can be added in. 

The following table shows the starting position of the realistic economic 
balance sheet before any shocks are applied to it.

Here unit reserves are taken to be the usual policy reserves held for unit-linked 
business, typically calculated as the number of units allocated to a policy, 
multiplied by the price per unit. 

Starting unit reserves are 100 and are equally weighted between equities  
and bonds. The value of guarantees is 20. A starting capital position of five  
has been hypothesised.

After the application of the above stress test, the realistic economic balance 
sheet is impacted as follows:

Balances for equities have all fallen by 20%. Note that the impact of the fall 
in short-term interest rates (e.g., due to monetary policy decision of the central 
bank) has no impact on long-term interest rates and on the value of bond 

s ta r t i n g p o s i t i o n tota l l i a b s tota l a s s e t s e q u i t i e s b o n d s

u n i t r e s e r v e  100.0	 100.0	 50.0	 50.0

va lu e o f g ua r a n t e e  20.0	 20.0	 10.0	 10.0

c a p i ta l  5.0	 5 .0	 2 .5	 2 .5

tota l  125 .0 	 125 .0 	 62 . 5 	 62 . 5

e q ↓  20 % ; i  ↓  1.0 % ; vol  by 5 % tota l l i a b s  tota l a s s e t s e q u i t i e s b o n d s

u n i t r e s e r v e 90.0	 90.0	 40.0	 50.0

va lu e o f g ua r a n t e e 33 .9	 18 .0	 8 .0	 10.0

c a p i ta l (11.4 )	 4 .5	 2 .0	 2 .5

tota l  112 . 5 112 . 5 50 .0 62 . 5
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holdings. The example could however be refined to allow for this additional 
risk. Under the stress selected, the value of guarantees has risen significantly 
from 20 to 33.9. Consequently, the capital position of the company has fallen 
from a small surplus of five to a significant deficit of -11.4. Thus the economic 
capital required (to absorb the decrease in surplus) is 16.4 (-11.4 – 5). This 
amount would be sufficient to restore the balance sheet to an equivalent capital 
position. This is the capital required after the stress scenario has occurred, 
under post-stress scenario valuation conditions. One normally revalues the 
underlying assets to obtain the capital value at risk under pre-stress conditions. 

As an example to see how the economic capital calculations can be put to good  
use, consider what would happen if the company put in place a hedging 
strategy. If the company had implemented a dynamic hedging strategy such that 
appropriate derivative assets were held to cover the market (delta), volatility 
(vega), and interest rate (rho) risks, then the starting realistic balance sheet 
would be as follows.

An asset position has been established that replicates the risks and value of the 
guarantee. It includes:
 

 •  A short position in equities and bonds, combined with a long position  
in risk-free assets to hedge the market (delta) risk.

 • An equity option to hedge the volatility (vega) risk.
 • An interest rate swap to hedge interest rate (rho) risk.

s ta r t i n g p o s i t i o n tota l l i a b s tota l a s s e t s e q u i t i e s b o n d s r i s k-f r e e a s s e t o p t i o n i r s wa p

u n i t r e s e r v e  100.0	 100.0	 50.0	 50.0   
va lu e o f g ua r a n t e e  20.0	 20.0	 (23 .0 )	 (23 .0 )	 58 .0	 5 .0 3 .0

c a p i ta l  5.0	 5 .0	 2 .5	 2 .5	 	  
 tota l  125 .0 125 .0 29 . 5 29 . 5 58 .0 5 .0 3 .0



m i l l i m a n e c o n o m i c c a p i ta l m o d e l i n g : d e c e m b e r  20 0 638

After the application of the above stress test, the realistic economic balance 
sheet is affected as follows:

All positions in equities have fallen by 20%, while the values of the option 
and interest rate swap have increased. The impact of the stress test reduces the 
capital from 5 to 3.6. Thus the economic capital required is 1.4. This amount 
would be sufficient to restore the balance sheet to an equivalent capital position. 
By hedging the risks with derivative assets, the economic capital required to 
support this product has been significantly reduced from 16.4 to 1.4.

note : As mentioned earlier, while this example only illustrates a stress test  
on market risks only, in practice, additional stresses to demographic, credit, 
and other risks are also normally included in the calculations.

Example 2: P&l Projection

We now illustrate an alternative method for calculating and working with 
economic capital. To aid comparison, the following analysis is again based 
upon a unit-linked investment with return of capital accumulated at a 
guaranteed minimum rate of accumulation, payable on maturity (a Gmab in 
us parlance). The term to maturity is 25 years and the underlying fund is a 
diversified mix of approximately 40% equities, 60% bonds.

Following are three main sources of risk underlying the guarantee: 

 delta , which is first measure of the risk that the underlying assets fall. When 
underlying assets fall, the value of the guarantee increases significantly. Delta 
measures the rate of change of this value with respect to changes in the value  
of the underlying assets.

eq ↓ 20%; i ↓ 1.0%; vol by 5% total liabs total assets equities bonds risk-free asset option ir swap

u n i t r e s e r v e  90.0	 90.0	 40.0	 50.0	 		

va lu e o f g ua r a n t e e  33 .9	 33 .0	 (18 .4 )	 (23 .0 )	 58 .0	 11.9	 4 .5

c a p i ta l  3 .6	 4 .5	 2 .0	 2 .5	 		

tota l  127. 5 127. 5 23 .6 29 . 5 58 .0 11.9 4 . 5
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rho, which is the primary measure of interest rate risk. If future interest rates 
fall, the risk-neutral present value of the liabilities increases, due to the lower 
expected risk-neutral growth rate of the underlying assets and the lower interest 
rate used to convert future guarantee claims to present values. Rho measures 
the rate of change of the value of the liability to changes in interest rates. 

vega , which is the primary measure of volatility risk. The greater the volatility,  
the greater the cost of hedging and the greater the value of the guarantee 
liabilities. Vega measures the rate of change of the value of the liability to 
changes in volatility. 

In order to quantify these risks it is necessary to undertake a financial 
projection of the P&L across a wide range of realistic scenarios, and within 
each one, undertake a series of risk-neutral valuations of the liability guarantee. 
To the extent that the liability risks are hedged using a derivative asset 
portfolio, then the asset payoffs at each time step for each scenario need to be 
calculated and included in the hedged P&L.

The following graph shows 100 projections of the economic P&L on a 
quarterly basis over the lifetime of the product. It shows stochastically varying 
market (delta) and interest rate (rho) risks on an unhedged basis.

qUARTERly P& l VOlATIlITy UnHEDgED

3 , 500

2 , 500

1, 500

500

( 500 )

(1, 500 )

(2 , 500 )

(3 , 500 )

366 6   11   16   21   26   31   41   46   51   56   61   66   71   76   81   86   91  96

95th pe rce nti le

75th pe rce nti le

m e dian

5th pe rce nti le

25th pe rce nti le

t h o u s a n d s

q ua r t e r



m i l l i m a n e c o n o m i c c a p i ta l m o d e l i n g : d e c e m b e r  20 0 640

Economic capital supporting these risks can then be calculated using either a 
Value at Risk (var) approach or a Conditional Tail Expectation (cte) approach. 
Under a var approach economic capital is defined as the capital that would be 
required to cover the scenario producing the xth worst percentile of potential 
outcomes. Typical values of x% are 5% and 1%. Under a cte approach, 
economic capital is defined as the capital that would be required to support the 
average loss, for losses in the bottom y% of potential outcomes. Again, typical 
values of y% are 5% and 1%.

The economic value under these two measures (based upon the analysis in the 
graph on p. 39) is shown in the following table.

As can be seen, the economic capital measured using a cte approach is greater 
than that using a var approach for the same confidence level. They are equal  
at the 1% level simply because the analysis used 100 scenarios, so both 
measures return the loss made under the worst-case scenario.

The graph below shows the impact upon the net P&L from hedging both  
delta and rho risks. Note that vega risk has not been stochastically modelled 
 in this example.

m e a s u r e 5 % c o n f i d e n c e l e v e l 1% c o n f i d e n c e l e v e l

v a r  2.8	m i l l i o n	 14.5	m i l l i o n

c t e  7.4	m i l l i o n	 14.5	m i l l i o n
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As can be seen, the reduction in risk as measured by the volatility or dispersion 
of P&L results is significant. Likewise, there is a significant reduction in the 
economic capital required to support the business when the effect of hedging  
has been taken into account, as shown in the following table.

At the 5% level under a cte measure, the economic capital required to support 
these two risks is 0.09 million or 90,000.

The above example illustrates that most risk management strategies do not 
normally eliminate all risks completely. Rather, they reduce the amount of 
risk down to much lower levels than would have been the case had the risk 
management strategies not been in place. 

Example 3: Holistic VAR Aggregation – Towards Enterprise Risk 
Management (erm)

The prior methodology showed that it is possible to calculate the economic 
capital required using the distribution of present value of projected losses 
resulting from market risk. However it is also possible to repeat this analysis 
for each source of risk independently. These include:

market risk : the risk that market levels, interest rates, or volatility change, 
resulting in losses.
credit risk : the risk that an asset held experiences either a default or a 
significant fall in its credit quality (an increase in its credit spread over risk-free 
bonds).
liquidit y r isk : the risk that reduced liquidity constrains the ability to buy  
and sell assets, resulting in losses.
underwriting /demogr aphic r isk : the risk that actual demographic experience 
turns out worse than expected. This can further be broken down into:
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m e a s u r e 5 % c o n f i d e n c e le v e l 1% c o n f i d e n c e le v e l

 v a r  0.01	m i l l i o n	 0 .34	m i l l i o n

 c t e  0.09	m i l l i o n	 0 .34	m i l l i o n
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 mortalit y/longe vit y/morbidit y r isk : which can be further  
 decomposed into a diversifiable component, which reduces as the  
 number of insured lives increases due to the central limit theorem, and  
 a systematic component, which relates to the risk that the mortality basis  
 is incorrect.
  l apse risk : the risk that policyholders will lapse differently from  

that expected.
  policyholder behaviour risk : the risk that policyholders will elect  

various options (annuitisation rates, withdrawal rates, etc.) differently  
from that expected.

  e xpense risk : the risk that experienced expenses are higher than those 
assumed when pricing a product at the outset.

 oper ational r isk : the risk that there is a failure in the operational aspects  
of the business—people, processes, or systems.
group risk : the risk that a loss or failure of a related group entity results  
in a loss of the entity under consideration.

The economic capital required for each risk category is typically an aggregation 
of the economic capital required for a series of individual risk types. For 
example, insurance/demographic risks are further broken down into mortality, 
longevity, morbidity, lapse, and expense risks. The capital required for each 
individual risk is calculated using either a deterministic stress test or through 
stochastic P&L projections as outlined before. These risks are then aggregated 
through the use of a correlation matrix as outlined in the following example.

m i l l i o n s m o r ta l i t y lo n g e v i t y m o r b i d i t y l a p s e e x p e n s e

m o r ta l i t y 	 1.0	 0 .0	 0 .5	 0 .0	 0 .5

lo n g e v i t y 	 0 .0	 1.0	 0 .0	 0 .5	 0 .5

m o r b i d i t y 	 0 .5	 0 .0	 1.0	 0 .0	 0 .5

l a p s e 	 0 .0	 0 .5	 0 .0	 1.0	 0 .5

e x p e n s e 	 0 .5	 0 .5	 0 .5	 0 .5	 1.0

e c o n o m i c c a p i ta l 	 9 .0	 13 .0	 5 .0	 35 .0	 15 .0

e c o n o m i c c a p i ta l w i t h o u t d i v e r s i f i c at i o n 	 	 	 	 77.0

e c o n o m i c c a p i ta l w i t h d i v e r s i f i c at i o n 	 	 	 	 56 .0
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This correlation matrix allows for the fact that the various risk factors are not 
perfectly correlated; that is, the worst case outcomes do not all occur at the 
same time. This results in a reduction in the economic capital required from 77 
to 56 million. A similar analysis is then undertaken for each risk category.

The following table shows the distribution of expected P&L outcomes for a 
unit linked guaranteed product—the bottom and top 5% as well as the mean 
outcome. The aggregate result is the sum of all the separate risks.

In a world of zero risk, the expected value would always be achieved. Risk results 
from the uncertainty that the actual result will be less than expected. Thus one 
possible measure of the value at risk is the difference between the expected value 
and the lower 5th percentile (say) from the distribution of possible outcomes.

In the above example, we have shown the var from each source of risk. First,  
we work with perfect knowledge (i.e., deterministic parameters) for all risk 
factors except market risks. We see the var due to market risks is 203. 

Then we work with perfect knowledge for all risk factors except credit risks—  
and we find the var due to credit risks is 173. (This of course depends on 
the credit worthiness of the bonds held in the portfolio, their term, and the 
investment strategy involving them—for example, if the bonds are generally 
held to maturity or rebalanced frequently.) 

We proceed on this basis for the other risk sources to compute the var from 
each risk source in isolation. We then see that the aggregate sum of each risk 
factor var is 1,186. However this assumes that each risk factor is perfectly 
correlated to every other—i.e., the 5% worst scenario for each risk occurs at the 
same time. Clearly this is unrealistic. Consequently, diversification between the 
risk factors is accounted for by estimating the pair-wise correlations as shown 
in the following table.

m i l l i o n s m a r k e t c r e d i t l i q u i d i t y i n s u r a n c e o p e r at i o n a l g r o u p ag g r e g at e

95 %	 754.0	 842.0	 1,000.0	 936.0	 1,000.0	 1,000.0	 532.0

e x p e c T e d	 1,000.0	 1,000.0	 1,000.0	 1,000.0	 1,000.0	 1,000.0	 1,000.0

5 %	 1,203 .0	 1,173 .0	 1,183 .0	 1,056.0	 1,356.0	 1215.0	 2 ,186.0

5 %	VaR	 203 .0	 173 .0	 183 .0	 56 .0	 356.0	 215.0	 1,186.0

5 %	VaR	w i t h d i v e r s i f i c at i o n 	 	 	 	 	 	 816 .0

this correlation matrix  
allows for the fact that  
the various risk factors  
are not perfectly correlated; 
that is , the worst case  
outcomes do not all occur  
at the same time. 
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This enables us to calculate the 5% var allowing for diversification benefits.  
As can be seen, the best estimate of economic capital for this product is 816,  
a reduction of 31%. It should be noted that the estimate of these correlations  
is a matter of subjective judgment and debate, although simplified multi-variate 
models can be used to help derive them. Generally, this is one of the most 
difficult parts of the ERM process, particularly given the nature of some risks 
such as operational risk. 

Operational risk assessment remains an emerging area. A wide debate over how 
best to model this risk continues. 

The above analysis can then be repeated for each product as shown in the  
following table.

Summing across all products and risks gives us an estimate of 1,985 for 
the economic capital assuming perfect correlation between risks. When 
diversification benefits are taken into account, this reduces to 1,588.

This methodology for determining economic capital is becoming widely  
used within the UK to set individual capital requirements for the life  
insurance industry.

 c r e d i t l i q u d i t y m a r k e t o p e r at i o n a l i n s u r a n c e g r o u p

c r e d i t 	 1.0	 0 .3	 0 .4	 0 .2	 0 .25	 0 .1

l i q u d i t y 	 0 .3	 1.0	 0 .5	 0 .25	 0 .1	 1.0

m a r k e t 	 0 .4	 0 .5	 1.0	 0 .1	 0 .1	 0 .5

o p e r at i o n a l 	 0 .2	 0 .25	 0 .1	 1.0	 0 .1	 0 .5

i n s u r a n c e 	 0 .25	 0 .1	 0 .1	 0 .1	 1.0	 0 .4

g r o u p 	 0 .1	 1.0	 0 .5	 0 .5	 0 .4	 1.0

m i l l i o n s m a r k e t c r e d i t l i q u i d i t y i n s u r a n c e o p e r at i o n a l g r o u p ag g r e g at e

u l g ua r a n t e e 	 203 .0	 173 .0	 183 .0	 56 .0	 356.0	 215.0	 1,186.0

e q u i t y i n d e x e d g ua r a n t e e 	 96 .0	 0 .0	 67.0	 85 .0	 145.0	 35 .0	 428 .0

t e r m a s s u r a n c e 56.0	 13 .0	 89.0	 136.0	 42 .0	 5 .0	 341.0

u n i t l i n k e d 	 0 .0	 0 .0	 0 .0	 0 .0	 30.0	 0 .0	 30.0

tota l 	 355 .0 186 .0 339 .0 277.0 573 .0 53 .0 1,985 .0

5 % var w i t h d i v e r s i f i c at i o n 	 	 	 	 	 	 	 1, 588 .0
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m i l l i o n s m a r k e t c r e d i t l i q u i d i t y i n s u r a n c e o p e r at i o n a l g r o u p ag g r e g at e

u l g ua r a n t e e 	 203 .0	 173 .0	 183 .0	 56 .0	 356.0	 215.0	 1,186.0

e q u i t y i n d e x e d g ua r a n t e e 	 96 .0	 0 .0	 67.0	 85 .0	 145.0	 35 .0	 428 .0

t e r m a s s u r a n c e 56.0	 13 .0	 89.0	 136.0	 42 .0	 5 .0	 341.0

u n i t l i n k e d 	 0 .0	 0 .0	 0 .0	 0 .0	 30.0	 0 .0	 30.0

tota l 	 355 .0 186 .0 339 .0 277.0 573 .0 53 .0 1,985 .0

5 % var w i t h d i v e r s i f i c at i o n 	 	 	 	 	 	 	 1, 588 .0

Appendix: Examples of the IAA  
classification of insurer risk

(1) Underwriting Risk
  underwriting proce ss risk : risk from exposure to financial losses related  

to the selection of risks to be insured.
  pric ing 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 de sign risk : risk that the company faces risk exposure under  
its insurance contracts that were unanticipated in the design and pricing  
of the insurance contract.

  cl aims risk : 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.

  re serve risk : risk that the provisions held in the insurer’s financial 
statements for its policyholder obligations will prove to be inadequate.

(2) Credit Risk
  direct default r isk : risk that a firm will not receive the cash flows or 

assets to which it is entitled because a party with which the firm has a 
bilateral contract defaults on one or more obligations.

  downgr ade or migr ation risk : risk that changes in the possibility  
of a future default by an obligor will adversely affect the present value  
of the contract with the obligator today.

 indirect credit or spre ad risk : risk due to market perception  
 of increased risk.
 set tlement risk : risk arising from the lag between the value  
 and settlement dates of securities transactions.
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 sovereign risk : risk of exposure to losses due to the decreasing value  
 of foreign assets or increasing value of obligations denominated  
 in foreign currencies.
 concentr ation risk : risk of increased exposure to losses due to  
 concentration of investment in a geographical area or other  
 economic sector.
  counterpart y risk : risk of changes in values of reinsurance, contingent  
 assets, and liabilities.

(3) Market Risk
  intere st r ate risk : risk of exposure to losses resulting from fluctuations  

in interest rates.
 equit y and propert y risk : risk of exposure to losses resulting from   
 fluctuation of market values of equities and other assets.
 currency risk : risk that the relative changes in currency values decrease  
 value of foreign assets or increase the value of obligations denominated  
 in foreign currencies.
 basis r isk : risk that yields on instrument 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.
 re inve stment risk : risk that the returns on funds to be reinvested will fall  
 below anticipated levels.
 concentr ation risk : risk of increased exposure to losses due to  
 concentration of investment in a geographical area or other  
 economic sector.
 asset/liabilit y mismatch risk : risk in changes to capital levels to the  
 extent that the timing of amount of the cash flows from the assets  
 supporting the liabilities and the liability cash flows are different.
 off-bal ance sheet risk : risk of changes in values of contingent assets  
 and liabilities such as swaps that are not otherwise reflected in the  
 balance sheet.
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