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Preface

When Palgrave Macmillan first approached us about the possibility of
writing a book, neither of us had any plans to write a book on any topic
whatsoever, never mind one on economic capital and financial risk man-
agement! We do share a common belief, however, in the very significant
value that can be added to the successful management of a financial
services business by the development and use of robust financial risk
management tools.

In particular, we believe that these tools can be used to assist
managers in assessing and understanding the risks that their businesses
are running. Without this understanding, the board and the senior
managers of the business cannot, we would argue, effectively lead the
business.

In practice, and as many financial services practitioners will have
experienced, certain firms and financial services sectors may not always
manage their risks and run their businesses with the aid of such a
disciplined “scientific” approach. Little, or no, investment is made into
either the development of financial statistical models, nor into attracting
and developing the intellectual capital needed to support the disciplined
“scientific” approach.

On the contrary, the business may be run using instinct and “gut feel,”
based on the many years of experience racked up by the firm’s most
senior managers. For example, arrogance, in combination with a deter-
ministic approach, may allow executives to believe that they can
value even the most complex of financial guarantees after only a few
minutes thought. The rigorous model based approach is believed to be
unconnected to the commercial realities of running a financial services
business.

Unfortunately for the owners and the customers of those financial
services firms that are run on instinct, the end result tends always to be
the same. When the unexpected, or unusual, event occurs, the firm
collapses into the sand onto which it has been built. Only those firms
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(xvi) PREFACE

that have been built on foundations that have been designed and tested
to withstand severe, and often unforeseen, shocks will survive and
prosper.

The genesis of this book can be found in two articles that appeared in
Risk Magazine, Porteous (2002) and Porteous, McCulloch and Tapadar
(2003), together with the authors’ collective experiences of financial
services businesses, particularly in life insurance and retail banking over
many years. Key questions that those articles consider are

®  How much capital is required to back a specific collection of financial
risks?

®  How should that capital vary by the type of balance sheet on which
it is written and on the structure of the corporate group within which
it is written?

®  How does that capital compare to regulatory capital requirements?

In this book we take these questions, and the initial ideas discussed in
those articles, and give them both fuller and broader treatments. We also
consider other natural follow on questions such as:

®  How should the performance of a financial services firm be measured
after allowing for the risks that it is running?

®  How should financial services conglomerates allocate capital to the
business units, or corporate entities, within their groups bearing in
mind their relative financial performances and risks?

Obviously, there is already a large body of work and thought available
that considers many of these questions and problems. What we hope this
book adds is

®  An approach and viewpoint that is relevant and applicable across the
range of financial services firms, rather than just one specific type
of firm.

B A recognition that the same financial risks can be written by very
different types of firm.

®  The development of ideas and solutions that are pertinent to the risk
based capital environment that will prevail for financial services
firms in future.
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®  The development of approaches that are both rigorous and which can
be implemented in practice.

We believe that the ideas and tools discussed and developed in this book
will assist managers, if they so choose, to build the very strong foundations
on which we believe they should build their businesses.

Bruce T. Porteous
Pradip Tapadar
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g CHAPTER 1 B

Introduction

1.1 OUR APPROACH TO RISK

Our strong conviction is that mathematical statistics is at the very heart
of understanding and measuring risk. In other words, to really get a
handle on how a risk might behave in future, and the consequences of
this, a stochastic approach that acknowledges the range of possible
future values that the risk may take is a prerequisite. In particular, this is
the case for the risk’s extreme values, and the probabilities of occurrence
of these values. The book by Bernstein (1998) gives an excellent intro-
duction to risk.

Deterministic centralist approaches, which focus on one central value,
or a very limited range of values, of a risk, cannot tell us much about
how a financial system, which is dependent on the risk, will behave in
future. In particular, deterministic approaches cannot tell us much about
how stable the system is to the more “extreme” values of the risk, rela-
tive to the risk’s probability distribution. This is of crucial importance
when considering the capital requirements of a financial services firm
because these should be determined as the amount of capital that the
firm needs to survive, with a specified probability, the “extremes” of the
risks it is writing.

A good non financial example of the pitfalls of a deterministic
approach, in the face of an uncertain or stochastic risk, is the Tay rail
bridge disaster of 1879.

The first Tay rail bridge, only 19 months old at the time, collapsed on
the evening of 28 December 1879 during a storm where wind pressures
reached levels that had not been anticipated in the design of the bridge.
A train was crossing the bridge at the time and all 75 people on the train
lost their lives. The remains of the first bridge can still be seen alongside
the current rail bridge as a reminder of the consequences of ignoring the
extreme values of an uncertain risk, in this case wind pressure. Although
the consequences for a financial services firm of not being able to

o



(2) ECONOMIC CAPITAL AND FINANCIAL RISK MANAGEMENT

withstand an extreme value of a risk are hopefully less grim than for the
first Tay rail bridge, future collapse is nevertheless also inevitable. It is
only a matter of time.

Wherever possible, therefore, we prefer to model risk using mathe-
matical statistical models that acknowledge the range of values, and their
respective probabilities, that a risk may take. We include deterministic
stress testing techniques within our definition of mathematical statistical
modeling. This is provided that extreme stresses, well away from the
central risk values, are considered.

1.2 OUR APPROACH TO CAPITAL

The approach that we take to capital and finance is what might be called
a “realistic actuarial” approach. It is realistic in the sense that we always
try to model financial risks as realistically as possible. For example, we
try to avoid approaches where artificial assets, liabilities and cashflows
are generated purely as a result of their accounting treatment. Our real-
istic approach might also be called a market, or economic, value
approach.

When modeling the capital required to back a risk, we will make
inferences about the risk throughout its entire lifetime, rather than over a
one year, or limited year, outlook. This is the approach that actuaries typ-
ically tend to follow in their financial modeling of insurance firms and
pension funds.

Investment bankers and financial analysts, on the other hand, may
often base their analyses on a one to five year look. For example, when
we estimate the amount of capital that is needed to cover a risk, and the
rate of return earned on that capital, we will perform our calculation over
the expected lifetime of the risk. Our “actuarial” approach might there-
fore be called long term, rather than short term.

Whilst recognizing the value of qualitative approaches with risks that
may be difficult to measure and control, for example certain types of
operational risk, our approach is quantitative. In order to assess capital
requirements and financial performance, we use mathematical models,
both simple and complex, that are capable of replicating, to a good first
order of approximation, the main features of the financial risk systems
we are attempting to understand.

1.3 OUR APPROACH TO INFRASTRUCTURE

By “infrastructure,” we will mean the business infrastructure that is
required for risk and capital to meet. Therefore, for example, the
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infrastructure will comprise firms, customers, investors, supervisors,
regulations and so on.

A traditional infrastructure approach is that only certain firms should
collect only certain types of risk. Life insurance firms and pension funds
collect mortality risk, whereas banks do not. As firms have broadened
their businesses, however, with products also crossing over into non tra-
ditional business segments, and as regulation itself has also become
more harmonized, traditional infrastructure approaches have become
less relevant. For example, certain products are offered by both banks
and life insurance firms and certain regulators are desirous of developing
common regulations that cover both insurance and banking.

The approach that we take to infrastructure is that it should depend
only on the types of risk and capital that it is connecting. The risk and
capital management of credit risk, for example, should be independent
of the type of firm that has collected the risk.

Unfortunately, perhaps as a consequence of the traditional view, the
approach that we advocate in this book has not prevailed. For example,
the regulation of different types of financial services firms, or industry
segments, has not only evolved in ad hoc and arbitrary deterministic
ways, but also supervisors appear to have developed their regulations in
isolation from each other. Therefore, for example, the way that life insur-
ance firm credit risk has been supervised has been very different from
the supervision of banking firm credit risk. Although this outcome may
perhaps be understandable, it is clearly not desirable and may have
encouraged regulatory arbitrage activities.

1.4 STRUCTURE OF THE BOOK

Figure 1.1 gives a diagrammatic representation of the model that we
have followed in developing and structuring the book. Figure 1.1 shows
the three risk, capital and infrastructure components as intersecting sets.

Risk/capital intersection

In this intersection, we identify how much capital is required to cover
risk. To do this, we must distinguish different types of risk (Chapter 2),
measure risk (Chapters 4 and 7) and finally connect risk to capital
(Chapter 5).

Risk/infrastructure intersection

In this intersection we consider the infrastructure in place to collect risk
and manage it. To do this, we must consider governance (Chapter 3),
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Capital
to cover
risk

Figure 1.1 Risk, capital and infrastructure model

regulation (Chapter 14) and the types of firms that collect and manage
risk (Chapters 8, 9, 10, 11 and 12).

Capital/infrastructure intersection

In this intersection, we consider the types of capital the infrastructure
can raise and the financial performance of this capital. To do this, we will
consider different types of capital (Chapter 6) and the financial returns
that can be earned on this capital for its owners (Chapters 8, 9, 10, 11
and 12).

Risk/capital/infrastructure intersection

Finally, in the full three way intersection, which brings together all
three components, we consider how risk can be managed and capital
allocated across the infrastructure in effective and efficient ways.
To do this, we consider financial services firm conglomerates
(Chapter 12) and the allocation of capital and risk across the infra-
structure in an attempt to optimize risk consistent financial performance
(Chapter 13).



¢ CHAPTER 2 |

Risk Types, Collection
and Mitigation

2.1 INTRODUCTION

It can be argued that the main rationale for the existence of financial
services firms is to collect and manage risk, in its widest possible sense.
In doing this, they usually aim to both make a profit for their sharehold-
ers and to provide value adding services for their customers, specifically
managing financial risks on behalf of their customers.

Therefore, for example, a retail mortgage bank may provide a range of
fixed rate mortgages for their customers at a time in the economic cycle
when it is perceived that interest rates are likely to increase over the short
to medium term. Customers are therefore able to lock their mortgages
into current interest rates before interest rates rise.

Similarly, a defined benefit pension fund will aim to provide guaran-
teed pension benefits, as a proportion of final salary, to those members
that stay the full course and retire at their normal retirement age. Pension
scheme members are therefore able, at least in principle, to plan their
post-retirement finances with a reasonable level of certainty.

In both of these examples, there is a transfer of risk from individual
customers to financial services firms who collect and manage these risks
for a fee. The fee may, however, very often be implicit, rather than
explicit, and the customer may often be unaware of the price that they
are paying for the service provided.

Financial services firms usually price their services by requiring that
they earn a threshold target rate of return on the capital required to back
the risk. This calculation is far from simple and involves a very large
range of assumptions on the specific risk itself, associated second-order
risks, customer behaviors, expenses, taxation and so on. The capital used

s
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in this calculation is often regulatory capital, reflecting the commercial
reality of the amount of capital that the regulators say is required to back
the risk.

Economic capital, as defined in Chapter 5 of this book, and which will
very often diverge from regulatory capital, is used by firms for the cru-
cial purpose of managing and allocating capital across their businesses.
Increasingly, however, firms are also pricing using economic capital as
their base measure of capital.

2.2 TYPES OF RISKS COLLECTED

Examples of the types of risks that financial services firms collect
through their product offerings and distribution channels, together with
typical types of collectors, are listed in Table 2.1.

So, for example, when life insurance firms offered guaranteed annuity
options (GAO) in association with their personal pension contracts in the
1970s, they were collecting both interest rate risk (the risk that interest
rates may fall below the implicit level priced into their GAO rates) and
mortality longevity risk (the risk that mortality rates would improve
faster than the improvement factors implicitly priced into their GAO
rates). As is well known, the alleged mismanagement of these risks
played a very large role in the ultimate fall from grace of Equitable Life,
the world’s oldest and, until this downfall, a highly respected and suc-
cessful UK life insurance firm. The so called Penrose Report, which
investigated the problems that caused Equitable Life’s fall, is available
on the HM Treasury website at www.hm-treasury.gov.uk.

Similarly, investment banks packaged the debt of apparently successful
firms such as Enron for sale to investors in the form of highly rated
collateralized debt obligations (CDO). The investors therefore collected
a complex mix of credit and operational risks associated with those
firms. Assessing these risks is obviously very complex which is why the
investors delegated responsibility for this to ratings agencies. Many of
these structures imploded in the early 2000s causing substantial loss and
embarrassment to many of the parties affected.

From Table 2.1, it can be seen that financial services firms will collect
very few risks in isolation. It will be far more typical for firms to collect
a large number of the risks in aggregate through their product offerings
and distribution channels. Therefore, understanding the way in which
these risks interact with each other is of crucial importance in managing
the risks.
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Table 2.1* Types of risks and collectors

Type of risk

Collector

Mortality/morbidity

Claims experience risk.

Business retention
(persistency)

Expense

Market risk (e.g. equity
investment)

House, or property, price
inflation (HPI)

Credit

Interest rate

Currency

Retail price or earnings
inflation (RPI)

Liquidity
Operational

Life insurance, health insurance,
pension funds, lifetime mortgage/
reversion companies.

General insurance, health insurance
companies.

All

All

Life insurance, asset management,
pension funds, investment banks

Life insurance, retail banks, lifetime
mortgage/reversion companies

Life insurance, asset management,
pension funds, retail/wholesale/
investment banks

Life insurance, retail/wholesale/
investment banks

Life insurance, pension funds,
wholesale/investment banks

Life insurance, pension funds

All
All

* This table has been reproduced from Porteous (2002).

So, for example, when short term interest rates are on the rise, we may
expect the persistency behavior of long term fixed rate mortgage cus-
tomers to improve i.e. fixed rate mortgage customers will have a finan-
cial incentive to keep their fixed rate mortgages going for longer in a
rising interest rate market. In statistical terminology, a multivariate,
rather than a univariate analysis, is required to both understand and man-
age the risks under consideration.

Another observation that we can make from Table 2.1 is that many of
the risks associated with financial services firms’ products can be written
on a range of balance sheets. For example, guaranteed equity bond prod-
ucts, which tend to increase in popularity following stock market falls, are
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written by life insurance firms, banks and building societies. Their regula-
tory treatment can be quite different across these balance sheets, though
the same risks are being written and the management of these risks ought
to be independent of the balance sheet on which the risk is written.

A further example is the use of insurance, as provided for by non life
insurers, and financial guarantees, as provided for by investment banks,
to hedge identical risks. The same risk is being hedged but the regulatory
treatment will usually be different. Porteous (2002) provides more
examples of risks that can be written on different balance sheets with dif-
ferent amounts of regulatory capital consequently being required to back
these risks.

These regulatory anomalies will tend to give financial services con-
glomerates possessing large numbers of balance sheets in their group, a
competitive advantage over firms that have a narrower business focus. In
other words, we might expect firms to write risks on those balance sheets
where it is most “efficient” to do so. A similar point can be made in
respect of jurisdictional regulatory anomalies. However, in this book we
are mainly concerned with anomalies across business lines. We will
return to this topic in Section 13.8.

We now give brief descriptions of the risks shown in Table 2.1, where
these risks are clustered together into similar risk types.

2.2.1 Mortality/morbidity/claims experience

These risks would normally be collected by insurance firms. For
example, with a life insurance term insurance product that pays out a
guaranteed sum assured on the death of the customer, the mortality
risk to the life insurance firm would be that its mortality experience is
heavier than has been priced for, resulting in more claims than
expected.

2.2.2 Persistency

When financial services firms price their retail products, mortgages or
credit cards, for example, they will make certain assumptions about the
persistency experience of their customers. If customers are less persistent
than has been priced for, then firms may lose money on these customers.
This is because customers need to stay with the firm for a minimum
period of time in order that the firm can recoup the costs of acquiring the
business, in addition to earning its required profit margin. This risk may
be difficult to manage with products that can be exited by the customer
with little or no penalty.
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2.2.3 Expense

When firms price their products, they will make certain assumptions
about the acquisition, administration and closure unit expenses that they
incur in acquiring and maintaining the business. Typically these assump-
tions will be based on unit expenses, per unit of product, and based on
either the firm’s expected, or target, expenses. If the firm’s actual unit
costs are in excess of those priced for and cannot be managed down to the
priced level, then the firm will make expense losses as a consequence.

2.2.4 Marketrisk, house price inflation (HPI),
interest rate, currency

One very simple example of interest rate risk is where retail banks use
floating rate funding to back their fixed interest assets, such as fixed interest
mortgages. The bank is then exposed to the risk that the cost of its floating
rate funding increases, thereby reducing its interest rate margin, which is
the difference between what it earns on its assets less the cost of its liabil-
ities. The reduction in this margin then results in losses for the bank.

Similarly, a with profits life insurance firm that provides investment
guarantees to its customers, whilst investing their premiums in volatile
assets, such as equities, is collecting large amounts of market risk. If the
returns earned by these volatile assets fall below the guaranteed return,
then the firm will incur losses.

2.2.5 Credit

An example of credit risk is when a firm enters into a derivative contract
with an investment bank to hedge a risk on its balance sheet. The firm is
exposing itself to the credit risk that the investment bank, when called
upon to do so, will not be able to honor the contract.

2.2.6 Retail price inflation (RPI)

A life insurance firm may offer an RPI linked annuity, which is an annu-
ity, paid for life and for which the payments increase in line with an RPI
index. If RPI rises faster than the life insurance firm has priced into its
product, the firm will pay out more income than has been priced for, so
resulting in potential losses to the firm.

We now briefly describe our approach to the last two types of
risk, namely liquidity risk and operational risk, as set out in Table 2.1.
We treat these risks slightly differently to the other types of risk, as
described in Section 2.2.7.
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2.2.7 Liquidityrisk

The UK regulator, the Financial Services Authority (FSA), defines liquidity
risk as: “the risk that a firm, although solvent, either does not have available
sufficient financial resources to enable it to meet its obligations as they fall
due, or can secure such resources only at excessive cost.” In other words,
risks associated with those times when firms suffer from negative cashflows.

The view that we take in this book is that capital is not an appropriate
risk mitigant for this risk. Management actions, such as improving the
matching the firm’s asset and liability cashflows, are more appropriate
mitigants.

As it may not be practical for many firms to closely cashflow match
their assets and liabilities, for example banks that raise their funding
“short” and lend “long”, alternative management actions will usually need
to be taken, or will be required by regulators. For example, the calculating
and setting up of additional liquidity reserves, or sterling reserves in unit
linked life insurance firm terminology, is fairly common practice. These
additional reserves are typically backed by liquid assets that can be
released to fund the expected negative cashflows, as they arise.

These reserves, which we will hereafter call liquidity reserves, are
calculated using firms’ best estimates of their expected future cashflows,
and so cover expected liquidity risks. Other, unexpected, liquidity
related risks that may arise, for example, the credit risks associated with
liquidity assets held by the firm should, on the other hand, be mitigated
by capital. These risks are essentially unexpected credit risks for which
capital is an appropriate risk mitigant.

The approach that we take in this book, therefore, is that liquidity risk
should not be mitigated by capital, but by actions taken by the firm’s
management, including the setting up of liquidity reserves. The tech-
niques and examples that we develop in the later chapters of the book
will, therefore, not include any allowances for liquidity risk. But note
however that, if firms consider that capital is an appropriate risk mitigant
to liquidity risk, the techniques developed in this book still apply.

2.2.8 Operational risk

A definition of operational risk, taken from the Bank for International
Settlements Basel 2 Capital Accord, which we hereafter refer to as Basel 2,
is as follows:

the risk of loss resulting from inadequate or failed internal processes,
people and systems or from external events. This definition includes
legal risk, but excludes strategic and reputational risk.
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In fact, this definition, the Basel 2 definition, has more or less become
the financial services industry standard.

2.2.8.1 Inadequate or failed internal processes,
people and systems

The view that we take in this book is that capital is not an appropriate
risk mitigant to protect firms from losses arising from inadequate or
failed internal processes, people or systems. Management actions such
as improving internal processes, managing staff more effectively
and developing better systems and controls are more appropriate risk
mitigants for these types of operational risk losses.

Mistakes, nevertheless, will always be made no matter how well a
firm is managed. That is normal and natural. In our view, however, insur-
ance is the appropriate risk mitigant that protects the firm from those
unexpected losses arising from internal process, people or systems fail-
ures that may jeopardize the solvency of the firm.

The techniques and examples that we develop in the later chapters of
the book will, therefore, not include any explicit allowances for the
amount of operational risk economic capital that is required to cover
process, people or system operational risk losses. Note however that, if
firms consider that capital is an appropriate risk mitigant for these types
of losses, the techniques developed in this book still apply.

Corresponding expected operational risk losses from inadequate or
failed internal processes, people and systems are simply the costs of
doing business and will be covered, at least implicitly, through firms’
business as usual expense analyses. This is also the case for expected
external event operational risk losses.

In other words, a part of a firm’s actual unit expenses will be due to
these so called expected operational risk losses. As these unit expenses
are used by firms to price their products and, at least for life insurance
firms, set reserves, these expected business as usual operational risk
losses are handled implicitly by firms through their business as usual
management processes.

2.2.8.2 External events

That leaves us with operational risk losses resulting from external
events. To the extent that such losses are not within the control of the
firm, and are difficult or expensive to insure against, capital is an appro-
priate risk mitigant. These events will tend to occur independently, in the
statistical sense, from the other risk events that firms are exposed to. For
example, we would not normally expect the event that a firm’s head
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office is blown up by terrorists, or that its staff are targeted by organized
criminals, to be dependent or correlated, in any way, with the market
risks that the firm is running.

It therefore seems reasonable that operational risk external events
should be modeled and treated independently of the other risks collected
by firms. Once operational risk external event economic capital has been
separately identified, it can then be combined with the economic capital
amount that is required to cover the other risks collected by the firm.

The two main approaches that firms are using to determine operational
risk external event economic capital are now described briefly.

Qualitative scorecard approaches

Firms require business teams and units to carry out regular operational
risk self assessment exercises. A key output of these exercises is that all
material operational risks being run by the teams and units will have
been identified and scored. Scoring will usually be according to
Likelihood and Impact factors, for each risk, with scoring typically
being carried out both gross, and net, of the controls that are in place to
help mitigate the risk.

Firms will, therefore, have scores for all material external event
expected operational risk losses. These can then be used as the founda-
tion for a scenario based approach to estimating unexpected, or worst
case losses, that may result from these events. In practice, this is
achieved by asking the business teams and units to develop worst case
scores and losses that could result for each of the risks that they own.
These unexpected losses are then aggregated to provide an estimate of
the amount of capital that is required by the firm to cover its operational
risk external event losses. In performing the aggregation, judgmental
estimates of the correlations between the risk events may be needed to
reflect the diversification benefits present amongst the risk events.

Quantitative insurance approaches

The quantitative approach, which borrows heavily from techniques
developed in the non life insurance sector, is as follows:

m A statistical distribution for the occurrence of an operational risk exter-
nal event is developed which, at least in theory, will involve fitting a sta-
tistical distribution to the firm’s external event occurrence data.

®  Similarly, a statistical distribution for the gross loss that the firm incurs,
conditional on the external event having occurred, is developed. Again,
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where possible, this should involve using the firm’s own loss data to fit
a distribution to the data.

Once these two statistical distributions have been developed, the firm
can then estimate any feature of the associated operational risk event
losses that it requires. In particular, it can estimate the amount of capital
that is required to cover extreme, or low probability, external event
losses, both gross and net of controls.

Our general insurance example, which is discussed in Section 9.4, is
developed using an insurance approach similar to that described above.

Qualitative versus quantitative approaches

As far as we are aware, the vast majority of firms are using qualitative
type approaches, with some of the very major firms, who have larger
amounts of data and resource, adopting quantitative type approaches.
Although quantitative approaches are arguably superior, most firms are
hampered by a lack of data, poor data quality and consistency issues. To
get around these problems, some firms use data from external databases
to augment their own loss data.

2.3 RISK COLLECTION

2.3.1 Who?

As is shown in Table 2.1, firms tend to collect the types of risk that are
appropriate for the financial services license they hold. For example,
mortality risks tend to be collected by life insurance firms. This is
because the benefits paid out by those firms usually depend on either the
survival, or death, of their clients. A bank would not normally be a col-
lector of mortality risk, as it will not usually be licensed to carry out life
insurance business.

Similarly, as life insurance firms tend not be licensed to write mort-
gage business, life insurance firms are usually not direct collectors of the
retail credit risks associated with mortgages.

However, there can be grey areas. For example, it can be argued that
the lifetime mortgages' discussed in Section 8.3.1 contain embedded life
insurance risks. Many banks and building societies offer this product,
and take all of its associated risks onto their balance sheets, without
feeling the need to hold a life insurance license!

!'See Section 8.3.1 for a description of a lifetime mortgage product.
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However, at least traditionally, specific types of risk have tended to be
collected by only certain types of firm.

2.3.2 Where?

Once the risks described above have been collected, financial services
firms have essentially three choices of what to do with the risks as
follows:

1. Keep the risk on one of their own balance sheets, without fully
hedging the risk (e.g. life insurance with profits funds investing in
equities, retail banks selling mortgages).

2. Keep the risk on one of their own balance sheets, but hedge the risk
internally (e.g. life insurance unit linked funds investing in equities
and passing the market risk onto their unit linked policyholders,
general insurer/wholesale bank groups offering catastrophe bonds
and passing the general insurance claims experience risk onto bond
investors).

3. Remove the risk from their balance sheets, at least in part, by hedging
the risk externally (e.g. reinsurance of life insurance annuity
longevity risk, full cash asset securitizations of retail bank residential
mortgages).

As financial services firms continue to evolve into financial services
conglomerates, Option 2 will become increasingly important, as firms
will have more choice over where in the group to write a risk. Moreover,
risks collected by one component of a conglomerate may “sit better”, or
be better matched, on the balance sheet of a different component balance
sheet within the group. For example, it may be more appropriate for the
mortality/morbidity risks collected by a lifetime mortgage firm to be
held by a life insurance firm. Moreover, a risk collected by one compo-
nent firm within the group may form a “natural hedge” for a risk on
another component firm’s balance sheet. One example of a natural hedge
is given below.

Reversion? firms, banks and building societies are very large collectors
of house price inflation (HPI) risk through their equity release reversion
mortgage products. These firms may, however, be reluctant to keep this
risk on their own balance sheets, but may find it difficult to hedge the
risk externally in sufficient volume at the right price. Possible natural

2 See Section 11.3.1 for a description of a reversion mortgage product.
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hedges might be

® A life insurance firm that is a part of the same group may be able to
use the HPI risk to back HPI linked product offerings.

® As HPI is normally highly correlated with average earnings, the
HPI risk may be of use to pension funds, with the residual risk
hedged.

It may therefore be possible for firms to hedge the HPI risks present in
their reversion assets with those present in liabilities held elsewhere in
the group. The capital required to back the risk will, as a result, be
reduced. Firms obviously still have the option of hedging risks via
arrangements with third parties, but if a natural hedge exists

®  Firms will be able to avoid the cost of the third-party hedge.

®  Less capital will be needed across the entire financial services
system, so increasing the capital efficiency of the financial services
markets.

We now move on to discuss the factors that financial services firms
consider when they are deciding whether or not to keep a particular risk
on their balance sheets.

2.3.2.1 The firm’s risk appetite for that risk

If a firm will breach its own internal risk limits by taking the risk, then it
has no choice but to write the risk off balance sheet, or lose the business.
An example is when AIDS was discovered in the 1980s and was not very
well understood, many life insurance firms had little or no risk appetite
for term insurance business and would only write it if they could pass on
very high proportions of the associated mortality risk to reinsurers.

2.3.2.2 Availability of capital

A firm may not have enough capital to write a risk on its own balance
sheet and may have to pass at least a part of the risk on to another firm
that has excess capital available. A firm may also, in this way, be able
to increase its rate of return on capital by writing more business with
the same amount of capital via a judicious use of on and off balance
sheet business. See Section 13.4 where this topic is discussed in full
detail.
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2.3.2.3 The economics of on balance sheet versus off

It may be economically advantageous for a firm to write a risk off
balance sheet. For example, under the Basel 1 banking rules, full cash
securitizations of retail mortgages generally require less capital than is
required to write these mortgages on balance sheet. As we shall see in
Chapter 8, Basel 1 regulatory capital requirements are well in excess of
the amount of capital that is needed to back mortgage asset risks.

Banks may therefore be able to increase their financial performance
by writing retail mortgages off balance sheet, all else being equal.
Similarly, reinsurance companies are generally more knowledgeable
about risks such as morbidity risk in developing countries than life insurers
and can consequently price health insurance products more competi-
tively. It therefore makes sense for life insurers to reinsure such morbid-
ity risks to the reinsurers. Again, see Section 13.4 for a full discussion of
this and related topics.

2.3.2.4 Availability of financing

A firm may not have enough financing, or funding, available to write a
risk on its own balance sheet and may pass the risk to another entity that
is able to access alternative, possibly cheaper, sources of funding.

2.4 RISK MITIGANTS

We now give some examples of the types of risk mitigants that are avail-
able to firms to control and manage the risks they collect.

Table 2.2 gives examples of the main types of instruments, or man-
agement actions, that firms can enter into, or carry out, to transfer risk
off their balance sheets, or to help control the risks they retain on their
balance sheets. On the assumption that such instruments, or manage-
ment actions, do genuinely mitigate risk, it is then appropriate for this to
be reflected in reduced capital requirements for the firm.

Most of the risk mitigants mentioned in Table 2.2 are used quite com-
monly and are well understood. However, to illustrate how these risk
mitigation techniques are used in practice, we give brief discussions of
some of the newer techniques.

2.4.1 Property derivatives

The property derivatives market is currently very small and immature,
but is expected to grow and develop very rapidly over the next 5 to 10 years.
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Table 2.2 Types of risks and mitigants

Type of risk

Mitigant

Mortality/morbidity

Claims experience risk

Business retention
(persistency)

Expense

Market risk (e.g. equity
investment)

House, or property, price
inflation (HPI)

Credit

Interest rate
Currency

Retail price or earnings
inflation (RPI)

Liquidity

Operational

Effective underwriting and claims management,
longevity bonds, reinsurance

Effective underwriting and claims management
processes, catastrophe bonds, reinsurance,
product design, effective claims data
management information systems (MIS)

Product design, customer retention activities

Effective expense controls and management,
effective expense MIS

Equity derivatives, dynamic hedging

Property derivatives, securitization, insurance,
reinsurance

Effective underwriting, credit default swaps,
collateralization, securitization

Interest rate swaps
Foreign exchange derivatives

Index linked government securities, inflation
swaps, earnings swaps

Liquidity reserves, contingency funding plans,
financial reinsurance, product design

Effective internal systems and controls,
insurance, effective loss data MIS

The first property derivative transaction, which was entered into very
recently, involved the UK life insurance firm, Prudential, which wanted
to reduce its exposure to property by £40 million and the property
firm, British Land, which wanted to increase its exposure by the same
amount.

The two firms entered into a three year swap agreement whereby, if
the returns from the UK property market, as measured by a specified
property index, outperform a Libor related rate of interest, Prudential
pays British Land the difference. Conversely, if property returns lag
Libor, British Land pays Prudential the difference.

No physical transfer of assets takes place, so avoiding the delays
involved in acquiring/selling property, and the associated buying/selling
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costs, typically around 7%—-8% of the property value. Therefore, Prudential
was able to successfully transfer HPI risk off its balance sheet for three
years, in exchange for Libor risk.

2.4.2 Creditdefault swaps

There is now a huge market in these instruments, which are used to
transfer credit risk off a firm’s balance sheet. In exchange for a premium
to be paid by the firm to the writer of the credit default swap, usually an
investment bank, the writer will assume the credit losses incurred by the
firm in respect of designated assets on the firm’s balance sheet.

As the designated assets remain on the balance sheet of the firm,
credit default swaps are often called synthetic securitizations. This is
because they achieve some of the regulatory capital relief associated
with a full cash securitization, but do not provide any funding. The
swap may be subject to a first loss arrangement whereby the firm meets
the initial credit losses on the designated assets up to a pre-agreed
level. Thereafter, the writer of the credit default swap meets the credit
losses on the designated assets in full. The investment bank writer of
the swap will usually pass on the credit risk to another party, usually
a reinsurance firm or an insurance firm specializing in this type of
business.

Both Basel 1, the current regulatory capital regime for banks, and
Basel 2 allow reduced regulatory capital requirements for designated
assets that are protected from credit losses by credit default swaps,
subject to certain qualifying requirements. In other words, regulators
consider that, because there is less credit risk associated with the desig-
nated assets, less credit risk regulatory capital is required to back the
assets.

2.4.3 Longevity bonds

At the time of writing, the world’s first longevity bond has been
launched recently, although it is expected that the market will remain
quite small and restricted in the short term.

The income paid by the bond is determined using the published mor-
tality experience of a reference population, defined as the number of
individuals in England and Wales reaching age 65 in the calendar year of
the bond launch. If 90% of the reference population survives to the end
of the first year of the bond launch, the bond will pay 90% of a fixed
income amount. On the other hand, if 99% survive, it will pay 99% of
the fixed income amount, so generating higher returns for investors
when mortality experience 1s lighter.



RISKTYPES, COLLECTION AND MITIGATION (19)

The bond is, therefore, a very good asset match for pension funds, and
life insurance firm annuity business, as the liabilities of these funds and
firms increase as their mortality experience lightens. Availability of the
bonds is, however, quite limited with, at the time of writing, only one
bond worth 550 million euros having been issued.

2.4.4 Productdesign

Product design can be used to mitigate, or control, customer behavioral
type risks such as persistency risk. For example, retail mortgage firms
usually design their mortgage products with early redemption charges
(ERC) that apply if the customer wishes to leave during the early months of
the mortgage. The ERCs act both as a deterrent to stop customers
leaving and they also allow mortgage firms to recoup at least some of the
expenses that they have incurred in acquiring the business.

Consider now a discounted rate mortgage that offers customers a
discounted rate for the first 12 months of the product, and the full rate
thereafter. If the ERCs apply for the first 12 months of the mortgage, in
line with the discount, customers’ monthly mortgage repayment increases
at the same time as the ERCs cease. In practice, firms therefore see very
large numbers of customers leaving in the three months following the
simultaneous ending of the discount and ERCs.

If the ERCs apply beyond the discount period, say for 18 months, then
when customers’ monthly mortgage repayments increase after 12 months,
they would incur an ERC if they left. Because of this, many of those
customers that otherwise would have left, stay. By the time that the
customers are free of ERCs, after 18 months, many of the customers
have become accustomed to paying the higher mortgage repayments and
do not leave, even though they are free to do so without incurring an
ERC. This behavioral effect has been observed by firms to continue for
many months after the end of the ERC period, resulting in much superior
persistency experience as compared to mortgages without such, so
called “overhanging,” ERCs.

Overhanging ERCs are extremely effective in controlling, or mitigat-
ing, customer persistency risk. On the downside, however, mortgages
with overhanging ERCs are much harder to sell than mortgages without
overhangs.

2.5 SUMMARY

In this chapter we have discussed the various types of risks that financial
services firms collect, which firms collects the risks, where they are
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written and how the risks can be mitigated. The most important risk
mitigant that is available to firms in controlling the risks they collect is
their own internal risk governance structures and processes. We now
move on to discuss these governance structures and processes in detail in
the next chapter.



¢ CHAPTER 3 »
Risk Governance

3.1 INTRODUCTION

Before we move on to consider the hard quantitative risk management
aspects of financial services firms, we first set out the softer, more qual-
itative, governance aspects of risk management that firms must follow as
a matter of best risk management practice.

The responsibilities of a bank’s board, as described in Basel 2, are
taken as our key guide to these governance aspects for all types of financial
services firms. Note that, although the approach of this chapter is driven
by Basel 2 requirements for banks, exactly the same principles apply to
all other types of financial services firms.

The most important risk responsibilities of a bank’s board under Basel 2
are as follows:

1. Identifying the material risks collected by the firm

2. Putting in place the infrastructure and processes required to manage
these risks

3. Measuring risk, specifying risk appetite and putting in place limits
and controls to ensure that the firm stays within its articulated risk
appetite

4. Assessing the amount of capital that the firm needs to cover the risks
that it has collected and intends to collect

5. Putting in place effective internal reporting processes and compliant
external reporting processes

6. Putting in place independent reviews of the firm’s internal controls.
We will discuss each of these responsibilities in more detail.

21
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[ Risk committees ]

Figure 3.1 Risk management delegation

We first note that, although a firm’s board is responsible for the risks
run by the firm, and their management, the board will in practice
delegate the “doing of risk management” to the firm’s risk committees.
The firm’s risk committees will therefore usually have a direct reporting
line to the firm’s board.

Figure 3.1 illustrates this. The risk units shown in Figure 3.1 sup-
port the risk committees in their delegated tasks of the doing of risk
management.

As is described later, risk reporting will usually flow through the
firm’s Enterprise Wide Risk unit, which is responsible for taking a holistic
view of risk across the firm.

3.2 RISKIDENTIFICATION

Identifying the material risks that a firm collects ought to be straight-
forward and, for many firms, it will be. However, firms may collect, or
run, risks that can sometimes be difficult to recognize. To illustrate these
points, we will consider the Basel 2 categorization of risks into Pillar 1
and Pillar 2 risks.

First, the Pillar 1 risks are those risks for which Basel 2 specifies a
prescribed minimum regulatory capital requirement. Pillar 2 risks are
not covered by Pillar 1 and there is no prescribed minimum regulatory
capital requirement. Instead, firms are required to self assess the amount
of regulatory capital that is needed to cover these risks and must satisfy
their own local regulator that the approach that they have taken is rea-
sonable and sound.

There are also other more qualitative type risks that do not fall naturally
into either the Pillar 1 or Pillar 2 categories. We illustrate these points by
considering specific Pillar 1, Pillar 2 and other risks as described below. As
we will see, some of the Pillar 2 risks that we identify below are business
type risks that do not naturally fit into our Table 2.1 in Chapter 2, which
lists the specific types of risk, that financial services firms collect.
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3.2.1 Pillar1

The risks for which Basel 2 requires a bank to hold a prescribed minimum
regulatory capital requirement are

®  Credit risk
®  Market risk in the trading book, but not in the banking book

®  Operational risk

Banks therefore recognize these risks, by default, through their requirement
to hold a prescribed minimum regulatory capital requirement for the risks.

3.2.2 Pillar2

The risks that Basel 2 requires banks to self assess include

Credit concentration risk

If a bank has, for example, a large exposure to one corporate counterparty,
or to one segment of the retail market, this risk may not be captured by a
bank’s Pillar 1 regulatory capital requirement and banks are required to
self assess the additional capital that should be held to cover this risk.

Banking book market risk
This was introduced in Section 2.2.4.

Business cycle risk

If the bank feels that the business, or economic, cycle may turn down
and that it may need additional capital to maintain its position through
the cycle, it is required to self assess the amount of capital that it needs
to cover this risk.

Liquidity risk

As discussed in Section 2.2.7, this risk would normally be mitigated by
the holding of additional liquid assets. However, if a bank considers that
it should have additional capital to cover this risk, it should self assess
the amount of capital needed.

Less obvious Pillar 2 type risks that banks may be running include

Persistency risk
As described in Section 2.2.2.

Expense risk
As described in Section 2.2.3.



S5 weecyen oa

Figure 3.2 Risk hierarchy

)



RISK GOVERNANCE (25)

Margin risk

When banks, or firms, price their products, they will price using an
assumed interest rate margin for the product. This is the interest rate they
expect to earn on the invested assets less the associated costs of funding,
or financing, the product. If the bank does not earn the interest rate mar-
gin assumed in its pricing, perhaps because its cost of funding has
increased as a result of a ratings downgrade, the bank will make a mar-
gin loss. It may therefore be appropriate for banks to self assess the
amount of capital that is required to back interest rate margin risk for
those product segments where this is a genuine risk.

These risk examples illustrate that, sometimes, material risks run by a
bank may not always be straightforward to identify. Moreover, such risks
will be highly bank specific and will require banks to invest time and
effort in identifying and understanding the risks that they are running.

3.2.3 Other

Other risks that do not fall naturally into either the Pillar 1 or Pillar 2 cat-
egories include strategic and reputational risks.

An example of a strategic risk is the risk associated with a firm being
overly, or wholly, dependent on a single channel of distribution for its
products. An example of a reputational risk is the brand damage that
could result as a consequence of a firm receiving a large regulatory fine.

These risks are qualitative in nature and, as a consequence, are more dif-
ficult to get a handle on and understand than quantitative type risks.
Nevertheless, firms should still try and identify such risks, usually as a part
of their strategic and business planning cycle. Scenario analysis can then
be used by the firms to help them understand the consequences of such
risks and to develop appropriate mitigants, which will usually be manage-
ment actions or improving systems and controls, rather than capital.

Figure 3.2 shows a possible risk hierarchy for a financial services firm.

It can be seen that the risks range from, on the left hand side of the
figure, the hard quantitative risks to the softer, more qualitative risk
types, on the right hand side of the figure.

3.3 RISK MANAGEMENT INFRASTRUCTURE AND
PROCESSES

Having identified the risks that are being run, or collected, by the firm, the
board must put in place the infrastructure and processes to manage these risks.

An initial question for firms to consider is whether a standalone risk
function should be set up with a risk director representing that function
on the firm’s board. Small firms may not be able to afford the additional
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Figure 3.3 Risk infrastructure and processes

cost of a standalone function, whereas large firms will be so complex
that a standalone function will be an absolute necessity.

In our view, a separate risk function is always preferable as it reduces
or eliminates segregation of duties issues and certain task ownership
issues. For example, it is inevitable that some of the risks being run by
the firm will be Finance type risks, such as pricing risks. If the Risk
function reports into Finance, for example, then Finance will have a
potential conflict of interest in the reporting of its own risks. The per-
ception of this potential conflict to third parties outside of the firm, such
as the regulator, will always be negative.

Figure 3.3 shows a potential risk management hierarchy for a firm. We
discuss each level in this risk hierarchy as follows:

Firm board

Ideally there should be one owner, the Chief Risk Officer (CRO), for all
risks collected, or run, by the firm. However, many small firms may prefer
to have one, or more, risk owning executive directors in place. Each will
have executive management responsibility for the risks that they own.

Risk capital
This is the level at which the firm self assesses the amount of capital that
it requires to cover the risks that it is running. This is described in
Section 3.5.
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Enterprise wide risk

This is the unit, or area, that takes a holistic view of risk across the firm.
At this level, risk reports will be gathered from their respective risk and
finance silos and aggregated for reporting up to the board. In particular,
Pillar 2 risks such as business cycle risks, which cut across risk commit-
tees, will tend to be managed at this level.

Risk committees

Each material risk will typically be managed by a risk committee. Each
risk committee will manage its risks in line with a board approved risk
policy and the committee itself will be formally constituted with a
proper terms of reference and an appropriate membership. Most risk
committees will “do” risk management whereas some, like an opera-
tional risk committee, may perform an “oversight” role only. In other
words, in some firms, the operational risk committee will delegate the
“doing” of operational risk management to the business areas where the
risks are being run and the committee, itself, will perform an oversight
role on how these risks are being managed.

Risk units

Each risk committee will be supported by a risk unit that develops and
maintains the technical infrastructure and processes that are used to
measure and control the risks of the committee. For example, the credit
committee will typically have a dedicated credit risk analysis unit in
place to assist it in managing the credit risks of the firm.

For firms that are a part of a large group, or conglomerate, the
infrastructure and processes set up by the firm will need to be consistent
with the larger group approach to risk management. Typically, group risk
management at the centre of the group, or conglomerate, will set out the
standards and requirements that must be adhered to throughout the group.

3.4 RISK MEASURES, APPETITE AND LIMITS

3.4.1 Measures

Perhaps the key role of a risk committee is to develop measures that capture
the amount of risk that the firm is collecting, or running. For example,
Value at Risk (VAR) measures the potential loss that a bank may incur
from taking on market risk over a given time period, at a specified con-
fidence level, and generally uses Monte Carlo techniques.

VAR techniques are also increasingly being used to measure corporate,
or non retail, credit risk, but less so for retail credit risk. We would
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consider VAR to be a genuine risk measure as it is a well defined quanti-
tative measure of the potential loss that a firm may incur as a result of
accepting a specific type of risk.

In practice however, many firms may not actually measure the risks
that they are taking on. For example, the retail credit risk that is taken on
with a mortgage is often controlled using portfolio limits. Therefore, for
example, firms might put a limit on the proportion of high loan to value
(LTV) business that they are prepared to accept. Although this undoubtedly
allows the firm to control, or limit, credit concentration risk, it does not
measure, or quantify, the amount of risk that is being taken on.

Similarly, mortgage retail banks may measure and monitor arrears
rates by customer segment, for example, the proportion of mortgages
that are three or more payments in arrears, and track these over time. We
would again argue that, although such arrears rates do give an indication
of the amount of relative risk that the firm is running, such measures do
not identify how much absolute risk the firm is running. For example,
arrears rates cannot tell the firm how much money it may lose over
the next 12 months, with a prescribed probability, from the credit risks
associated with mortgages.

Similar points can be made across all risk types.

Generally speaking, for the purposes of this book, we consider that for
a risk measure to be meaningful, it must be capable of quantifying the
potential loss that may result to the firm, over a prescribed time period
and with a prescribed confidence level, or probability, from taking that
risk. Economic capital, described later in this book, is a prime candidate
for such a risk measure as it is capable of handling most, if not all, risks.

3.4.2 Risk appetite

Once a firm has developed a meaningful risk measure for the risks it is
collecting, it is then in a position to specify or articulate its risk appetite,
relative to the risk measure. If a firm does not measure risk in a mean-
ingful way, it is not likely that it will be able to articulate an appetite.

That does not mean to say that it cannot limit or control risk. It can
still set risk limits which will, indeed, control risk, but the firm will not
be able to say anything meaningful about the potential losses that it may
incur as a result of accepting risk.

Note that firm appetite can be set, first, for each risk individually and,
second, for all risks in aggregate. The aggregate appetite may allow for
the potential interactions, or more loosely the potential correlations,
between the risks and may, as a consequence, be less than the sum of the
individual risk appetites. For example, credit risk may tend to be “low”
when market risk is “high”, and so on.
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3.4.3 Risklimits

Once a firm has articulated its risk appetite, it is then in a position to set
the risk limits that will control risk and keep the collected risks within
the firm’s articulated appetites. For example, the firm might set a trigger
limit at 95% of its articulated appetite to identify when the firm is getting
close to its appetite. As mentioned above, firms may often jump straight
to the limit setting stage, before they have developed meaningful risk
measures and have articulated their risk appetite.

The risk limit should be stated by reference to the underlying risk
measure and will be designed to ensure that the firm stays within its
articulated appetite. For example, if market risk is being measured using
VAR, the limit may be specified by putting an upper limit on a business
unit’s daily VAR, which keeps the firm within its appetite.

Figure 3.4 illustrates this process using our risk control cycle man-
agement tool.

The firm begins by measuring the amount of risk it is taking. It then
articulates its appetite relative to the measured amount of risk and,
finally, sets limits, also relative to its risk measure, to ensure that it stays

Measure the risk
» et app6tite

Figure 3.4 Risk control cycle
K D
» Set risk appetite

Figure 3.5 Risk limit control cycle
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within its articulated appetite. Risk will be measured on a regular and
ongoing basis with risk appetites and risk limits refreshed by the firm,
usually on an annual basis.

Figure 3.5 illustrates the alternative process that some firms may,
however, follow. They start with risk limits and then use those to articulate
their appetite without ever having measured the underlying risk in the
first place.

3.5 RELATE CAPITAL TO RISK

Under Basel 2, for banks, and new regulations for UK insurers, see
Chapter 14, financial services firms are required to self assess the
amount of capital that they believe is needed to cover the risks they
are running. The level of prescription around how firms should carry
out such a self assessment is, in practice, and by regulatory design,
limited.

However, within the financial services industry, the generally
accepted approach to carrying out this risk capital self assessment is by
using economic capital models of the firm’s business. Economic capi-
tal is the main theme of this book and is discussed in full detail in
Chapter 5.

Once a firm has developed the infrastructure and tools required to
determine its self assessed risk capital, firms will be expected and
required to use this risk capital to manage their businesses as follows:

B To ensure that the firm has enough current available capital to
cover the risks it is running, as measured by its current level of risk
capital.

®  To ensure that the firm will have enough future available capital to
cover the risks that it is planning to run, as measured by its projected
future risk capital levels. Moreover, the firm should allow for planned
changes in the firm’s risk profile going forward in projecting risk
capital.

®  To articulate its risk capital goals explicitly in its strategic and
business plans.

We believe that risk capital is the key risk management tool that all firms
should be using to manage their businesses from a risk perspective.
For example, as mentioned earlier, risk capital could be the fundamental
risk measure used in a firm’s risk control cycle.
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3.6 REPORTING PROCESSES

3.6.1 Internal reporting

Basel 2 requires that the board of the bank should receive regular reports
on the firm’s risk profile and its risk capital needs. This is mainly to
assess and check that

®  Emerging trends in the material risks collected by the firm are being
monitored.

® The assumptions underlying the risk capital calculation are still
appropriate.

®  Available capital is sufficient to cover the risks currently being run
by the firm.

B Projected available capital is adequate to cover the risks projected to
be run by the firm.

®  The firm’s articulated risk capital goals are still appropriate.

Firms will need to consider how frequently their board should receive
such reports, how detailed the reports should be and in what form they
should be presented. This will tend to be firm specific, driven mainly by
the requirements of the firm’s board and senior managers.

Group board

f

Group enterprise wide risk

f

Group risk committees Firm board

'\ 1

Enterprise wide risk

T

Risk commitees

Risk units

Figure 3.6 Internal risk reporting process
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The Pillar 2 type risks and the risk capital calculation tend to cut
across all risk committees and some areas of Finance, such as product
pricing. Firms will therefore need to be very clear in defining the roles
and responsibilities of the various parties involved in preparing the
firm’s internal risk reports.

Consistency with group reporting will also need to be considered as
well as whether the firm’s enterprise wide risk profile, or individual risk
profiles, should be reported to the group centre. The group’s requirements
will be the main driver of this, however.

Figure 3.6 sets out a potential reporting process for a firm that is a part
of a larger financial services group.

In this potential reporting process, the firm’s enterprise wide risk
profile is reported into the group.

3.6.2 External reporting

For external reporting, firms will usually be most concerned to ensure
that they are compliant with the disclosure regulations, that their approach
is consistent with their peers and that it satisfies the needs of all of stake-
holders, including investors.

Usually, a board approved disclosure policy will be required by the reg-
ulators. This should cover how the specific disclosures were decided upon,
internal controls over the disclosure process and the process for assessing
and monitoring the ongoing appropriateness of the disclosures.

Regulators would also tend to require that disclosures are consistent
with the way that the firm assesses and manages risk. Notwithstanding
all of these points, a firm’s external reporting will, of course, be driven
to a very large extent by its accounting requirements.

3.7 INDEPENDENT REVIEWS OF
INTERNAL CONTROLS

At least under the Basel 2 banking rules, a firm’s board is responsible for

B The establishment of a process to monitor compliance with internal
policies.

®  Verifying that the firm’s internal controls are adequate.
®  Periodically reviewing risk management processes.
In practice, firms are likely to handle these requirements by

®  Using external consultants to carry out periodic one off reviews to
identify process and control weaknesses.
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®  Relying on the firm’s Audit Committee and both internal and
external auditors to monitor compliance thereafter.

Particular issues that firms may face include:

®  There is a limited supply of experienced consultants available in the
market to carry out the one off reviews. Fees therefore tend to be
high and the same advice may sometimes end up being passed
around the industry.

®  Many of the consultants are ex-regulators, sometimes with limited
business experience. Firms may therefore receive advice that helps
them comply with the letter of the regulations, but which may not
add much value from a practical risk management perspective.

® Internal audit staff may not be appropriately skilled, nor have
the business experience, to handle the increasingly complex and
challenging risk management requirements that they are being asked
to audit.

3.8 SUMMARY

In this chapter, we have discussed the formal governance structures that
firms are required to put in place to manage the risks they collect. Even if
a firm has put in place its hard, quantitative risk management tools, with-
out the softer, more qualitative risk management tools described in this
chapter, a firm would not be following best risk management practice.

We now move on to consider the fundamentally important topic of
risk measurement in the next chapter.
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Stress Testing to
Measure Risk

4.1 INTRODUCTION

As described in Chapter 3, firms are required to self assess the amount of
capital that they believe is needed to cover the risks they are running.
There are many ways in which this self assessment may be carried out
and it will certainly vary across firms.

In this book, we will achieve the self assessment by subjecting the
realistic balance sheet of a firm’s businesses to deterministic stresses or
stochastic stresses. The amount of capital that is required for this realistic
balance sheet to remain solvent, following a range of stresses, then rep-
resents the firm’s self assessed risk capital amount. This is described in
more detail in Chapter 5, which deals with economic capital.

Note that, throughout this book, we use this self assessed risk capital
amount as our key measure of risk.

In this chapter, we now define and discuss both deterministic and
stochastic stress testing and compare their relative merits. We first describe
what we mean by a deterministic stress.

4.2 DETERMINISTIC STRESSES

Under a deterministic stress of a firm’s realistic balance sheet, the behavior
of the balance sheet is examined when one, or more, of the firm’s risk
variables are assigned specific extreme values. Although a probability is
sometimes assigned to a deterministic stress, giving a half way house
between deterministic and stochastic stress testing, this tends to be the
exception rather than the norm.

(34
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Take a retail mortgage bank, for example. The risk capital of the
bank’s mortgage book depends on the future interest rate margin that
the bank may earn on its mortgages. This is the rate of interest earned by
the firm on its mortgages, less the cost of funding these mortgages. The
bank may believe that its average interest rate margin over the lifetime of
its existing in force business is 0.012 p.a.

If everything goes by plan, the bank should earn a margin close to
0.012. If not, it will earn a margin less than 0.012 and capital will be
required to absorb this loss. If the bank does better than planned, its
margin will exceed 0.012 and capital will be released.

The extent to which the margin might be either more, or less, than
0.012 will depend on the specific circumstances of the bank, for example
its funding mix and how stable this is likely to be going forward. The
cost of the bank’s funding will not be known with certainty and will vary
according to both internal influences, for example the bank’s credit
rating, and external influences, for example the credit cycle.

Substantial judgment will, therefore, be required in choosing the
deterministic stresses to be used. Stresses plus, or minus, 25 basis points,
or 0.0025, may be appropriate for one bank, but may be too extreme for
another bank’s management.

Once a full range of deterministic stresses has been designed and
agreed, the realistic balance sheet of the bank’s business is subjected to
each stress and the amount of capital that is required to back the risks
that define each of the deterministic stresses can be calculated.

4.3 STOCHASTIC STRESSES

Most, although not all, of the risks that firms collect can be modeled as
random variables, in the formal mathematical statistical sense. Some
examples are given below.

Retail mortgage bank example

As we discussed in Section 4.2, a bank’s margin will usually not
be known with absolute certainty. Modeling this future margin as a
stochastic process allows this uncertainty to be quantified, so assisting
the firm in controlling and managing it. For example, treating the margin
as a stochastic process allows us to quantify how extreme the margin can
be in the tails of its distribution.

Examining the percentiles of the firm’s observed monthly interest rate
margin over a specified period of time will allow the firm to understand
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how low its margin can fall to, at each percentile level. Stochastic
models can be designed to replicate this tail behavior and can then be
used by the firm to self assess the amount of risk capital it needs to cover
this type of risk event.

Life insurance annuity example

The capital management of a life insurance firm’s annuity portfolio
depends on the future mortality experience of the firm’s annuitants.
For example, the lighter that its mortality experience is, the greater its
reserves should be to cover liabilities. Most firms’ annuity portfolios are
large enough for current annuitant mortality, across the entire portfolio,
to be stable and estimable with a high degree of accuracy. The biggest
uncertainty, however, is the rate at which mortality will improve in the
future.

Actuaries have consistently underestimated mortality improvement
rates and ongoing advances in medical sciences and genetics may
mean that this improvement rate may even accelerate in future.
Estimating the effect and timing of medical advances on future mortality
is obviously impossible. Nevertheless, it is still feasible to build
simple and credible stochastic models of mortality improvement rates,
based to some extent on what has happened in the past, and these
are useful in quantifying the risks associated with improving future
mortality.

With profits life insurance example

The capital management of regular premium life insurance products
depends on the investment returns that future premiums will earn.
For savings products, this will usually mean the future returns that can
be earned on investment in a mixture of equities and fixed interest assets.
These future returns are obviously not known with certainty.

One approach to handling this uncertainty is to model the returns as
realizations of a specific stochastic process, for example, a multivariate
time series model. Once a credible stochastic model has been developed
and built, future asset returns can be repeatedly simulated using the
model. These returns can then be used to help understand the behavior of
the firm under the stochastic variability, or volatility, captured by the
model. For example, light can be shed on how much risk capital is
required to back the investment guarantees implicit in life insurance with
profits funds. Practical examples illustrating this approach are given in
Chapter 11.
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Pension fund example

The amount of funding needed by an occupational pension scheme fund
to meet it liabilities depends on the future fixed unit expenses of the
fund, its ongoing annual maintenance expenses, for example. Future unit
expenses are unknown and, moreover, they depend on numerous factors
that cannot realistically be modeled.

For example, the effectiveness of the fund trustees and the managers
in controlling costs and the absolute size of the fund itself will affect
the fund’s unit expenses. So, it will usually not be practicable, or realistic,
to model the future unit expenses, per se, using a stochastic process. An
alternative approach is to model the rate of increase of unit expenses
from one year to the next.

Over the longer term, this rate of increase will usually be highly
correlated with RPI. For example, if the unit costs are mainly attributa-
ble to fixed staff expenses, based on past experience, the rate of increase
of the unit expenses over the longer term is likely to be well modeled
by assuming that it equals RPI plus an additional 1 or 2% p.a. Most
financial services firms have fairly well developed stochastic models of
future RPI.

The examples described above form a very small selection of the type
of risk variables that are amenable to stochastic modeling.

4.4 MULTIVARIATE NATURE OF THE RISK
VARIABLES

As discussed in Chapter 2, the range of risks that financial services firms
collect is very extensive. For example, even a relatively simple building
society is subject to persistency, expense, HPI, credit, interest rate, liquidity
and operational risks.

It is relatively straightforward to quantify risks individually. However,
in reality risks occur simultaneously, and according to the likelihood of
their mutual occurrences. For example, one might expect poor credit
experience and high interest rates to be dependent, or positively corre-
lated. Likewise, high levels of credit defaults and low, or even negative
HPI, tend to occur when interest rates are high.

For stochastic stresses, therefore, the stochastic process that models
the mutual behaviors of the risk variables that quantify risk will be a
multivariate process. In other words, the model should be capable of
describing risk variable dependencies, as well as the marginal behaviors
of the risk variables themselves. With mortgages, for example, persis-
tency and interest rates may tend to be negatively correlated as customers
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may churn their mortgages more in a high interest rate environment.
The stochastic process chosen will therefore need to be able to model
this type of dependency.

For deterministic stresses, the values that particular risk variables take
under the individual stresses will need to be chosen quite judiciously.
For example, in the mortgage example above, the high interest rate
stresses should only contain “low” values for the persistency risk variable.

Given the very large number of risk variables that a financial services
firm is affected by, the dimensionality of the stochastic process used for
stochastic stress testing, and also of the deterministic stresses, will often
be very high. The dimension reduction techniques that are available
for stochastic processes, and their deterministic stress equivalents, will
therefore be of great assistance. In Chapter 7, we develop a high dimen-
sional stochastic model that is built up from relatively low dimensional
building blocks.

4.5 CAUSAL NATURE OF THE MULTIVARIATE
DEPENDENCIES

As well as being multivariate in nature, usually in very high dimensions,
financial services firms’ risk variables may also exhibit directional
dependencies, or causal relationships. For example, high interest rates
may cause poor credit experience. On the other hand, it is not likely that
poor credit experience will cause high interest rates.

So, credit experience and interest rates are dependent and the direction
of the dependence is clear. In statistical parlance, we call credit experi-
ence a response variable and interest rate an explanatory variable.
In building a stochastic process to model these two risk variables, we
would normally work with the distribution of the response variable,
conditional on the explanatory variable, and with the marginal distribu-
tion of the explanatory variable itself.

Likewise, we expect government bond yields and equity dividend
yields to be dependent. These yields tend to take on high values together,
for example. However, there is no obvious causal relationship between
these variables. In statistical parlance both of these risk variables are
therefore response variables and we would therefore work with the full
bivariate distribution of these response variables in building a stochastic
process for these risk variables.

Deterministic stress testing should also acknowledge any directional
dependencies, or casual relationships, that may be present amongst
the risk variables. This can be achieved by developing conditional stress
tests for response variables, conditional on the values of the stressed
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explanatory variables. The full deterministic stresses are then constructed
by first stressing the explanatory variables, then followed by the
conditional response variable stresses.

4.6 MATHEMATICAL TRACTABILITY

For very simple financial services firms, with either stochastic or deter-
ministic stresses, it may be possible to quantify risk in terms of closed
form mathematical expressions. Although this is elegant and satisfying,
it will almost never be achievable in practice for “real” financial services
firms.

Our approach in this book is to focus on financial services firm
models and risk variable stochastic process models that, to a first order
of approximation, represent very good descriptions of the real world
they are modeling. Most features of these real world systems can then
by estimated using stochastic, or Monte Carlo, simulation techniques.
This approach allows us to tackle a very wide range of practical
problems.

4.7 STRESS CONFIDENCE LEVEL

When using stochastic stresses to quantify risk, we do this with reference
to a prescribed probability or confidence level, over a prescribed time
horizon or confidence period. Typically, a probability level of 0.995 and
a one year confidence period is used. However, instead of using one
prescribed probability level, for example 0.995, our preferred approach
is to quantify risk for the prescribed confidence period for a range of
estimated probability levels, typically 0.95, 0.99 and 0.995. Results are
then presented for all of these probability levels.

When doing this, one has to remember that the underlying stochastic
process used to quantify risk at these probability levels is, at best, an
approximation, or model, of reality. Probability levels of 0.995, say,
should therefore be taken with a “pinch of salt” and used mainly as
indicators of relative likelihood, rather than as genuine probability
statements in their own right.

When assessing risk using deterministic stresses, it is more difficult
and it may not be feasible to assign probability statements to these
assessments. Firms may feel confident that they can assign probabilities
to each of the deterministic stresses used to assess risk but, ultimately,
very substantial amounts of judgment will be required to achieve this.
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In practice, the best that is likely to be achievable is a qualitative
categorization along the lines of “medium likelihood,” “low likelihood”
or “very low likelihood.”

4.8

The

The

RELATIVE PROS AND CONS

main advantages of stochastic stress testing are

A stochastic approach allows probability statements to be made for
risk capital.

Correlations, or multivariate dependencies, between the risk variables
can be modeled formally rather than by simply assuming, as with
deterministic stress testing, that the variables are 100% correlated
and always occur together.

main difficulties with the stochastic approach are as follows:

Implementation involves estimating the multivariate stochastic
process of the risk variables under consideration. This is likely to be
challenging due to data paucity and the very large number of risk
variables that will usually be required.

It can be difficult to identify which risk variables are responses
and which are explanatory. In other words, identifying causal
relationships between risk variables, and also the direction of these
relationships, may not be straightforward. For example, for a life
insurance firm offering long term savings products with significant
investment guarantees and which are backed by equities, lapse or
surrender rates may increase when equity markets perform poorly.
Lapses may increase because customers take a short term view of
their savings policy and select against the life insurance firm when
they perceive that their investment guarantees are “in the money.”
The life insurance firm will need to try and understand the reason
for increased lapse experience and then model it.

The stochastic models that drive stochastic stress testing can be
technically difficult to develop and implement.

The stochastic approach is much more challenging to communicate,
for example, to the firm’s board or regulator.
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4.9 SUMMARY

In this chapter we have described both deterministic and stochastic stress
testing. For the reasons described in the chapter, we always prefer, and
advocate, stochastic approaches in preference to deterministic
approaches. Stochastic uncertainty is at the heart of what risk is, and the
mathematical statistical theory that has been developed to model and
understand that uncertainty is, in our view, a key tool that should be used
to manage risk, in its widest sense.

We now move on to define and discuss economic capital in Chapter 5.
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Economic Capital

5.1 DEFINING ECONOMIC CAPITAL

Economic capital is a key, perhaps the key, quantitative risk measure for
financial services firms. In this chapter we define economic capital and
set out its potential uses.

The term “economic capital” has been around for many years and is
referred to in the risk and finance literature frequently. But what does it
actually mean in practice?

Basel 2 says that it is the amount of capital that is required to cover
the risks that the financial services firm is running, as self-assessed by the
firm. This definition is somewhat unhelpful and obviously gives firms a
great deal of discretion in determining their economic capital amounts.

Our first objective in this chapter is to provide a more helpful definition
of economic capital. A good starting point may be to consider what
“economic” and “capital” mean separately.

Capital

The purpose of capital in a financial services firm is to absorb the losses
associated with the risks the firm is taking on, to ensure that it remains sol-
vent and is thus able to honor the commitments it has made to its customers.

Economic

Capital may be called economic because it measures the firm’s risk in
economic, or market value, terms.

Putting these two terms together, “economic capital” involves
quantifying the amount of capital that is required, on an economic or
market value basis, to support the risks the firm is running. Economic
capital therefore connects the risks that a firm is running to the capital
that is required to back these risks.

(42
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We define economic capital as follows:

Definition 5.1

Economic capital for the business of a firm is the amount of capital, or
excess assets, that this business requires to ensure that its realistic, or mar-
ket value, balance sheet remains solvent, over a specified time horizon, with
a prescribed probability or confidence level, following events that are unex-
pected, yet not so unlikely that they might never occur in practice.

The “unexpected” events will usually be described by a set of specified
deterministic stresses, or by the tails, or extremes, of a stochastic process
that generates the stochastic stresses.

We also define economic value at risk (EVAR) as follows:

Definition 5.2

EVAR for the business of a firm is the amount of value, on a realistic, or
market value, basis that is destroyed over a specified time horizon, with
a prescribed probability or confidence level, by events that are unex-
pected, yet not so unlikely that they might never occur in practice.

It can be seen that economic capital and EVAR are very closely related.

For firms that have high value businesses, where the realistic, or market,
values of their assets are well in excess of their realistic liabilities, eco-
nomic capital calculated according to Definition 5.1 may equal zero, even
under very extreme deterministic or stochastic stresses. This is because the
value inherent in these businesses may be more than adequate to ensure
that the realistic balance sheet of the business remains solvent, even after
a very extreme stress. In these situations, it may be helpful to also consider
EVAR, as EVAR shows how much value is destroyed by the unexpected
events, even if all of the firm’s business value is not destroyed.

However, for the purposes of this book we will choose to work mainly
with Definition 5.1.

5.2 TIME HORIZON FOR DETERMINING
ECONOMIC CAPITAL

Definitions 5.1 and 5.2 beg the question of what is an appropriate time
horizon over which to determine economic capital? The time horizon
that is most typically chosen, somewhat arbitrarily, is one year. This
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may be convenient when considering the financial performance of the
firm over the year ahead.

In this book, however, we advocate taking a longer term view. For
example, the important risks that a firm is facing may not materialize
within the next year and having sufficient capital to cope with a one year
time horizon tells the firm nothing about how much capital is required
beyond this first year when the firm may be at most risk.

For these reasons, we argue that it is more appropriate to define
economic capital by reference to the time horizon determined by the
expected outstanding life of the firm’s in-force business. That way, eco-
nomic capital will be adequate to enable the firm to survive specified
deterministic or stochastic stresses throughout the remaining lifetime of
its current in force business.

In some of the practical examples given in later chapters, we describe
how economic capital varies by the particular time horizon chosen.

5.3 EXCLUSION OF THE CAPITAL ASSETS
BACKING A FIRM’S BUSINESS

In applying Definition 5.1 and Definition 5.2, we exclude all of the
firm’s available equity and debt capital that is backing the firm’s business
from our calculations.

If capital were to be included, it would absorb, as it is designed to,
some of the value losses that occur when the realistic balance sheet of
the firm’s business is subjected to deterministic or stochastic stresses. As
a consequence, the economic capital amount for that business is reduced.
As we are interested in estimating the amount of capital that is required
to support the risks that the firm is running in the carrying out its business,
it is therefore appropriate to exclude the firm’s available capital from the
economic capital calculation.

Note also that, if available capital were to be included, the resultant
economic capital for the firm’s business would also include an amount
of economic capital that is required to support the capital assets them-
selves. For example, if the capital is invested in assets, which carry credit
risk, the firm’s business economic capital would also include a component
of capital that is required to cover the credit risks associated with the
capital assets. This is clearly not appropriate.

As a general principle, the approach that we adopt in this book is
that the economic capital requirement of a firm’s business should be inde-
pendent of the firm’s equity and debt capital structure. Excluding the
firm’s capital from the economic capital computation achieves this and
also allows a meaningful comparison between economic capital and the
regulatory capital requirements of a firm’s business to be made.
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5.4 EXPECTED LOSSES VERSUS UNEXPECTED
LOSSES

As we have seen earlier, economic capital is defined as the capital buffer
that is required to absorb the impact of unexpected losses in the realistic
balance sheet of the firm’s business, over a prescribed time horizon. These
losses are different from the expected losses that a firm provisions, or
reserves, for in the normal course its business. Provisions, or reserves, are
set up to cover expected losses, although sometimes conservatism in their
calculation can result in them also covering unexpected losses. Economic
capital is concerned with unexpected losses, rather than expected losses.
The approach that we take in this book is as follows:

m  Expected losses should be covered by provisions, or reserves.

®  Unexpected losses should be covered by economic capital.

By “expected” we mean losses that correspond to the statistical mean, or
“centre,” of a stochastic process, or to the base case scenario in a set of
deterministic stress tests. By “unexpected” we mean losses that corre-
spond to the low/high percentiles, or extremes, of a stochastic process, or
to the extreme stresses in a set of deterministic stresses.

5.5 USES OF ECONOMIC CAPITAL

Having defined economic capital, we now consider how a firm might use
economic capital in the running of its business.

5.5.1 Capital adequacy

A firm may want to check that the overall amount of capital it holds is in
line with its own internal assessment of the level of risks that it is running.

® If a firm has much more capital than economic capital, then this
could result in inefficiencies as the excess capital might be used
better elsewhere.

®  On the other hand, if a firm has less capital than economic capital,
then it is probably taking on too much risk and the firm should consider
either de-risking its balance sheet or raising fresh capital.

5.5.2 Validation of regulatory capital

Economic capital can be used to validate a firm’s regulatory capital
requirement against its own assessment of the risks it is running. For
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example, if a business unit within the firm has a regulatory capital
requirement that is well in excess of its economic capital amount, the
firm may give this unit lower capital priority over units where regulatory
capital and economic capital are better aligned.

When a firm is discussing and negotiating its Pillar 2 regulatory
capital requirement with its regulator, the firm will need to know its eco-
nomic capital requirement. If a firm can demonstrate that its Pillar 2
regulatory capital requirement is excessive relative to its economic cap-
ital, then the regulator may be more amenable to reducing this regulatory
capital requirement.

5.5.3 Risk measurement, appetite and limits

As discussed in Chapter 3, firms will usually define their risk appetite,
for each particular risk that they collect, in the risk policies approved by
the firm’s board each year. Some appetites will be defined in economic
capital type terms, for example by defining market risk in terms of VAR,
whereas other appetite definitions may bear little or no relation to eco-
nomic capital.

One example might be where credit risk appetite is defined using limits
placed on the nominal amounts that can be invested with approved coun-
terparties, with these limits typically varying by the credit rating of the
counterparty. This type of risk appetite definition is clearly sensible, but it
says little, or nothing, about the quantity of risk that a firm is taking on.

One obvious use of economic capital, therefore, is to measure risk and
to then specify the amount of risk that a firm is willing to accept. For
example, risk appetite could be specified in terms of an upper limit on
the amount of economic capital that a firm is prepared to commit to the
risk taking. The firm may, for example, be prepared to take on risk up to
the point where risk economic capital reaches £1,000 million, but not
beyond that point.

Specifying risk appetite in this way connects the firm’s risk appetite,
and its risk limits, with the amount of capital that is required to back the
risk and this has considerable appeal.

5.5.4 Business planning

As a firm develops and grows, it is important that it monitors and fore-
casts its economic capital requirements. These requirements will evolve
with the firm as it moves into new lines of business, or as its existing
business changes and responds to the economic cycle and new business
environments.
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If the firm enters a more risky line of business, or a less benign
business environment, for example, both will require increased amounts
of economic capital and the firm will need to plan for this. This allows
firms to quantify the amount of future risk that they will accept and
assists them in planning how they intend to manage it.

5.5.5 Performance measurement

In order to assess firm, or business unit, performance, shareholders and
the management of the firm will usually focus on the actual rate of return
that is being earned on the equity capital employed in the firm or
business unit. This earned return is then compared with the cost of the
capital employed to check if the firm, or business unit, is adding value,
in other words, to see if the actual earned rate of return on equity capital
is in excess of the cost of capital.

This analysis should recognize and take into account the relative
riskiness of the firm, or business unit, in order that comparisons across
firms or business units are fair and meaningful. For example, a firm may
be achieving a high rate of return on capital employed simply as a result
of operating in a high risk business.

The riskiness of a firm’s business will, according to the well known
Capital Asset Pricing Model (CAPM), be reflected in a firm’s cost of
capital. In other words, the cost of capital for “high risk” firms will be in
excess of that for “low risk™ firms. As a result, the value addition thresh-
old for “high risk” firms will be above that for “low risk” firms, as
should be the case.

As the amount of a firm, or business unit’s, equity capital is deter-
mined, to a large extent, by its regulatory capital requirements, which
may not be well aligned with the risks that the firm, or business unit, is
running, the approach described above may produce distorted results.

For example, Firm A may have a higher regulatory capital require-
ment than Firm B, although the risks they are running are equal. This
may result in Firm A having more equity capital than Firm B. Unless this
“over capitalization” is reflected in Firm A having a lower cost of capital
than Firm B, because Firm A’s over capitalization means it is less risky,
Firm A will be penalized, relative to Firm B, by an artificially deflated
actual earned rate of return on capital figure.

An alternative approach, which we discuss in more detail in Chapter 13,
is to base derived actual earned rates of return on capital on economic
capital, rather than equity capital. Provided that firms’ economic capital
amounts accurately reflect the risks they are running in their businesses,
these derived actual rates of return on capital can then be compared on a
risk consistent basis across firms, business units and products. This is
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because the risks that are being run are automatically taken account of
on a consistent basis by the economic capital calculation.

As the derived actual rates of return on economic capital have been
adjusted for risk, at the confidence level used to determine economic
capital, it is appropriate that actual earned rates of return on economic cap-
ital should be compared to corresponding capital costs, at the same
confidence level. Chapter 13 discusses this topic in much more detail.

5.6 ECONOMIC CAPITAL CALCULATION
IN PRACTICE

As we shall see in later chapters, calculating economic capital does
not involve the use of any prescribed formulae or set of rules. In fact,
substantial judgment is required.

Before a firm can calculate its economic capital, there are a number of
questions that it must be able to answer, for example:

®  What is the time period over which the firm wishes to consider its risks?
B Which risks is the firm exposed to over this time period?
®  What is the probability, or likelihood, that these risks will materialize?
® [s a stochastic, or a deterministic, approach appropriate?

®  How do these risks interact with each other and how can we model
these dependencies?

In order to address these issues, a firm must

®  [Identify the material risks that it is exposed to over the time period of
interest.

®  Collect data on the risks that it is exposed to. For some types of risk,
credit risk for example, both industry and company specific data are
likely to be abundant whereas, for other types of risk, operational
risk for example, data may be sparse.

B Design a range of stochastic, or deterministic, stresses that cover the
full range of possible material risk outcomes. Modeling the depend-
encies amongst the individual risks will be especially challenging.

® A comprehensive financial/statistical model will need to be developed
to quantify the impact of the risk stresses.

Since economic capital quantifies the impact of unexpected losses, it
follows that economic capital will be driven by the tails, including
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the tail dependencies, of the distribution of the particular risks under
consideration.

A combination of reliable data, robust modeling, judgment and expe-
rience will be required to determine credible economic capital amounts.
Moreover, the calculation will be dynamic and will evolve as experience
emerges and as the business and economic environment changes.

Calculating economic capital for a group containing a number of
firms, or business units, involves further complexity. Unless all of the
firms or business units within the group are perfectly positively corre-
lated, adding up the economic capital amounts for each firm or business
unit will result in an overstatement of the group’s economic capital.

Normally, we would expect at least some of the firms, or business
units, within a group to be less than perfectly correlated with each other.
For example, high real rates of interest will usually be bad news for
lenders, but good news for pension funds or life insurance firms.
Calculating economic capital for a group therefore also involves assess-
ing and modeling the dependencies between the firms, or business units,
within the group.

This will be discussed in detail later in Chapter 12.

5.7 RELATIONSHIP OF ECONOMIC CAPITAL
WITH REGULATORY CAPITAL
REQUIREMENTS

The parties most interested in comparing economic capital and regulatory
capital requirements, together with their reasons for this interest, are
discussed below.

5.7.1 Financial services firms

Capital management and allocation is a key business planning activity
for all firms. Enough capital must be allocated to allow the firm, and its
business units, to cover their regulatory capital requirements, whilst
optimizing the return on the firm’s total available capital.

Firms will, therefore, have in mind both the external, and the internal,
view in carrying out their regular capital management and allocation
exercise. The external view will focus on regulatory capital require-
ments and published financial strength. The internal view will focus
on the actual capital that is required to cover the risks that each busi-
ness unit is running, and the return that can be earned on this capital,
bearing in mind the constraints that the external view puts on the unit
and firm.
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In an ideal world, where economic capital and regulatory capital
requirements are well aligned, firms would be able to allocate capital to
business units according to their economic capital needs. Those units
could then price their products and manage their businesses on a purely
economic capital basis.

The beauty of this approach is that the performances of the firm’s
business units are then directly comparable as they are all using an
equivalent amount of capital given the risks that they are running. The
firm would then be able to understand, for example, if a high margin,
high capital business unit is outperforming a low margin, low capital
business unit.

In practice, however, economic capital and regulatory capital require-
ments are generally not well aligned. Firms may therefore wish to adjust
the above comparative analysis to allow for the costs, or subsidies, that
result because business units are capitalized according to their regulatory
capital requirements.

This is discussed in full detail in Chapter 13.

5.7.2 Regulators

Over recent years, financial services firm regulations have not kept pace
with the rapid developments and innovations that have occurred in the
financial markets. The prescriptive rules used by regulators may now
be well out of date and are also relatively risk insensitive. As a result and,
as discussed in Chapter 14, a very large amount of regulatory change is
now expected to occur over the next 5—10 years.

In particular, economic capital will become a key regulatory tool for
both quantifying the amount of risk that a firm is running and to assist
regulators in setting a regulatory capital requirement that is based on, at
least some scientific, rather than on arbitrary rules.

5.7.3 Shareholders

All else being equal, the firms that make the most effective use of capital
will be the firms that generate the most value and will therefore represent
the most attractive investment opportunities. For example, firms that
focus on products where economic capital and regulatory capital
requirements are well aligned may find it easier to generate value than a
firm that offers products where the regulatory capital requirement is in
excess of economic capital although, obviously, competition will still be
a key determinant of value creation.
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58 SUMMARY

In this chapter we have defined economic capital and have described its
various uses. As mentioned at the start of this chapter, we are of the view
that economic capital is the key quantitative risk tool that is available to
firms in the management of the risks they collect.

We now move on to consider the various types of capital that can be
used to back firms’ regulatory capital requirements.
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Types of Capital

6.1 INTRODUCTION

In this chapter we describe the role of capital and also discuss the
different types of capital that are available to financial services firms to
cover their regulatory capital requirements. The discussion is based on a
banking model as, at least in the UK, this is the model that has recently
been adopted by other types of financial services firms.

This chapter should be considered as an introduction to the topic,
which in practice can be extremely complex and opaque, especially in
regard to the very detailed and, often subjective, rules that define the
different types of capital.

For the purposes of this book, we are most interested in what we
might call “true risk” capital. In other words, capital which is of the
highest quality that is genuinely on risk and which can be lost in its
entirety during times of financial stress.

6.2 THE ROLE OF CAPITAL

Capital, in its broadest sense, acts as a buffer to absorb the losses of a finan-
cial services firm, usually in times of financial stress, and so protecting the
interests of customers’ owed money by the firm, for example, the policy-
holders of a life insurance firm, or the depositors of a bank.

Three fairly self evident key properties that capital must possess are

® It must be able to absorb losses.
B [t must be available permanently.

® [t must be fully paid up so that the firm has full possession of the
capital funds.

(52
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6.3 CATEGORIZATION OF CAPITAL QUALITY

Capital, in order of decreasing quality, is categorized by regulators into
the following main types:

1. Core Tier 1

2. Innovative Tier 1
3. Upper Tier 2

4. Lower Tier 2

Each of these is described in more detail below, together with Tier 3
capital, which is used specifically to back the risks run by bank’s
trading book.

As is described below, Core Tier 1 capital, and probably Innovative
Tier 1 capital also, are most clearly types of “true risk” capital, whereas
some of the other types of capital discussed below are essentially debt
capital and are on risk only in the event of firm insolvency, when the
higher quality capital is destroyed completely.

Note that the costs of Innovative Tier 1 and Tier 2 capital are usually
tax deductible, whereas those of Core Tier 1 are not. Consequently,
Innovative Tier 1 and Tier 2 capital are usually cheaper than Core Tier 1,
although they are valued less highly by regulators in terms of quality.

6.3.1 Tier1

Tier 1 capital is the highest quality of capital and must generally satisfy
the following three characteristics:

1. Subordination. In the event of severe financial stress, Tier 1 capital
is repaid last after all other creditors and capital providers.

2. Perpetual maturity. Tier 1 capital should be perpetual, subject to at
most an issuer call after a number of years, usually five. Features
which date the instrument, for example an issuer call in conjunction
with an increase in the coupon rate, compromise the permanence of
the capital and disqualify it from Core Tier 1, although it may still
count as Innovative Tier 1.

3. Ability to defer costs. The financial services firm should have the
ability to waive dividends, or interest, in times of financial stress.
Instruments with cumulative dividends or interest do not qualify as
Tier 1 capital.
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6.3.1.1 CoreTier 1

Core Tier 1 capital typically comprises

1. Permanent share capital, including both fully paid up ordinary share
capital and perpetual, non cumulative preference shares

2. Reserves deriving from retained earnings, share premia and other
surpluses

3. Retained profits arising from the current year, provided they have
been verified by the firm’s external auditors

4. Minority interests arising from consolidation in permanent share-
holders’ equity.

6.3.1.2 Innovative Tier 1

Where a Tier 1 instrument involves a step up in dividends, it is regarded
as Innovative under Basel guidelines. To be eligible to count towards a
firm’s regulatory capital requirement, Innovative Tier 1 capital is limited
to at most 15% of total (i.e. Core Tier 1 plus Innovative Tier 1) Tier 1
capital.

This is because Innovative Tier 1 capital is considered to be of
inferior quality to Core Tier 1. In this instance, the implicit maturity
implied by the step up compromises the perpetual requirement of
Tier 1 capital.

At least in the UK, Tier 1 capital that is issued indirectly, such as
capital issued via a Special Purpose Vehicle (SPV), also counts as
Innovative. The additional operational risks associated with such capital,
for example the associated legal and cross-jurisdictional risks, usually
disqualify indirect Tier 1 capital from counting as Core Tier 1.

6.3.2 Tier2

Tier 2 capital usually comprises

1. Reserves arising from the revaluation of fixed assets and fixed asset
investments

2. General provisions

3. Perpetual cumulative preferred shares, including those that are
redeemable at the option of the issuer, such shares being convertible
into ordinary shares
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4. Perpetual subordinated debt satisfying certain qualifying conditions

Subordinated term debt including dated preferred shares, convert-
ible subordinated bonds and short term subordinated loan capital
with a minimum original term to maturity of five years and 1 day
and subject to straight line amortization over the last five years of its
life (the amortization is to avoid a sudden diminution in the capital
available to the firm on expiry of the capital).

Upper versus Lower Tier 2

Issued Upper Tier 2 capital is perpetual and is cumulative. In other
words, its interest or dividend payments may be deferred but, unlike
Tier 1 capital, cannot be cancelled.

Issued Lower Tier 2 capital is usually dated and its interest or dividends
should be paid as they fall due. Lower Tier 2 capital is therefore consid-
ered as a lower form of capital than Upper Tier 2 as it gives less funding
flexibility because the deferral of an interest payment can trigger a
default event.

6.3.3 Tier3

Tier 3 capital is used only to support the trading activities of banks
and usually comprises short term qualifying subordinated debt that
has a minimum original maturity of two years and for which the
repayment of debt is suspended if the bank’s capital falls below a
specified level.

6.4 CAPITAL DEDUCTIONS AND LIMITS

A host of very detailed deductions and limits apply to all capital types.
For example, banks, spurred on by imaginative investment bankers,
continually test the boundary between Tier 1 and Tier 2 capital and reg-
ulators respond with ever more deductions and limits. Some of these are
described below.

6.4.1 Deductions

When calculating a firm’s capital base, deductions that are usually made
from Tier 1 capital include

1. Holdings of own shares
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2. Intangible assets and goodwill

3. The current year’s net losses, if any.

This is because, intangible assets for example, are deemed to be low
quality and not eligible to be counted towards a firm’s regulatory capital
requirement. Certain deductions must often be made from the sum of
Tier 1 and Tier 2 capital, usually 50% from Tier 1 and 50% from Tier 2.
These include

1. Investments in unconsolidated subsidiaries and associates

2. Connected lending and guarantees of a capital nature

3. Capital instrument holdings issued by credit and financial institutions

4. Qualifying holdings in non financial companies.

6.4.2 Limits

Limits on the amounts of capital that are eligible for regulatory capital
purposes tend to vary by the type of financial services firm being
considered. For example limits vary between banks with and without
trading books. Some examples of the types of limit that are applied by
regulators are as follows:

1. Tier 1 capital should be made up of at least 50% ordinary shares,
associated reserves and retained earnings

2. Innovative Tier 1 capital can comprise at most 15% of total Tier 1
capital

3. Tier 2 capital should not exceed Tier 1 capital
4. Tier 2 subordinated term debt should not exceed 50% of Tier 1 capital

5. Tier 3 capital may be used to cover trading book requirements,
except counterparty risk or settlement risk capital requirements in
the trading book.

6.5 SUMMARY

In this chapter we have given a description of the different types of
capital that are available to financial services firms to cover their regulatory
capital requirements. As was described, a key feature of this capital is the
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way that it is tiered according to its perceived quality. The constraints on
the amount of capital that is eligible to count towards a firm’s regulatory
capital requirement were also described. The topic is complex, but is
obviously of crucial importance to the firms themselves, regulators and
the providers of the capital.

We now move on to consider the more technical Chapter 7, which
describes our stochastic model, which is the engine that generates the
stochastic stresses used to determine economic capital.



(¢ CHAPTER 7 D

The Stochastic
Model

7.1 INTRODUCTION

As stated in Chapters 4 and 5, our preferred approach in this book is
to determine economic capital using a stochastic, rather than a determin-
istic, approach wherever possible. This chapter develops a stochastic
model that is effectively the engine that generates our stochastic
stresses.

The chapter is somewhat technical and may not be of interest to all
readers. We would suggest, therefore, that those readers who have no
interest in the technical details of our stochastic model read this, and the
following two paragraphs, and then skip the rest of this chapter and
move directly on to Chapter 8, which contains our banking applications.

The book is written in such a way that the chapters beyond this chapter
can be understood without this chapter needing to be read in detail.
All that the reader needs to know is that the stochastic model that is
developed in this chapter is used to generate the stochastic stresses that
will be used to determine the percentile economic capital for each of our
later examples.

For instance, with a retail mortgage bank, the stochastic model will be
used to generate response variables, such as the bank’s interest rate
margin, that drive economic capital. These generated response variables
are then used to calculate the amount of economic capital that the bank
requires to cover the mortgage risks that it is running under the stochas-
tic stresses generated by the stochastic model. Therefore, to reiterate, the
stochastic model is the engine that generates our stochastic stresses.

At this point, readers who have no interest in the technical details of
the stochastic model should proceed directly to Chapter 8.

(58
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The chapter is structured as follows:

1. We describe very specific examples of the stochastic model involving
only a small number of response variables. We call these models
specific low dimensional models.

2. Motivated by the models in 1, we then generalize these specific
low dimensional models to form a more general model. This
general model is, in fact, a high dimensional multivariate time series
model, but where the model is constructed from relatively low
dimensional building blocks. We call this model the general high
dimensional model.

3. To apply the general high dimensional model described in 2 in prac-
tice, we next develop more specific versions of this general high
dimensional model. We will, in fact, apply these specific models in
all of the examples that appear in the later chapters of the book and
we call these models specific high dimensional models.

Obviously, there is a huge amount of literature on this subject, see Tsay
(2002) for example. However, a novel approach that we introduce in this
book is the combination of multivariate graphical models, see Lauritzen
(1996), Edwards (1995) or Porteous (1985), with financial time series
models. This is fully described later in this chapter.

We now give examples of our specific low dimensional stochastic
models.

7.2 SPECIFIC LOW DIMENSIONAL
STOCHASTIC MODELS

7.2.1 Response variables modeled

We denote the ith response variable in month ¢ as Y;,. Here the Ys repre-
sent the annual value of the ith response variable, for example, the
annual rate of RPI, at month 7.

We propose an initial specific model where we model response vari-
ables as a first order autoregressive time series with constant volatilities.
In other words, each Y, is modeled as:

Y, = BiYi(i—l) + &

where &, ~N(0, o?) is the error term associated with the Y, response vari-
able. B, and o are unknown parameters to be specified. Here N denotes
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the Normal, or Gaussian, distribution. The ;s are assumed to be inde-
pendently distributed across response variables and time.

This means that the conditional expectation, E(Y;, |y,,—1), Yig—2)» ---) =
BiViu—1y and the conditional variance Var (Y;; | yio—1), Yig—2p---) = 07 .

It then follows that the unconditional expectation, E(Y;), and the
unconditional variance, Var (Y;,), of the ith response variable equal 0 and,
for time constant o7, o7/(1—37) respectively.

If the unconditional expectation, w;, of the ith response variable is not
zero, we model this by simply adding w; to the Y;s, as generated by the
stochastic model, to form a new response variable Z;, as follows:

Zy = p; t Y.

From our definition of Z, it then follows that E(Z;)) = ;.
In all that follows, it will be implicit hereafter that, if w; is non zero,
we will work with the Z,s, rather than the Y,s.

7.2.2 One dimensional stochastic model

In this section we give an example of a one dimensional model by
modeling the UK Equity Dividend Yield response variable using a
simple model. Our model is based on that described in Section 7.2.1
with parameter values as set out in Table 7.1.

In other words, we model the UK Equity Dividend Yield response
variable as a first order autoregressive time series. Figure 7.1 (see colour
Plate 1) shows 10 simulations, or realizations, of the model over a 25
year period for this base case model.

The relatively high value of 8 chosen ensures that there is strong
autoregressive, or trending, behavior apparent in the series. It can be
seen that the series fluctuates around its unconditional expected value
of 0.0325, with the spread determined by its unconditional standard
deviation of 0.0075.

The series appears volatile although it varies exactly as expected
under the model. This demonstrates a key message of our approach, that

Table 7.1 Response variable model and volatility model parameterizations -
one dimensional model

First order
Unconditional  autoregressive Unconditional
expectation parameter standard deviation
Response variable Wi Bi o./(1—B3H"?

UK Equity Dividend Yield 0.0325 0.975 0.0075
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human instinct and judgment are, in general inadequate or deficient,
when it comes to quantifying, or understanding, stochastic variability in
practice. Moreover, this inadequacy worsens very significantly when
higher dimensional, or multivariate, response variables are being
considered.

In Figure 7.2 (see colour Plate 2), we show 10 more realizations, or
simulations, of the model, but with the 8 parameter reduced to 0.9. It
can be seen that the serial dependence, or within response variable
dependence within each of the 10 series, as expected, has reduced
significantly.

The series look more random, with less structure, despite the fact that
the modeled autoregression ensures that there is real structure, or
dependencies, in the series. The human eye, and judgment, again have
difficulty in discerning this structure, or the dependencies that we know
are present in the series.

In Figure 7.3 (see colour Plate 3), we have re-run the 10 simulations,
or realizations, having increased the assumed unconditional standard
deviation to 0.01 with the 3 parameter reset to 0.975. It can be seen, as
expected, that the strong serial, or within response variable, dependence
returns but, as expected, the series fluctuate more widely about their
unconditional expected value of 0.0325.

We now move on to consider a three dimensional extension of the one
dimensional model.

7.2.3 Three dimensional stochastic model

This initial example involves the three response variables UK RPI, UK
Equity Earnings Growth and UK Equity Dividend Yield. The construc-
tion and properties of the general high dimensional and specific high
dimensional stochastic models will follow immediately from this three
dimensional example.

As described in Section 7.2.1, we assume that each of the three
response variables follows a first order autoregressive time series model
with constant variances, or volatilities, and constant correlations, as
described below.

We assume the parameter values shown in Table 7.2.

We will assume a constant correlation model where the correlation,
p;i» between the error terms &;, and &;, equals

Pijy = Wjj

for all i # j and ¢, provided that &; and &; are connected in the graphical
model that defines the multivariate dependency structure of the &;s.
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Table 7.2 Response variable model and volatility model parameterizations -
three dimensional model

First order Unconditional
Unconditional  autoregressive standard
expectation parameter deviation
Response variable Wi B; o./(1—B3H)"?
UK RPI 0.0275 0.975 0.0075
UK Equity Earnings Growth 0.0425 0.95 0.02
UK Equity Dividend Yield 0.0325 0.975 0.0075

Table 7.3 Correlation model parameterization - three
dimensional model

Correlation coefficient

& pair pj
UK RPI/UK Equity Earnings Growth 0.1
UK RPI/UK Dividend Yield 0.3
UK equity UK e‘?”‘ty
dividend earnings
yield growth
UKRPI

Figure 7.4 Graphical model of between response variable dependency model

See Section 7.3.3 for a full explanation of the graphical model approach
to representing the multivariate dependency structure of the es. As
always, p;, = 1 fori = j.

In the graphical model that defines the multivariate dependency struc-
ture of the g;s, we assume that the UK RPI ¢ is connected to the UK
Dividend Yield and UK Equity Earnings Growth gs, with no other connec-
tions in the graph. This means that, the UK Dividend Yield and UK Equity
Earnings Growth s are conditionally independent at all time points ¢, given
the UK RPI ¢, and so UK RPI drives the correlation structure of the &s.

This graphical model is illustrated in Figure 7.4.

The correlation parameter values that we have used are set out in
Table 7.3.
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Figure 7.5 Three dimensional stochastic model - base case

Note also that this model is equivalent to a one factor model, where
the factor is UK RPIL.

Figure 7.5 shows typical realizations of the three simulated response
variables over a 25 year period assuming the parameter values set out in
Tables 7.2 and 7.3.

It can be seen from Figure 7.5 that the model produces results that are
qualitatively very similar to real series of investment data.

Using the three simulated response variables, we can construct
derived variables such as, for example, an equity capital index. First we
calculate an equity earnings growth index using the stochastically
generated equity earnings growth response variables. This is then
converted into an equity capital index by dividing the earnings index
by the stochastically generated equity dividend yields. In doing this
we assume that dividend payout ratios remain broadly constant over
time. We can then rebase this equity capital index to its required starting
point.

A total equity return, capital plus income, index can then be formed from
the derived capital index and the stochastically generated dividend yields.

An RPI index can also be constructed similarly. Figure 7.6 graphs a
typical realization of a simulated UK equity capital index, a UK equity
total return index and a UK RPI index. Again, these indices are qualita-
tively very similar to genuine UK equity and UK RPI indices.
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Figure 7.6 Three dimensional stochastic model — specimen index output —
base case

Table 7.4 Estimated statistics computed from the stochastic model
output versus historical data — base case

Model output Historical data, 1900-2000*%
Real equity total Real equity total
Statistic return p.a. return p.a.
Mean return (arithmetic) 0.07 0.08
Standard deviation 0.20 0.20
Skewness 0.5 0.7
Kurtosis 0.8 0.8
Correlation with RPI —0.04

* Dimson, Marsh and Staunton (2002). Mike Staunton, Director of the London
Share Price Database provided the skewness and kurtosis data. Note that
normal random variables have zero skewness and kurtosis values.

Table 7.4 compares real total equity return means, standard devia-
tions, skewness and kurtosis coefficients, as estimated from the output of
the stochastic model over 2,500 simulations, with the corresponding sta-
tistics for UK historical data. Table 7.4 also shows real total equity return
correlation with RPI, as generated by the model.
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The results given in this table show that the total real returns as gener-
ated by the stochastic model are plausible and are consistent with the
pattern of returns that have been observed over very long periods of time
in the past: see Dimson, Marsh and Staunton (2002) for more detail on
the historical data.

The model generates a very small negative correlation between real
total equity returns and RPI. In other words, real total equity returns tend
to be slightly higher in low inflation environments. However, the corre-
lation is so low that we can reasonably conclude that real total equity
returns, as generated by the model, are not dependent on RPI.

7.2.4 Three dimensional stochastic model with
stochastic volatilities

In this section, we extend the example given in 7.2.3 to allow for time
varying variances or volatilities. In particular, we assume a first order
stochastic volatility model for response variable i where, conditional on
all information up to time (¢ — 1), o7; is described by the expression

2 _ 2
o, = ¢ + d)il‘gi(tfl)-

It then follows that the unconditional variance of the ith response vari-
able equals

big
{(1=¢) 1-B))}

The ¢, parameter controls the amount of &> autoregression in the o
series. For 0 < ¢b;; < 1, & autoregression in the series increases the
volatility of the unconditional distribution of the response variables. It
can also be seen that, the closer ¢;;, or B;, is to 1, the larger the uncondi-
tional variance of the ith response variable.

When introducing the stochastic volatility model into our stochastic
model we will, therefore, usually adjust the ¢,, parameter to ensure that
the unconditional variance of the ith response variable remains unaltered
as a result of introducing stochastic volatility. This will also help to aid
comparison with the constant volatility model results.

Before illustrating the effect of the stochastic volatility model, we first
provide some motivation for the type of physical behavior that the sto-
chastic volatility model is able to describe.

First, remember that the o’s model the variances of the ;s at time ¢,
conditional on the past prior to time ¢. They therefore represent what we
might call “local” conditional variances, or volatilities, at time ¢. If the &;
at time (+ — 1) is “large”, in absolute terms, then o will also be “large”,
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Figure 7.7 Three dimensional stochastic model — stochastic volatilities

implying an increased level of volatility at time ¢. Extreme values of &, or
jumps, are then more likely than with the constant volatility model. In
other words, extreme values of past £s can cause local jumps in the under-
lying es, and so the response variables. Such patches of increased local
volatility are very often observed in genuine investment time series data.

To illustrate the effect that this type of stochastic volatility has on the
response variables generated by the model, we have recalculated
Figure 7.5 and Figure 7.6 assuming that, for the UK Dividend Yield and
UK Equity Earnings Growth es, the ¢;;s equal 0.5, with the ¢,s reset to
ensure that the unconditional variances of these response variables are
unaltered from those used in Section 7.2.3 above. The UK RPI volatility
model is left unchanged, as we believe that UK RPI is less prone to this
type of increased local volatility in practice.

Our results are shown in Figures 7.7 and 7.8 respectively.
Comparing Figure 7.7 with Figure 7.5, we can see that the stochastic
volatility simulation graphs are generally smoother over most of the
term of the projection, but with more extreme jumps that are locally
focused. This is as we expect as the stochastic volatility term induces the
steep jumps and the imposed constant unconditional variance, or volatil-
ity, assumption then forces the graphs to be smoother over the remainder
of the term of the projection. Comparing Figure 7.8 with Figure 7.6
shows that these features are also carried over into the derived indices.
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Figure 7.8 Three dimensional stochastic model — specimen index output —
stochastic volatilities

Table 7.5 Estimated statistics computed from the stochastic
model output versus historical data — stochastic volatilities

Model output Historical data, 1900-2000
Real equity total Real equity total
Statistic return p.a. return p.a.
Mean return (arithmetic) 0.07 0.08
Standard deviation 0.22 0.20
Skewness 0.7 0.7
Kurtosis 1.8 0.8
Correlation with RPI —0.04

Table 7.5 compares real total equity return means, standard devia-
tions, skewness and kurtosis coefficients, as estimated from the output of
the stochastic model over 2,500 simulations, with UK historical data sta-
tistics. Table 7.5 also shows real total equity return correlation with RPI,
as generated by the model.

Comparing Table 7.5 with Table 7.4 shows that the stochastic
volatility term has increased real equity total return standard deviation,
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skewness and kurtosis, with the mean and correlation essentially
unaltered. The main conclusion, therefore, is that the stochastic volatility
parameter has fattened the tails of the real equity total return distribution,
which as we shall see later in our examples, can prove useful in practice.

Note also that the introduction of the stochastic volatility term desta-
bilises the statistics reported in Table 7.5. For example, the mean return
reported in Table 7.5 is much more variable, over different runs of the
2,500 simulations, than it is with the constant volatility model. This
increased volatility is caused by the more extreme jumps in the underly-
ing response variables that occur as a consequence of the stochastic
volatility term.

7.2.5 Three dimensional stochastic model with
stochastic correlations

In this section, we now move back to the constant volatility, constant
correlation example shown in Section 7.2.3 and extend it to allow for
stochastic correlations. We first set out the mathematical model that we
have assumed for our stochastic correlations and, following this, we then
describe the real world physical rationale for the model.

In particular, we assume that the correlation between the ith and jth es,
conditional on the past up to time #, p;, is described as follows:

.
wy fort<T

w;y fort> T and provided that ¢;, < C; for at least one of the
(i,j) pairs that are connected in the graphical model repre-
Pijr = < senting the multivariate dependency structure of the es

w;; fort > T and provided that c;, > C;; for all (i,j) pairs that

are connected in the graphical model representing the

L multivariate dependency structure of the &s
Here —1 < w;jo, Wy, Cy < 1 and
2Ei—9) -9

KARNT PR To VS N YL

where the summations are overs = 1, 2, ..., T. Therefore, C;;; represents
the rolling correlation between &; and &; over the previous 7" months.
The rationale for this model is as follows. For the first 7’ months, cor-
relations are set to a constant value of w;;,. Once these T'months are over,
the conditional correlation is allowed to vary and, in fact depends on the
correlation of the observed &;s and &;s over the previous 7 months.
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If at least one of the observed correlations for the (i, j) pairs connected
in the graphical model representing the multivariate dependency
structure of the es is lower than the threshold Cy then the conditional
correlations at time ¢ are set to wy;, for all of these (i, /) pairs.

Alternatively, if all of the observed rolling correlations are greater
than their thresholds Cy, then the conditional correlations at time ¢ are all
set equal to the w;;;s where the w;;s will have much larger values than the
w;os. In other words, once the observed rolling correlations become
“large,” all conditional correlation parameters kick up to the higher lev-
els and stay there until at least one of the observed rolling correlations
falls below its threshold.

This behavior is very often seen in practice. For example, investment
variables tend to become very highly correlated for relatively short
periods during times of market stress.

To illustrate the effect that this type of stochastic correlation has on
the response variables generated by the model, we have recalculated
Figure 7.5 and Figure 7.6 assuming that, for the UK RPI/UK Equity
Dividend Yield and UK RPI/UK Equity Earnings Growth correlations,
the w,jps equal 0.3 and 0.1 respectively, as used in the previous examples,
with the ;s set to 0.9 and 0.7 respectively. The Cys are set to 0.625 and
0.425 respectively and a value of T = 12 months is used.

Our results are shown in Figures 7.9 and 7.10. Figures 7.11 and 7.12
also show, respectively, the corresponding UK RPI/UK Dividend Yield
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Figure 7.9 Three dimensional stochastic model - stochastic correlations
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Figure 7.12 Three dimensional stochastic model - modeled stochastic
correlation versus rolling actual correlations for UK RPl and UK Equity
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and UK RPI/UK Earnings Growth modeled correlation parameters and
the observed rolling correlations.

Comparing Figure 7.9 with Figure 7.5, we can see that the stochastic
correlation simulation graphs are much more tightly correlated in the
middle section of the projection than they are in Figure 7.5. Figures 7.11
and 7.12 confirm this as they show that the observed rolling correlations
and, consequently, the modeled correlation parameters kick up to the
higher levels in this middle section of the projection. Comparing
Figure 7.10 with Figure 7.6 shows that the stochastic correlation model,
at least for this example, produces equity indices that are less locally
volatile than the constant correlation model which, again, is as expected.

The reason for this is as follows: when the UK Equity Dividend Yields
and UK Equity Earnings Growth response variables become more
highly correlated, the effect of high/low dividend yields, which imply
index capital falls/gains, tends to be dampened by associated high/low
earnings growth rates. In other words, jumps in dividend yields, which
cause capital value falls, are offset by earnings growth rate increases,
which drive capital appreciation.

Table 7.6 compares real total equity return means, standard devia-
tions, skewness and kurtosis coefficients, as estimated from the output of
the stochastic model over 2,500 simulations, with the corresponding UK
historical data statistics. Table 7.6 also shows real total equity return
correlation with RPI, as generated by the model.
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Table 7.6 Estimated statistics computed from the stochastic
model output versus historical data — stochastic correlations

Model output Historical data, 1900-2000
Real equity total Real equity total
Statistic return p.a. return p.a.
Mean return (arithmetic) 0.07 0.08
Standard deviation 0.20 0.20
Skewness 0.5 0.7
Kurtosis 0.7 0.8
Correlation with RPI —0.04

If we compare Tables 7.6, 7.5 and 7.4, we can see that the stochastic cor-
relations, unlike the stochastic volatilities, have limited effect on real
equity total returns.

7.2.6 Three dimensional stochastic model with stochastic
volatilities and stochastic correlations

In this section, we extend the example shown in Section 7.2.3 to allow for
both stochastic volatilities and stochastic correlations. In particular, we
assume the stochastic volatility model assumed in Section 7.2.4 in con-
junction with the stochastic correlation model assumed in Section 7.2.5.

We have recalculated Figure 7.5 and Figure 7.6 and our results are shown
in Figures 7.13 and 7.14 respectively. Figures 7.15 and Figures 7.16 also
show, respectively, the corresponding UK RPI/UK Equity Dividend Yield
and UK RPI/UK Equity Earnings modeled correlations and the observed
rolling correlations, calculated over the previous 12 months.

By comparing Figure 7.13 with Figure 7.5, and Figure 7.14 with
Figure 7.6, and by inspecting Figures 7.15 and 7.16, a combination of
the effects described in Sections 7.2.4 and 7.2.5 can be seen. In other
words, a combination of extreme local jumps, caused by the stochastic
volatility model, and periods of increased levels of correlation, as caused
by the stochastic correlation model, can be observed.

Table 7.7 compares real total equity return means, standard devia-
tions, skewness and kurtosis coefficients, as estimated from the output of
the stochastic model over 2,500 simulations, with the corresponding UK
historical data statistics. Table 7.7 also shows real total equity return
correlation with RPI, as generated by the model.

Comparing Table 7.7 with Tables 7.4, 7.5 and 7.6 shows that the com-
bined stochastic volatility and stochastic correlation models have
increased real equity total return standard deviation, skewness and
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Figure 7.16 Three dimensional stochastic model - modeled stochastic
correlation versus rolling actual correlations for UK RPI and UK Equity Earnings
Growth with stochastic volatilities

kurtosis, with mean and correlation essentially unaltered. Moreover, the
increases are larger than those observed when using the stochastic
volatility model on its own.

The main conclusion, therefore, is that the stochastic volatility and
stochastic correlation models, in combination, have significantly fat-
tened the tails of the real equity total return distribution.
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Table 7.7 Estimated statistics computed from the stochastic model
output versus historical data - stochastic volatilities and correlations

Model output Historical data, 1900-2000
Real equity total Real equity total
Statistic return p.a. return p.a.
Mean return (arithmetic) 0.07 0.08
Standard deviation 0.24 0.20
Skewness 0.7 0.7
Kurtosis 2.0 0.8
Correlation with RPI —0.04

We again observed that the introduction of stochastic volatility term to
the constant volatility, stochastic correlation model increased the volatil-
ities of the statistics reported in Table 7.7. For example, the mean return
reported in Table 7.7 is much more variable, over different runs of the
2,500 simulations, than it is for the constant volatility, stochastic corre-
lation model. This is again caused by the more extreme jumps in the
underlying response variables that occur as a consequence of the
stochastic volatilities.

We now move on to describe our general high dimensional stochastic
model in full detail.

7.3 THE GENERAL HIGH DIMENSIONAL
STOCHASTIC MODEL

We list in Table 7.8 the response variables that are included in our
general high dimensional stochastic model.

We believe that this list is comprehensive enough to allow us to esti-
mate stochastic economic capital for most types of financial services
firms. If more response variables are required it is, however, relatively
straightforward to add them into the model.

An important feature of our approach, as indicated in the examples
above, is that we model within response variable and between response
variable dependencies separately using distinct models. This ensures
that within response variable and between response variable dependen-
cies are kept separate and are not mixed up.

7.3.1 Within response variable dependence model

By “within response variable dependence,” we mean the serial dependence
that is present within almost all time series data. For example, the dividend
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Table 7.8 Modeled response variables

UK economic

1 Retail Price Inflation (RPI)
Equity earnings/dividend growth
Equity dividend yield
Short term cash yield
Medium term government bond yield
Medium term corporate bond yield
Long term government bond yield
Long term corporate bond yield

9 Mortgage yield
10 Property rental growth
11 Property rental yield
12 £ appreciation against $

0O NOYUL A WN

US economic

13 Consumer price inflation (CPI)

14 Equity earnings/dividend growth

15 Equity dividend yield

16  Short term cash yield

17 Medium term government bond yield
18 Medium term corporate bond yield
19 Long term government bond yield

20 Long term corporate bond yield

21 Mortgage yield

Demographic/behavioral
22 Mortality improvement
23  Persistency

yield on an equity index in month ¢ tends to depend on the dividend
yields at month (¢ — 1), ( — 2), ... .

The general form of our within response variable dependence model
is that the distribution of Y;, conditional on the past up to time ¢, is
described by the formula:

Y, = g(yi(tfl)’ Yia—2)s Yi—3)s Yi—4) )

+ h(gi(tfl)’ Eit—2)s €it—3)> €it—4y ) Ty

Here, g and h are general functions to be defined by specifying both their
functional forms and the values of the parameters on which they depend.

For the moment, we assume that E(Y;), the unconditional expected
value of Y;, equals zero. The ¢; term is the error associated with the Y;,
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response variable. If the unconditional expectation, w; of the ith response
variable is not zero, we model this by simply adding w; to the Y;s to form
the Z;s, as described in Section 7.2.1.

The function g captures the autoregressive features of the response
variable Y;. In other words Y; depends on its own past values. Whereas,
the function h captures its moving average features. In other words, Y;
depends on its own past error terms.

Usually, g and h will have very simple functional forms and will
depend on a relatively small number of parameters. Our own practical
experience suggests that, at least to a good first order of approximation,
it is possible to model actual within response variable dependency struc-
tures using parsimonious models.

7.3.2 \Volatility model

We specify the general high dimensional stochastic model using models
similar to the generalized autoregressive conditional heteroscedastic
model that Engle (1982) pioneered. In particular, we assume that

git = N(O’ Uzzt)’

where N denotes the Normal, or Gaussian, distribution and

2 _
Oy = ua(az'z(t—l)’ 0%(1—2), )t v(r(Yi(t—l)’ Yit—2y )
+ Wo-(gi(tfl)’ Ei—2y )

Here u,, v, and w, are general functions to be defined by specifying both
their functional form and the values of the parameters on which they
depend. Obviously, we must always ensure that o 7 > 0 for all i and ¢.

The u, function models autoregressive volatility behavior. In other
words, the tendency for past modeled volatility, as measured by the os,
to influence current modeled volatility. Similarly, the functions v, and
w, model, respectively, the effect that past response variables and error
terms have on current levels of volatility.

7.3.3 Between response variable dependence model

We model the between response variable dependencies via the condi-
tional correlation matrix of the s using graphical models.

By “between variable dependence” we mean the non serial dependen-
cies that are present across multi-dimensional investment data. For
example, government bond yields and equity dividend yields tend to be
positively correlated.
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If d denotes the number of response variables that we are modeling,
our basic model is as follows:

1. In standard matrix notation, let D, = diag (o, 0y, ..., Oy—1)» Oap)-

2. With g, = (&, & .-, -1y e,)" let Cov(g,) = D,RDT so that R,
represents the correlation matrix of the &,s.

3. We define the structure of R, using graphical models that drive the
conditional independence properties between the &;s.

Graphical models allow the conditional independence properties of
the &s to be read off their graph and the dimension reduction capability
of the model chosen is also then apparent.

The graph of the model that we have chosen to use with our general
and specific high dimensional models is shown in Figure 7.17. Here,
d = 21, ignoring the Mortality Improvement and Persistency demographic/
behavioral response variables, for the moment.

In Figure 7.17, s i and j are defined to be connected if the (i, j)th ele-
ment of the inverse correlation matrix R; ' is non zero. As we have
assumed that the es follow a multivariate normal distribution, setting
elements of R, !'to zero, suppose (k, 1) for the moment where k <1 and
with all other elements of R, " non zero, standard matrix identities show
that g, and &), are conditionally independent, given the remaining &;s
@i=1,....,k—Lk+1,...,1—1,1+1,...,d).

The full probability density function, f, of the &’s can then be
expressed as follows:

flew € s Ed-1p Ear |F([—1)) =

M M
i G Etk—1p Ek+yp -+ Edr |F(t—1)) X o Eq-p €+ -+ 8dz|F<t—1>)

M
i G Ex—1)p Ek+yp = Ea= Eq+1)p -+ gdt‘F(z—l))

Here, M denotes a marginal probability density function and | F,_,
denotes conditioning on all information prior to time t.

It can be seen that setting this element of R, 'to zero allows the prob-
ability density function of the d g;s to be expressed in terms of the prob-
ability density functions of (d—1) &s. In other words, the dimensionality
of the & dependency structure has been reduced from d to (d—1). If we
continue setting elements of R, to zero, we gradually reduce the
dimensionality of the & dependencies until, in the end, R, 'is diagonal
and the d g are mutually independent, conditional on F,_,.
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Porteous (1995) has shown, using formal mathematical statistical
techniques that, for high dimensional investment time series data,
between & dependencies can be approximated by relatively low dimen-
sional relationships. This is the motivation for the graphical model
developed in this chapter and shown in Figure 7.17.

It is interesting to note that, as with Markov Random Field models
that are used to describe spatial dependencies, and which can also be
represented graphically, see Besag (1974), high dimensional, or long
range, dependency structures can be built up and explained by very low
dimensional, or short range, conditional dependencies. This has consid-
erable advantages in controlling the number of parameters that are
required to model the multivariate dependency structure of high dimen-
sional times series data.

Inspection of Figure 7.17 now shows that there is one 3 dimensional
relationship, involving UK RPI, US RPI and £/$ exchange rates, with all
other relationships two dimensional. All s are dependent on every other &,
although there are many conditional independence properties apparent
in the model.

For example, because the UK Mortgage Yield ¢ is connected to UK
RPI via UK Cash Yield, it follows that, conditional on UK Cash Yield,
the UK Mortgage Yield and UK RPI ¢s are independent. Unconditionally,
however, the UK Mortgage Yield and UK RPI &s are, nevertheless,
dependent. So the dependence of UK Mortgage Yield and UK RPI is
explained by UK Mortgage Yield’s dependence on UK Cash Yield and
UK Cash Yield’s dependence on UK RPI.

In defining the graphical model shown in Figure 7.17, we have used
Porteous (1995) as a driver and also conventional wisdom in deter-
mining which response variables should be directly connected to
each other. For example, it is reasonable that the UK Short Term Cash
and UK Mortgage Yield response variables should be connected in
Figure 7.17 as these two response variables are strongly dependent.
However, we are certainly not “stuck on” this particular graphical model
and other models can certainly also be used if it is felt that they are more
appropriate.

The graphical model for the investment type response variable &s
is shown above the dashed line in Figure 7.17, with the demographic/
behavioral response variables shown below the line. The Mortality
Improvement variable is not connected to any other variable, as it is
not plausible that it will depend directly on any of the other response
variables.

Instead, future Mortality Improvement will generally depend on
future advances in medical science, the aging process and on other fac-
tors such as diet, exercise and retirement age amongst the population of
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interest. We therefore model Mortality Improvement independently of
the other response variables as described below in Section 7.3.8.

There is a directional dependency from the investment type response
variable &s to the Persistency response variable. This represents a causal
relationship between the variables. In other words, the investment response
variables influence the Persistency response variable, but not vice versa.

Therefore, for example, when UK Mortgage Yields have fallen to low
levels, fixed rate mortgage customers tend to be less loyal and may
remortgage more frequently, as compared to when UK Mortgage Yields
are high. In other words, low mortgage yields cause low persistency
experience because it is then in the economic interest of fixed rate
mortgage customers to remortgage.

Similarly, when UK Dividend Yields are high, which usually corre-
sponds to “low” UK equity capital values, unit linked life insurance prod-
uct customers, or mutual fund customers, tend to redeem their units. In
other words, high dividend yields can cause low persistency experience.

Whilst the existence of a causal relationship for persistency is clear,
these two examples show that the precise nature of the relationship will
be product specific and will need to be modeled on a case by case basis.
The specific relationships used in our modeling work are described in
each particular example.

See Lauritzen (1996), Edwards (1995) or Porteous (1985) for more
information on graphical models. Talih and Hengartner (2005) also give
a very recent application of graphical models to financial time series.

7.3.5 Individual correlation model

The correlations of many of the g;s that we wish to model, investment
time series response variables for example, can be non stationary and, in
fact, can exhibit strong autoregressive type behaviors. See Tsay (2002)
or Tse and Tsui (1998).

If our graphical model requires a correlation between the error terms &,

and &, for i # j and denoting it by p;;,, we model it in its most general form as

Pijir = up(pij(t—l)) Pijii—2y )t vp(yi(t—l)’ Yia—1y Yia—2y Yji—2y )

+ WolEiu-1y Eja-1y Ej-2p Eju—2y ++)

Here, u,, v, and w, are general functions to be defined by specifying both
their functional forms and the values of the parameters on which they
depend. For i = j, p;, = 1 by definition.

We must also be careful to ensure that our p;s always fall in the
range —1to 1.



(82) ECONOMIC CAPITAL AND FINANCIAL RISK MANAGEMENT

7.3.6 Tail dependence

The correlation structure of &; and &; may depend on the values of the
corresponding response variables y; and y;. In particular, correlation may
increase in the tails of the ¥; and Y; distributions. For example, as bond
yields increase, government and corporate bonds tend to become more
highly correlated.

Although copulas, Joe (1997), have been used to model this type of
behavior, we prefer a more direct approach, similar to that outlined by
Engle (2003). For example, if we want to model an increased level of
dependence between &; and &; when Y; and Y; are both large, we can
achieve this by including a term in the definition of pj; that is both large
and positive in these circumstances.

7.3.7 Simulating the general high dimensional
stochastic model

Simulating the es at time #, conditional on their values prior to time t,
involves simulating a 21 dimensional multivariate normal random vector.
Note that our full 23 dimensions have reduced to 21 as, for the moment,
we are not considering the demographic/behavioral response variables at
this point.

The conditional independence properties of our general high dimen-
sional model, as shown in Figure 7.17, fortunately allow the simulation
exercise to be carried out in dimensions of at most three. Provided that
our graphical model is decomposable, see Lauritzen (1996) and
Porteous (1985) for a full explanation, the method of simulation that we
describe here is always possible.

The simulation algorithm that we use at time ¢ is as follows:

1. First simulate the {UK RPI, US RPI, £/$ Exchange Rate} &s. These
es form the largest clique in Figure 7.17 where a clique is a maximal
set of es that are all connected to each other. Let us call this the
clique of order 0. The simulation involves generating a three dimen-
sional multivariate normal random vector using the usual Cholesky
decomposition approach.

2. Identify cliques that contain &s connected to an ¢ in the clique of
order 0. We call these order 1 cliques. We then simulate the clique 1
s, conditional on the clique of order 0. This involves simulating a
multivariate normal random vector of dimension at most 1, for
example, the conditional distribution of the {UK RPI, UK Cash
Yield} clique, conditional on the clique of order 0.
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3. Identify cliques that contain s connected to an & in a clique of
order 1. These are cliques of order 2. We then simulate the order 2
clique es, conditional on the clique 1 es. This involves simulating
multivariate normal random vectors of dimension at most 1.

4. Repeat step 3 for the order 2 cliques and thereafter.

5. As the graph shown in Figure 7.17 is decomposable, the algorithm
will terminate having successfully simulated the 21 dimensional &
random vector with the correct conditional correlation matrix at
time 7.

Once we have the es, we can then recursively generate the response
variables, and the time varying volatilities and correlations.

Computationally this gives us a huge saving. For example, if we are
generating monthly realizations of our response variables over a 25 year
time period and doing this, say 10,000 times, the number of multivariate
normal simulations required is 25 X 12 X 10,000 = 3,000,000. If this is
done with correlation matrices of dimension at most 3, rather than 21,
then a very considerable saving is achieved.

7.3.8 Mortality improvement

The UK actuarial profession, amongst other professional bodies, UK
government departments and international agencies, studies mortality
and regularly publishes mortality tables, including allowances for future
mortality improvements. The data that are used for these actuarial studies
are provided by the UK life insurance industry. See Willets et al. (2004)
and Willets (2004), two recent mortality studies prepared under the aus-
pices of the UK actuarial profession, and which provide good overviews
of current mortality trends, for more information.

Generally speaking, mortality has tended to improve very much faster
than has been forecast particularly, in recent years, at higher ages.
Moreover, there is now also a distinct possibility that anti-ageing research
may soon bear fruit, indicating that future improvements in mortality may
well run at even faster levels than has been observed in the recent past.

At the broadest level, rates of mortality improvement depend on three
important risk factors: age, sex and “cohort.”” Willets (2004) has
described the UK “cohort effect” whereby people born in the UK
between 1925 and 1945, centered on the generation born in 1931, have
experienced much faster improvements in mortality than generations
born either side of this period.

The UK cohort effect is probably explained by historic smoking
behavior patterns and also by diet in early life. Similar cohort effects
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have been observed in Norway, Sweden, Denmark, France, Italy, USA
and Japan. See Willets (2004).

Tables 7.9 and 7.10, taken from Willets (2004), show estimated annual
mortality improvement rates by age, calendar year and sex for the gen-
eral population of England and Wales. The improvement rates are esti-
mated over a five year period centered on the calendar year shown. See
Willets (2004).

The cohort effect can be seen in the bold figures shown in Table 7.9
and Table 7.10. Note also that, over calendar years, improvement rates
have fallen at the younger ages and have increased at the older ages.
Willets et al. (2004) discuss the reasons for this in detail.

Table 7.9 Average annual mortality improvement rate for males in the
population of England and Wales (%)

Calendar year
Age group 1975 1980 1985 1990 1995 2000
40-44 3.1 2.1 1.6 0.1 0.3 0.9
45-49 29 3.5 2.8 3.1 0.4 0.2
50-54 1.0 3.7 2.6 2.3 29 1.7
55-59 1.5 1.8 2.6 3.1 24 35
60-64 1.0 2.1 2.0 3.6 3.6 3.2
65-69 1.6 22 1.7 2.1 3.8 4.5
70-74 1.6 1.9 1.8 2.0 25 4.6
75-79 0.5 2.1 1.4 2.2 2.6 2.8

Table 7.10 Average annual mortality improvement rate for females in the
population of England and Wales (%)

Calendar year
Age group 1975 1980 1985 1990 1995 2000
40-44 2.7 3.7 1.0 2.7 1.6 23
45-49 24 3.0 1.6 26 1.3 0.3
50-54 1.0 3.6 25 2.0 1.7 1.6
55-59 0.4 1.1 24 3.2 17 25
60-64 0.4 0.5 0.6 2.8 3.2 25
65-69 1.2 1.3 0.7 14 2.8 3.7
70-74 1.7 1.3 1.0 1.2 1.4 4.0

75-79 1.7 1.9 1.3 14 1.3 20
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7.3.9 Forecasting future improvements in mortality

As is discussed in Willets et al. (2004), the methods that are used in prac-
tice to estimate future improvements in mortality are very wide ranging.
The two most popular approaches are

1. Target rates of mortality are set with the aim of achieving these by a
prescribed time in the future. Starting from current mortality levels,
improvement factors are then derived to ensure that the target rates
are achieved by the prescribed time.

2. Future improvement rates are extrapolated from past rates.

We use the extrapolation method in this book, as we believe that this
is more realistic than a target based method.

7.3.10 Approach to mortality risk stochastic modeling

Our approach to modeling mortality risk stochastically is as follows:

®  We start with a base mortality table that represents a good estimate
of current mortality for the population under consideration.

®  Expected improvement factors, along the lines set out in Tables 7.9
and 7.10, are then postulated and represent our best estimate
expected mortality improvement rate factors.

®  These expected improvement factors will generally depend on the
starting ages of the lives being modeled in the projection, their sex,
and any cohort effects as described above and by duration within the
projection.

®  We perturb these expected improvement factors by the addition of a
stochastic error term £ ~ N(0, 0) to represent the uncertainty that is
prevalent in estimating future mortality improvement factors.

®  The stochastically generated improvement factors are then used to
project the base mortality table forward in time.

7.4 SPECIFIC HIGH DIMENSIONAL
STOCHASTIC MODEL

In this section, we finally propose a relatively simple specific parame-
terization of the general high dimensional stochastic model described in
Section 7.3. To motivate this, we rely heavily on the specific low
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dimensional stochastic models that we considered earlier on in this
chapter.

We again model each response variable as a first order autoregressive
time series with constant volatilities and correlations. In other words,
each Y, is modeled as

Y, = BiYi(z—l) + &

where &;,~N(0,07).

The ¢;s are assumed to be independently distributed across response
variables and time.

We model the unconditional expectation u; of the ith response vari-
able, assuming that it is non zero, by the addition of w; to Y}, to form the
7,8, exactly as described in Section 7.2.1.

We use the graphical model, as shown in Figure 7.17, and also pro-
pose an initial constant correlation model where

Pijr = Wy,

for all i # j and t and for each (i,j) pair which is connected in
Figure 7.17.

As always, p;, = 1 fori = j.

Our proposed parameterization of the specific high dimensional
stochastic model is shown in Tables 7.11 and 7.12.

The parameters shown in Table 7.11 represent economic conditions at
the time of writing and, additionally, are also mutually consistent.

Our assumed constant correlation coefficients, for the cliques shown
in Figure 7.17, are shown in column B of Table 7.12. We have chosen
three levels of correlation strength corresponding to high (0.6), medium
(0.3) and low (0.1).

The inverse correlation matrix R™! and the correlation matrix R corre-
sponding to this graphical model with constant correlations are shown in
Appendix 7.1. The properties of graphical models allow these 21 X 21
matrices to be constructed from the marginal correlation matrices of the
cliques in Figure 7.17, which are of dimension at most three.

It can be seen that non zero, non diagonal, entries of R™! correspond
to the s that are connected in Figure 7.17. From R, it can also be seen
that the correlation matrices of the clique marginals are preserved in the
full correlation matrix. In other words, the 0.1s, 0.3s and 0.6s are pre-
served. It can also be observed that every response variable is correlated
with every other response variable, even though there are relatively few
response variables that are directly connected in Figure 7.17.
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Table 7.11 Response variable model and volatility model parameterizations -
specific high dimensional model

First order Unconditional
Unconditional  autoregressive standard
expectation parameter deviation
M Bi oi/(1 _[31'2)1/2
UK economic
1 Retail Price Inflation (RPI) 0.0275 0.975 0.0075
2 Equity earnings/dividend 0.0425 0.95 0.02
growth
3 Equity dividend yield 0.0325 0.975 0.0075
4 Short term cash yield 0.0475 0.975 0.0075
5 Medium term 0.0500 0.975 0.01875
government bond yield
6 Medium term corporate 0.0550 0.975 0.01875
bond yield
7 Long term government 0.0525 0.975 0.01875
bond yield
8 Longterm corporate 0.0575 0.975 0.01875
bond yield
9 Mortgage Yield 0.0625 0.975 0.0075
10 Property rental growth 0.0325 0.95 0.01875
11 Property rental yield 0.0425 0.975 0.0075
12 £ appreciation against $ 0.02 0.00 0.025
US economic
13 Consumer Price 0.02 0.975 0.0075
Inflation (CPI)
14 Equity earnings/dividend 0.0625 0.95 0.02
growth
15 Equity dividend yield 0.02 0.975 0.0075
16  Short term cash yield 0.02 0.975 0.0075
17 Medium term 0.0375 0.975 0.01875
government bond yield
18 Medium term corporate 0.0425 0.975 0.01875
bond yield
19 Long term government 0.0450 0.975 0.01875
bond yield
20 Longterm corporate 0.0500 0.975 0.01875
bond yield
21 Mortgage yield 0.0425 0.975 0.0075
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Table 7.12 Correlation model parameterization — specific high dimensional

model
A B C D
Stochastic correlation
Constant correlation higher level
coefficients Threshold coefficients

e pair o G wjjy

1 1,2 0.1 - 0.9
2 1,3 0.3 0.5 0.9
3 1,4 0.6 0.8 0.9
4 1,10 0.1 - 0.9
5 1,11 0.3 0.5 0.9
6 1,12 0.6 - 0.9
7 1,13 0.3 - 0.9
8 4,5 0.6 - 0.9
9 4,9 0.6 - 0.9
10 5,6 0.6 - 0.9
11 5,7 0.6 - 0.9
12 7,8 0.6 - 0.9
13 12,13 0.6 - 0.9
14 13,14 0.1 - 0.9
15 13,15 0.3 0.5 0.9
16 13,16 0.6 0.8 0.9
17 16,17 0.6 - 0.9
18 16,21 0.6 - 0.9
19 17,18 0.6 - 0.9
20 17,19 0.6 - 0.9
21 19,20 0.6 - 0.9

Figure 7.18 (see colour Plate 4) shows one simulation, or realization,
of the specific high dimensional investment model over a 25 year period
using the initial parameterization described above, using both constant
volatilities and correlations. The numbering of the response variables
shown in Figure 7.18 corresponds to that used in Table 7.11.

Although it is quite difficult to see clearly what is going on in a graph
charting 21 response variables, plotted monthly over a 25 year time
period, inspection of smaller groups of the response variables shows that
they behave as expected. It is important to remember that these response
variables exhibit both serial dependencies, within each response vari-
able, and between response variable dependencies across all 21 response
variables. In other words, a complex and high dimensional dependency
structure is being displayed.
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Negative yields

Depending on the parameterization of the specific high dimensional sto-
chastic model being used, it is possible for certain response variable
yields to become negative, with a very small probability of occurrence.
In our modeling work, we require that all yields are positive.

If a negative yield ever occurs in a simulation, we simply reset the neg-
ative yield as a very small positive number. An example of this can be seen
in Figure 7.18 for response variable 18. Based on our experiences of using
the stochastic model in practice, the negative yield adjustment described
above has no material impact on the results generated by the model.

7.4.1 Stochastic volatilities

When we use stochastic volatilities in the specific high dimensional
stochastic model, we will use the stochastic volatility model described in
Section 7.2.4, which was illustrated using our specific low dimensional
stochastic models. In other words, using our standard notation, for
response variable i, we assume the stochastic volatility model

_ 2
0'1‘21 = ¢ T ¢i13i(z—1)_

As before, we set the ¢;;s equal to 0.5 and reset the ¢;ys to ensure that
the unconditional standard deviation of each response variable is unal-
tered from those shown in Table 7.11.

When stochastic volatility is modeled, we model it for all of the response
variables, except the UK RPI and US CPI response variables. For these
response variables we continue to assume a constant volatility model as, in
practice, the inflation response variables do not tend to exhibit large jumps.

7.4.2 Stochastic correlations

When we use stochastic correlations in the specific high dimensional sto-
chastic model, we use the same approach as described in Section 7.2.5,
which was illustrated using our specific low dimensional stochastic mod-
els. In particular, we assume that the correlation between the ith and jth
&s, conditional on the past prior to time t, py, is defined as follows:

’

wy fort<T

w;o for 1> T and provided that c;, < C;; for at least one of
P = the (i, j) pairs (1,3), (1,4), (1,11), (13,15), (13,16)

for t > T and provided that c;, > C;; for all (i, j) pairs
(1,3), (14), (1,11), (13,15), (13,16)

wijl
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(2e i(t—s) €, /'(t—s))

Cijt {(Xei-o) )}

fors=12,...,T.

In other words, c;;, represents the rolling correlation between &; and ¢;
over the previous 7' months. The values of the w;s, w;;s and C;;s are set
out in Table 7.12 and a value of 7= 12 months is used.

The trigger that we use for the higher correlations is that UK Equity
Dividend Yields, UK Short Term Cash Yields and UK Property Yields all
become very highly correlated with the UK RPI response variable, in
conjunction with US Equity Dividend Yields and US Short Term Cash
Yields both becoming very highly correlated with the US CPI response
variable.

As a consequence, cash, equity and property yields then all become
very highly correlated with each other, in both the UK and the US, and
also with fixed interest asset yields. At times of market stress, yields tend
to take on extreme values together and we, therefore, believe that our
trigger represents a reasonable first order approximation to behaviors
that have been observed in practice.

The model allows other triggers to be accommodated if it was felt that
they were more appropriate.

7.4.3 Calibrating the specific high dimensional
stochastic model

The approach that we have taken to calibrating our specific high dimen-
sional stochastic model is as follows:

1. Based on our experience, we have chosen a model that is capable of
replicating, to a good first order of approximation, many of the most
important financial and behavioral features that drive financial serv-
ices firm economic capital.

2. We parameterize the model by
a. Ensuring that the model is representative of current market
conditions. For example, we require expected government bond
yields, as generated by the model, to be “near” to current bond
yields.
b. Ensuring that key features of the model output are “similar” to
corresponding key features observed in real data. For example,
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we ensure that total equity return volatility, as generated by the
stochastic model over the projection time period, is “close” to
historic total equity return volatility.

c. Sense checking our parameterization by carrying out sensitivity
testing to establish how economic capital varies when key
parameter values are altered.

3. We always try to use models that are well defined and estimable
using formal mathematical statistical techniques.

4. Although our models are generally well defined, our intention is,
nevertheless, not to estimate unknown parameters by fitting models
to data using maximum likelihood estimation, for example. This is
because our projection periods are generally so long, typically
around 25 years that no model will provide a good fit to real data.
Our goal, which is much less ambitious, and more realistic, is to
develop models that provide good first order approximations to
financial and behavioral markets over these long time periods.

An advantage of our model structure is that it allows the long term
unconditional expectations and standard deviations of the key response
variables to be specified. As we saw in the sections of this chapter
dealing with the specific low dimensional stochastic model, the UK RPI,
UK Equity Dividend Yield and UK Equity Earnings Growth response
variable parameterization and model structure is able to closely repro-
duce the behavior of the broad UK equity market over very long periods
of time.

In particular, the distributions of key derived variables, such as equity
total return indices, exhibit the positive skewness and fat tails that are
observed in practice and which can be difficult to model. Further discus-
sion on the calibration of the specific high dimensional stochastic model,
particularly bond modeling, is provided in Chapter 11 which contains
the with profits life insurance economic capital examples.

7.5 OTHER STOCHASTIC MODELS

Although we feel that the stochastic model used in this book has a num-
ber of attractive features, many other models are certainly available and
could also be used by firms in calculating their economic capital
amounts. Provided that these other models have been calibrated in a
manner consistent with the model used here, it is very likely that they
will produce similar results to our model.

Many of these models are, however, proprietary to the consultancy
firms, or financial services firms, that have developed them and the level
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of disclosure of these models is almost always very limited. Some of the
models developed by consultancy firms, for example, are used like black
boxes with only the model output simulations being available to the
consultant’s clients. This is hardly satisfactory.

We have, however, checked our with profits life insurance results in
Chapter 11 using the seminal “Wilkie” model which is very well known
to UK actuaries. The version of Wilkie’s model that we used is described
in Wilkie (1995).

To conclude, we believe that our main qualitative conclusions will be
robust to the specific stochastic model used, provided that the stochastic
models describe the underlying response variables in a consistent
manner.

7.6 SUMMARY

In this chapter, we have developed a specific high dimensional stochas-
tic model, which we use in all of our later economic capital applications.
In developing this specific high dimensional model, we have also gone
through the intermediate stages of developing both specific low dimen-
sional stochastic models and more general high dimensional stochastic
models.

We have shown how our specific high dimensional model can be built
up from very low dimensional building blocks and have demonstrated
that it is capable of very closely replicating the behaviors of real series of
investment data.

We now move on to consider a number of economic capital banking
applications in Chapter 8.



g CHAPTER 8 »
Banks

8.1 INTRODUCTION

In this chapter, we consider economic capital for banking firms.
Obviously, the range and type of both banking products, and the firms
themselves, is enormous. For these reasons, we focus our attention on
those products and firms that we consider are most interesting, of
most importance and are also those for which we have some practical
experience. The principles and methods that we discuss, however, are
applicable to any banking product or firm, regardless of their type, or
complexity.

This chapter covers both “on” balance sheet assets and “off”” balance
sheet assets. The on balance sheet examples cover retail business
whereas the off balance sheet examples take more of a wholesale per-
spective. Again, we would stress that the principles and methods that we
describe are applicable to any mix of retail, or wholesale, business, irre-
spective of whether it is carried out on balance sheet, or off.

We now describe the firm, or corporate structure, that we use for our
bank examples. As we will see from the examples that follow in later
chapters, this structure is, in fact, applicable quite generally across all of
our practical examples of financial services firms.

8.2 RETAIL BANK EXAMPLES

8.2.1 Corporate structure

The corporate structure that we have assumed for our retail banking
examples is set out in Figure 8.1.

Although the structure looks very complicated, close inspection of
Figure 8.1 reveals that the structure simply models the important cash-
flows affecting a bank’s mortgage book. For example, on the asset side
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Figure 8.1 Retail mortgage bank corporate structure

of the balance sheet, income from the mortgage book’s assets is gener-
ated by the mortgage yield paid by the customers to the bank. Similarly,
on the liability side of the balance sheet, it can be seen that the funding
providers are paid their required funding costs, and so on.

Any financing that the mortgage book requires to cover expense
strains, for example, is assumed to be provided by Tier 1 capital. All
mortgage book profits are released back to Tier 1 capital at the end of
each month and are subsequently released back to the shareholders when
appropriate. The cost of Tier 2 capital is also met from Tier 1 capital.

The bank’s shareholders finance Tier 1 capital, which is required to
back the bank’s mortgage book regulatory capital requirement and also
the mortgage book financing requirements described above. Tier 2 capi-
tal, which is also determined by the bank’s mortgage book regulatory
capital requirements, and the bank’s desired mix of Tier 1 and Tier 2
capital, is provided for by the Tier 2 capital providers.

All of the cashflows relating to the mortgage book, except those asso-
ciated with capital, are modeled within the mortgage book component of
the structure. The capital cashflows are modeled separately in the capital
structure model. This allows us to keep separate the core mortgage book
business cashflows and the capital cashflows.



BANKS  (95)

The advantage of this approach is that the bank’s core mortgage book
economic capital requirement, as described below, is then independent of
the bank’s capital structure, as is required and as described in Section 5.3.

At any point in time, and according to Definition 5.1, we calculate
deterministic economic capital as the amount of capital that must be
injected into the mortgage book’s realistic, or market value, balance
sheet to ensure that this balance sheet remains solvent, over a prescribed
time period, under all deterministic stresses.

Similarly, using Definition 5.1, we calculate stochastic economic cap-
ital, at any point in time, as the amount of capital that must be injected
into the mortgage book’s realistic, or market value, balance sheet to
ensure that this balance sheet remains solvent over a prescribed time
period, with a prescribed probability.

As we proceed through the various chapters of this book, we will
demonstrate in our examples that the corporate structure set out in
Figure 8.1 is applicable to all of our financial services firm, and con-
glomerate, examples. Whether the firm is a with profits life insurance
firm, or a retail bank, the same structure applies. Obviously, this has con-
siderable appeal when building the financial models and infrastructure
required to determine economic capital.

Note that the very detailed assumptions that underpin our financial
services firm examples are set out in full in the Appendices at the end of
the book. It is our intention that the main body of the text can be read,
without having to refer to these Appendices, unless the reader specifi-
cally wishes to do so.

8.2.2 Deterministic retail bank example

We start off with a relatively simple deterministic economic capital
example, before moving on to consider a more challenging stochastic
economic capital example.

In this first example, we assume that a mortgage bank’s balance sheet
is made up of £500 million of floating rate residential mortgages, funded
100% by floating rate instant access deposit accounts. Although our
example is relatively “simple,” the base case assumptions that underlie
our example are very detailed. We have set these assumptions out in full
in Appendix 8.1.

We calculate economic capital for the mortgage bank, at duration one
month, according to Definition 5.1, and using the set of deterministic
stresses set out in Table 8.1.

We believe that these stresses represent a reasonable compromise
between risk events that are unexpected, but yet could still reasonably
occur in practice for this retail mortgage bank. We also believe that these
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Table 8.1 Deterministic stresses — bank example

Mortgage Savings
Prepayment  Fixed Interestrate  Bad debt Fixed
1.1 Stress  rates expenses margin cost Withdrawal expenses
Base Base Base — 50 bp Base Base — 50% Base + 15%
Base + 50% Base Base Base Base — 50% Base + 15%
Base Base + 15% Base Base Base — 50% Base + 15%

v A WN =

Base Base Base Base + 5bp Base — 50%
Base + 50% Base + 15% Base —50bp Base + 5bp Base — 50%

Base + 15%
Base + 15%

Table 8.2 Economic value — deterministic bank

example

Pricing 1 Pricing 2
Stress (£ million) (£ million)
Base 2.1 5.6
1 (9.3) (5.5)
2 (4.9) (2.2)
3 (2.5) 0.9
4 (3.0) 0.4
5 (11.1) (8.0)

stresses cover the risk response variables that are of most importance for
this bank. Ultimately, with deterministic economic capital, the choice of
which stresses to use will always involve a certain amount of judgment.

The bank’s mortgage products are priced according to the following

two criteria:

®  Pricing Basis 1: To achieve a 12% post-tax rate of return on Tier 1
capital, assuming that the Basel 1 regulatory capital requirement is

backed entirely by Tier 1 capital.

®  Pricing Basis 2: To achieve a 16% post-tax rate of return on Tier 1
capital, assuming that the Basel 1 regulatory capital requirement is

backed entirely by Tier 1 capital.

The estimated economic values of the future profits to be generated by
the mortgage book’s in force business are given in Table 8.2. Note that,
with reference to Definition 5.1, these economic values represent the
market, or realistic value, of mortgage book assets less liabilities.
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Table 8.3 Capital requirements — deterministic
bank example

Requirement

Method (£ million)
Economic capital: Pricing Basis 1 11.1
Economic capital: Pricing Basis 2 8.0
Basel 2 12.0
Basel 1 20.0

Note that, as expected, the Pricing Basis 2 estimated economic values
are always higher than the Pricing Basis 1 values. This is simply because
Pricing Basis 2 prices are more expensive than those for Pricing Basis 1.

As shown in Table 8.3, using Definition 5.1 and deterministic stress 5,
which contains all of the individual response variable stresses, the eco-
nomic capital for the mortgage bank is seen to equal £11.1 million under
Pricing Basis 1 and £8.0 million under Pricing Basis 2. This compares
with a Basel 1 regulatory capital requirement of £20 million and a
Basel 2 advanced internal ratings based Pillar 1 requirement of £12 million,
including the Basel 2 standardised approach operational risk Pillar 1 capital
charge.

It can also be seen that the interest rate margin stress consumes the
most economic capital and the fixed expense stress the least. Table 8.2
also shows that economic capital under the stresses is not additive.

In fact, economic capital under all of the stresses in aggregate is less
than the sum of the individual stress economic capital amounts. In this
example, the mortgage prepayment rate stress becomes beneficial, in
combination with the other stresses.

This is because, under the remaining non persistency stresses, the
mortgage business becomes loss making and the faster it runs off, the
better. Section 9.2.1 describes a simple deterministic non profit life
insurance example where the stresses, in aggregate, give more economic
capital than the sum of the individual stresses.

If we recall from Section 2.2.8, and as defined by the Basel
Committee, operational risk is “the risk of loss resulting from inadequate
or failed internal processes, people and systems or from external
events. This definition includes legal risk, but excludes strategic and
reputational risk.”

In our approach to economic capital, as described in Section 2.2.8, we
have not explicitly allowed for the additional capital that is required for
the bank’s mortgage book realistic balance sheet to absorb an additional
specific external event operational risk stress. Instead, we have assumed
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that the deterministic stresses implicitly allow for the operational risk
losses that occur as a result of external event operational risk stresses.
So, for example, an unspecified component of the fixed expense stress,
that Base fixed expenses increase by 15%, is assumed to be due to oper-
ational risk losses resulting from external event operational risk stresses.

For our simple retail mortgage bank, the Basel 1 capital requirement
appears too high relative to the risks that the bank is running and the
Basel 2 charge appears to better reflect the underlying risks. However,
economic capital increases as the price of the mortgage falls and may
eventually exceed the Basel 2 or 1 regulatory capital requirements if the
mortgage price is cheap enough.

This simple deterministic stress test example introduces the approach
that we have adopted to economic capital in this book. However, as with
all deterministic approaches, there is a very high level of subjective
judgment involved in developing the stresses. Although one can still get
a qualitative feel for the amount of economic capital that is required to
cover the risks that the firm is running, calibration is also ultimately sub-
jective. It is for this reason, amongst the others described in Chapter 4,
that we believe that the stochastic approach has a clear advantage.

We now move on to consider a more realistic stochastic economic
capital example where we determine a mortgage book’s economic capital
at all durations throughout the lifetime of the mortgage book.

8.2.3 Stochastic retail bank example

In this section, we build on the deterministic example described above to
develop a fully stochastic retail mortgage bank example. The detailed
assumptions that underpin the example are set out in Appendix 8.2.
However, we describe the more important features and assumptions that
underlie the example here.

8.2.3.1 Stochastically modeled response variables

We use the constant volatility, constant correlation stochastic model
described in Chapter 7, parameterized according to Table 7.11, to gener-
ate the stochastic stresses for the example. In particular, we model the
response variables, and associated derived variables, stochastically as
described below.

1. The mortgage yield, or standard variable rate, that is payable under
the mortgages.

2. We assume that the bank funds its mortgages using the wholesale
funding markets and that the cost of this funding equals the short term
UK cash yield, as generated by the stochastic model, plus 10 bp.
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From Table 7.11 it can be seen, therefore, that the bank’s expected
interest rate margin equals 0.0625 — 0.0475 — 0.0010 = 0.0140.
This is reasonably representative of the UK banking industry at the
time of writing. The corresponding interest rate margin monthly
standard deviation under the Table 7.11 parameterization, and which
is driven mainly by the assumed correlation between the short term
UK cash yield and the UK mortgage yield, is 0.0067. This would not
be unusual for a wholesale funded firm but may be on the high side
for a retail funded firm. In the numerical results presented below, we
will therefore vary both the interest rate margin expected value and
the interest rate margin standard deviation to demonstrate the effect
that these assumptions have on the firm’s economic capital amount.

It is assumed that the bank’s fixed expenses increase in line with UK
RPI, as generated by the stochastic model.

Both “Expected” and “High” levels of prepayment are modeled.
The High levels are assumed to apply when mortgage yields are
“high,” as described in Appendix 8.2. In other words, high mortgage
yields cause high prepayment rates and this type of behavior is cer-
tainly seen in the UK mortgage market.

“Expected” and “High” probabilities of repossession are also modeled.
The high levels of repossession are assumed to apply when either:

(a) Mortgage yields are high as defined in Appendix 8.2 or;

(b) There is negative equity in the property. Negative equity is
broadly assumed to occur when a loss of at least 1% of the value
of the property would be made on repossessing the property.
The value of the property is estimated as its starting value,
increased in line with UK House Price Inflation (HPI), as gen-
erated by the stochastic model.

The UK mortgage market tends to exhibit higher repossession rates
when mortgage yields are either high or there is negative equity in a
property. In other words, high mortgage yields or negative equity
are a cause of high repossession rates.

The Basel 2 credit risk regulatory capital requirement depends on
the bank’s default probabilities and loss given defaults and we
derive these from the stochastically generated repossession proba-
bilities and losses given repossession as described in Appendix 8.2.
Similarly, the Basel 2 operational risk regulatory capital require-
ment depends on the bank’s interest income at any point in time,
as generated by the stochastic model. The total Basel 2 regulatory
capital requirement is, therefore, also stochastically generated from
the outputs of the stochastic model.
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8. The Basel 1 regulatory capital requirement is calculated as 4% of
the loan outstanding at any point in time.

Based on the stochastic elements of this example, the economic capi-
tal requirement that is generated by the stochastic model is the amount
of capital required by the bank to cover its aggregate:

1. Interest rate margin risks
2. Expense risks

3. Credit risks

4. Persistency risks

We now describe how stochastic economic capital and the correspon-
ding regulatory capital requirements are calculated.

8.2.3.2 Stochastic economic capital calculation

The process that we use to calculate the bank’s economic capital and
regulatory capital requirement at any time point is as follows:

Step 1

The stochastic model is used to generate one “future” scenario.

Step 2

Based on this simulated future, at every month ¢ over the lifetime of the
bank, the present value, (PVIF)), of the future profits that will emerge
from the bank’s mortgage book is calculated. PVIF, represents the eco-
nomic value of the bank’s mortgage book at time t. This present value is
also an estimate of the market value of the bank’s mortgage book assets
less the market value of the bank’s mortgage book liabilities at duration t.

Step 3

In calculating PVIF,, we discount the future profits that emerge from the
bank’s mortgage book using the short term UK cash yields as generated
by the stochastic model under this simulated future. It is appropriate to
use a risk free rate in this context as the risks that the firm is running in
its mortgage book are explicitly modeled by the stochastic model in the
mortgage book cashflows.
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Step 4

If PVIF, is negative, the market value of the bank’s mortgage book assets is
less than the market value of its mortgage book liabilities. In other words,
the market value balance sheet of the bank’s mortgage book is insolvent
and capital of amount —PVIF, must be injected to restore solvency.

Step 5

For each month t, we calculate the maximum value of all future —PVIF,
for all s> = t, allowing for discounting at the future short term UK cash
yield from s back to t. This amount, which we denote EC, and which is
subject to a minimum value of zero, represents the amount of capital that
must be injected at time t to ensure that the bank’s mortgage book market
value balance sheet remains solvent throughout its remaining lifetime.

Step 6

The stochastic model is re-run to generate another future scenario and
the above computations are recalculated.

Step 7

Once the above exercise has been repeated a large number of times,
10,000 times in this example, the EC;s are put in increasing order over the
10,000 simulations at each duration t. The high percentiles of the EC;s
then determine the economic capital requirements of the bank’s mortgage
book at each duration t. For example, the 99.5th percentile represents an
estimate of the amount of capital that must be injected at time t to ensure
that, with approximate probability 0.995, the bank’s mortgage book market
value balance sheet does not go insolvent over its remaining lifetime.

Step 8

The Basel 1 and Basel 2 regulatory capital requirements are also calcu-
lated, at each duration, for all of the 10,000 stochastic simulations.
Average capital requirements, across simulations and for each duration,
are then calculated. It is these average regulatory capital requirements that
we compare to our stochastically generated economic capital amounts.

We use average regulatory capital requirements in our comparisons
for the following reasons:

1. Pillar 1 regulatory capital requirements tend to be calibrated to
achieve low probabilities of firm insolvency under normal, or aver-
age, economic conditions.
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2. It is the Pillar 2 regulatory capital requirement that is designed to
capture the capital requirements of less normal, or extreme, economic
conditions.

Our results are now described in the following section.

8.2.4 Results

We present results for both capital repayment mortgage and interest only
mortgages. Our results are provided graphically in the form of a series of
figures. Each figure compares average Pillar 1 regulatory capital require-
ments, under either the Basel 1 or Basel 2 regimes, with 95th, 99th and
99.5th percentile economic capital, calculated according to the method
described in Section 8.2.3.2.

8.2.4.1 Base case capital repayment mortgage

From Figure 8.2, we can first observe that the Basel 1 Pillar 1 regulatory
capital requirement is far too high, relative to both the Basel 2 Pillar 1
regulatory capital requirement and also relative to economic capital. In
order to help see better what is going on, we therefore exclude the
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Figure 8.2 Mortgage book economic capital versus Pillar 1 capital — base case
capital repayment mortgage - Basel 1 Pillar 1 capital charge included



BANKS (103)

400 A

350 A

300

250 A

200 A

Capital (£)

150 A

Duration (months)

— 99.5th Percentile -+ 95th Percentile
——— 99th Percentile Basel 2 Pillar 1 capital

Figure 8.3 Mortgage book economic capital versus Pillar 1 capital - base case
capital repayment mortgage

Basel 1 Pillar 1 regulatory capital requirement from our graphical
results, which are redisplayed in Figure 8.3.

Figure 8.3 shows that the Basel 2 Pillar 1 capital requirement has the
wrong shape, relative to economic capital and, in particular, is far too
low, except at the very early durations where it is far too high.

As we shall see later, interest rate margin economic capital is quite a
large driver of aggregate economic capital in this example. The Basel 2
Pillar 1 regulatory capital requirement is designed to cover only credit
and operational risks and is therefore not expected to cover interest rate
margin risks. These risks are covered by the Pillar 2 risk capital assess-
ment, as described in Chapter 14. Nevertheless the gap between Basel 2
Pillar 1 capital and economic capital is large.

It is also worth noting that there is little credit risk in this example.
Even though the starting (LTV) on the mortgage is 100%, it is only at the
very early durations in the mortgage, when there is a chance that house
prices may have fallen, that the firm might incur a loss as a result of
credit risks. Once one gets far enough into the mortgage, the general
upward trend in house prices that is implicit in the stochastic model
makes it unlikely, although not impossible, as we shall see in later exam-
ples, that house prices will fall below the value of the loan outstanding.
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Obviously, if a lower rate of upward trend in house prices is assumed,
or higher HPI volatility, then credit risk economic capital will increase.
However, we believe that our assumptions, as described in Table 7.11,
are reasonable.

8.2.4.2 Base case interest only mortgage

Figures 8.4 and 8.5 show the same results as described above, but this time
for an interest only mortgage, rather than a capital repayment mortgage.

The same conclusions apply as regards comparing the Basel 1 Pillar 1
regulatory capital requirement and the Basel 2 Pillar 1 regulatory capital
requirement with economic capital. In other words, Basel 1 Pillar 1 capital
is far too high and Basel 2 Pillar 1 capital has the wrong shape, being too
high in the early part of the projection, and too low in the later part.

The economic capital amounts for the capital repayment mortgage
and the interest only mortgage are similar in both size and shape
although, as expected, capital repayment mortgage economic capital
falls to zero faster. Later examples will, however, highlight larger differ-
ences between the two. Hereafter, we will not show the Basel 1 Pillar 1
regulatory capital requirement in our results as, in every case, it is
always far too high relative to economic capital.
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Figure 8.4 Mortgage book economic capital versus Pillar 1 capital — base case
interest only mortgage — Basel 1 Pillar 1 capital charge included
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We now move on to show the effect that narrowing the expected
interest rate margin has on economic capital for a mortgage book.

8.2.4.3 Capital repayment mortgage with expected mortgage
yield decreased by 0.005

Figure 8.6 shows our results when the expected mortgage yield is
reduced by 0.005 to 0.0575.

Comparing Figure 8.6 with Figure 8.3, it can be seen that economic
capital has increased significantly as a result of having narrowed our
expected interest rate margin. This is entirely as we had anticipated.
However, the mismatch between Basel 2 Pillar 1 capital and economic
capital is now extremely large, implying that a very significant Basel 2
Pillar 2 capital top up is required. In fact, the mismatch is so large as to
question the validity and usefulness of the Basel 2 Pillar 1 capital
requirement.

The large spikes in economic capital that occur at duration zero are
due to the effect of the initial expenses incurred by the firm in putting the
mortgage on its books. In other words, under certain scenarios, as gener-
ated by the stochastic model, the future profits that emerge from the
mortgage are not adequate to recoup these initial expenses.
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Figure 8.6 Mortgage book economic capital versus Pillar 1 capital - capital
repayment mortgage with expected mortgage yield decreased by 0.005

Again, our main conclusion is that the Basel 2 Pillar 1 capital is too
low to fully capture the risks that are being run by the firm.

8.2.4.4 Interest only mortgage with expected mortgage yield
decreased by 0.005

Figure 8.7 shows the results of reducing the expected interest rate mar-
gin by 0.5% for an interest only mortgage. The conclusions are exactly
the same as for the capital repayment mortgage.

8.2.4.5 Capital repayment mortgage with repossession rates
increased by a factor of 10

We now move on to show what effect increasing our assumed reposses-
sion probabilities has on economic capital. We have increased our
assumed repossession rates by a factor of 10 and our results are shown in
Figure 8.8.
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Comparing Figure 8.8 to Figure 8.3, it can be seen that both Basel 2
Pillar 1 capital and economic capital have increased at all durations.
However, the same conclusions apply although the shape of Basel 2
Pillar 1 capital is now closer to economic capital.

8.2.4.6 Interest only mortgage with repossession rates
increased by a factor of 10

Figure 8.9 shows our results when increasing repossession rates by a
factor of 10 for an interest only mortgage.

Comparing Figure 8.9 with Figure 8.5 shows that Basel 2 Pillar 1 cap-
ital and economic capital have both increased, as expected, but economic
capital has increased by far more at the shorter durations. Basel 2 Pillar
1 capital has the right shape but is far too low, especially at the short
durations, relative to economic capital.

Comparing Figure 8.9 with Figure 8.8 shows that interest only
mortgage economic capital is now much larger than capital repayment
mortgage economic capital. Obviously, the credit risks for an interest
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only mortgage will always be higher than for the corresponding capital
repayment mortgage, but a certain level of repossession probability is
required before this manifests itself through large unexpected credit risk
losses and, therefore, economic capital.

Our “Expected” repossession probability assumptions are typical of
the UK prime residential lending market at the time of writing. Increasing
these probabilities by a factor of ten takes these beyond what would be
reasonable for prime lending and they may even be on the high side for
sub-prime lending. Nevertheless, the example does show how quickly
economic capital can increase with credit risk, particularly for interest
only mortgages.

8.2.4.7 Capital repayment mortgage with post duration
year 1 prepayment rates reduced by half

Figure 8.10 shows the results of reducing our assumed prepayment rates
by half for all durations greater than one year, for a capital repayment
mortgage.
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Figure 8.10 Mortgage book economic capital versus Pillar 1 capital -
capital repayment mortgage with post duration year 1 prepayment rates
reduced by half



(o) ECONOMIC CAPITAL AND FINANCIAL RISK MANAGEMENT

Compared with Figure 8.3, and as expected, Basel 2 Pillar 1 capital and
economic capital increase everywhere. This is because lower prepayment
rates mean that there is more business on the books at all points in time
beyond the first year, and consequently more risk. More risk obviously
increases both regulatory capital requirements and economic capital.

As with all of our other examples, however, Basel 2 Pillar 1 capital
remains too low relative to economic capital at the medium and longer
durations and too high at the shorter durations.

8.2.4.8 Interest only mortgage with post duration year 1
prepayment rates reduced by half

Figure 8.11 shows the results of reducing our assumed prepayment rates by
half for all durations greater than one year, for an interest only mortgage.

Compared with Figure 8.5, and as expected, Basel 2 Pillar 1 capital and
economic capital increase everywhere. As with the capital repayment
mortgage, this is because lower prepayment rates mean that there is more
business on the books at all points in time beyond the first year, and con-
sequently more risk, so increasing both regulatory capital requirements
and economic capital.
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Figure 8.11 Mortgage book economic capital versus Pillar 1 capital — interest
only mortgage with post duration year 1 prepayment rates reduced by half
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What is different for the interest only mortgage is that economic cap-
ital increases far more at the medium term durations than Basel 2 Pillar 1
capital does. In fact, the economic capital curves change shape to
slightly increase, rather than decline, with duration until the longer dura-
tions are reached. In other words, reduced prepayment rates, and so
increased levels of business on the books, cause risk, and therefore eco-
nomic capital, to increase with duration until these later durations are
reached. Economic capital eventually falls as the business runs off, but
this happens relatively late in the projection.

As with our other examples, Basel 2 Pillar 1 capital again has the
wrong shape.

8.2.4.9 Capital repayment mortgage with short term UK
cash yield and UK mortgage yield correlation
increased to 0.9

Figure 8.12 shows the effect on economic capital of increasing the
correlation between the short term UK cash yield and UK mortgage
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Figure 8.12 Mortgage book economic capital versus Pillar 1 capital — capital
repayment mortgage with short term UK cash yield and UK mortgage yield
correlation increased to 0.9
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yield from 0.6 to 0.9, for a capital repayment mortgage. As a conse-
quence, the standard deviation of the monthly interest rate margin
reduces from 0.0067 to 0.0034, so reducing the volatility of the margin.

Comparing Figure 8.12 to Figure 8.3 shows that, as expected, eco-
nomic capital has fallen although, perhaps unexpectedly, the fall is
extremely large. The shape mismatch between Basel 2 Pillar 1 capital
and economic capital has become even more extreme.

Clearly, and as expected, economic capital for this mortgage example
is being driven very strongly by interest rate margin volatility, with
credit, persistency and expense risk economic capital being much less
significant.

Basel 2 Pillar 1 capital allows only for credit and operational risks.

8.2.4.10 Interest only mortgage with short term UK cash yield
and UK mortgage yield correlation increased to 0.9

Figure 8.13 shows the effect on economic capital of increasing the
correlation between the short term UK cash yield and UK mortgage
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Figure 8.13 Mortgage book economic capital versus Pillar 1 capital — interest
only mortgage with short term UK cash yield and UK mortgage yield
correlation increased to 0.9
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yield from 0.6 to 0.9 for an interest only mortgage. As before, the
standard deviation of the monthly interest rate margin reduces from
0.0067 to 0.0034.

Comparing Figure 8.13 to Figure 8.5 shows that, as expected, eco-
nomic capital has fallen once more. Again, the fall is extremely large and
much more so than for the capital repayment mortgage.

The reason for this larger fall is that the -PVIF,s for the interest only
mortgage, when interest rate margin volatility is low, will tend to be
smaller than the corresponding -PVIFs for the capital repayment
mortgage. This reflects the higher economic value of the interest only
mortgage, as a consequence of its higher average loan size throughout
the remaining lifetime of the mortgage, and the relatively low risks that
are therefore present.

Relative to economic capital, Basel 2 Pillar 1 capital again has the
wrong shape and is generally far too large at all durations.

8.2.4.11 Capital repayment mortgage with stochastic
volatilities and correlations

Figure 8.14 compares Basel 2 Pillar 1 capital with economic capital
when the stochastic model with both stochastic volatilities and stochastic
correlations included is used, and is parameterized according to Sections
7.4.1 and 7.4.2.

Comparing Figure 8.14 with Figure 8.3, which shows the results for
the comparable non stochastic volatility and non stochastic correlation
example, it can be seen that, as expected, economic capital increases at
all durations.

The size of the increase is significant and is driven by the large jumps
in the short term UK cash yield response variable that are now possible
when stochastic volatilities and stochastic correlations are included. This
results in corresponding large discrete falls in the bank’s interest rate
margin becoming possible over very short periods of time, and this
drives up economic capital.

Basel 2 Pillar 1 capital is now too low everywhere relative to
economic capital.

8.2.4.12 Interest only mortgage with stochastic volatilities
and correlations

Figure 8.15 compares Basel 2 Pillar 1 capital with economic capital
when the stochastic model with both stochastic volatilities and stochas-
tic correlations included is used, and is parameterized according to
Sections 7.4.1 and 7.4.2.
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Economic capital has again increased, for the same reasons as set out
for the capital repayment mortgage above. The same shape mismatch
between Basel 2 Pillar 1 capital and economic capital is evident as in the
non stochastic volatility and correlation results, shown in Figure 8.5,
although Basel 2 Pillar 1 capital is now far too low at the medium dura-
tions, as well as the longer durations.

8.2.4.13 Rates of return on capital

For each of the 10,000 simulations, and for each example, we have cal-
culated the rate of return earned on capital for each of Basel 1 Pillar 1
capital, Basel 2 Pillar 1 capital, 95th percentile economic capital, 99th
percentile economic capital and 99.5th percentile economic capital. We
are then able to study the distribution of these rates of returns on capital
over the 10,000 simulations.

Summary statistics for our base capital repayment mortgage are
shown in Table 8.4.

From Table 8.4 it can be seen that, under each definition of capital, the
distribution of the rate of return on capital induced by the stochastic
model is very close to Normal. We have checked that the density his-
tograms of the calculated rates of return on capital over the 10,000 sim-
ulations confirm this.

Table 8.4 shows that, as expected, Basel 1 Pillar 1 capital rates of
return on capital are much lower, on average, than the other rates of
return on capital. This is because Basel 1 Pillar 1 capital is higher than
economic capital at all percentiles. The relative values of the remaining
average rates of return on capital are again very much as expected and
reflect the relative sizes of the respective capital requirements.

Table 8.4 also demonstrates the distorting effect that a relatively arbi-
trary choice of capital measure, such as Basel 1 Pillar 1 capital, has on

Table 8.4 Rates of return on capital for capital repayment mortgage

Capital amount

95th 99th 99.5th
Percentile  Percentile  Percentile
Basel 1 Basel2  economic  economic  economic

Pillar 1 Pillar 1 capital capital capital
Mean 17% 73% 107% 98% 90%
Standard deviation 5% 31% 51% 46% 42%
Skewness 0.10 0.39 0.63 0.60 0.57

Kurtosis (0.01) 0.15 0.54 0.47 0.41
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Table 8.5 Rates of return on capital for interest only mortgage

Capital amount

95th 99th 99.5th
Percentile  Percentile  Percentile
Basel 1 Basel2  economic  economic  economic

Pillar 1 Pillar 1 capital capital capital
Mean 17% 73% 105% 84% 68%
Standard deviation 5% 30% 49% 38% 30%
Skewness 0.14 0.36 0.68 0.60 0.53
Kurtosis 041 0.58 1.40 1.17 1.01

risk unadjusted financial returns. If 99.5th percentile economic capital is
the appropriate amount of capital that the firm should be holding to cover
the risks it is running, the product is earning, on average, a post-tax rate
of 90% on that capital. This compares with an average rate of 17% earned
on Basel 1 Pillar 1 capital and this is a significant differential.

The Basel 2 Pillar 1 capital rate of return on capital is fairly close to
the 99.5th percentile economic capital rate but, as can be seen from
Figure 8.3, this is completely fortuitous. Basel 2 Pillar 1 capital, as we
have seen, has the wrong shape relative to economic capital.

Summary statistics for our base interest only mortgage are shown in
Table 8.5.

Similar conclusions apply, although the distributions of rates of return
on economic capital are more peaked, or fat tailed.

8.2.5 Comparison of deterministic and
stochastic examples

The deterministic and stochastic examples discussed above are very
different and, consequently, are quite difficult to compare. However, it is
worth noting in passing that they do give the same qualitative conclusions.

For Pricing Basis 2, the nearest deterministic pricing to our base case
stochastic examples, the deterministic example shows that economic
capital is around 73% of Basel 2 Pillar 1 capital at duration 1 month. For
our base case stochastic example, 99.5th percentile economic capital
represents around 26%, on average, of Basel 2 Pillar 1 regulatory capital
at duration 1 month.

So both examples, even though they are very different, give the same
qualitative conclusion at month one that Basel 2 Pillar 1 capital may be on
the high side, given the risks that these banking firms are running.
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8.3 STOCHASTIC WHOLESALE BANK EXAMPLE

We now move on to consider an example, which has a less retail focus,
although the underlying product, a lifetime mortgage is still a retail
product. We first describe the product itself and then the corporate
structure of the firm.

8.3.1 Lifetime mortgage products

This type of product is aimed at older, asset rich, income poor, cus-
tomers, typically aged over 65. The product is used by these customers
to release equity, or value, from their homes without them having to sell
and leave the home. Therefore, for example, customers may use the
released equity to supplement their pensions, or to fund luxury items that
they may not otherwise be able to afford.

With this type of mortgage, the interest rate is usually fixed, or some-
times capped, and interest is rolled up, or accumulated, within the mort-
gage to be repaid on mortgage termination. Compared to normal
residential mortgages, loans tend to represent relatively low proportions
of the value of the customers’ property. The mortgage is usually taken
out by joint lives and is terminated once both of the lives have either
died, or have entered into long term care (LTC). The mortgage may also
be voluntarily repaid at any time but, just like a regular fixed rate
mortgage, redemption penalties tend to apply in the early years of the
mortgage.

As the rate of interest on the loan is typically well in excess of the
expected rate of house price growth, if the mortgage runs for long
enough, the value of the loan will, almost certainly, overtake the value of
the house against which it is secured. The mortgages therefore carry a no
negative equity guarantee (NNEG) which ensures that, on termination,
the customers, or their estates, never owe more than the sale value of the
property, less reasonable selling expenses.

Initial LTVs therefore tend to be much lower on lifetime mortgages
than for conventional mortgages, as this helps to control and mitigate the
NNEG risk. Note that lifetime LTVs increase with the ages of the cus-
tomers at loan completion. This is because, as the expected duration of
the mortgage reduces as these ages increase, this reduces the chances
of the NNEG biting, and so allowing the awarding of higher LTVs for
older customers.

The UK actuarial profession has carried out a number of detailed stud-
ies on lifetime mortgages and also on the general UK equity release
market. These studies are available on the profession’s website
www.actuaries.org.uk.
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Figure 8.16 Lifetime mortgage firm corporate structure

8.3.2 Lifetime mortgage firm corporate structure

The lifetime mortgage firm corporate structure we have assumed for this
example is shown in Figure 8.16.

Broadly speaking, two corporate structure models are currently used
by firms in the UK market as follows:

The bank model

With this model banks, or building societies, write the lifetime mortgage
on their own balance sheet, and take all of the risks associated with the
product. The lifetime mortgage is also funded by the bank. This results
in an initial cash flow strain, as the lifetime mortgages do not generate
any income until they start terminating, which may occur many years
after the mortgage is sold. The NNEG risk, which is essentially a life
insurance risk, tends to be ignored and is not reserved for.

The life insurance model

With this model, the lifetime mortgage is written by a non bank finance
firm subsidiary of a life insurance firm. The life insurance firm provides
funding for the lifetime subsidiary firm and insures the NNEG risk in
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exchange for a life insurance premium. Once the lifetime subsidiary firm
has generated enough volume, typically at least £250 million of mort-
gages, the lifetime loans are transferred into a SPV and securitized into
the debt capital markets. At the time of writing in 2005, the UK life
insurance firm, Norwich Union, is the market leader with this business
model and Norwich Union has been able to securitize all risks associated
with its lifetime mortgages into the debt capital markets.

The lifetime mortgage firm corporate structure model that we have
assumed covers both the banking firm model and also the life insurance
firm model, after the lifetime mortgage loans have been securitized.

8.3.3 Stochastically modeled response variables

We assume that the lifetime mortgage interest rate is fixed at 0.07 p.a.
and use the stochastic model described in Chapter 7, parameterized
according to Table 7.11, to generate the stochastic elements of the example.
The full detailed set of assumptions that we have used to model this
product are set out in Appendix 8.3.

In particular, we model the response variables, and derived variables,
stochastically as described below:

1. We assume that the lifetime mortgage firm funds the mortgages
itself, or using the securitization markets, and that the cost of this
funding equals the short term UK cash yield, as generated by the
stochastic model, plus 75 bp. It is assumed that this funding is avail-
able, at the same cost, to fund the liquidity requirements of the life-
time mortgage firm in the early years when the business is cash flow
negative.

2. Itis assumed that the resultant asset/liability interest rate mismatch
risk is unhedged and is borne by the lifetime mortgage firm.

3. From Table 7.11, it can be seen that the bank’s expected interest rate
margin equals 0.0700 — 0.0475 — 0.0075 = 0.0150. This is rea-
sonably representative of the UK lifetime mortgage market at the
time of writing. The corresponding interest rate margin monthly
standard deviation, under the Table 7.11 parameterization, and
which is driven by the short term UK cash yield, is 0.0075. In the
numerical results presented below, we will vary the expected inter-
est rate margin to demonstrate the effect that this has on the firm’s
economic capital.

4. TItis assumed that the bank’s fixed expenses increase in line with UK
RPI, as generated by the stochastic model.
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Both “Expected” and “High” levels of aggregate prepayment/LTC
rates are modeled, although the levels are set to be the same during
the first five years of the product when early redemption charges
apply. It is assumed that these charges stop the majority of cus-
tomers prepaying in the early years. The High levels are assumed to
apply when short term UK cash yields are “low,” as described in
Appendix 8.3. In other words, low short term UK cash yields cause
high aggregate prepayment/LTC rates as new lifetime mortgage
products come onto the market at cheaper rates, so causing lifetime
mortgage customers to remortgage onto these cheaper products.

Stochastic mortality improvement factors are used, based on
“cohort” mortality, where future male and female mortality
improvement rates are assumed to follow a simple stochastic
process, with the mean rate of improvement increasing each year, up
to a maximum mean improvement rate of 0.075 p.a.

The value of the customers’ property is estimated as its starting
value, increased in line with the derived property capital index
growth, as generated by the stochastic model. The NNEG bites if the
value of the property, less selling expenses of 5% of the property
value, is less than the customers’ loan rolled up at 0.07 p.a., on ter-
mination. If the NNEG benefit bites, it is the lifetime mortgage firm
itself that bears the cost.

The lifetime mortgage Pillar 1 regulatory capital requirement is cal-
culated as 1% of the accumulated loan outstanding at any point in
time. This is the regulatory capital requirement for a UK non bank
finance company. The capital requirement for the SPV under the life
insurance model above will, in practice, depend on the ratings that
debt investors require on the securitization bonds issued by the SPV.

Therefore, based on the stochastic elements of this example, the eco-

nomic capital amount that is generated by the stochastic model is the
amount of capital required by the lifetime mortgage firm to cover its

aggregate:

1. Interest rate margin risks

2. Interest rate risks

3. Expense risks

4. Prepayment/LTC risks

5. NNEG risks, which are a combination of house price inflation and

mortality risks.
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The method described in Section 8.2.3.2 is used to determine stochastic
economic capital.

8.3.4 Results

Our results are provided graphically in the form of a series of figures.
Each figure compares average Pillar 1 capital with 95th, 99th and 99.5th
percentile economic capital calculated according to the method
described in Section 8.2.3.2.

8.3.4.1 Base case example

Results for our base case example are shown in Figure 8.17.

From this Figure we can see that the Pillar 1 capital has the wrong
shape, being far too high, relative to economic capital, throughout the
term of the projection.

Note that, as the assumed aggregate prepayment/LTC rates are rela-
tively high at durations > = 6 years, once the prepayment penalties
have ceased, this causes the business to run off quite fast after that point.
This explains why all of the capital requirements fall quite rapidly from
year 6 onwards.
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Figure 8.17 Lifetime mortgage book economic capital versus Pillar 1
capital - base case
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8.3.4.2 |Initial LTV increased to 40% from 30%

Figure 8.18 compares Pillar 1 capital with economic capital when the
initial LTV under the product is increased to 40% from 30%.

It can be seen that the Pillar 1 capital shape is, as expected, essentially
unaltered. Economic capital has, however, increased quite dramatically.
This is because the higher starting LTV results in much larger NNEG
losses being incurred by the firm, with these losses occurring at the later
durations.

Economic capital rises steadily to a peak, and then falls. This is
because, if we work backwards from the end of the projection

®  The ECs, as described in Section 8.2.3.2, rise with reducing duration
t as there are more opportunities for large values of —PVIF, for
s> =1

®  As duration ¢ falls, there comes a point, ¥, when opportunities for
large —PVIF,, for s > = , do not increase. This is because, before r*,
the accumulated loan will generally fall below the value of the
customers’ property, so eliminating NNEG losses at these shorter
durations. So, the large —PVIF, generally occur at durations s > t*
and discounting back to t << * then causes the ECs to fall with
reducing duration ¢.
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Figure 8.18 Lifetime mortgage book economic capital versus Pillar 1
capital —initial LTV increased to 40%
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We are also able to conclude from Figure 8.18 that Pillar 1 capital is
far too low at these longer durations.

Note also that, economic capital peaks at around duration 21 years,
roughly 5 years in advance of when a 40% LTV loan growing at 0.07 p.a.
equals the value of a house growing at an expected rate of 0.0325 p.a.
This is very plausible, as economic capital will be driven by those sce-
narios where rents are growing at less than the expected rate of 0.0325.

8.3.4.3 Expected funding cost increased by 75 bp

Figure 8.19 compares Pillar 1 capital with economic capital when the
firm’s expected cost of funding increases by 75 basis points (0.0075).
Economic capital increases very dramatically at all durations and is
well in excess of Pillar 1 capital at all times. This is because, at all dura-
tions, the potential for future losses has increased significantly as a result
of the lower expected margin that is available to cover the firm’s costs.

8.3.4.4 Property expected rental growth reduced
to 0.0225 p.a.

Figure 8.20 compares Pillar 1 capital with economic capital when the
expected property rental growth assumption in our stochastic model is
reduced from 0.0325 p.a. to 0.0225 p.a.
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Figure 8.19 Lifetime mortgage book economic capital versus Pillar 1
capital - funding cost increased by 75 bp
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Figure 8.20 Lifetime mortgage book economic capital versus Pillar 1
capital - property rental growth reduced to 0.0225 p.a.

As expected, because NNEG losses are now more likely, as compared
to the base case example, economic capital increases. Pillar 1 capital
again has the wrong shape and is too low at the later durations.

8.3.4.5 Mortality improvement factor upper limit
increased to 0.15 p.a.

Figure 8.21 compares Pillar 1 capital with economic capital when the
expected annual mortality improvement factors are allowed to increase up
to a maximum level of 0.15 p.a., rather than the base case level of 0.075 p.a.

Comparing Figure 8.21 to our base case results in Figure 8.17 shows
that economic capital is essentially unaltered by the change to the mor-
tality improvement factors.

This is because this change does not impact our results until the projec-
tions have been running for at least ten years and, by which time, much of
the lifetime mortgage business has run off due to the high aggregate pre-
payment/LTC rates that apply beyond the first five years of the projection.

8.3.4.6 Expected property rental growth reduced
to 0.0225 p.a. and mortality improvement
factor upper limit increased to 0.15 p.a.

Figure 8.22 compares Pillar 1 capital with economic capital when
the expected property rental growth assumption in the stochastic
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Figure 8.21 Lifetime mortgage book economic capital versus Pillar 1
capital - mortality improvement factor upper limit increased to 0.15 p.a.
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Figure 8.22 Lifetime mortgage book economic capital versus Pillar 1
capital — expected property rental growth reduced to 0.0225 p.a.and
mortality improvement factor upper limit increased to 0.15 p.a.



(126) ECONOMIC CAPITAL AND FINANCIAL RISK MANAGEMENT

model is reduced from 0.0325 p.a. to 0.0225 p.a. and the expected
annual mortality improvement factors are allowed to increase up to
a maximum level of 0.15 p.a., rather than the base case level of
0.075 p.a.

Comparing Figure 8.22 with Figure 8.20, although it is difficult to see
from the graphs themselves without having access to the underlying cap-
ital values, shows that economic capital when both the expected property
rental growth assumption is reduced and lighter mortality is assumed,
increases at the longer durations and decreases at the medium and
shorter durations, relative to economic capital when only the property
rental growth assumption is reduced.

This is because, at the longer durations, when losses start to be incurred
as a consequence of the NNEG biting, there is more business in force, so
resulting in larger losses and inflating economic capital at these durations.

At the medium durations, when profits are still being earned because
the NNEG is not yet biting, the additional in force business, and so larger
profits, has the effect of more than compensating for the larger losses
that are incurred at the later durations. The net effect is that economic
capital reduces as these larger profits more than make up for the larger
losses incurred later.

8.3.4.7 Expected property rental growth reduced
to 0.0225 p.a., mortality improvement
factor upper limit increased to 0.15 p.a.
and the duration > = 6 year prepayment/Itc rates
halved

Figure 8.23 compares Pillar 1 capital with economic capital when the
expected property rental growth assumption in the stochastic model is
reduced from 0.0325 p.a. to 0.0225 p.a., the expected annual mortality
improvement factors are allowed to increase up to a maximum level of
0.15 p.a. and the duration > = 6 year prepayment/LTC rates are
halved.

Comparing Figure 8.23 to Figure 8.22 shows that if the prepay-
ment/LTC rates are halved, this causes economic capital to increase very
substantially. This is because the additional business that is in force at
the later durations, when the firm’s profits are negative due to the NNEG
benefit biting, dominates the effect of the additional business that is in
force when the firm’s profits are positive.

We can also conclude that Pillar 1 capital is far too low relative to
economic capital at medium and later durations.
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Figure 8.23 Lifetime mortgage book economic capital versus Pillar 1
capital — expected property rental growth reduced to 0.0225 p.a., mortality
improvement factor upper limit increased to 0.15 p.a.and duration = 6 year
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Figure 8.24 Lifetime mortgage book economic capital versus Pillar 1
capital - stochastic volatilities and stochastic correlations
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8.3.4.8 Stochastic volatilities and correlations

Figure 8.24 compares Pillar 1 capital with economic capital when
we use the stochastic model with both stochastic volatilities and
stochastic correlations included, parameterized according to Sections
7.4.1 and 7.4.2.

Comparing Figure 8.24 with Figure 8.17, which gives the results for
the comparable non stochastic volatility and non stochastic correlation
example, it can be seen that, as expected, economic capital increases at
all durations. Although the size of the increase is small in absolute terms
the relative increase is large and amounts to a doubling of economic cap-
ital at many durations.

This is mainly due to the increased volatility of the cost of funding
assumption, which is driven by short term UK cash yields.

8.3.4.9 Rate of return on capital

For each of the 10,000 simulations, and for each example, we have also
calculated the rate of return earned on capital for each of Pillar 1 capital,
95th percentile economic capital, 99th percentile economic capital and
99.5th percentile economic capital. We can then study the distribution of
these rates of return on capital over the 10,000 simulations.

Summary statistics for our base case lifetime mortgage example are
shown in Table 8.6.

From Table 8.6, it can be seen that the mean rates of return on capital
are all very high, for each definition of capital, and the corresponding
standard deviations of the rates of return on capital are all low. The prod-
uct, at this pricing, is therefore very attractive financially for the firm.

Table 8.6 Rates of return on capital for base case lifetime
mortgage example

Capital amount

95th 99th 99.5th
Percentile Percentile Percentile
Basel 1 economic economic economic
Pillar 1 capital capital capital
Mean 26% 40% 40% 40%
Standard deviation 4% 6% 6% 6%
Skewness (0.54) (0.60) (0.60) (0.59)

Kurtosis 1.42 1.65 1.65 1.64
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Table 8.7 Rates of return on capital lifetime mortgage example with
expected cost of funding increased by 75 bp

Capital amount

95th 99th 99.5th
Percentile Percentile Percentile
Basel 1 economic economic economic
Pillar 1 capital capital capital
Mean 17% 26% 15% 13%
Standard deviation 6% 9% 5% 4%
Skewness (0.67) (0.88) (0.55) (0.48)
Kurtosis 0.70 1.71 0.29 0.12

It can also be seen that the distributions of the rates of return on capital
are negatively skewed, and are more fat tailed, than they would be if they
were Normally distributed. We can conclude, therefore, that, overall,
the distributions of the rates of return on capital under this product are
very favorable.

For comparison, we have included the corresponding results for the
lifetime example where the expected cost of funding was assumed to
have increased by 75 bp. This is the example where our economic capital
amounts are largest. The rate of return on capital results are shown in
Table 8.7.

Compared to Table 8.6, the mean rates of return on capital are all much
lower, but still have low standard deviations. As expected, the product is
less attractive with this pricing, although the returns are, arguably, still
acceptable.

The rates of return on 99th and 99.5th percentile economic capital
are close to being Normally distributed. However, the distributions of the
rate of return on Pillar 1 capital and 95th percentile economic capital are
negatively skewed and fat tailed, relative to a Normal distribution.

8.4 SUMMARY

In this chapter we have calculated both deterministic and stochastic eco-
nomic capital for several banking applications and have compared this to
the corresponding Pillar 1 regulatory capital requirements. Stochastic
economic capital was determined using the stochastic model developed
in Chapter 7.
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Our results show that the Pillar 1 regulatory capital requirements are
generally very poor approximations to economic capital and we illustrated
the misleading impact that this can have on performance measurement.
Obviously, these results and conclusions have quite serious implications
for banks themselves, regulators, bank customers and shareholders.

We now move on to consider in Chapter 9 a number of insurance
economic capital applications.



& CHAPTER 9 )

Non Profit Life and
General Insurance Firms

9.1 INTRODUCTION

In this chapter, we consider economic capital for non profit life
insurance firms and general insurance firms. With profits life insurance
firms and pension funds are very different and more complex than non
profit life insurance and general insurance firms. We, therefore, discuss
their economic capital requirements separately in Chapter 11.

Obviously, the range and type of both insurance products and firms is
enormous. For these reasons, we focus our attention on those products
and firms that we consider to be of most importance in the market, and
for which we also have some experience. The principles and methods
that we discuss, however, are applicable to any type of insurance product
or firm.

Traditional protection life insurance, such as term insurance or annu-
ities, is covered in Section 9.2, which deals with what we term “non
profit” life insurance. This business is “non profit” in the sense that the
price of the life insurance product is fixed at the point of sale and the cus-
tomer does not share in any potential experience profits or surpluses that
may emerge thereafter, unlike with profits business.

With profits life insurance business is discussed in full detail in
Chapter 11.

The main type of long term savings life insurance business, besides
with profits, is unit linked business, which is another type of non profit
life insurance. Here customer premiums, net of charges, are invested in
a range of investment linked funds by purchasing units in those funds.
The customer’s fund is individually identified by the number of units
that they hold in each investment linked fund. The choice of which fund
to invest in is usually made by the customer, following advice from their

(131



(132) ECONOMIC CAPITAL AND FINANCIAL RISK MANAGEMENT

financial adviser. The cost of any associated life insurance is typically
charged for via a monthly deduction from the customer’s fund. Unit
linked business is covered in Section 9.3.

General insurance business, such as motor, house buildings and con-
tents and short term health insurance, such as private medical insurance,
is dealt with in Section 9.4.

9.2 TRADITIONAL NON PROFIT LIFE
INSURANCE

We now move on to consider, both deterministic, and stochastic exam-
ples of non profit life insurance firm economic capital.

We first set out the corporate structure that we have assumed for these
examples. As with all of our examples, the corporate structure that we
use follows the same broad model as shown in Figure 9.1.

All of the important cashflows for our non profit life insurance firm
examples can also be seen in this Figure.

9.2.1 Deterministic annuity life insurance firm example

This first example is based on a life insurance firm whose non profit long
term business fund (NPLTBF) is made up of £1 billion of annuities.

Commission,
expenses, ...

4

Non profit long|term business fund

Claims
Non profit —»{ Customers
long term
BuEiss Premiums

fund

Non profit long
term business fund profits
\

Financing

Capital model Tier 1 capital Tier 2 capital

Tier 1
capital

Tier 2
capital

Tier 2 capital
providers

Shareholders

Cost of Tier 1 capital Cost of Tier 2 capital Cost of Tier 2 capital
and capital repayment and capital repayment

Investment income
on Tier 1 and Tier 2
capital

Figure 9.1 Annuity life insurance firm corporate structure
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Annuities are products that allow customers to convert a cash lump sum
into an income that is guaranteed to be paid for the lives of the
customers.

There is a huge variety of annuities that are available to customers, for
example:

®  The annuity can be written on the life of a single customer, or may
be written on joint lives, either on a joint life first death basis (the
annuity ceases on the death of the first of the customers to die) or a
joint life last survivor basis (the annuity ceases on the second cus-
tomer’s death).

® The annuity income can be level, guaranteed to increase at a pre-
scribed annual rate, or guaranteed to increase in line with inflation,
defined relative to a retail price index.

®  For joint life annuities, the income may reduce on the death of the
first named customer.

The NPLTBF is the internal policyholder fund that contains the assets
backing the annuity business and must, at all times, comprise of assets
equal to at least the amount of the annuity business mathematical
reserves. Mathematical reserves are the reserves that actuaries set up to
cover life insurance liabilities.

The annuity products that we have chosen to model are described in
Appendix 9.1. Although our example is relatively “simple”, the base
case assumptions that underlie our example are quite detailed.

We calculate economic capital for the life insurance firm using the
deterministic stresses set out in Table 9.1.

We believe that these stresses represent a reasonable compromise
between risk events that are unexpected, yet could still conceivably
occur in practice. These response variables are, we believe, the most
important variables to consider for pensions annuity business.
Ultimately, the choice of which stresses to use will always involve a
certain amount of judgment, however.

Table 9.1 Deterministic stresses — annuity example

Mortality
Stress Fixed expenses improvements Corporate bond yields
1 Base + 15% Base Base
2 Base Twice as fast as Base Base
3 Base Base Fall from 5% to 3%
4 Base + 15% Twice as fast as Base Fall from 5% to 3%
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We have priced our annuities to achieve a rate of return on capital
according to the following two definitions of capital:

®  Pricing Capital 1: the financing provided by Tier 1 capital to ensure
that the NPLTBF contains sufficient assets to cover its mathematical
reserves.

B Pricing Capital 2: Pricing Capital 1 plus the additional Tier 1 capital
required to cover the NPLTBF’s Pillar 1 regulatory capital requirement.

Three annuity prices have been calculated as follows:

B Pricing Basis 1: to achieve a rate of return on Pricing Capital 1 of 5%.
®  Pricing Basis 2: to achieve a rate of return on Pricing Capital 1 of 10%.
|

Pricing Basis 3: to achieve a rate of return on Pricing Capital 2 of 10%.

As the Pricing Basis 1 rate of return on capital < the Pricing Basis 2
rate of return on capital and Pricing Capital 1 < Pricing Capital 2, it fol-
lows that Annuity Price 1 << Annuity Price 2 < Annuity Price 3.

Corresponding PVIFs, or economic values, of the firms in force busi-
ness at duration one month are given in Table 9.2.

Note that, as expected, Annuity Price 3 economic values are always
higher than Annuity Price 2 values which, in turn, are always higher than
Annuity Price 1 values. This is simply because Annuity Price 3 > Annuity
Price 2 > Annuity Price 1.

In other words, economic capital depends not just on the risks that the
firm is running, but the price it is charging for accepting those risks. The
lower the price it charges for these risks, the more economic capital that
it needs to cover the risks.

It can also be seen from Table 9.2 that the corporate bond yield stress
consumes the most economic capital and the fixed expense stress the

Table 9.2 Economic values - deterministic annuity example

Economic value (£ million)

Stress Pricing 1 Pricing 2 Pricing 3
Base 0 52 320

1 (0.2) 5.0 31.8

2 (32.4) (27.1) 0.9

3 (55.6) (49.3) (16.2)

4 (103.7) (97.1) (62.4)
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Table 9.3 Capital requirements — deterministic annuity example

Pricing Pricing Pricing

Basis 1 Basis 2 Basis 3
Economic capital 103.7 97.1 62.4
Pillar 1 regulatory capital requirement 135.1 134.2 129.2

least. Table 9.2 also shows that economic capital under the stresses is not
additive. In fact, economic capital under the stresses in aggregate is more
than the sum of the individual stress economic capital amounts.

This is because the effect of the mortality improvement stress
becomes greater as it interacts with the other stresses. Under these other
stresses, the annuity business becomes loss making and the longer it
takes for the business to run off, or the lighter that mortality is, the worse
this problem becomes.

The resultant economic capital amounts are compared with the corre-
sponding Pillar 1 regulatory capital requirements in Table 9.3.

In Table 9.3, we have taken the Pillar 1 regulatory capital requirement
as the excess amount of the annuity mathematical reserves over the real-
istic reserves, plus the resilience capital requirement and the long term
insurance capital requirement (LTICR). It can be seen that, for this par-
ticular example, the Pillar 1 regulatory capital requirement is comfort-
ably in excess of the economic capital amount, particularly for the more
expensively priced annuities.

It can also be seen that, as the annuity price becomes cheaper, the eco-
nomic capital amount moves closer to the Pillar 1 regulatory capital
requirement. It is clear that, if annuities are priced cheaply enough, there
will come a point when the economic capital amount will exceed the
Pillar 1 regulatory capital requirement.

In fact, based on work carried out at the time of writing, on the cheap-
est priced annuities in the highly competitive UK market, there is evi-
dence to suggest that this point has already been reached.

9.2.2 Stochastic non profit life insurance
firm example

We now move on to consider a stochastic non profit life insurance example,
which is again based on an annuity product. We first describe the
product itself and then the corporate structure of the non profit life
insurance firm.
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9.2.2.1 Annuity life insurance product

In this example, we have chosen to model a joint life last survivor
annuity for a male aged 65 and a female aged 65. The annuity income is
assumed to be level throughout and is payable until both lives have died.
Our detailed assumptions that underpin the example are set out in
Appendix 9.2.

9.2.2.2 Annuity life insurance firm corporate structure

The firm corporate structure is shown in Figure 9.1. This is the same
structure as was assumed for the deterministic example considered
above.

9.2.2.3 Stochastically modeled response variables

We use the stochastic model described in Chapter 7, parameterized
according to Table 7.11, to generate the stochastic elements of the example.
In particular, we model the following response variables stochastically.

1. Long term UK corporate bond yields

2. The credit risks associated with investing in long term UK corporate
bonds. Credit risks are assumed to increase with bond yields, as
described in Appendix 9.2

3. The life insurance firm’s fixed expenses are assumed to increase in
line with UK RPI, as generated by the stochastic model

4. Stochastic mortality improvement factors are used, based on
“cohort” mortality, where future male and female mortality
improvement rates are assumed to follow a simple stochastic
process. The mean rate of improvement, for both males and females,
is assumed to increase each year, up to a maximum mean improve-
ment rate of 0.075 p.a.

5. The Pillar 1 regulatory capital requirement is calculated as the
LTICR, plus the resilience capital requirement, plus the difference
between the mathematical reserves, which contain prudential mar-
gins, and the realistic reserves, which contain no margins. See
Appendix 9.2 for further details.

Based on the stochastic elements of this example, the economic
capital requirement that is generated by the stochastic model
is the amount of capital required by the annuity life insurance firm
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to cover its aggregate

1. Market risks as a result of long term UK corporate bonds not gener-
ating adequate returns to support the annuity product pricing

2. Credit risks
Expense risks

4. Mortality risks

9.2.2.4 Stochastic economic capital calculation

The method described in Section 8.2.3.2, which was used for our sto-
chastic retail mortgage bank example, is used. Note that, for this exam-
ple however, we have used 2,500 simulations in our runs, rather than the
10,000 used for our banking examples. This is because, as the annuity
projections are more complex and are for longer terms, they take longer
to run and our computing resources precluded the running of the full
10,000 simulations.

9.2.3 Results

Our results are provided graphically in the form of a series of figures.
Each figure compares average Pillar 1 regulatory capital with 95th, 99th
and 99.5th percentile economic capital.

9.2.3.1 Base case example

For the base case example, we have assumed a level annuity payment
of £1,400 p.a. Results for this base case example are shown in Figure 9.2.
From this figure we can see that Pillar 1 capital generally has the correct
shape. However, after around five years, Pillar 1 capital falls too rapidly
relative to 99th and 99.5th percentile economic capital and, thereafter, is
significantly lower than economic capital at these percentile levels.

9.2.3.2 Increase annuity to £1,500 p.a. from £1,400 p.a.

We now increase the annuity in payment from £1,400 p.a. to £1,500 p.a.
with our results shown in Figure 9.3.

Compared to Figure 9.2, and as expected, both Pillar 1 capital and
economic capital increase everywhere. However, the same general con-
clusions apply as for the base case example. Although Pillar 1 capital has
the correct shape relative to economic capital, it is generally too low to
cover the risks that are being run, as measured by economic capital.
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9.2.3.3 Lighter mortality assumption

In this example we have assumed lighter mortality by increasing the
upper limit on both the male and female mortality mean improvement
factors from 0.075 p.a. to 0.15 p.a. See Appendix 9.2 for further details.
We have used this lighter mortality both in our modeled expected
mortality experience and also in our reserves, both realistic and mathe-
matical. Our results are shown in Figure 9.4.

Comparing Figure 9.4 to Figure 9.2 it can be seen that the results are
almost identical. In fact, both economic capital and Pillar 1 regulatory
capital, under the lighter mortality assumption increase relative to the
base case assumption, simply because there is more in force business as
a consequence of the lighter experienced mortality assumption.

We have also checked that if we use heavier, rather than lighter mor-
tality in our modeled experience and reserves, we can again conclude
that both economic capital and Pillar 1 regulatory capital change very
little.

The reason for this lack of change is explained in the example,
after next.
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Figure 9.4 Annuity economic capital versus Pillar 1 capital - lighter mortality
assumption in both experience and reserves
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9.2.3.4 Assets are invested in long term UK government
bonds, rather than long term UK corporate bonds

In this example, we assume that the annuity premium, and liability, is
backed by long term UK government bonds, rather than corporate
bonds. As a consequence, our mathematical reserves and realistic
reserves are then equal as we calculate both of them using the long term
UK government bond yield as our risk discount rate. See Appendix 9.2
for further details. Our results are shown in Figure 9.5.

Comparing Figure 9.5 to our base case results shown in Figure 9.2, it
can be seen that Pillar 1 capital has fallen significantly. This is because
the margin for prudence in the mathematical reserves, relative to realis-
tic reserves, is always zero in this example causing a direct fall in Pillar
1 capital.

Economic capital, on the other hand, is relatively unaltered and the
reason for this is explained in the next example.

We can, nevertheless, conclude that Pillar 1 capital is far too low rela-
tive to economic capital in this example.
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Figure 9.5 Annuity economic capital versus Pillar 1 capital - assets invested
in long term UK government bonds, rather than long term UK corporate
bonds
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9.2.3.5 Lighter mortality assumption used in modeled
expected mortality experience, but not in reserves

In this example we have assumed that the upper limits for the male and
female mean improvement factors are both increased from 0.075 p.a.
to 0.15 p.a. These higher rates of future mortality improvement are
assumed for our modeled expected mortality experience, but not in our
reserves, where we continue to reserve using the base case cohort
improvement factors as set out in Appendix 9.2.

We therefore under reserve for expected mortality risks at all durations
throughout the term of the projection. Our results are shown in Figure 9.6.

Comparing Figure 9.6 to Figure 9.2 it can be seen that, for both Pillar 1
capital and economic capital, the capital curves are relatively unaltered
at the shorter durations, but become progressively higher, relative to our
base case example, throughout the term of the projection.

In fact the curves are generally higher throughout. In the first instance,
this is due to the lighter expected mortality experience assumption which
causes the in force business to be higher at all durations, especially at the
longer durations due to the cumulative effect of the lighter mortality
assumption.
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Figure 9.6 Annuity economic capital versus Pillar 1 capital - lighter mortality
assumption in experience, but not reserves



(142) ECONOMIC CAPITAL AND FINANCIAL RISK MANAGEMENT

Second, and more importantly, the economic capital curves are higher
because we under reserve in our realistic reserves for mortality, relative
to experience. The reserves that the firm sets up are therefore not ade-
quate to cover expected liabilities. As a consequence, the firm incurs
losses towards the end of the projection as the reserves run out before all
customers have died. It is these losses that drive up economic capital,
and especially at the later durations, as compared to our base case
example.

In practice, life insurance firms will adjust their reserving assump-
tions to match their experience as it emerges. This helps to ensure that
the future profits emerge from the product in a stable and consistent
fashion, and are broadly independent of the firm’s actual experience.

It is for this same reason that, in our previous examples with lighter
mortality or government bond asset investment, economic capital
showed little change from the base case results. In other words, as the
firm’s realistic reserves always reflected its actual experience, emerging
future profits, and so economic capital, were relatively unaffected by the
assumption changes.

9.2.3.6 Assets are invested in UK equities, rather than long
term UK corporate bonds

In this example, we assume that the annuity premium, and liability, is
backed by UK equities, rather than long term UK corporate bonds. In
other words, we are backing a liability with high levels of guarantee with
volatile assets, but where the volatile assets have the potential to gener-
ate higher returns than the less volatile long term UK corporate bond
assets. See Appendix 9.2, which sets out our full assumptions for this
example. Our results are shown in Figure 9.7.

Comparing Figure 9.7 to our base case results shown in Figure 9.2, we
can see that, as expected, both Pillar 1 capital and economic capital have
increased very significantly. Moreover, Pillar 1 capital is now too large
relative to economic capital whereas, in our previous corporate bond
asset examples, it was always too low. Therefore, we can see that, rela-
tive to corporate bonds, Pillar 1 capital penalizes equity asset backing of
annuities. This example is discussed in more detail in the “Rate of
Return on Capital” Section below.

9.2.3.7 Stochastic volatilities and correlations

Figure 9.8 compares Pillar 1 capital with economic capital when we use
the stochastic model with both stochastic volatilities and stochastic
correlations included and parameterized according to Sections 7.4.1
and 7.4.2.
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Comparing Figure 9.8 with Figure 9.2, which shows the correspon-
ding results for the constant volatility and constant correlation stochastic
model, it can be seen that, as expected, economic capital has increased
slightly at all durations whereas Pillar 1 capital is essentially unaltered.

We can again conclude that Pillar 1 capital is too low relative to
economic capital.

9.2.3.8 Rate of return on capital

For each of the 2,500 simulations, and for each example, we have
calculated the rate of return earned on capital for each of Pillar 1 capital,
95th percentile economic capital, 99th percentile economic capital and
99.5th percentile economic capital. We can then study the distribution of
these rates of returns on capital over the 2,500 simulations.

Summary statistics for our base case example are shown in Table 9.4.

From Table 9.4, it can be seen that the rates of return on economic
capital are well behaved, being close to Normally distributed, and also
show reasonable returns. Rates of return on Pillar 1 capital are less well
behaved, however. The Pillar 1 capital returns, although respectable,
exhibit very fat tails and high positive skewness.

We now discuss the same summary statistics for our annuity example
where we have assumed that UK equities are used to back the annuity.
Our results are shown in Table 9.5.

First of all, we can see that the distribution of each rate of return on
capital is both extremely positive skewed and fat tailed, relative to a
Normal distribution.

Comparing Table 9.5 to Table 9.4 it can be observed that

®  The returns on economic capital are lower when corporate bonds are
used to back the annuity, as compared to equities. Therefore,
although equity asset investment requires very large amounts of
economic capital, a higher rate of return can, nevertheless, be earned
on this capital.

®  For equity asset backing, rates of return on Pillar 1 capital are
deflated relative to economic capital because Pillar 1 capital
discriminates against equity assets, relative to corporate bond assets.
The converse applies for corporate bond assets.

®  Corporate bond asset investment may also be attractive to certain
firms as it gives them the option of running with less capital than is
needed to back the risks they are running. This assumes that these
certain firms would be prepared to do this in practice.



NON PROFIT LIFE AND GENERAL INSURANCE FIRMS (145)

Table 9.4 Rates of return on capital for the base case annuity example

Capital amount

95th 99th 99.5th
Percentile Percentile Percentile
economic economic economic
Pillar 1 capital capital capital
Mean 13% 14% 9% 8%
Standard deviation 13% 4% 2% 2%
Skewness 2.56 0.77 (0.10) (0.16)
Kurtosis 19.17 2.38 0.41 0.38

Table 9.5 Rates of return on capital for the annuity example with assets
invested in UK equities

Capital amount

95th 99th 99.5th
Percentile Percentile Percentile
economic economic economic
Pillar 1 capital capital capital
Mean 8% 26% 12% 11%
Standard deviation 2% 18% 5% 4%
Skewness 1.30 1.71 1.85 1.89
Kurtosis 433 2.72 6.16 7.7

9.2.4 Comparison of deterministic and
stochastic examples

The deterministic and stochastic examples discussed above are very
different and are quite difficult to compare. However, because they result
in slightly different conclusions, we felt that it would be worthwhile
carrying out an approximate reconciliation of the two examples.

The examples result in different conclusions because, at duration
1 month, the deterministic example shows that economic capital is lower
than Pillar 1 capital, whereas the stochastic example gives the opposite
conclusion. In fact, for Pricing Basis 3, the nearest deterministic pricing
to our base case stochastic example, the deterministic example shows that
economic capital is around 48% of Pillar 1 capital at duration 1 month.

For our base case stochastic example, 99.5th, 99th and 95th percentile
economic capital represent, respectively, 116%, 108% and 87% of Pillar 1
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capital at duration 1 month. Crude interpolation then shows that a ratio
of 48% corresponds to economic capital at around the 88th percentile
level in the stochastic example.

In the deterministic example, the corporate bond yield stress of a fall
of 2% is a main driver of economic capital and, likewise, in the stochas-
tic example, the corporate bond market risk stress also drives economic
capital. Under our stochastic model, parameterized according to
Table 7.11, a fall of 2% corresponds to market risk economic capital at
around the 86th percentile level.

Therefore, we can see that, based on this fairly crude analysis, the
examples are, in fact, broadly consistent.

9.3 UNIT LINKED LIFE INSURANCE

We now consider a stochastic unit linked life insurance example. We first
describe the product itself, then the corporate structure of the unit linked
life insurance firm before moving on to compare economic capital with
Pillar 1 regulatory capital requirements.

9.3.1 Unit linked life insurance product

The product is a 25 year regular premium savings product with monthly
premiums which, net of product charges, are invested 50% in UK equities
and 50% in US equities. The premiums remain invested in these funds
and are accumulated over the 25 year term of the product to be paid out
on maturity. On death, the product pays out the product sum assured, or
the market value of the customer’s unit linked fund, if this is larger.

Similarly, on the surrender of the product, the market value of the cus-
tomer’s unit linked fund is paid. The full product, and the assumptions
underlying it, is described in detail in Appendix 9.3.

9.3.2 Unit linked life insurance firm corporate structure

The firm corporate structure is shown in Figure 9.9. Note that this struc-
ture again follows the same general corporate firm structure model as all
of our previous examples.

With this structure, the customer pays premiums to the NPLTBE, which
then passes these to the unit linked fund for investment in UK and US
equities. The charges under the product, both fund management charges
and mortality charges, are then passed back to the NPLTBF from the unit
linked fund. The fund management charges are used by the NPLTBF to
pay for all of the expenses and commission associated with the product
and the mortality charges are used to pay for the product’s death benefits.
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Figure 9.9 Unit linked life insurance firm corporate structure

On maturity, or surrender, the unit linked fund pays the NPLTBF the
market value of the customer’s fund, which is then paid out by the NPLTBF
to the customer. On death, the same flows occur, but if the customer’s fund
is less than the product sum assured, the NPLTBF makes up the difference
and pays the full amount of the sum assured to the customer’s estate.

With this structure, it can be seen that the main risk that the NPLTBF
faces is that the product charges may not be adequate to recoup the
expenses that it incurs, both in putting the unit linked business on its
books, and in maintaining the business over its lifetime. This risk is par-
ticularly likely to bite if the firm’s expense management processes, con-
trols and skills are weak.

9.3.3 Stochastically modeled response variables

The full detailed set of assumptions that we have used to model this
product are set out in Appendix 9.3. We use the stochastic model
described in Chapter 7, parameterized according to Table 7.11, to gener-
ate the stochastic elements of the example.

In particular, we model the following response variables stochastically:

1. UK equity earnings/dividend growth rates and dividend yields
2. US equity earnings/dividend growth rates and dividend yields
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The US dollar/UK sterling exchange rate

4. The life insurance firm’s fixed expenses are assumed to increase in
line with UK RPI, as generated by the stochastic model

5. Stochastic lapse rates are used, where higher rates are assumed fol-
lowing a period of either UK, or US, stock market falls

6. The Pillar 1 regulatory capital requirement is calculated as the
LTICR. See Appendix 9.3 for further details.

Based on the stochastic elements of this example, the economic capi-
tal requirement that is generated by the stochastic model is the amount
of capital required by the unit linked life insurance firm to cover its

B Persistency risks

= Expense risks

9.3.4 Stochastic economic capital calculation

The method described in Section 8.2.3.2, which was used for our
stochastic retail mortgage bank example, is used. We use 10,000 simula-
tions to calculate economic capital.

9.3.5 Results

Our results are provided graphically in the form of a series of figures.
Each figure compares average Pillar 1 regulatory capital with 95th, 99th
and 99.5th percentile economic capital.

9.3.5.1 Base case example

Our base case results are set out in Figure 9.10.

Figure 9.10 shows that economic capital is effectively zero throughout
the term of the unit linked product in contrast to Pillar 1 capital, which is
positive and increases with duration. In other words, the charges levied
under the product are large enough to ensure that they will always be
more than adequate to cover the expenses incurred by the firm under
the product. As a consequence the PVIFs calculated under this product
are, except at durations zero, always positive. The duration zero PVIFs are
negative due to, as discussed previously, the effect of the initial expenses
incurred at time zero under the product.

Note that Pillar 1 capital appears to become more volatile with dura-
tion. This is, in fact, a scale effect simply due to the fact that the size of
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Figure 9.10 Unit linked life insurance economic capital versus Pillar 1
capital - base case

the unit linked fund, on which the Pillar 1 capital depends, increases
with duration.

We have increased the investment expense assumption used in this
example from 0.25% to 0.40% to see what effect this has. Exactly the
same conclusions continue to apply.

We are able to conclude, therefore, that Pillar 1 capital is too large and
has the wrong shape.

9.3.5.2 Increased fixed expenses example

Figure 9.11 sets out our results when the fixed maintenance expenses
under the product are increased from £50 p.a. to £250 p.a., with all other
assumptions unaltered. This increase could result as a consequence of
either the firm not controlling its expenses in absolute terms, or relative
to the size of its funds under management, particularly if these funds
decrease as a result of the firm losing business to competitor firms, say.

From Figure 9.11, it can be seen that economic capital is high at the
initial durations and then falls steadily to zero as duration increases.
Pillar 1 capital does the opposite.

The reason why economic capital falls with duration is that, as duration
increases, there is less opportunity for the firm’s future expenses, as
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Figure 9.11 Unit linked life insurance economic capital versus Pillar 1
capital - fixed maintenance expenses increased to £250 p.a.

generated by the stochastic model, to be so large that they cannot be
recouped by the product charges.

We can again conclude that Pillar 1 capital has completely the wrong
shape.

9.3.5.3 Stochastic volatilities and correlations

Figure 9.12 compares Pillar 1 capital with economic capital when we use
the stochastic model with both stochastic volatilities and stochastic corre-
lations included, parameterized according to Sections 7.4.1 and 7.4.2, in
conjunction with increased fixed maintenance expenses of £250 p.a.

Although it is difficult to see from Figure 9.12 and Figure 9.11, which
shows the corresponding results for the constant volatility and constant
correlation stochastic model, an inspection of the underlying capital data
shows that, as expected, economic capital has increased slightly at the
shorter and medium term durations. Longer term economic capital is
also seen to have fallen slightly.

At the shorter and medium term durations, this is due to the stochastic
volatilities and stochastic correlations causing jumps in stock market
volatility over the outstanding term of the projection. This results in
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volatilities and stochastic correlations

lower unit linked fund values in the extreme runs, and economic capital
increases as a consequence.

At the longer durations, economic capital falls slightly as stock
market returns have less opportunity for volatility jumps over the out-
standing term of the projection. As is explained in Section 7.2.4, stock
market returns are therefore less volatile, as a consequence, and it then
follows that economic capital falls.

Pillar 1 capital increases slightly due to slightly increased stock mar-
ket returns, but the main change is that it is more volatile due to the
increased volatility of the unit linked fund, which is caused by increased
stock market volatility.

We can again conclude that Pillar 1 capital has the wrong shape rela-
tive to economic capital.

9.3.5.4 Rate of return on capital

For each of the 10,000 simulations, and for each example, we have
calculated the rate of return earned on capital for each of Pillar 1 capital,
95th percentile economic capital, 99th percentile economic capital and
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Table 9.6 Rates of return on capital for the base case unit linked example

Capital amount

95th 99th 99.5th
Percentile Percentile Percentile
economic economic economic
Pillar 1 capital capital capital
Mean 6% 8% 8% 8%
Standard deviation 2% 4% 4% 4%
Skewness 2.55 361 361 361
Kurtosis 7.03 17.14 17.10 17.08

99.5th percentile economic capital. We can then study the distribution of
these rates of returns on capital over the 10,000 simulations.

Summary statistics for our base case example results are shown in
Table 9.6.

From Table 9.6, it can be seen that the rates of return on capital are
both positively skewed and have very fat tails, as compared to a Normal
distribution. The other point worth noting is that, even though the capital
requirements of this product are very low, the rates of return earned on
this capital are quite modest.

In other words, unit linked business based on these product charges,
which reflect the current UK market, is low margin business, even
though it requires very little capital backing. This contrasts with some of
our other examples, which are far more capital intensive, but which gen-
erate better returns on this capital.

We now move on to our final insurance example, which is based on a
general insurance firm.

9.4 GENERAL/HEALTH/PROPERTY AND
CASUALTY INSURANCE

We first describe the product itself and then the corporate structure of the
general insurance firm.

9.4.1 General insurance product/portfolio

The product is an annually renewable buildings insurance policy where the
insurance cover is equal to the 100% of the market reconstruction costs of
the property insured. In other words, if the insured property is destroyed, or
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damaged, and must be rebuilt from scratch, the policy pays out the full
market reconstruction costs of the property at the point of claim.

We model a portfolio of 100,000 policies and also assume that each
policy is written for a maximum term of ten years, with the book of poli-
cies running off over this ten year period. Both premiums and property
reconstruction costs are assumed to increase in line with UK HPI, as gen-
erated by the stochastic model, parameterized according to Table 7.11.

The full details of the assumptions that underlie the general insurance
example are given in Appendix 9.4.

9.4.2 General insurance firm corporate structure

The general insurance firm corporate structure that we have assumed is
shown in Figure 9.13. Note that this structure again follows the same
broad corporate firm structure model as for our previous examples.

This firm structure is relatively simple and the firm cashflows are also
displayed in the figure.

9.4.3 Stochastically modeled response variables

We use the stochastic model described in Chapter 7, parameterized
according to Table 7.11, to generate the stochastic elements of the
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Figure 9.13 General insurance firm corporate structure
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example. However, the stochastic claims distribution, as described
below, and in full detail in Appendix 9.4, is developed outside of our
Chapter 7 stochastic model.

The following response variables are stochastically modeled:

1. The general insurance firm’s fixed expenses are assumed to increase
in line with UK RPI, as generated by the stochastic model.

2. The number of claims in the portfolio in month t is assumed to fol-
low a binomial distribution. The probability of a claim depends on
whether or not a catastrophic event has occurred. In particular, if a
catastrophe has occurred, then claims are certain to happen for all
in force policies in the portfolio. By a catastrophic event, we have in
mind a flood, or earthquake, which destroys all of the properties in
the portfolio when it occurs. In practice, general insurance firms
will diversify their businesses geographically to reduce the concen-
tration risk of the firm being exposed to a catastrophic event in one
region, or they will attempt to place this concentration risk with the
reinsurance markets. For the purposes of this example, however, we
will assume that the firm takes all of the catastrophe risks, so reflect-
ing the position of the firm, gross of risk mitigants.

3. In our base case example, we assume that the probability of a claim
occurring, given that a catastrophe has not occurred, is 0.0001 in
that month. The probability of a claim occurring, given that a catas-
trophe has occurred is assumed to equal 1, and where the probability
of a catastrophe occurring is assumed to equal 0.000025 per month.
The full details are provided in Appendix 9.4.

4. Claim amounts are assumed to follow a log normal distribution,
increased in line with UK HPI, as generated by the stochastic
model. The log normal distribution models the distribution of prop-
erty reconstruction costs in the firm’s portfolio.

5. The Pillar 1 regulatory capital requirement is calculated as the gen-
eral insurance capital requirement described in Appendix 9.4.

Based on the stochastic elements of this example, the economic
capital requirement that is generated by the stochastic model is the
amount of capital required by the general insurance firm to cover its
aggregate

®  Claim experience risks

®m  Expense risks
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9.4.4 Stochastic economic capital calculation

The method described in Section 8.2.3.2, which was used for our
stochastic retail mortgage bank example is again used. We use 10,000
simulations in our runs.

9.4.5 Results

Our results are provided graphically in the form of a series of figures.
Each figure compares average Pillar 1 capital with 95th, 99th, 99.5th and
99.9th percentile economic capital.

Note that, in our figures, we plot the natural logarithm of each capital
amount. This is because certain of the economic capital amounts, 99.9th
percentile economic capital for example, are too large to be plotted
meaningfully without transformation.

9.4.5.1 Base case example

Note that, with the assumptions described in Appendix 9.4, where we
assume a catastrophe probability of 0.000025 per month, we expect that
0.000025 X 12 X 10 X 10,000 = 30 catastrophes will occur in total
over all of the 10,000 simulations, for the entire ten year projection term
of each simulation. Therefore, for this example, we expect catastrophes
to impact 99.9th percentile economic capital, but not 99.5th, nor lower
percentile, economic capital.

Note also that, for each simulation, the further into the projection term
that one is, the less likelihood there is of catastrophes occurring over the
remaining lifetime of the projection term from that point onwards.
Therefore, we expect that catastrophes will impact economic capital at
the shorter durations, with the impact reducing, and ultimately there
being no impact at all at the medium and longer durations.

Figure 9.14 shows the results for our base case.

As expected, catastrophes only affect 99.9th percentile economic cap-
ital and only at the shorter durations. Catastrophes cause the 99.9th eco-
nomic capital to be at the initial very high levels shown in Figure 9.14,
before dropping back down to the level of economic capital at the other
percentile levels.

The amount of 99.9th percentile economic capital that is required at
this higher level is extremely large, relative to Pillar 1 capital, although
the natural logarithm transformation hides this difference. In fact, 99.9th
percentile economic capital is nearly 700 times as large as Pillar 1
capital at the shorter durations.

Conversely, at the later durations, when future catastrophes do not
have adequate time to occur over the remaining lifetime of the
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Figure 9.14 General insurance economic capital versus Pillar 1
capital — base case

projection, Pillar 1 capital is higher than economic capital at all
percentile levels.

In practice, general insurance firms would not be prepared, or able, to
provide 99.9th percentile economic capital to cover the catastrophe risks
that they are running. Nor would they be able to reinsure these risks.
Instead, general insurance firms attempt to limit catastrophe risks by
diversifying their businesses. For example, they may put upper limits on
the proportion of their total business that they may accept in a particular
geographical region.

Note that the Pillar 1 capital calculation is conceptually flawed
because, as is described in Appendix 9.4, it is based on what has hap-
pened over the previous three years, rather than what might happen in
future. If a catastrophe has occurred in the previous three years, Pillar 1
capital will respond to this, although this will be after the event. So,
Pillar 1 capital reacts to past events, rather than being based on what
might happen in the future, as economic capital is.

We cannot see this effect in Figure 9.14 as the Pillar 1 capital shown
there is average Pillar 1 capital, averaged over all of the 10,000 simula-
tions. We have therefore rerun the base case example and have graphed
the percentiles of Pillar 1 capital also. Our results are shown in
Figure 9.15.
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It can be seen that only 99.9th percentile Pillar 1 capital is affected by
catastrophes, and this occurs only when at least 10 of the 10,000 simula-
tions has a catastrophic event in the previous three years. The odd shape of
99.9th percentile economic capital reflects the movement of these catas-
trophes through this retrospective three year window across simulations.

Figure 9.15 nevertheless shows that even 99.9th percentile Pillar 1
capital is not a good approximation to economic capital, as it is generally
too low. Moreover, as we have seen, Pillar 1 capital reacts to catastro-
phes after the event, when it is too late, rather than anticipating them.

9.4.5.2 Catastrophe probability increased from
0.000025 to 0.00005 per month

In this example, we double the catastrophe probability from 0.00025 to
0.0005 per month.

Note that, with the increased catastrophe probability assumption, we
expect that 0.00005 X 12 X 10 X 10,000 = 60 catastrophes will occur
in total over all of the 10,000 simulations, for the entire ten year projec-
tion term of each simulation. Therefore, for this example, we expect
catastrophes to impact 99.5th and higher percentile economic capital,
but not 99th, nor lower percentile, economic capital. Again, we expect
that catastrophes will affect economic capital at the shorter durations.

Figure 9.16 shows the results for this example.

Comparing Figure 9.16 with Figure 9.14 shows that, where 99.9th
percentile economic capital is being driven by catastrophic events, it
increases with the higher catastrophe probability and persists at the
higher catastrophic level for longer. This is simply because there are
more catastrophes around to drive up economic capital to higher levels
and for longer. As expected, 99.5th percentile economic capital is also
now being driven by catastrophes at the shorter durations, again because
of the increased numbers of catastrophes.

The lower percentile economic capital amounts, as they are not being
driven by catastrophic events, are relatively unaffected by the increased
catastrophe probability.

Pillar 1 capital increases slightly because more catastrophes occur,
giving higher claims and slightly higher technical provisions.

9.4.5.3 Non catastrophic claim probability increased from
0.0001 to 0.0002

The same numbers of catastrophes are expected in this example as for
our base case example. However, non catastrophic claims are more
likely to occur, so we expect to see economic capital increase at all those
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Figure 9.16 General insurance economic capital versus Pillar 1
capital — catastrophe probability increased from 0.000025 to 0.00005

durations where economic capital is not being driven by a catastrophic
event. Similarly Pillar 1 capital should increase as actual claims and
technical provisions will increase.

Figure 9.17 shows the results for this example.

As the logarithmic scale makes it difficult to compare Figure 9.17 to
Figure 9.14, inspection of the capital amounts that underlie these figures
shows that, except for 99.9th percentile economic capital, all capital
amounts increase everywhere as a consequence of increasing the non
catastrophic claims probability.

Economic capital, at the 99.9th percentile level, is determined using a
relatively few number of simulations and, consequently, is volatile. For
the particular 10,000 simulations shown in Figure 9.17, economic capi-
tal consequently does not always increase with increased claim proba-
bility, relative to Figure 9.14, due to this stochastic volatility. It does,
however, increase for the majority of durations.

9.4.5.4 Standard deviation of the claim amount distribution
is increased by 50%

In this example, modeled claim amounts, whether they are due to a cat-
astrophic event, or not, are more volatile as the claim amount standard
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Figure 9.17 General insurance economic capital versus Pillar 1
capital — non catastrophic claim probability increased from
0.0001 to 0.0002 p.m.

deviation is increased by 50%. Note that we have left the mean claim
amount value unaltered. We expect, therefore, to see economic capital
and Pillar 1 capital increase at all durations.

Figure 9.18 shows the results for this example.

Although it is difficult to see from comparing Figure 9.18 with
Figure 9.14, which shows the corresponding base case results, inspec-
tion of the underlying capital amounts shows that both Pillar 1 capital
and economic capital have increased as a consequence of increasing the
claim amount distribution standard deviation.

9.4.5.5 Rate of return on capital

For each of the 10,000 simulations, and for each example, we have
calculated the rate of return earned on capital for each of average Pillar 1
capital, 95th percentile economic capital, 99th percentile economic cap-
ital, 99.5th percentile economic capital and 99.9th percentile economic
capital. We can then study the distribution of these rates of returns on
capital over the 10,000 simulations.

Summary statistics for our base case example are shown in Table 9.7.
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Table 9.7 Rates of return on capital for base case general insurance
firm example
Capital amount
95th 99th 99.5th 99.9th
Percentile Percentile  Percentile  Percentile
economic economic  economic  economic
Pillar 1 capital capital capital capital
Mean 141% 388% 379% 371% 4%
Standard deviation 17% 73% 71% 69% 0%
Skewness 0.41 0.71 0.70 0.70 (0.10)
Kurtosis 0.81 1.15 1.14 1.14 0.86

From Table 9.7, it can be seen that the rates of return on capital are
reasonably well behaved, although they are generally slightly more
positive skewed and fat tailed than for a Normal distribution.

The most striking aspect, however, is the difference between the rate of
return on 99.9th percentile economic capital and the rates of return on the
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other capital amounts. The rate of return on 99.9th percentile economic
capital is very much lower than the other rates of return on capital.

It can be seen, therefore, that if firms price for extremely unlikely
risks, catastrophic risks in this example, rates of return on capital
amounts that do not reflect these unlikely risks, can be enormous.
This conclusion is predicated on the assumption that such cata-
strophic risk pricing will result in premium rates that are competitive
in the market place, although it is probably not likely that this will be
the case.

9.5 SUMMARY

In this chapter we have calculated both deterministic and stochastic
economic capital for a range of diverse insurance applications and have
compared our results to corresponding Pillar 1 regulatory capital require-
ments. Stochastic economic capital was determined using the stochastic
model developed in Chapter 7.

Our results show that the Pillar 1 regulatory capital requirements are
generally very poor approximations to economic capital and we have
illustrated the misleading impact that this can have on performance
measurement. Obviously, these results and conclusions have quite seri-
ous implications for insurers themselves, regulators, insurance firm cus-
tomers and shareholders.

We now move on to consider in Chapter 10 asset management firms.
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Asset Management
Firms

10.1 INTRODUCTION

In this chapter we give a short discussion of economic capital for asset
management firms. This discussion is brief because, as we describe
below, the treatment of economic capital for asset management firms is
very similar to that for unit linked life insurance firms, as described
previously in Section 9.3.

10.2 REGULATION OF ASSET MANAGEMENT
FIRMS

It is first worth pointing out that, at least in the EU, asset management
firms are subject to the same regulatory capital regulations and requirements
as banks. That is, the EU’s implementation of the Basel 2 Accord, via its
corresponding Capital Adequacy Directive, applies to asset management
firms, as well as to banks. See Chapter 14, where this is described in
more detail. As asset management firms do not generally collect market
or credit risks, most firms will be required to set up a Pillar 1 regulatory
capital requirement for operational risk only, and this may lead to
increased regulatory capital requirements for many firms.

10.3 RISK AND ECONOMIC CAPITAL

Although asset management firms can provide a very wide range of
investment services, their business is often quite narrow comprising, in
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the main, fund management. The assets that they manage may either be
managed on behalf of third parties, for example pension funds or life
insurance firms, or may have been collected by the firm itself through its
own retail product channels, retail mutual fund money, for example.

In either case, however, the risks that the firm itself is subject to are very
limited. Asset management firms would not normally be direct collectors
of credit risk, for example. The funds that they manage for their clients
will, however, certainly have exposures to such risks but it is the client, as
the ultimate beneficiary of the assets in the fund, who carries this risk.

The client will generally specify and control the amount of risk that
they are prepared to take in their fund, via the terms of the investment
management agreement that they have entered into with the firm. This
agreement governs how the fund is managed by the firm on behalf of the
client. If credit losses occur in the fund, the performance of the fund may
suffer and the asset management firm could risk losing the business if
the client decides to place the assets with an alternative firm.

An asset management firm’s income is directly related to the amount
of assets that it has under management, as generated by the investment
management charges that it applies to these assets. The main risk that
asset management firms run, therefore, is that their income falls with
falling assets, so resulting in profit falls if they are not able to reduce
their expenses in line. Asset management firms are, therefore, very
similar to unit linked life insurance firms as described in Section 9.3.

The main risks that asset management firms are subject to are as follows:

®  Persistency
= Expense
®  QOperational
®  Liquidity

The first two risks are covered in our unit linked life insurance firm
example in Section 9.3 and the latter two risks, as discussed previously in
Section 2.2.7, apply to all types of financial services firms. The methods
and techniques developed in this book can be used to quantify the amount

of economic capital that is required to cover these risks. In particular,
see the unit linked life insurance firm example described in Section 9.3.

10.4 SUMMARY

In this chapter we have described how asset management firms are
regulated like banks, although their businesses are, in fact, very similar



ASSET MANAGEMENT FIRMS (165)

to those of unit linked life insurance firms. Economic capital for
asset management firms is therefore very similar to that described in
Section 9.3 for unit linked life insurance firms and the same results and
conclusions apply.

We now move on to consider in Chapter 11 the more complex topics
of with profits life insurance and pensions funds.
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With Profits Life
Insurance and
Pension Funds

11.1 INTRODUCTION

In Chapter 9, we gave a brief introduction to what we termed non profit
life insurance. We now move on to give a similar brief introduction for
so called “with profits,” or participating, life insurance. The term “with
profits” is used in Europe whereas “participating” is used in North
America. Throughout this book we will use the term “with profits.”

With profits life insurance business is a type of life insurance business
where the customer shares in the emerging experience profits or surpluses
of the business. Typically, this type of business is long term savings life
insurance business, such as pensions, both individual pensions and
group pensions, and individual endowment savings business, rather than
pure protection life insurance.

Experience profits, or surpluses, on with profits life insurance
business are usually distributed to customers by way of annual bonuses,
and claim bonuses, that enhances the returns earned by the customer on
their premiums. Typical characteristics of this type of business, at least
in the UK, is that very significant investment guarantees are provided
to customers in combination with high equity investment backing ratios.
To provide such products, firms therefore take on very large amounts of
market risk.

Smoothing is another fairly unique feature of with profits business.
Life insurance firms smooth investment fluctuations out of the payments
that customers receive. At least in theory, in good times, when markets
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may be overvalued, assets are held back and are used to finance
payments during the bad times, when markets may be undervalued.

In this chapter, we set out how economic capital can be calculated
for this type of financial services business, and also for pensions fund
business, which is closely related. In terms of complexity, these types of
businesses are very much towards the high end of the scale and our
examples must, correspondingly, also take a step up in complexity.

11.2 STOCHASTIC WITH PROFITS LIFE
INSURANCE INVESTMENT
GUARANTEE EXAMPLE

11.2.1 Introduction

The objective of this section, which is based on Porteous (2004), is to
estimate the amount of economic capital that a UK life insurance firm
needs to back the investment guarantees written in its with profits long
term business fund (WPLTBF) and to compare this with corresponding
Pillar 1 regulatory capital requirements.

At the time of writing, this section is particularly pertinent because

1. Falling equity markets have caused life insurance firms, shareholders
and regulators to reconsider the risks that result when long term
savings products, containing significant investment guarantees, are
backed with volatile assets, particularly equities.

2. Recent new regulations for UK life insurers, which are modeled
very closely on the banking industry’s Basel 2, require UK life
insurance firms to self assess their economic capital requirements
on a regular basis and to disclose these to the regulator. The regula-
tor will then use the firm’s self assessed economic capital amount to
help set each firm’s regulatory capital requirements. This process is
discussed in more detail in Chapter 14.

The new prudential regulations for UK with profits life insurance
business are based on the so called “twin peaks” approach. Muir and
Waller (2003) have given a very full description of the complex twin
peaks approach, together with a discussion of the business and regula-
tory background that has resulted in these new regulations. Full details
on the mechanics of the calculation, including how the Pillar 1 regula-
tory capital requirement is financed by Tier 1 capital, and by surplus
from within the WPLTBF, are given in Appendix 11.1.
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The UK regulatory capital requirements for life insurance firms have
evolved over many years in mainly ad hoc and arbitrary ways. A common
theme, nevertheless, has been the prevalence of deterministic, rather
than stochastic approaches. Important recent developments that have
helped to drive the new regulations are

®  The emergence of the UK’s FSA as the single regulator across all
UK financial services firms and the FSA’s desire to regulate life
insurance firms like banking firms.

®  Falling equity markets exposed the limitations of the previous
prudential regulatory system. In particular, the vagaries of the previous
system put pressure on life insurance firms to sell their equity invest-
ments as equity markets fell, so causing markets to fall further.

The twin peaks approach proposes that the Pillar 1 regulatory capital
requirement should be based on the higher of a firm’s regulatory and
realistic liability (“peak”). It has been designed to achieve a regulatory
system that is hoped to perform better in times of market stress.

In particular, the realistic peak requires investment guarantees and
options to be valued using modern financial risk management techniques.
Nevertheless, the Pillar 1 regulatory capital requirement covering invest-
ment guarantee, or market risk, is still based on an arbitrary deterministic
stress, included in the Risk Capital Margin (RCM). See Appendix 11.1
for the full details.

We now describe the stochastic model that we use for our with profits
life insurance firm examples. As with our general model, described in
Chapter 7, readers not interested in the technical details of the model
should proceed directly to Section 11.2.3.

11.2.2 The stochastic model

The stochastic model that we have used for this example is a special case
of the general model described in Chapter 7. In particular, we model the
following four key response variables in this example:

1. UKRPI

2. UK equity dividend yield

3. UK equity earnings growth

4. UK medium term government bond yield

As described in Chapter 7, we use first order autoregressive time
series models to model the within response variable dependencies, with
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Table 11.1 Correlation model parameterization - with profits life
insurance examples

Corresponding
Assumed Chapter 7

Response Variable Pait. correlation correlation
RPI/equity dividend yield 03 0.3
RPI/equity earnings growth 0.1 0.1
RPIl/government bond yield 0.6 0.36*
* As shown in Appendix 7.1.

UK equity UK equity

dividend earnings

yield growth

UKRPI

UK medium
term
government
bond yield

Figure 11.1 Graphical model of between response variable dependency
model

parameter values set equal to those shown in Table 7.11. The graphical
model that we have used to describe the between response variable
dependencies is shown in Figure 11.1. It is a special case of our general
model as shown in Figure 7.17.

Using the conditional independence properties of the graphical
model, we can see that it can also be represented as a one factor model,
where the usual error term &’s are correlated only through the common
UK RPI ¢, or factor.

The correlation coefficient parameter values that we have chosen for
our base case stochastic model are shown in Table 11.1, alongside the
corresponding values for the full model described in Chapter 7.
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The correlation that we have assumed for the UK RPI/UK medium
term government bond yield is therefore slightly stronger than that
implied by our full model, as described in Chapter 7.

Given that the correlations of investment time series are highly non
stationary, our approach in this example is to choose correlation values
that we believe are plausible over the longer term, supported by sensitivity
analyses to assess what impact alternative correlation assumptions have
on our results. These analyses show, in fact, that economic capital increases
as the correlations increase.

The corresponding full 4 X 4 correlation matrix, and the 4 X 4
inverse correlation matrix, are both shown in Appendix 11.2.

Model validation and calibration

Real total return means, standard deviations, skewness and kurtosis
coefficients, for both UK equities and UK government bonds, as
estimated from the output of 2,500 runs of the stochastic model, and for
UK historical data, are shown in Table 11.2.

These results are similar to those that were shown in Chapter 7, for
equity returns only. Table 11.2 gives bond returns in addition and shows
that total returns, as generated by the stochastic model, are plausible and
are consistent with the pattern of returns that have been observed over
very long periods of time in the past: see Dimson, Marsh and Staunton
(2002) for more detail on the historical data.

Specimen monthly model output of the four response variables over a
25 year period is displayed in Figure 11.2. Figure 11.3 shows specimen

Table 11.2 Estimated statistics computed from the stochastic model
output versus historical data — with profits life insurance investment
guarantee example

Model output Historical data, 1900-2000*

Real equity Real bond Real equity Real bond
total return total return total return total return

Statistic p.a. p.a. p.a. p.a.

Mean return 0.07 0.03 0.08 0.02
(arithmetic)

Standard deviation 0.20 0.14 0.20 0.14

Skewness 0.5 0.3 0.7 1.0

Kurtosis 0.8 0.2 0.8 0.2

* Dimson, Marsh and Staunton (2002). Mike Staunton, Director of the London
Share Price Database provided the skewness and kurtosis data.Note that normal
random variables have zero skewness and kurtosis values.



(71

0.1 7
0.09 A
0.08 A
0.07 A

0.06 A

Generated response variables

Duration (months)

— Equity earnings growth = Equity yield

--------- Government bond yield ----- RPI

Figure 11.2 Stochastic model specimen output — with profits life insurance
examples

1100
1000
900 ~
800
700
600

500

Index value

400
300 A
200

AR L NN

1 ) 301
Duration (months)

= UK Equity Total Return Index ----- UK Equity Capital Index

Figure 11.3 Stochastic model specimen index output — with profits life
insurance examples



172y ECONOMIC CAPITAL AND FINANCIAL RISK MANAGEMENT

UK equity capital return and UK equity total return, capital plus income,
indices derived from the response variable model output, as described in
Chapter 7. It can be seen from these figures that the model produces results
that are qualitatively very similar to real investment time series data.

11.2.3 With profits funds, assets, asset shares and
customer benefits

Figure 11.4 shows our assumed firm corporate structure model which,
although much more complicated than our banking corporate structure
models, is essentially the same model. This corporate structure is described
in detail below, together with the main corporate cashflows, which are
also shown in Figure 11.4.

Funds

Although the detailed corporate structure that we have assumed is
complex, it is fairly typical of shareholder owned UK life insurance
companies, particularly those with newer or reorganized with profits
funds. Crucially, the structure allows us to quantify, in a transparent way,
the amount of economic capital that is required to back the investment
guarantees offered by with profits life insurance firms. Brief descriptions

With profits long term business fund

! Market value of ! Investment
! investment guarantees guarantee Premiums
|

! charges
| With
profits
benefit
reserve

Guarantee
sub fund

Claims

\ Non profit long term business\fund

Death benefit e el

Additional
guarantee

Commission,

sub fund ‘ and fund bn.:;rr]\ge:::’umnd expenses, ...
‘ 3 management Financing
--------------------- Financing charges

Capital model Tier 1 capital — Tier 2 capital
Shareholders eyl Tier 2 Tier 2 capital
capital capital providers
Cost of Tier 1 capital and capital repayment \Tést of Tier 2 capital Cost of Tier 2 capital and capital repayment

Investment income
on Tier 1 and Tier 2
capital

Figure 11.4 With profits life insurance firm corporate structure
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of the key corporate funds are as follows:

1. The WPLTBF contains the assets backing the with profits liabilities.
Within this fund, three segregated sub funds are identified as follows:
a. The with profits benefit reserve (WPBR) which contains

customer premiums, net of all product charges, aggregated over
all with profits customers, and accumulated using actual investment
returns.

b. The guarantee sub fund (GF) contains the accumulated investment
guarantee product charges that the life insurance firm charges to
cover the cost of the product investment guarantees, aggregated
over all with profits customers.

c. The additional guarantee sub fund (AGF) which contains the
assets which, together with the GF, equals the estimated
expected value of the product investment guarantees, aggregated
over all with profits customers.

2. A NPLTBF containing the assets backing the non profit liabilities.

Fund asset mixes

The WPBR is assumed to be invested 75% in equities and 25% in medium
term government bonds in our base case. As we shall see later, it is this fund
that determines customer benefits and life insurance firms have tended to
invest such funds heavily in equities in order to generate high long term
investment returns for their customers. All other modeled corporate funds
are assumed to be invested 100% in medium term government bonds.

Government bond modeling

For the purposes of our modeling work, we have assumed that the medium
term government bonds in which the life insurance firm invests are rebal-
anced at the end of each month to take their term back to 15 years. This
reflects the matching strategy of many firms who tend to target a particu-
lar term for the average outstanding duration of their bond portfolios.
In other words, the bonds are sold at the end of each month and the proceeds
are reinvested in new 15 year bonds at the yield prevailing at that time.
Each with profits customer’s benefits are individually identified by

Actual asset share

This equals customer premiums accumulated using actual investment
returns, net of all product charges. The WPBR, within the WPLTBF,
equals actual asset shares aggregated over all of the policies written in
the WPLTBF.
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Actual asset share -+ Guaranteed asset share |

Guaranteed asset share

This equals customer premiums, less death benefit charges, accumulated
at the guaranteed investment return.

With profits fund

This equals the larger of actual and guaranteed asset shares.

Figure 11.5 shows a comparison of an actual asset share versus a guaranteed
asset share for a typical run of the regular premium product model.
Product charges flow between the corporate funds as follows:

Death benefit charges

These charges are transferred from the WPBR to the NPLTBF and cover
the excess death benefit claims that are met from the NPLTBF.

Fund management charges

These charges are transferred from the WPBR to the NPLTBF and are used
to cover the fixed and variable expenses that are met from the NPLTBE.

Investment guarantee charges

These charges are transferred from the WPBR to the GF and are used to
meet the cost of the investment guarantees.
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Similarly, profit/surplus and loss/deficit flows between the corporate

funds occur as follows:

All shareholder transfers flow through Tier 1 capital in accordance
with our general corporate structure model.

All surpluses/deficits in the NPLTBF are released/financed to/by
Tier 1 capital as they emerge.

The AGF which, together with the GF, equals the estimated expected
value of the investment guarantees, is financed by Tier 1 capital.

If, at any duration, the WPBR, GF and AGF, in aggregate, are not
large enough to cover aggregate guaranteed asset shares, the deficit
is financed by Tier 1 capital.

Table 11.3 summarizes customer benefits and sets out which funds

pay for these benefits.

Guarantees

Investment guarantees apply to premiums, net of death benefit charges,
invested in the WPBR. The guarantee takes two forms

A guaranteed minimum investment return of 0% p.a.

A bonus investment return, assumed 2% p.a., that is declared annu-
ally in advance each policy year and which applies in addition to the

Table 11.3 Customer benefits — with profits life insurance investment
guarantee example

Type of claim  Benefit

Death The greater of the guaranteed death benefit and the customer’s

with profits fund.The WPBR pays out actual asset share and any
excess claim is paid for by the NPLTBF.

Surrender Actual asset share and paid for by the WPBR. On surrender, it

is normal for firms to withdraw investment guarantee benefits.
This helps firms to avoid selection problems when these
benefits have value in advance of maturity. Surrenders are
explicitly modeled, as is described in Appendix 11.1.

Maturity With profits fund. The WPBR pays actual asset share.The GF

and AGF pay the estimated expected value of the investment
guarantees, if required, with Tier 1 capital financing any
remaining deficit.
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guaranteed minimum investment return. Once added to a policy,
these bonus returns cannot be taken away.

The level of guarantees considered in this section may appear high,
particularly in association with the assumed asset mixes of the WPBR.
However both these guarantees, and asset mixes, have been fairly typical
of UK practice.

Future premiums

The investment guarantees apply on death and maturity, but not on
surrender and may be withdrawn at any time in respect of future premi-
ums. Life insurance firms can withdraw the guarantees on future premi-
ums by closing their existing WPBR to future premiums and replacing it
with a new fund in which all future premiums must be invested.

The new fund will generally provide lower investment guarantees, so
allowing firms to avoid exposing themselves to completely open ended
future guarantees. We therefore ignore future regular premiums when
determining economic capital for our regular premium with profits life
insurance products.

Charging for the cost of the guarantees

Most life insurance firms charge customers for investment guarantees by
deducting an arbitrary amount from the actual investment return that is
credited to their actual asset share each year. We price for the investment
guarantee charge by requiring that, under our expected assumptions, the
charges achieve a specified target, net of tax, rate of return for Tier 1 cap-
ital on the financing it provides to the WPLTBF to finance the sum of

1. The AGF
2. The WPLTBF’s Pillar 1 regulatory capital requirement.

The sum of these two items represents total Tier 1 capital financing of
the WPLTBFE.
We now describe how the AGF is determined.

Determining the AGF

We estimate the AGF, which represents the estimated expected value of
the guarantees, net of the GF, as the average amount of capital, net of the
GF, that the WPLTBF requires to cover its guarantees. In other words, at
each duration, the AGF equals the amount of capital required to ensure
that, on average over the stochastic runs, the aggregate WPBR, GF and
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AGF always exceed guaranteed asset shares, over the remaining lifetime
of the fund.

At present, there is no genuinely liquid market for financial instruments
matching guarantees with durations as long as those offered by life
insurance firms. Therefore, establishing a genuine market value for the
guarantees described here may not be possible in practice.

11.2.4 Method

To avoid cross-subsidies between different new business generations, all
our modeling work is based on one new business product.

11.2.4.1 Fund management charge pricing

The fund management charge is priced, under our expected assumptions,
to achieve a specified target, net of tax, rate of return for Tier 1 capital on
the financing it provides to the NPLTBF. A fund management charge of
0.75% p.a. achieves a net rate of return of around 8% for single premium
products and 9% for regular premium products.

11.2.4.2 Investment guarantee charge pricing

The investment guarantee charge is priced, under our expected assump-
tions, to achieve a specified target net rate of return for Tier 1 capital on
its financing of the AGF and the Pillar 1 regulatory capital requirement
of the WPLTBF. An investment guarantee charge of 0.5% p.a. achieves a
net rate of return of around 10% for single premium products and 11%
for regular premium products.

11.2.4.3 Investment guarantee economic capital

The stochastic model and life insurance firm model is run 2,500 times
and, for each run and at all monthly durations, the amount of Tier 1
capital that is required to support the WPBR is determined as follows:

1. The capital requirement, subject to a minimum value of zero, is
calculated as the amount of additional capital that is needed to ensure
that the aggregate WPBR and GF have sufficient assets to cover
guaranteed asset shares, throughout the remaining lifetime of the
WPBR. As described above, future regular premiums are set to zero
in performing this calculation, as the investment guarantees may not
be available to them.

2. For each duration, the 2,500 capital requirements are then ordered
and the 95th, 99th, 99.5th percentiles and average capital calculated.
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3. The AGF is set equal to the average capital requirement at each
duration.

4. The percentiles, less the AGF, and subject to a minimum value of
zero, are then compared with the corresponding WPLTBF Pillar 1
regulatory capital requirements at each duration. The AGF is deducted
as this amount of capital must be injected by Tier 1 capital into the
WPLTBEF to satisfy its reserving requirements.

All of the above is repeated after having varied one or more of the key
assumptions. Our results are set out in Section 11.2.5 below.

11.2.5 Results

We present our results in graphical form by comparing economic capital
throughout the lifetime of a single generation of with profits business
with the corresponding expected Pillar 1 regulatory capital requirements.
We assume, throughout, that the Pillar 1 regulatory capital requirement is
financed entirely by Tier 1 capital. All of the figures show expected Pillar
1 regulatory capital, 95th percentile economic capital, 99th percentile
economic capital and 99.5th percentile economic capital.

Note that our with profits life insurance figures are slightly different
from those shown for our previous examples. At each duration, capital
amounts are shown per unit of business in force at that duration. For all
of our other examples, our figures show capital amounts per unit of busi-
ness in force at the inception of the business. This difference is simply
because, as asset shares are retrospective accumulations, it is slightly
more convenient to display our with profits results in this way. Our
conclusions are, of course, unaffected.

11.2.5.1 Base case regular premiums

Figure 11.6 shows our regular premium base case result. The figure shows
that Pillar 1 capital does have the correct shape by duration. However, the
most important observation is that, for percentile levels greater than the
95th, Pillar 1 capital is generally too low relative to economic capital.

11.2.5.2 Wilkie model regular premiums

Figure 11.7 shows our regular premium base case result using the
stochastic model proposed in Wilkie (1995) and using Wilkie’s sug-
gested parameterization. Note that the economic capital graphs shown in
Figure 11.7 are not as smooth as those shown in Figure 11.6. The Wilkie
model is a yearly model and applying it to calculate monthly returns can
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Figure 11.6 Regular premium economic capital versus Pillar 1
capital - base case

result in discontinuities at year ends. This is because capital movements
as result of yield changes from one projection year to the next all occur
in the first month of the new projection year.

Comparison of Figure 11.7 with Figure 11.6 shows that the economic
capital amounts estimated using the Wilkie model are far greater than
those obtained using the stochastic model described in Section 11.2.2.

Comparing Table 11.4, which shows the moments of the Wilkie total
equity and bond returns, with Table 11.2 it can be seen that Wilkie total
equity returns are far more volatile and have greater skewness and kur-
tosis than the returns generated by the stochastic model described in
Section 11.2.2. This explains why the economic capital amounts in
Figure 11.7 exceed those shown in Figure 11.6.

Reparameterizing the Wilkie model to produce total equity and bond
return moments that are much closer to those shown in Table 11.2, see
Table 11.4, results in the economic capital amounts shown in Figure 11.8
and these are now very similar to those shown in Figure 11.6.

The reparameterized Wilkie stochastic model therefore reinforces the
qualitative conclusion that Pillar 1 capital is too low relative to economic
capital.
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Figure 11.7 Regular premium economic capital versus Pillar 1
capital - Wilkie Model and parameterization

11.2.5.3 Single premiums

Figure 11.9 shows our result for single premiums. As for regular premi-
ums, Pillar 1 capital is again too low compared to economic capital.

The regular premium product is an aggregation of a series of recurring
single premium products, each of reducing term. It then follows that the
Pillar 1 and economic capital amounts for the regular premium product
are broadly the aggregation of the underlying recurrent single premium
capital amounts. In the rest of this Section, we therefore concentrate on
single premium economic capital under a range of scenarios. The results
for any mix of regular and single premium business can then be inferred
from these single premium results.

11.2.5.4 Reducing the equity content of the WPBR to 25%

Figure 11.10 shows the effect of reducing the equity content of the
WPBR to 25%. In reducing the equity content, we reduce asset volatility,
but actual asset shares also tend to fall in value. This is because modeled
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Table 11.4 Estimated statistics computed from the Wilkie model
output — with profits life insurance investment guarantee example

Wilkie (1995) Wilkie
parameterization reparameterization*®

Real equity Real bond Real equity Real bond

total total total total
Statistic return p.a. return p.a. return p.a. return p.a.
Mean return 0.15 0.04 0.07 0.03
(arithmetic)
Standard deviation 0.47 0.09 0.20 0.13
Skewness 1.0 0.3 0.5 0.3
Kurtosis 1.3 0.1 03 0.2
* See Porteous (2004).
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Figure 11.8 Regular premium economic capital versus Pillar 1
capital - reparameterized Wilkie Model
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Figure 11.9 Single premium economic capital versus Pillar 1
capital — base case

government bond assets tend to return less than equities. There is, therefore,
less of a buffer between actual and guaranteed asset shares to absorb
asset volatility before capital is required.

Comparison of Figure 11.10 with Figure 11.9 shows that economic
capital increases at all durations. In other words, the reduced buffer has
the larger effect.

Somewhat perversely, Pillar 1 capital has fallen everywhere however.
This is because the resilience/RCM stress, see Appendix 11.1, is relatively
gentle on government bonds, as compared to equities, so resulting in the
Pillar 1 capital fall.

We can conclude, therefore, that an investment strategy more weighted
towards government bonds, rather than to equities, results in economic
capital that is even larger relative to Pillar 1 capital.

11.2.5.5 Reducing the bonus investment return from
2.0% p.a.to 1.0% p.a

Comparison of Figure 11.11 with Figure 11.9 shows that cutting bonus
rates has the effect of causing all economic capital amounts to fall. This
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Figure 11.10 Single premium economic capital versus Pillar 1
capital - reduce equity content of with profit benefit reserve to 25%

is because the buffer between the actual and guaranteed asset shares,
which can be used to absorb asset fluctuations before capital is required,
is larger under the reduced bonus rate. Although Pillar 1 capital also
falls, the size mismatches noted earlier remain.

11.2.5.6 Strengthening the resilience/RCM stress

Figure 11.12 shows the result of doubling the strength of our assumed
resilience/RCM stress. Pillar 1 capital is now of a size and shape that
much better approximates to economic capital.

Note that the RCM stresses used in this example are those proposed
by the FSA in its consultation papers with the industry. This consultation
is now complete and the FSA has slightly weakened the RCM stresses
that it has included in its final rules. Appendix 11.1 provides the details.

This weakening was based on a calibration exercise carried out by a
firm of actuarial consultants. The report entitled “Calibration of the
Enhanced Capital Requirement for with-profit life insurers” is available
on the FSA’s website www.fsa.gov.uk.
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Figure 11.11 Single premium economic capital versus Pillar 1
capital — bonus investment return reduced from 2% p.a.to 1% p.a

This report acknowledges, in its paragraph 2.10, that “the correlation
assumptions had a significant effect on the stress test levels derived” and
that “As there is some empirical evidence to suggest that correlations
tend to increase in extreme adverse market conditions, it is worth noting
that the stress tests derived might understate the true capital required to
survive low probability events”. The correlations referred to are broadly
those that we have modeled in our general stochastic model, as described
in Chapter 7, and in the more specific stochastic model used here, as
described in Section 11.2.2.

The correlation modeling in the report does appear somewhat tentative.
However, as the correlation assumptions used in the report are not explic-
itly disclosed, it is not possible to comment much further. However, this
uncertainty over the correlation modeling and the heavy qualifications
given in the report does cause one to question the calibration results
reported.
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Figure 11.12 Single premium economic capital versus Pillar 1
capital - resilience/RCM stress increased by a factor of 2

This slight weakening of the RCM stresses in fact strengthens the
conclusions of this example as it has the effect of slightly reducing Pillar 1
capital.

11.2.5.7 Reducing the standard deviations in the
stochastic model by 50%

Figure 11.13 shows the effect of reducing our base case standard
deviations by 50%. As expected, economic capital falls very substan-
tially to levels that are broadly in line with Pillar 1 capital. However with
this model parameterization, the standard deviations of the total real
equity and bond returns, as generated by the model, are too low relative
to historical returns and this explains why the economic capital amounts
have fallen.
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Figure 11.13 Single premium economic capital versus Pillar 1 capital - reduce
stochastic asset model standard deviations by 50%

11.2.5.8 Rates of return on capital

For each of the 2,500 simulations, and for each example, we have calcu-
lated the rate of return earned by the investment guarantee charge on Tier
1 capital financing of the sum of the AGF and, either, WPLTBF Pillar 1
regulatory capital, or, WPLTBF economic capital.

The rate of return earned by the fund management charge on the Tier 1
capital financing of the NPLTBF is also calculated.

We can then study the distribution of these rates of returns over the
2,500 simulations. Summary statistics for our base case regular premium
example are shown in Table 11.5 below.

The results and conclusions for our base case single premium example
are similar.

From Table 11.5, it can be seen that the distributions of the rates of
returns induced by the stochastic model are close to Normal.
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Table 11.5 Rates of return on capital for the base case regular premium
example — with profits life insurance investment guarantee example

Fund
management
Investment guarantee charge charge
capital amount financing
95th 99th 99.5th
Pillar 1 Percentile  Percentile  Percentile
regulatory economic ~ economic  economic
capital capital capital capital
Mean 12% 12% 10% 9% 10%
Standard 2.0% 2.1% 1.8% 1.7% 1.2%
deviation
Skewness 0.03 0.01 0.07 0.08 0.55
Kurtosis (0.02) (0.05) (0.16) (0.14) 2.48

The fund management charge rates of return skewness and kurtosis
values, although large, are caused by two outliers. The distribution of the
remaining returns is, however, again very close to Normal.

It can also be seen from Table 11.5 that the average investment guarantee
charge return on Tier 1 capital financing of the AGF and WPLTBF Pillar
1 capital, which equals 12%, is close to the priced return of 11%, as
described in Section 11.2.4. Similarly, the average fund management
charge return on the Tier 1 capital financing of the NPLTBE, at 10%, is
again close to the priced return of 9%.

Table 11.5 shows that the relative values of the average rates of return
on capital are as expected. In particular, Table 11.5 shows the distorting
effect that a relatively arbitrary choice of capital measure, such as the
Pillar 1 capital, has on measured financial return. If 99.5th percentile
economic capital is the appropriate amount of investment guarantee capital
that the firm should be holding to cover the risks it is running, then the
product is earning, on average, a post tax rate of 9% on that capital,
compared to an average rate of 12% on Pillar 1 capital and this is a fairly
significant differential.

11.2.6 Banking comparison

Banks also take on investment guarantee, or “market”, risks similar to those
considered in this example. However there are fundamental differences
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between the life insurance and banking approaches to managing these
risks, as well as in the nature of the risks themselves. In particular:

Duration

The risks that banks take on are generally of much shorter durations than
those of life insurers. In this example, we can see that the market risk
persists and accumulates over a period of 25 years for a typical with
profits life insurance savings policy.

Hedging

Life insurers do not generally hedge their market risks, but attempt to
control them by dynamically managing their asset mixes and bonus dec-
larations, and by using their capital to absorb the ongoing profits/losses
generated by the guarantees. More recently, however, as equity markets
have fallen and capital has become much tighter, life insurance firms
have been making increasing use of derivative instruments to hedge, at
least in part, their market risks. Banks without a trading book will gen-
erally hedge almost all of the market risk that they take on. Banks with a
trading book will generally retain unhedged market risk for very short
periods of time.

Measurement

Banks tend to measure and manage market risks using VAR techniques,
whereas life insurance firms have tended to measure their market risks
using deterministic stress tests or stochastic models. Although the sto-
chastic model approach is very similar in nature to VAR, as we have seen
in this example, these models are used over much longer time periods
than the banking models are.

Regulatory capital requirement

The Pillar 1 regulatory capital requirement that banks must set up to
cover market risk in their trading books is based on VAR whereas, for
life insurance companies, it is based on fairly arbitrary deterministic
asset/liability mismatch tests that are specified by the FSA from time to
time. The recently introduced insurance regulations, as described in
Chapter 14, require that the life insurance market risk Pillar 2 regulatory
capital requirement should be set using deterministic, or stochastic, tech-
niques more akin to VAR. However, the practical implementation of
these techniques by the industry is still evolving and in development.
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11.2.7 Conclusions

The results of this example show that Pillar 1 regulatory capital requirements
may not be adequate to cover the market risks that UK life insurance
firms are running and may need to be recalibrated upwards.

The FSA has carried out independent actuarial work that purports to
demonstrate that the Pillar 1 regulatory capital requirement is calibrated
to achieve a 99.5% confidence/percentile level over a one year confidence
period. We have checked that our main qualitative conclusion still applies
for economic capital defined over both one and five year confidence
periods. As described earlier, the results of the FSA’s calibration exercise
are open to some doubts.

UK life insurance firms are required to validate the adequacy of the
Pillar 1 regulatory capital requirement using an Individual Capital
Assessment (ICA). The ICA is similar, in principle, to the Basel 2 Pillar
2 capital self assessment exercise proposed for banks. See Chapter 14 for
full details.

Based on the ICA, the FSA will issue Individual Capital Guidance
(ICG) privately to each firm in the form of an enhanced, or status quo,
Pillar 1 regulatory capital requirement. The work of this Section suggests
that, for market risks written in WPLTBFs, the ICG is likely to require a
Pillar 1 capital increase.

Practical implementations

In practice and, as is required by the market, the stronger UK life insurance
firms have tended to have capital that is well in excess of their Pillar 1 reg-
ulatory capital requirements, although this excess has eroded in recent
years due to falling equity markets and very strong competition.

At an aggregate balance sheet level, firms will also benefit from the
cross-subsidies generated by lines of business, or business generations, for
which economic capital is less than the Pillar 1 regulatory capital require-
ment. See Porteous, McCulloch and Tapadar (2003) for further details.

The main industry conclusions of this example are:

®  Weaker life insurance firms may require more capital to cover the
risks they are running.

®  There is a need for life insurance firms to develop more effective
hedging tools to manage their market risks.

®  The weaker life insurance firms may withdraw from the with profits
market to focus on less capital intensive sectors of the long term
savings market.
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11.3 STOCHASTIC WITH PROFITS LIFE
INSURANCE SMOOTHING EXAMPLE

11.3.1 Introduction

In this section, we move on to consider the amount of economic capital
that a UK life insurance firm needs to back the “discretionary” smoothing
benefits provided by its with profits long term business fund (WPLTBF).

This section extends the example of the previous section and, in the
interests of brevity, and to avoid repetition, we will build on the previous
section wherever possible. Similar to the previous example, with profits
customer benefits are individually identified by:

Actual asset share

This equals premiums accumulated using actual investment returns and
net of all product charges.

Smoothed asset share

This is a smoothed version of actual asset shares.

Guaranteed asset share

This equals premiums less death benefit charges accumulated using
guaranteed investment returns.

With profits fund

This is defined as the largest of actual, smoothed and guaranteed asset
shares.

As we know from the previous section, actual asset shares tend to be
invested in highly volatile assets, usually a mixture of equities and fixed
interest bonds and are, therefore, themselves volatile. To protect customers
from this volatility, most life insurance firms try to smooth volatility out
of their actual asset shares by basing payouts on “smoothed” versions of
actual asset shares.

Figure 11.14 shows a comparison of an actual asset share versus
smoothed and guaranteed asset shares for a typical run of the regular
premium product model.

Assuming that, on average, losses incurred when actual asset shares are
smoothed “up” equal profits earned when actual asset shares are smoothed
“down,” smoothing will be broadly financially neutral. In practice,
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Figure 11.14 Actual, smoothed and guaranteed asset shares

however, as a result of very tough competition in the UK life insurance
market, it is very likely that life insurance firms may have been smoothing
“up” more often than they have been smoothing “down.” We investigate
the financial impact of this later.

Although smoothing benefits are discretionary in nature, life insur-
ance firms have promoted the smoothing feature of with profits life
insurance products very heavily in their sales and marketing literature.
Similarly, financial advisers have often recommended with profits life
insurance products in preference to unit linked life insurance products
on the basis that smoothed returns are less volatile, and so more appro-
priate, for risk averse clients. Possibly as a result of the discretionary
nature of smoothing benefits, life insurance firms are not required to
hold explicit regulatory capital to cover these benefits.

The position that we take in this book is that, although smoothing
benefits are in principle discretionary and are not guaranteed, customer
expectations of a smoothed return are so strong that, in practice, smooth-
ing benefits are effectively quasi-guaranteed and firms should, therefore,
be required to hold capital to back these benefits. Indeed, these strong
expectations have been set by the life insurance firms themselves and by
the financial advisers who sold the business.

The UK regulator, the FSA, has been consulting with the UK life
insurance industry on the fair treatment of with profits customers and, as
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described later, has now issued broad rules on how with profits smoothing
should operate in practice. The following quotation is taken from one of
the FSA’s early consultation papers, Consultation Paper 207 “Treating
With-Profits Policyholders Fairly”:

“The methods by which a with-profits firm decides how to exercise its
discretion, including how it invests its with-profits fund and how it
decides the level of payouts to policyholders, have so far generally been
almost entirely opaque.”

11.3.2 The stochastic model

We use exactly the same model as was used in the previous example in
Section 11.2.2.

11.3.3 With profits funds, assets, asset shares and
customer benefits

Figure 11.15 shows the smoothed with profits life insurance corporate
firm structure that we have assumed. Although the corporate structure is
very complex, it does follow the general structure that we have assumed
for all of our firm examples. The corporate funds that make up the
structure are described in detail below, as well as the fund cashflows also
shown on the structure in Figure 11.15.

With profit long term business fund

Premiums

! Market value of i | Smoothed with profit :

| investment guarantees ! | benefit reserve

; : Investment Wi Claims
Guarantee ' : profit Commission,
: ! guarantee
sub fund ! 1 benefit expenses, ...

: 1charge Death claims

S Death benefit and

fund management
charges

Additional
guarantee
sub fund

Smoothing
sub fund

Non profit
long term
business
fund

Financing_1"Non profit long term business fund

Capital model

Tier 1 capital. Tier 2

capital

Tier 1 Tier 2 capital

capital

Tier 2 capital
providers

Shareholders

Cost of Tier 1 capital and capital repayment Cost of Tier 2 capital Cost of Tier 2 capital and capital repayment

Investment income
on Tier 1 and Tier 2 capital

Figure 11.15 Smoothed with profits life insurance firm corporate structure
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Funds

Although the detailed corporate structure that we have assumed is complex,
it is fairly typical of shareholder owned UK life insurance companies,
particularly those with newer, or restructured, with profits funds. Crucially,
the structure allows us to quantify, in a transparent way, the amount of
economic capital that is required to back the investment guarantees and
smoothing benefits offered by with profits life insurance firms. More detail
is provided below and, in particular, the structure comprises

1. A WPLTBF containing the assets backing the with profits liabilities.
Within this fund, four distinct segregated sub funds are identified as
follows:

a. The WPBR, the GF and the AGF are essentially the same as
those described in Section 11.2.3.

b. A new sub fund, the smoothing sub fund (SF), contains assets
that are expected to be sufficient to ensure that the WPBR and
the SF, in total, which we call the smoothed with profits benefit
reserve (SWPBR), contain enough assets to cover aggregate
actual asset shares, at all times, and aggregate smoothed asset
shares, at maturity. Actual asset shares are needed to cover
surrender value benefits and smoothed asset shares to cover
maturity benefits, as described in Table 11.6.

2. A NPLTBF containing the assets backing the non profit liabilities.

Table 11.6 Customer benefits — with profits life insurance investment
guarantee and smoothing example

Type of claim  Benefit

Death The greater of the guaranteed death benefit and the customer’s
with profits fund. The WPBR pays out the actual asset share
with any remaining excess claim paid for by the NPLTBF.

Surrender Actual asset share and paid for by the WPBR. On surrender, it
is normal for firms to withdraw both investment guarantee
benefits and smoothing benefits. This helps firms to avoid
selection problems when these benefits have value in advance
of maturity. Surrenders are explicitly modeled, as described in
the previous section.

Maturity With profits fund.The WPBR pays actual asset share and the
SF pays expected smoothing beneéfits, if required. The GF and
AGF pay for the expected investment guarantee benefits, if
required, relative to the larger of actual and smoothed asset
shares.Tier 1 capital finances any remaining deficit.
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Fund asset mixes

The WPBR and the SF are assumed to be invested 75% in equities
and 25% in medium term government bonds in our base case. All other
modeled corporate funds are assumed to be invested 100% in medium
term government bonds.

Product charges flow between the corporate funds as described below.

Death benefit charges

These charges are transferred from the WPBR to the NPLTBF and cover
the excess death benefit claims that are met from the NPLTBF.

Fund management charges

These charges are transferred from the WPBR to the NPLTBF and are
used to cover the fixed and variable expenses paid by the NPLTBF.

Investment guarantee charges

These charges are transferred from the WPBR to the GF and are used to
meet the cost of the investment guarantees.

Similarly, profit/surplus and loss/deficit flows between the corporate
funds as follows:

®  All shareholder transfers flow through Tier 1 capital in accordance
with our general corporate firm structure model.

®  All surpluses/deficits in the NPLTBF are released/financed to/by
Tier 1 capital.

®  The SF is financed by Tier 1 capital.
®  The AGF is financed by Tier 1 capital.

B The larger of the WPBR and aggregate smoothed asset shares must
be as large as aggregate guaranteed asset shares, at all times throughout
the remaining lifetime of the WPLTBF. If, for a particular run of the
model, financing is required to achieve this, it is provided in the first
instance by the GF, AGF and SF. If further financing is required
beyond this, it is provided by Tier 1 capital through the AGF.

®  [If for a particular run of the model, additional financing is required
to ensure that the SWPBR has sufficient assets cover both aggregate
actual asset shares and aggregate smoothed asset shares, at maturity,
this is provided by Tier 1 capital injected through the SF.



WITH PROFITS LIFE INSURANCE AND PENSION FUNDS (195)

Appendix 11.4 summarizes the full corporate firm structure assumptions
that underlie this section.

Table 11.6 summarizes customer benefits and sets out which funds
pay for these benefits.

Guarantees

The guarantees assumed in this example are as described in the with
profits life insurance investment guarantee example in Section 11.2.3.

Charging for the cost of the investment guarantees
and the smoothing benefit

We price for the investment guarantees by requiring that, under our expected
assumptions, the investment guarantee charge achieves a specified target,
net of tax, rate of return for Tier 1 capital on the financing it provides to
finance the total of:

1. The SF
2. The AGF
3. The WPLTBF Pillar 1 regulatory capital requirement

The sum of these three items represents total Tier 1 capital financing
of the WPLTBF. Section 11.3.5 describes how the SF and the AGF are
estimated.

11.3.4 Smoothing
11.3.4.1 Background

The amount of smoothing that has been carried out by firms, and the
smoothing method used has generally been at the discretion of firms,
with little or no disclosure to policyholders, shareholders or the regula-
tor. However, as a consequence of recent consultations with the UK life
insurance industry on the fair treatment of customers, the FSA has pro-
posed rules on how UK life insurance firms should smooth with profits
life insurance policies. In particular, with profits maturity and surrender
values should broadly

m  Fall within specified target ranges around the policy’s actual asset
share.

®  The target ranges should be made available publicly in the firm’s
Principles and Practices of Financial Management (PPFM) document.
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®  Over the longer term, payouts should broadly be targeted on 100%

of actual asset share.

The object of these proposals is to give life insurance firms less

discretion over how they smooth, so reducing the risks that firms consis-
tently under, or over, pay over the shorter or longer terms.

11.3.4.2 Methods of smoothing asset shares and

maturity payouts

There is very little information in the life insurance and actuarial literature
on how firms smooth their payouts in practice. Nevertheless, methods
that are known to be used by life insurance firms include

1.

Valuing assets by discounting the future income generated by the
assets. If the assumptions used to achieve this are stable, for example
using stable long term income growth rates and risk discount rates,
this method achieves asset valuations that are smoother than market
valuations. This is the method that we use in this example.

Using smoothed investment returns, rather than actual investment
returns, in the accumulation of asset shares. The method of smoothing,
and the window over which the returns are smoothed, can vary
considerably. However, unless a very long smoothing window is
used, this technique tends to produce smoothed asset shares that are
still quite rough.

Maturity payouts are smoothed, rather than asset shares, by requiring
that the current year’s payout should be within a target range of last
year’s payout. Recently, however, as equity markets have fallen, this
approach appears to have been abandoned. For some firms, payouts
have fallen by very large amounts over a two or three year period,
casting real doubt on the credibility of the smoothing benefit.

Some firms smooth payouts by requiring that their payouts for the
current financial year appear near the top of the competitor compar-
ison payout tables. This is of considerable assistance to the firm’s
sales and marketing divisions in generating new business for the
current financial year but, obviously, is not a genuine smoothing
method.

It is not our objective to compare the merits of one smoothing

method versus another. Instead, we use one smoothing technique that
demonstrably does the job reasonably well and then calculate smoothing
benefit economic capital for variants of this method.
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11.3.4.3 The smoothing method

The smoothing method that we use is described below.

At each monthly duration ¢, the smoothed asset share is obtained by
multiplying the actual asset share by a smoothing factor, §,. The smoothing
factor at each duration ¢, §,, is specified by the formula:

Yo

E(y)

Yar

E(yy)

+ (1—0) X

5, = 0X

Here 6 is the equity backing ratio of the WPBR and y,, and y,, are,
respectively, the equity dividend yield and medium term government
bond yields at duration ¢, as described in Section 11.2.2. Here, “E”
denotes the unconditional expectation of a response variable.

The broad rationale for the method is: multiplying an actual asset
share at time t by an income yield at that time converts the capital value
into income. The income amounts will be smoother than either the actual
asset shares or the yields are individually because these two items tend
to be negatively correlated. In other words, yields are “low” when actual
asset shares are “high,” and vice versa.

Dividing income by the unconditional expected yield converts the
income amount back into capital and, because the unconditional
expected yields are constant, smoothed capital values are obtained. 9, is
then determined by computing the weighted average of these yield ratios
according to the asset mix of the WPBR.

As can be seen from Figure 11.14, which compares actual and
smoothed asset shares for a typical run of the regular premium with profits
model, using this smoothing method, the method is effective.

Further evidence supporting the efficiency of the smoothing method is
provided in our results Section 11.3.6.

11.3.4.4 Smoothing target ranges

Actual asset shares are surprisingly volatile and can diverge very far
from smoothed asset shares. In order to limit the distance between
smoothed and actual asset shares, we introduce tolerance limits 7 and A
into our smoothing formula as follows:

First, we define 6% as:

8, = max (min (5, 1 + 7), 1—17)

The constrained smoothing parameter & ensures that, in relative
terms, smoothed asset shares always stay within 7 of actual asset shares.
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We next define 6* as:

. = max | min | 6,, AAS. ' AAS
t t

where AAS, is the actual asset share at duration 7. The further con-
strained smoothing parameter §;* ensures that, in absolute terms,
smoothed asset shares always stay within A of actual asset shares.

Figure 11.16 compares actual, smoothed and guaranteed asset shares
for the regular premium product model run shown in Figure 11.14, but
with the smoothed asset share constrained by setting 7= 0.25 and
A = £60,000. It can be seen from Figure 11.16 that, for the more extreme
values of the actual asset share, the smoothed asset share runs parallel to
the actual asset share and, consequently, is less smooth in those areas.

The base case and reduced smoothing range parameter values that we
use are shown in Table 11.7. The As broadly equal 7 X (expected actual
asset share) X 1.5 and prevent smoothed asset shares moving too far
from actual asset shares, in absolute terms.

11.3.5 Method

Having defined and parameterized our models, our approach to estimating
the amount of economic capital that life insurance firms should hold to
cover the smoothing benefits and the investment guarantees they write in
their WPLTBFs is described below.

11.3.5.1 Pricing the fund management and investment
guarantee charges

To avoid cross-subsidies between different new business generations, all
our modeling work is based on one new business product.

The fund management charge is priced, under our expected assumptions,
to achieve a specified target, net of tax, rate of return for Tier 1 capital on
the financing it provides to the NPLTBF. A fund management charge of
0.75% p.a. achieves a net rate of return of around 8% for single premium
products and 9% for regular premium products.

The investment guarantee charge is priced, under our expected
assumptions, to achieve a specified target, net of tax, rate of return for
Tier 1 capital on its financing of the SF, the AGF and the WPLTBF’s
Pillar 1 regulatory capital requirement. An investment guarantee charge
of 0.5% p.a. achieves a net rate of return of around 9% for single premium
products and 10% for regular premium products.
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Figure 11.16 Actual, smoothed and guaranteed asset shares — base case
smoothing target range

Table 11.7 Smoothing target range parameters

Smoothing
Premium type target range T A
Regular premiums Base case 0.25 £60,000
Single premiums Base case 0.25 £22,500
Regular premiums Reduced 0.10 £25,000
Single premiums Reduced 0.10 £9,000

11.3.5.2 Calculating the capital requirements at
each duration

(i) Smoothing benefit capital

The stochastic model is run 2,500 times and, for each run and at all monthly
durations, the amount of Tier 1 capital that is needed to support the smooth-
ing benefits is calculated. This is the amount of capital needed to ensure that
the WPBR has sufficient assets to cover both aggregate actual asset shares,
at all times, and aggregate smoothed asset shares, at maturity.
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(ii) Investment guarantee capital

For each run of the stochastic model, and at all monthly durations, the
amount of Tier 1 capital that is needed to support the investment guaran-
tees is calculated. This is the amount of capital that is required to ensure
that the greater of the WPBR and aggregate smoothed asset shares, plus
the GF, is as large as guaranteed asset shares, aggregated over all cus-
tomers, for the remaining lifetime of the WPLTBE.

(iii) Future premiums

As described in Section 11.2.3, at each duration, future regular premiums
are set to zero in performing these calculations. This is because the invest-
ment guarantees and also smoothing benefits may not be available to them.

11.3.5.3 Calculating the SF, the AGF and economic capital
at each duration

(i) Smoothing benefit economic capital and the SF

At each duration, the 2,500 smoothing benefit capital requirements, as
described above, are ordered and the 50th, 95th, 99th, 99.5th percentiles
and their average calculated. Smoothing benefit economic capital is set
equal to the smoothing benefit capital requirement percentiles at each
duration. The SF is set equal to the average smoothing benefit capital
requirement at each duration and represents the estimated expected
value of the smoothing benefit at that duration.

(ii) Investment guarantee economic capital and the AGF

At each duration, the 2,500 investment guarantee capital requirements are
ordered and the 95th, 99th, 99.5th percentiles and their average calculated.

1. The AGF is set equal to the average investment guarantee capital
requirement at each duration. The AGF and the GF, in aggregate,
then represent the estimated expected value of the investment
guarantees, relative to the larger of actual and smoothed asset shares.

2. Ateach duration, we deduct the AGF from the investment guarantee
capital requirement percentiles. This is because this capital to sup-
port the AGF must be injected into the WPLTBF by Tier 1 capital to
satisfy the WPLTBF’s reserving requirements.

3. We also deduct the SF from the investment guarantee capital
requirement percentiles, for the same reason.

4. Ateach duration, investment guarantee economic capital is set equal
to these net investment guarantee capital requirement percentiles,
subject to a minimum value of zero, and can be compared with the
WPLTBF’s Pillar 1 regulatory capital requirements.
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All of the above is repeated after having varied one or more of the key
assumptions. Our results are set out in Section 11.3.6 below.

11.3.6 Results

We present our results in graphical form by displaying economic
capital throughout the lifetime of a single generation of with profits
business.

In the smoothing benefit economic capital figures, we show graphs of
50th percentile economic capital, 95th percentile economic capital, 99th
percentile economic capital and 99.5th percentile economic capital.

In the investment guarantee economic capital figures, we show graphs
of the expected Pillar 1 regulatory capital requirement, 95th percentile
economic capital, 99th percentile economic capital and 99.5th percentile
economic capital.

Unless stated otherwise, we use the base case smoothing target range
parameters shown in Table 11.7.

Figure 11.17 shows median and average smoothing losses for typical
runs of the regular premium stochastic model, based on 2,500 simula-
tions. Here, a smoothing loss equals the smoothed asset share less the
actual asset shares at that duration.

The median losses fluctuate around zero whereas, on average, smooth-
ing profits emerge that increase with duration. Nevertheless, we can con-
clude from Figure 11.17 that the smoothing method used is reasonably
effective in not introducing consistently large or small smoothing losses
at maturity.
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Figure 11.17 Regular premium smoothing benefit loss — base case
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Figure 11.18 Unsmoothed regular premium investment guarantee
economic capital versus Pillar 1 capital — base case

11.3.6.1 Unsmoothed regular premiums

Figure 11.18 shows investment guarantee economic capital for a typical
run of the regular premium stochastic model, with no smoothing, including
a comparison with Pillar 1 capital. As is discussed in the previous section
in much more detail, investment guarantee economic capital is well in
excess of Pillar 1 capital.

As smoothing is not used in this first example, smoothing benefit
economic capital is obviously zero.

From Figure 11.18, and as will be apparent from the later results reported
in this section, we can see that aggregate investment guarantee and smoothing
benefit economic capital is well in excess of Pillar 1 capital.

11.3.6.2 Smoothed regular premiums

Figures 11.19 and 11.20 show economic capital amounts when smoothing
is introduced.

Comparing Figure 11.19 with Figure 11.18 we can see that all investment
guarantee economic capital amounts have fallen, as has Pillar 1 capital, and
that Pillar 1 capital is now quite well aligned with investment guarantee
economic capital. Smoothing reduces Pillar 1 capital because the WPLTBF
now contains more assets, due to the SF. More WPLTBF statutory surplus
is then available to cover Pillar 1 capital before Tier 1 capital is required.
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Figure 11.19 Smoothed regular premium investment guarantee economic
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Investment guarantee economic capital also falls, partly for this same
reason. More importantly, however, the larger of smoothed asset share
and actual asset share is less volatile than the actual asset share is on its
own and, consequently, is less likely to fall below guaranteed asset share
and by smaller amounts. As a result, less capital is required to ensure that
the larger of aggregate smoothed asset shares and aggregate actual asset
shares is always in excess of aggregate guaranteed asset shares, through-
out the remaining lifetime of the WPLTBF.

Figure 11.20 shows that smoothing benefit economic capital is low ini-
tially, but rapidly increases in size with duration. After 25 years, smoothing
benefit economic capital amounts are substantial, reflecting the fact that
smoothed asset shares can be much larger than actual asset shares, even at
the 95th percentile level. This may be of concern to with profits customers,
regulators and life insurance firms themselves as firms are not required to
hold, and generally do not hold, capital to cover smoothing benefit risks.

Aggregate investment guarantee and smoothing benefit economic
capital is again well in excess of Pillar 1 capital.

11.3.6.3 Wilkie model smoothed regular premiums

We have checked our results using a version of the well known Wilkie
model that has been reparameterized to produce investment returns
similar to those generated by the model described in Section 11.2.2.

Our results are shown in Figures 11.21 and 11.22 and are similar to
those of Figures 11.19 and 11.20.

Note that the economic capital graphs shown in Figures 11.21 and
11.22 are not as smooth as those shown in Figures 11.19 and 11.20. This
is for the same reasons described in the Section 11.2.5. Nevertheless,
the results are qualitatively the same as those obtained using the
stochastic model described in Section 11.2.2.

11.3.6.4 Smoothed single premiums

Figures 11.23 and 11.24 give our results for a typical run of the single
premium stochastic model. Pillar 1 capital is now too low relative to
investment guarantee economic capital but, otherwise, the same
conclusions apply as for regular premiums.

11.3.6.5 Reducing the equity content of the SWPBR to 25%

Figures 11.25 and 11.26 give our regular premium results when the
equity content of the SWPBR is reduced from 75% to 25%. Comparing
Figure 11.25 with Figure 11.19 shows that, reducing the equity content



10000 -

9000 -

8000 -

7000 -

6000 -

5000 -

Capital (£)

4000 -
3000 -
2000

1000 - A

(205)

Duration (months)

— 99.5th Percentile - 99th Percentile
95th Percentile  ------ Pillar 1 capital

Figure 11.21 Smoothed regular premium investment guarantee
economic capital versus Pillar 1 capital — base case Wilkie Model
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Figure 11.23 Smoothed single premium investment guarantee economic
capital versus Pillar 1 capital - base case
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Figure 11.25 Smoothed regular premium investment guarantee economic
capital versus Pillar 1 capital — equity content of with profit benefit reserve
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of the SWPBR, results in investment guarantee economic capital
increasing and Pillar 1 capital falling.

Pillar 1 capital falls because the deterministic stress test that is used to
calculate the RCM component of Pillar 1 capital is relatively gentle on
government bond assets, as compared to equities. Investment guarantee
economic capital increases because both actual and smoothed asset
shares tend to fall in value with increased government bond investment,
so resulting in a lower margin over guaranteed asset shares before capital
is required to support the WPLTBF’s guarantees.

Comparing Figure 11.26 with Figure 11.20 shows that smoothing
benefit economic capital falls very slightly with increased government
bond asset investment. This is because, although increased govern-
ment bond investment reduces the volatility of actual asset shares,
significant volatility still remains.

11.3.6.6 Reducing the smoothing target range
parameterstorT = 10%,A = £25,000

Figures 11.27 and 11.28 give our results when less smoothing is applied
to actual asset shares. As expected we achieve results that are intermediate
between our base case smoothing target range results and our results
with no smoothing. In particular, compared to our base case smoothing
target range results, as expected, investment guarantee economic capital
and Pillar 1 capital increase whereas smoothing benefit economic capital
falls. In other words, smoothing benefit economic capital generally
increases, and investment guarantee economic capital generally falls, as
smoothing increases.

11.3.6.7 Smoothing up only

Figure 11.29 shows median and average smoothing losses, at each
duration, for typical runs of the regular premium stochastic model using
2,500 simulations, when asset shares are smoothed up only. The median
losses fluctuate above zero, and stay small, whereas average smoothing
losses increase with duration. Nevertheless, at any duration, average losses
never exceed 7% of expected actual asset share.

Figures 11.30 and 11.31 show our investment guarantee and smoothing
benefit economic capital results when smoothing up only. Comparing
these with Figures 11.19 and 11.20 it can be seen that investment
guarantee economic capital and Pillar 1 capital fall slightly, whereas
smoothing benefit economic capital is broadly unaffected.

Investment guarantee economic capital and Pillar 1 capital fall
because, when smoothing up only, the SF increases slightly and the
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Figure 11.27 Smoothed regular premium investment guarantee economic
capital versus Pillar 1 capital - reduced target smoothing ranges
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Figure 11.31 Regular premium smoothing benefit economic capital -
smoothing up only

WPLTBF therefore contains an increased level of assets. Smoothing
benefit economic capital is relatively unaffected, however, as the upper
percentiles of the smoothing benefit capital requirements, as expected,
are themselves unaffected.

The financial effect of smoothing up only is that the regular premium
investment guarantee charge earns a reduced, net of tax, rate of return on
capital of 6% for Tier 1 capital, rather than the priced return of 10%. This
is because Tier 1 capital must provide increased financial support to the
WPLTBEF as a consequence of the increased SF.

11.3.6.8 Rates of return on capital

For each of the 2,500 simulations, and for each example, we have calcu-
lated the rate of return earned by the investment guarantee charge on the
Tier 1 capital financing of the sum of

1. The SF

2. The AGF
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3. FEither the WPLTBF Pillar 1 regulatory capital requirement, or
WPLTBF aggregate investment guarantee and smoothing benefit
economic capital.

The rate of return earned by the fund management charge on the Tier
1 capital financing of the NPLTBF is also calculated.

We can then study the distribution of these rates of returns over the
2,500 simulations. Summary statistics for our base case regular premium
example are shown in Table 11.8. The results and conclusions for our
base case single premium example are similar.

From Table 11.8, it can be seen that the distributions of the rates of
return induced by the stochastic model are close to Normal. The fund man-
agement charge rates of return skewness and kurtosis values, although
large, are caused by a handful of outliers out of the 2,500 runs. The distri-
bution of the remaining returns is, however, very close to Normal.

It can also be seen that the average investment guarantee charge rate
of return on the Tier 1 capital financing of the SF, AGF and Pillar 1 cap-
ital, which equals 11%, is close to the priced return of 10%, as described
in Section 11.3.5. Similarly, the average fund management charge rate of
return on the Tier 1 capital financing of the NPLTBFE, at 10%, is again
close to the priced return of 9%.

Table 11.8 shows the distorting effect that Pillar 1 capital has on
financial performance measures. If 99.5th percentile economic capital

Table 11.8 Rates of return on capital for base case smoothing target range
regular premium — with profits life insurance investment guarantee and
smoothing example

Fund
management
Investment guarantee charge charge
capital amount financing
95th 99th 99.5th
Pillar 1 Percentile  Percentile  Percentile
regulatory economic  economic  economic
capital capital capital capital
Mean 11% 2% 2% 2% 10%
Standard 2% 3% 3% 3% 1%
deviation
Skewness 0.08 (0.56) (0.61) (0.56) 0.48

Kurtosis 0.03 0.29 0.39 0.30 1.16
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is the appropriate amount of aggregate smoothing benefit economic
capital and investment guarantee economic capital that the firm
should be holding to cover the risks it is running, then the product is
earning, on average, a post tax rate of return of 2% on that capital.
This compares with an average rate of return of 11% on the corre-
sponding Pillar 1 regulatory capital requirement, a very significant
differential.

Note also that, as compared to Table 11.5, the rates of return
earned on economic capital are much lower and are relatively con-
stant across the percentiles considered. This is because of the effect
of smoothing benefit economic capital, which dominates investment
guarantee economic capital, and which is very large for all of the per-
centiles considered.

In other words, if firms were required to set up economic capital to
cover smoothing benefit risks, as well as investment guarantee risks, as
we believe they should, their achieved rates of return on this capital
would be very significantly deflated, to reflect the risks that they are
running.

11.3.7 Conclusions

In this example, we have estimated the amount of economic capital that
UK life insurance firms should hold to cover the smoothing benefits and
investment guarantees that they write in their WPLTBFs. Our life insur-
ance firm model and parameterization, although complicated, is fairly
typical of UK practice, especially for newer, or restructured, with profits
funds. The smoothing method used is again fairly typical of UK practice
and we have also shown that it is very effective in smoothing out asset
volatility from actual asset shares.

Our main conclusion is that smoothing benefit economic capital is
substantial, even though life insurance firms are not currently required to
hold capital to cover smoothing benefit risks.

Although our results have been derived using one particular UK
with profits life insurance firm model, it is evident that our conclusions
will apply to most, if not all, with profits life insurance firms that
smooth their payouts. In fact, as is again fairly self evident, our con-
clusions apply quite generally to any financial services firm that pro-
vides products offering the customer an expectation, or guarantee, of a
smoothed return, whilst backing the product with assets that yield
volatile returns.

Unless the firm hedges its smoothing benefit risks, or is prepared to
withdraw the smoothing benefit from its customers at short notice and at
its own discretion, it would appear that capital should be held to support
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smoothing benefit risks. The three possible risk takers that correspond
with these options are

1. Third party risk takers, who accept the risk on commercial terms
agreed with the firm.

2. Customers, who accept the risk on terms that may, or may not, be
clear to them.

3. Firms, who should back the risk with capital, as they do with all of
their other risks.

To date, and somewhat ironically, it does appear to be the case that it
is with profits customers themselves who have accepted the risks associ-
ated with their own smoothing benefits!

The conclusions and practical implications set out in Section 11.2.7
are also highly relevant to the smoothing benefit economic capital exam-
ple set out in this section. However, if it is accepted that life insurance
firms should hold capital to cover their smoothing benefit risks, this will
affect all life insurance firms, not just the weaker ones. This may per-
suade certain undecided firms to finally exit the with profits life insur-
ance market to focus on less capital intensive segments of the long term
savings market.

11.4 PENSIONS

11.4.1 Introduction

At the time of writing, the UK private sector and public sector pensions
industries, as well as those of most other developed and developing
nations, are in a state of flux. Many employer sponsored defined benefit
schemes, where employee benefits are expressed as proportion of their
final salary, are substantially in deficit as a result of falling stock markets
and improved pensioner mortality.

Falling fertility levels and improving mortality rates have also meant
that unfunded public sector pension arrangements, where the working
population pay for the public sector pensions of the retired population,
are no longer economically viable. They imply a higher and higher tax
burden on the working population, which, in due course, the working
population will simply refuse to accept.

As the true cost of employer sponsored defined benefit pension
schemes has become apparent, when stock markets do not increase by
20% p.a. year after year, many employers are now shifting the focus of



WITH PROFITS LIFE INSURANCE AND PENSION FUNDS (215)

their pension provision away from defined benefit pension schemes to
defined contribution schemes. With defined benefit pension schemes, it
is the sponsoring employer that, in principle, takes investment risk
whereas, with defined contribution pension schemes, the employee takes
the investment risk that their fund may not grow to an adequate size to
provide them with a decent pension in retirement.

It seems only a matter of time, therefore, before successive UK
governments will have no choice but to make public sector pension
benefits means tested. It also seems likely that more and more of UK
pension provision will be pushed out into the private sector, with
individuals being asked to accept more and more responsibility for their
own pensions.

The UK Inland Revenue tax incentive rules that all types of pensions
arrangements benefit from have also become tortuously complex. As a
consequence, a major pension simplification initiative is due to be
implemented in April 2006.

Given all that is happening in pensions at present, and the major
problems that the pensions industry is facing, it is appropriate to devote
a few pages of this book to the financial risk management and associated
economic capital requirements of employer sponsored defined benefit
pension schemes.

11.4.2 Defined benefit pension schemes
11.4.2.1 Background

There is a very large literature on defined benefit pension schemes and it
is not the object of this book to reproduce or replace that literature.
Instead, we give a high level introduction to these schemes in order that
we can discuss their economic capital requirements.

The website of the UK actuarial profession, www.actuaries.org.co.uk,
provides access to a large number of current pension papers and articles.
The website of the Department for Work and Pensions (DWP) at
www.dwp.gov.uk provides information on The Pensions Regulator, the
very recently formed new regulator for UK occupational pensions
schemes.

Defined benefit pensions schemes are managed on behalf of the
scheme members by the scheme trustees, who are appointed to run
the scheme according to the trust under which the scheme has been set
up. Regular actuarial valuations, typically every three years, must be
carried out by the scheme actuary, on behalf of the trustees, to establish
if the scheme can meet its statutory funding objective.
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This broadly means that schemes are required to have sufficient and
appropriate assets to cover their technical provisions, which equal the
present value of benefits accrued to date under the scheme. The actuarial
valuation will also determine the ongoing funding contribution that is
required to secure both the accrued and future benefits that are
expected to be provided by the scheme over its entire membership and
lifetime.

Having received the actuarial advice, the trustees are then charged
with agreeing a strategy with the sponsoring employer to fund the
pension scheme commitments and to correct any funding deficits. There
is no specific solvency or capital requirement for defined benefit
pensions schemes to protect the scheme members even though, as we
have seen recently, defined benefit pension schemes can go technically
insolvent when stock markets perform poorly.

11.4.2.2 Benefits

The principal benefit provided by a defined benefit pension scheme,
namely a pension on retirement, is typically determined as a fraction,
N/60ths say, of final salary. Here N is the service, in years, accrued by
the member at retirement. Variations of this formula apply on early, or
late, retirement and for members who leave the scheme before retirement
as a result of changing employer.

A pension scheme offering an accrual rate of 1/60ths would be a
generous scheme. Other schemes may base pensions on the member’s
average salary over the last few years before their retirement, or on
career average salary. In any case, it can be seen that the pension benefit
granted depends on both the member’s accrued service and on their
salary.

When a member retires, the scheme may purchase an annuity from a
life insurance firm to secure the pension benefit. Alternatively, it may
pay the pension directly out of the scheme’s income and assets. The cost
of the pension, whether it is provided for by the purchase of an annuity
or not, therefore depends mainly on

1. The mortality experience of the pensioner.

2. For pensions secured by the purchase of an annuity, fixed interest
bond yields at the time of retirement. This is because life insurance
firms generally back their annuity business with fixed interest assets.

3. For pensions paid out of the scheme’s income and assets, fixed
interest bond returns throughout the remainder of the pensioner’s
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lifetime. This is because pensions in payment tend to be backed by
fixed interest assets.

11.4.2.3 Backing assets

As mentioned in the previous section, pensions in payment tend to be
backed by fixed interest type assets, or secured by purchasing a life
insurance firm annuity. Pensions in deferment, or pensions benefits that
are accruing before the member’s retirement, tend to be backed by a mix
of more volatile assets including equities and property.

Equities and properties have generated excellent real returns over
very long periods of time and have traditionally been considered as a
very good hedge of salary inflation. However, stock market falls in
the early 2000s and increased levels of volatility have exposed the fact
that, at least over shorter time periods, stock markets and salary inflation
may not be closely correlated.

In other words, when stock markets fall sharply, salaries do not fall in
tandem. Salary inflation, at most, simply tends to slow down. The lack of
a solvency margin, or capital requirement, to protect scheme members is
therefore somewhat surprising. When schemes are technically insolvent,
or in deficit, in the sense that their assets are not adequate to cover the
value of scheme accrued benefits, scheme trustees are simply required to
agree a funding strategy with the sponsoring employer to remedy the
deficit in due course.

11.4.2.4 Scheme member protection

In the UK, if a sponsoring employer is insolvent and the associated
defined benefit pension scheme is not adequately funded, the Pensions
Protection Fund, which is funded by a levy on all defined benefit
pensions schemes, guarantees all deferred pensions up to a level of
around 90%, subject to certain compensation caps. Pensions in pay-
ment are guaranteed 100%. Again, see the DWP’s website
www.dwp.gov.uk.

Therefore, it can be seen that, although defined benefit pension
schemes are not required to hold capital to back their risks, they are
required to contribute to the Pensions Protection Fund. As this fund may
be made most use of by those schemes that are the most poorly managed,
requiring pension schemes, or equivalently their sponsoring employers,
to explicitly hold capital to back the risks they are running, may be a
more effective way of influencing pension schemes to manage their risks
more effectively.
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11.4.2.5 Economic capital

If we now consider a defined benefit pension scheme with a large
proportion of younger members, we see a fund which is invested in
volatile assets, such as equities and property, with associated liabilities
that are essentially guaranteed and which increase with both members’
service and with future salary inflation. As salary inflation tends to be
highly correlated with RPI inflation, we can conclude that the fund’s
liabilities are essentially RPI linked and carry high levels of guarantees.

Based on the with profits life insurance examples considered earlier in
this chapter, and from the fact that, over short time periods, stock market
and property returns need not be highly correlated with RPI, we can see
that the investment guarantee economic capital requirements of pension
funds will not be small. Moreover, this is before we have considered the
other risks that pension funds are subject to, such as mortality risk,
persistency risk and expense risk.

We can conclude, therefore, that defined benefit pension schemes run
by employers with large numbers of younger members, and which are
invested substantially in equities, are running very large risks on behalf
of their members. It certainly seems reasonable that, to improve the
security of the members, pension schemes should be required to hold
capital to cover the risks that they are running.

If pension schemes do not have the capital available to do this, or
it is uneconomic for them to do so, then employers should withdraw
from these defined benefit arrangements. Although that would be
very regrettable, at least scheme members would not be potentially
misled into believing that their pension benefits were guaranteed, so
forcing members to take on more responsibility for their own retire-
ment provision.

11.5 SUMMARY

In this chapter, we have calculated stochastic economic capital for with
profits life insurance firm applications, and have compared our results to
corresponding Pillar 1 regulatory capital requirements. Stochastic
economic capital was determined using a special case of the stochastic
model developed in Chapter 7. By comparing defined benefit pensions
schemes to with profits life insurance, we were also able to deduce that
our with profits life insurance firm economic capital conclusions also
apply to pension schemes.

Our results show that Pillar 1 regulatory capital requirements are
generally very poor approximations to with profits life insurance economic
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capital and are generally far too low. We also saw that, although with
profits life insurance firms are not required to hold capital to cover
smoothing benefit risks, smoothing benefit economic capital is, in fact,
very large.

We illustrated the potentially misleading impact that the mismatch
between Pillar 1 regulatory capital and economic capital can have on
performance measurement.

It goes without saying that the results and conclusions presented in
this chapter have great significance to regulators, with profits life
insurance firms, shareholders and, perhaps most importantly, to with
profits customers.



¢ CHAPTER 12 »

Financial Services
Conglomerates

12.1 INTRODUCTION

Financial services conglomerates that possess many different types of
balance sheets within their group, on which they may write risk, can
enjoy certain advantages over monoline firms. Perhaps for this reason,
the larger financial services firms have, in recent years, been broadening
their businesses. Moreover, each firm has achieved this in its own
particular way, rather than by following a set formula.

For example, amongst the UK banks, we can compare and contrast
Royal Bank of Scotland (RBS) and HBOS.

Royal Bank of Scotland

RBS is a clear manufacturer of non life insurance products through its
highly successful Direct Line start up and the acquired Churchill, both of
which are wholly owned subsidiaries. RBS is less clearly a manufacturer of
life insurance as its life insurance products are either 100% or 50% manu-
factured by the Aviva group. In respect of life insurance, therefore, RBS
appears to be a committed distributor, but a less committed manufacturer.

HBOS

HBOS is more clearly a manufacturer of life insurance products through
its acquired and wholly owned Clerical Medical life insurance subsidiary,
as well as a being a manufacturer of non life insurance products through
its Esure start up.

Amongst the UK insurers, we can compare and contrast Aviva and
Prudential.

(220)
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Aviva

Aviva is a committed manufacturer of life insurance, non life insurance,
including healthcare, and asset management products. It appears to have
no interest in manufacturing traditional banking products, but has
entered into bancassurance arrangements where the partner banks
distribute Aviva’s products through their branches in exchange for a fee.

The Aviva product that is closest to being a banking product is its
pioneering lifetime mortgage product. However, Aviva generally securi-
tizes this business once it has reached critical mass and passes on most,
if not all, of the risks associated with the product to third party investors.

Prudential

In terms of insurance, Prudential is now a pure life insurer having
withdrawn from both the non life insurance and reinsurance markets.
Prudential is also a manufacturer of asset management products through
M & G and offers banking products through its internet bank start up Egg,
although it now seems keen to exit banking by selling Egg.

The above points are not intended to be summaries of the business
strategies of some of the UK’s leading financial services firms. The only
point that we are making is to confirm that certain financial services
firms are indeed broadening their businesses, and that no single business
model is prevalent. The main drivers for this broadening can be debated
at some length but, in our opinion, are likely to include

Defensive reasons

As financial services markets become ever more competitive, firms are
diversifying away from their core markets into other markets that they
perceive are less competitive, with higher margins. In practice, however,
these other markets may often be just as competitive as the firm’s core
market.

To exploit synergies

Financial services firms may identify synergies that they feel are
exploitable. For example, some banks believe that they can distribute life
insurance products through their branches and, moreover, want to manu-
facture such products themselves, rather than distribute those of a third
party provider, in order to maximize margins (the bancassurance model).
Banks have acquired life insurance firms in furtherance of this aim
although, at least in the UK, the bancassurance model is still unproven.
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To strengthen intermediary relationships

Financial services firms that distribute their products through intermedi-
aries may believe that they can strengthen and protect these relationships
by widening their product range, so making them more attractive to
intermediaries.

Entrepreneurial opportunities

Certain financial services firms have simply tried out ideas that, in the event,
have turned out to be highly innovative and successful and which have
grown and developed into large businesses in their own right. Financial
services start up firms that distribute their products via the telephone, or
internet, are examples of these types of entrepreneurial opportunities.

Customer retention

As discussed in earlier chapters of this book, persistency risk is now a
major risk facing all financial services firms. If a firm can offer a cus-
tomer financial services products across the entire range, it may be more
likely that the firm will be able to retain that customer.

Regulation

As is discussed in Chapter 14, the regulation of financial services firms is
converging towards a more homogeneous model across all financial risks.
Therefore, in the UK, for example, life insurance regulation is moving
towards banking regulation and international accounting changes may
also make financial services firms’ financial statements more comparable.

These changes could either be a cause of, or more likely, a conse-
quence of the trend towards large financial services conglomerates.
Nevertheless, the position taken by the regulators, at least in principle,
agrees with that of this book. In other words, the amount of economic
capital required to back a particular risk should not depend on the type
of balance sheet on which the risk is written.

We now move on to consider financial conglomerates from a more
detailed financial risk perspective.

12.2 AGGREGATE VERSUS BOTTOM UP
APPROACHES TO ECONOMIC CAPITAL

In considering economic capital for financial services conglomerates,
two possible models or approaches are possible as follows.
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12.2.1 The aggregate approach

With this approach, one balance sheet is constructed for the whole group
containing all of the business risks, and the corresponding assets and lia-
bilities, written by the group, possibly sub-aggregated by business line to
reflect the actual matching of assets and liabilities in the constituent
firms that make up the group. As is described in previous chapters, the
conglomerate’s capital is not included in the aggregate balance sheet
when determining aggregate approach economic capital.

Our aim is to determine, according to our Definition 5.1 of economic
capital, the amount of capital that is required to ensure that, with a high
specified probability, the realistic version of the aggregate business balance
sheet remains solvent under a series of deterministic or stochastic stresses.

The assets and liabilities associated with risks written by firms that are
not wholly owned by the conglomerate should be pro-rated in the aggre-
gation process, according to the percentage of Tier 1 capital that the
group owns of these firms.

The main alternative to the aggregate approach is the “bottom up”
approach as described in the next section.

12.2.2 The bottom up approach

With this approach, economic capital is calculated for each corporate
entity, or firm, in the conglomerate on a standalone basis. Economic
capital for the entire conglomerate is determined by applying the fol-
lowing “algorithm,” starting from those firms that are furthest removed
from the top firm in the conglomerate, and working up the conglomerate
hierarchy to eventually reach the top firm.

Bottom up algorithm

The economic capital of Firm T equals the sum of the economic capital of
all firms owned by Firm T, plus Firm T’s own economic capital in respect
of business written on its own balance sheet, all determined on standalone
bases. If Firm T does not own a firm below it outright, Firm T’s share of
that firm’s economic capital is obtained by pro-rating the firm’s economic
capital in accordance with Firm T’s percentage share of its Tier 1 capital.

12.3 BOTTOM UP APPROACH ANOMALIES

A problem with the bottom up approach is that it can be prone to the cre-
ation of capital anomalies when the risks associated with products are
allocated across separate balance sheets within the conglomerate. An
example illustrating this, based on Porteous (2002), is provided below.
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Bottom up regulatory/economic capital anomaly example

Consider the example of a financial services firm offering a reversion
lifetime mortgage product to asset rich, income poor, pensioners owning
their own home. In other words, the firm receives a share in the ownership
of the home, valued at a discount to its market value, and realizable only
when the property is vacated by the pensioners. The product terminates
on either the death of the pensioners, their entry into long term care, or
if they chose to redeem the product.

The pensioners, in return, receive an income for life and/or a cash
lump sum together with the right to live in their home for life, or until
they are unable to look after themselves and must go into long term care.

Combined bank/life insurance firm bottom up regulatory capital

We will consider the pure income variant of the product where, for a
bank, the income is provided by the purchase of an RPI linked life
annuity from a life insurance firm in the conglomerate. In this instance,
the bank’s asset is the reversion and its associated liability is, broadly,
the funding that is required to purchase the annuity.

The reversion is, in effect, an HPI linked zero coupon bond of uncer-
tain term. The funding needed to purchase the annuity might take the
form of an RPI linked zero, with term equal to the expected term of the
reversion, and with the excess (HPI — RPI) exposure hedged, where pos-
sible. In this example, therefore, the bank’s assets and liabilities are rea-
sonably well matched, both durationally and from a cashflow point of
view.

When the bank writes this product on its balance sheet, the amount of
Basel 1 regulatory capital that is required is around 8% of the market
value of the booked reversion, assuming that the bank has an individual
capital ratio of around 8%. We assume that no additional capital is
required for interest rate risk as the reversion assets and liabilities are
broadly matched.

To this initial 8%, we now add the capital that must be held by the life
insurance firm to back the RPI linked annuity. This equals 4% of mathe-
matical reserves, the LTICR, assuming that the annuity assets, RPI
linked gilts for example, and the annuity liabilities are well matched in
the life fund of the life insurance firm and no resilience capital require-
ment is needed.

Therefore, assuming that the annuity mathematical reserve is approx-
imately equal to the initial market value of the reversion, the conglomer-
ate regulatory capital requirement for the reversion lifetime mortgage
product is around 12% of the initial market value of the reversion asset.
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Life insurance firm bottom up regulatory capital

If the life insurance firm writes the reversion lifetime mortgage on its own
balance sheet, it will treat the reversion as an asset of the life fund with the
income, or the RPI linked annuity, the corresponding liability, as meas-
ured by its mathematical reserve. So, an effective HPI linked zero may be
used to back an RPI linked annuity, so resulting in a reasonably good
asset/liability match, although there will be a cashflow mismatch as the
reversion does not generate any income until the product is terminated,
usually on the death or entry into long term care of the customers.

A life insurance firm will hold regulatory capital of more than 12% of
the initial market value of the reversion asset only when the associated
resilience capital requirement is greater than 8% of the RPI linked
annuity mathematical reserve. It is fairly easy to demonstrate, using
specimen calculations, that this will generally not be the case.

This example shows, therefore, that if a life insurance firm writes a
reversion lifetime mortgage in its life fund, it will generally require less
bottom up regulatory capital than a bank/life insurance firm combination
product would. This anomaly is mainly explained by the relatively large
regulatory capital requirement that applies to a bank holding a reversion
asset on its balance sheet.

Irrespective of how the product is structured within the conglomerate,
the risks are identical and the regulatory capital requirement ought to be
independent of the product structuring.

Bottom up economic capital

It is now relatively easy to see that, with a bottom up approach to
economic capital, the regulatory capital requirement anomaly described
above, may also apply. In other words, bottom up economic capital may
depend on how a product is structured across the different balance sheets
within the conglomerate.

Aggregate economic capital

If we now consider the lifetime mortgage reversion product under an
aggregate balance sheet approach, we will see that the economic capital
requirements of the product are broadly the same under the two proposed
product structures.

Under the combined bank/life insurance firm product structure, the
bank’s liability in respect of the funding used to purchase the annuity will
approximately match the life insurance firm assets backing the annuity.
These two items then approximately “cancel out” in the aggregate balance
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sheet, leaving the reversion on the asset side and the life insurance annuity
mathematical reserve on the liability side. This is essentially the life insur-
ance firm product structuring.

Aggregate economic capital is, therefore, broadly independent of how
the product is structured across individual balance sheets within the
conglomerate.

12.4 PROS AND CONS OF THE
TWO APPROACHES

The various pros and cons of the two approaches can be summarized as
follows:

1. In practice, the aggregate approach is more difficult for firms to
implement as it involves constructing one model of the conglomerate’s
aggregate risks and this will be far from straightforward. In addition,
constructing credible stress tests, or stochastic models, that can ade-
quately represent the dependencies and causal relationships in such
high dimensions may not be straightforward.

2. As therisks written by the firms within the conglomerate may not be
perfectly positively correlated, the aggregate approach will give a
lower amount of economic capital than the bottom up because it
allows for the diversification benefits of these different risks. The
aggregate approach, which is the more theoretically “correct” when
viewing the conglomerate as a whole may, therefore, be preferred by
conglomerates themselves, whereas the bottom up approach may be
preferred by regulators as it is more conservative.

3. The regulators may argue that, in times of real financial stress, risks
tend to become highly correlated and capital flows between distinct
firms, even within the same conglomerate, can no longer be relied
upon. In addition, regulators may argue that being a part of a con-
glomerate may actually increase risk for the individual firms within the
conglomerate. This is as a result of potential operational weaknesses in
conglomerate systems, reduced control over firm strategy, reputational
damage arising from failures elsewhere in the conglomerate and intra-
conglomerate counterparty concentration risks. For these reasons,
therefore, regulators may usually prefer the bottom up approach.

4. With the aggregate approach, it may not be possible to separately
identify the amount of economic capital that a particular firm within
the conglomerate should hold on a standalone basis. This will cause
problems for both firms and regulators when assessing and validating
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the standalone regulatory capital requirement of the firm relative to
its standalone economic capital amount.

5. As demonstrated in Section 12.3, bottom up economic capital can
result in anomalies when product risks are allocated across different
balance sheets within the same group.

From the above list of points, we can see that the aggregate approach
is arguably the more “correct” approach, but implementing it may be
harder in practice. The aggregate approach is, however, we believe of
great importance to conglomerates in understanding the risks that they
are running and, in particular, helps them to understand how they can
optimize the use of their capital going forward.

For example, consider a group comprising a holding company, with
total Tier 1 capital of £2.25 billion, owning a retail bank and an invest-
ment bank. The aggregate approach may give a total economic capital
amount of £1.5 billion, whereas the bottom up approach may give
£0.75 billion for the retail bank and £1.25 billion for the investment bank
separately. Given that the group appears to have much more capital than
it needs under the aggregate approach, how should the group manage its
businesses or reallocate its capital going forward? We return to this and
related questions in Chapter 13.

12.5 DOUBLE COUNTING OF CAPITAL

Regulators may require each firm within a conglomerate to hold sufficient
capital to cover their own standalone regulatory capital requirement.
Until very recently, it has been possible for conglomerate capital to be
used more than once to back the regulatory capital requirements of
conglomerate constituent firms.

Consider a banking firm that is wholly owned by its parent, a life
insurance firm. The life insurance firm is also a subscriber to the bank’s
issued Tier 2 capital. Prior to the implementation of the Financial
Groups Directive (FGD) and other related legislation, see Chapter 14 for
details, the life insurance firm’s investments in the banking subsidiary’s
Tier 1 and Tier 2 capital could be counted towards both the life insurance
firm’s regulatory capital requirement, and the bank’s, as follows:

®  (Clearly the bank’s Tier 1 and Tier 2 capital both count towards the
regulatory capital requirement of the bank.

B The bank’s net assets, essentially Tier 1 capital, could also be valued
in full in the life insurance firm’s balance sheet as an asset, and;
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B The life insurance firm’s investment in the bank’s Tier 2 capital could
also be treated as an asset in the life insurance firm’s balance sheet.

This is not theoretically correct as Tier 1 and Tier 2 capital should be
“on risk” only once to back the risks run by the banking firm. Only Tier 1
and Tier 2 capital that is surplus to the bank’s regulatory capital
requirements should be counted towards the parent life insurance firm’s
regulatory capital requirement.

Recent UK legislation, including the FGD which itself came into
effect in the UK from 1 January 2005, has helped to eliminate these
anomalies. Only Tier 1 capital in excess of the subsidiary banking firm’s
own regulatory capital requirement is now allowed to count towards the
parent firm’s regulatory capital requirement. Similarly, the investment in
the bank’s Tier 2 capital, to the extent that it is covering the bank’s regu-
latory capital requirement, must be deducted from the capital resources
of the life insurance firm parent.

Likewise, at the top level firm in the conglomerate hierarchy, unless
regulators give credit for the diversification benefits of the risks written
within the conglomerate, it is likely that only the surplus capital of the
top firm’s subsidiaries will be eligible to count towards its own regula-
tory capital requirement.

12.6 EXAMPLE OF ECONOMIC CAPITAL FORA
FINANCIAL SERVICES CONGLOMERATE

In this section, we now compare and contrast the aggregate and bottom
up approaches to economic capital using the financial services firm
examples we developed in the earlier chapters of the book.

The financial services conglomerate structure that we will use is set
out in Figure 12.1. Except for the lifetime mortgage firm and the unit
linked life insurance firm, each of the standalone firms in Figure 12.1 is
modeled using the corresponding base case firm examples considered in
the earlier chapters of the book.

So, for example, the retail bank firm shown in Figure 12.1 will be mod-
eled using the base case stochastic retail bank firm example as described
in Section 8.2.2, and where we model capital repayment mortgages only.

The lifetime mortgage firm is modeled using the 40% LTV example
described in Section 8.3.4.2. We have not used the base case example in
this instance as the economic capital amounts are too low to be interest-
ing in the full conglomerate example. For the same reason, we have used
the unit linked life insurance example described in Section 9.3.5, where
the fixed maintenance expenses are increased from £50 p.a. to £250 p.a.
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Figure 12.1 Financial services conglomerate example

Table 12.1 Business mix of conglomerate

Firm Percentage of products
Unit linked life insurance 0.53
Annuity 0.02
Lifetime mortgage 1.33
Retail bank 533
General insurance 92.79

The mix of business that we have assumed within the conglomerate is
shown in Table 12.1, where these mix percentages are per product or policy.

So, for example, 92.79% of the conglomerate’s business, which we
model as one product in aggregate, will comprise of general insurance
products. We have chosen this mix in order that individual firm stand-
alone 99.5th percentile economic capital is approximately uniformly
distributed across the 5 individual firms. As general insurance firm
99.5th percentile economic capital is very low, relative to that of the
other firms in the conglomerate, we need a very high proportion of
general insurance business to equalize its economic capital with that
of the other firms.

Our approach to determining economic capital for a financial services
conglomerate is as follows:

1. Starting from the lowest level in the conglomerate hierarchy, we
calculate both aggregate and bottom up economic capital at each
level, within each branch of the hierarchy.

2. Except for the bottom level of the firm, aggregate economic capital
can then be compared to the corresponding amount of bottom up
economic capital. Bottom up economic capital is determined as the
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sum of the individual firm standalone economic capital amounts at
that level, and below, for that part of the conglomerate hierarchy.

Differences between the aggregate and bottom up economic capital
amounts then reflect the diversification benefits implicit in the
conglomerate structure at each level.

For comparison, we also show the corresponding sum of standalone
Pillar 1 regulatory capital requirements. In practice, however, it is
important to note that Pillar 1 regulatory capital at a particular level
in the hierarchy may not be calculated simply by summing the indi-
vidual standalone Pillar 1 regulatory capital amounts. Aggregate
Pillar 1 regulatory capital will depend on the specific regulatory
capital rules that apply at that level for the conglomerate.

12.6.1 Results

Figure 12.2 shows our results for standalone 99.5th percentile economic
capital for each of the firms that we have modeled, weighted by the
business mix percentages shown in Table 12.1.

Figure 12.2 shows that, as expected, 99.5th percentile economic
capital is approximately uniformly distributed across the five firms.

Capital (£)

25 4

20

15

10

660

Duration (months)

Annuity
Unit Linked

[ — Bank ————- Lifetime Mortgage
------------- General Insurance

Figure 12.2 Standalone 99.5th percentile economic capital for each firm
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Figure 12.3 Comparison of bank/general insurance firm bottom up and
aggregate 99.5th percentile economic capital

In Figure 12.3, we now compare 99.5th percentile bottom up and
aggregate economic capital for the bank/general insurance firm at the
level of the bank in the conglomerate hierarchy.

From Figure 12.3 we can see that, whilst both the bank and the gen-
eral insurance firm have business in force, aggregate economic capital is
roughly half of bottom up economic capital. The bottom up and aggre-
gate economic capital curves coincide when the general insurance firm
business has run off completely, which happens before the bank’s busi-
ness does. Thereafter, it is only the bank business that is being modeled
until it runs off completely also.

It can be seen that, the diversification benefits during the initial ten
years of the firm are, by any standards, extremely significant. In other
words, the risk events that drive retail mortgage bank economic capital
tend not to occur at the same time as the risk events that drive general
insurance firm economic capital. More specifically for this example,
interest rate margin risk, which is a principal driver of retail mortgage
bank economic capital, is not related to claims experience risk, the main
driver of general insurance firm economic capital.

Figure 12.4 shows 99.5th percentile bottom up and aggregate eco-
nomic capital for the unit linked/lifetime mortgage/annuity firm at the
level of the unit linked life insurance firm in the conglomerate hierarchy.

Figure 12.4 shows that aggregate economic capital starts at around
15% of bottom up economic capital and gradually converges to bottom
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Figure 12.4 Comparison of unit linked/lifetime mortgage/annuity firm
bottom up and aggregate 99.5th percentile economic capital

up economic capital as the businesses of the three firms run off. Again,
the diversification benefit as a result of combining the firms is enormous,
because the risk events that drive economic capital for each of the firms
are not closely related.

Finally, Figure 12.5 compares 99.5th percentile bottom up and aggre-
gate economic capital for the whole conglomerate at the top level of the
conglomerate.

Once again the diversification benefit is large and we can see that, the
more diverse are the types of firm that make up the conglomerate, the
larger that the diversification benefit will be.

We finish off this section by comparing, in Figure 12.6, bottom up Pillar 1
capital with aggregate economic capital. Figure 12.6 is shown on a natural
logarithmic scale because, when considering 99.9th percentile economic
capital, as we have seen previously in Chapter 9, catastrophes drive
general insurance firm economic capital up to extremely high levels.

Figure 12.6 shows, allowing for the logarithmic scale, that bottom up
Pillar 1 capital has completely the wrong shape relative to, say, 99.5th
percentile economic capital. It is far too high at the shorter durations,
and far too low at the later durations.
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Figure 12.5 Comparison of bank/general insurance/unit linked/lifetime
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economic capital
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Figure 12.6 Comparison of bank/general insurance/unit linked/lifetime

mortgage/annuity firm bottom up Pillar 1 capital and aggregate economic
capital
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12.6.2 Conclusions of financial services conglomerate
example

The main conclusion that we can draw from our conglomerate example
is that, when the constituent firms of a conglomerate are genuinely
diverse and are involved in businesses that are not closely related,
aggregate economic capital will be substantially lower than bottom up
economic capital. Or, in simpler terms, things do not go wrong at exactly
the same time across this range of businesses.

If regulators allow for this diversification benefit in determining the
conglomerate’s regulatory capital requirements, then the economic
value of this diversification benefit is both very real and, potentially,
very large.

12.7 MANAGEMENT OF DIVERSIFICATION
BENEFITS

Having confirmed that diversification benefits exist within financial
services conglomerates, how should these benefits be managed? For
example, if a manager within a business unit in the conglomerate
reduces aggregate economic capital by an action taken within their own
business unit, should the manager be rewarded for that action and, if so,
how? Reduced aggregate economic capital has real economic value and
it does seem reasonable that managers should be rewarded, or at least
recognized, if they can reduce the firm’s economic capital through their
own actions.

The action may involve a deliberate action of increasing the business
unit’s investment in an asset that is negatively, or weakly, correlated with
another asset in a different business unit. However, it is also possible that
the manager may be completely unaware of the effect that their action
has on the rest of the conglomerate.

We understand that certain firms are already grappling with these
problems, and indeed have found their own firm-specific solutions. The
approach that we propose to managing diversification benefits within a
financial services conglomerate is set out below.

For each business unit within a conglomerate

® A senior manager, usually the Chief Risk Officer (CRO) or CEO,
within the business unit is assigned responsibility for aggregate
economic capital for that business unit. Let us call this manager the
Chief Economic Capital Officer (CECO).



FINANCIAL SERVICES CONGLOMERATES (235

®m [t is the CECO who is tasked with owning aggregate economic
capital for the business unit. This means, not only determining
economic capital, but also being in a position to understand how the
actions taken by managers within the business unit, and its
subsidiary firms, may affect aggregate economic capital for the unit.
Any action that could affect aggregate economic capital for the
business unit will therefore be of interest to the CECO and, beyond
a certain material level, may also require CECO approval.

®m It is the CECO who is responsible for allocating the amount of
economic capital that is used within the business unit to assess
manager performance. In particular, if the business of a manager
within the unit contributes significantly to reducing the unit’s aggre-
gate economic capital, and that manager is aware of this, and specifi-
cally manages his business to achieve this, the CECO may give back
some of this diversification benefit to the manager. In other words, the
manager will be assessed on their standalone economic capital
requirement, less the diversification reduction allocated by the CECO.

= Alternatively, if a manager runs his business on a standalone basis,
he should be assessed using standalone economic capital.

® In practice, this method can be used to cascade diversification
benefits down into the business by

a. Starting at the top level firm in the conglomerate, diversification
benefits are quantified by comparing aggregate economic capi-
tal, at this level, to bottom up economic capital, at this level.

b. The CECO at the top level firm then decides how much, if any, of
this diversification benefit should be pushed down to the next
level.

c. Move down to the next level and repeat the process for firms at
that level, allowing for the diversification benefits that have
reached that level.

Allocation of diversification benefits

In practice, a range of methods of allocating diversification benefits
down into the business is being used. A few of these methods are listed
below, together with some of their pros and cons:

Pro-rata according to business unit size

Pro: Straightforward to apply in practice.
Con: Favors the large business units and is not risk based.
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Pro-rata according to economic capital at that level

Pro: Straightforward to apply in practice.
Con: Favors the business units carrying the largest amounts of risk at
that level.

Pro-rata according to the marginal diversification
benefits of each firm

For level (L — 1) firms, marginal diversification benefits are determined
by calculating by how much the diversification benefit at firm level L
changes, per unit of business increase for each of the level (L — 1) firms.

Pro: Allocates most of the diversification benefit to those firms that, at
least marginally, contribute most to it.
Con: More complicated to apply and communicate in practice.

12.8 SUMMARY

In this chapter we have discussed the business reasons why we believe
financial services conglomerates have been formed in recent years. We
defined and considered the relative advantages of both aggregate and
bottom up economic capital.

Most importantly, however, we have demonstrated that the diversifi-
cation benefits present in financial services conglomerates can be
extremely large in practice. Having established that these diversification
benefits exist and are very real, we have discussed how firms might
manage these benefits.

We now move on to draw together in Chapter 13 the practical issues
associated with performance measurement and capital management for
financial services conglomerates.



g CHAPTER 13 1D

Capital Management
and Performance
Measures

13.1 INTRODUCTION

In this chapter, we bring together the material presented in the previous
chapters to describe practical approaches to capital management and risk
consistent performance measurement. Obviously, individual firms will
manage their capital and measure performance in different ways and
according to their own philosophies. Nevertheless, at least at the broad
level of principle, we believe that the approaches set out in this chapter
represent or, at the very least, are similar to approaches adopted by many
firms in practice.
The main topics that we cover in this chapter are

Pricing

Performance measurement
Leverage

Capital allocation
Business mix optimization

Practical implementation issues

Nk wh =

Regulatory capital arbitrage

Before moving on to discuss pricing, we first briefly discuss perform-
ance measurement and capital deployment in a business.

(237)
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Performance measurement

The performance measurement approaches that we recommend are “risk
adjusted performance measurement” (RAPM) approaches. In other
words, in assessing financial performance, the performance measure
adjusts, or allows for, the amount of risk inherent in the business being
assessed. See Matten (2001) for a general discussion of RAPM and
related topics. However, we prefer the terminology “risk consistent,”
rather than “risk adjusted,” as a key purpose of the risk adjustment is to
allow comparisons to be made on a like for like basis.

Capital deployment

Although most financial services firms may manage their businesses
using an economic capital approach, the amount of capital actually
deployed in the firm will usually be determined by a combination of
other factors such as:

1. The firm’s regulatory capital requirements
2. The firm’s target financial strength relative to its competitors

3. The amount of capital that it requires to achieve its target credit
rating from ratings agencies

4. Accumulated retained earnings that may be earmarked for future
corporate activity.

Except by accident, firm wide actual capital employed will usually not
equal firm wide economic capital.

13.2 PRICING

We now consider how firms price their products to achieve target
profitability and rates of return on capital. Our main focus will, however,
almost always be on rate of return on capital. This is the measure that
will be of most interest to the providers of the firm’s capital.

13.2.1 Tier 1 capital pricing

Traditionally, firms have tended to price their products to achieve a
target rate of return on their Tier 1 capital deployed. In other words,
pricing is based on the return earned on the amount of Tier 1 capital that
backs the firm business, where the calculation will explicitly allow for
the cost of the firm’s actual Tier 2 capital.
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Tier 1 capital is the capital that is genuinely on risk in the event that the
cost of the risks collected by the firm exceeds the expected cost loaded into
the firm’s pricing of those risks. However, because of mismatches between
actual and economic capital, as discussed previously, this approach may
tell us very little about an appropriate risk consistent price that should be
charged by the firm for collecting the risks associated with its products.

In other words, accepting that an appropriate risk consistent price is
based on achieving a target rate of return on economic capital, the actual
Tier 1 capital pricing approach may tell us nothing, or may even mislead
us, about the appropriate risk consistent price for firms’ products.

For example, for retail mortgages, we saw in Section 8.2 that economic
capital is generally much lower than the Basel 1 Pillar 1 regulatory capital
requirement. Therefore, if the Basel 1 Pillar 1 regulatory capital require-
ment is backed entirely by Tier 1 capital, pricing mortgages using actual
Tier 1 capital will result in an overpricing of retail mortgage product risks.
Ultimately, this is to the detriment of the end customer.

Our preferred approach to pricing financial services products, in a risk
consistent manner, is based on economic capital, as described in the next
section.

13.2.2 Economic capital pricing

An appropriate risk consistent price for a financial services product can
be based on the return required to be earned on its economic capital. This
is what we call the pure economic capital pricing approach.

If a firm’s actual Tier 1 capital is in excess of its economic capital,
then excess risk capital is being held and this results in additional costs
to the firm, some of which may be able to be passed on to the end
customer through increased pricing. In any case, as is described later, the
performance drag of this over capitalization, relative to economic
capital, can be quantified.

Likewise, if a firm’s actual Tier 1 capital is less than its economic
capital amount, and assuming that the firm is prepared to hold this
smaller actual Tier 1 capital amount, then the effect of this under
capitalization is also quantifiable.

The economic capital approach to pricing has certain advantages over
the actual Tier 1 capital pricing approach as follows:

1. First, pricing all of the firm’s products against their underlying eco-
nomic capital requirements, ignoring actual and regulatory capital
requirements, allows consistent pricing of these products, having
allowed for their relative risks. So, for example, the price of a motor
insurance policy will be risk consistent with that of a unit linked life
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insurance policy, even though these products involve collecting
completely different types of risk. This consistency should be an
ultimate aim for a firm’s shareholders, customers and management
as it allows the profitability of all of the firm’s products to be
compared on a like for like basis.

2. Having priced the products using economic capital pricing, the
expected profitability of the products, allowing for each product’s
actual Tier 1 and Tier 2 capital mix, can then be determined. This
allows the firm to quantify the drag effect, or boost, that actual cap-
ital has on product pricing, versus the more theoretically correct
economic capital pricing approach.

Although competition will, nevertheless, almost always have the final
say on where a firm pitches its prices, economic capital pricing will
greatly assist the firm in understanding the fundamental profitability of
its businesses, allowing for both the risks that it is running and for any
actual and regulatory capital requirement anomalies.

For example, if Tier 1 regulatory capital requirements are far in excess
of economic capital for a particular business line, the firm may choose
not to offer this line of business if it can deploy its capital more effec-
tively. It may be able to achieve this, for example, by backing a business
line where there is less of a mismatch. On the other hand, if the market
pricing of the business line is still favorable enough for the firm to earn
a good rate of return on its actual Tier 1 capital, the firm may choose to
continue competing in that business line.

Note, however, that this results in capital inefficiency, as more capital
is required to back this business line’s risks than is necessary. Ultimately,
it is the end customer that will pay for this and, in total market terms, less
capital will be available to support other business lines, which is clearly
undesirable and inefficient.

13.3 PERFORMANCE MEASUREMENT

We next consider measuring the performance of the capital deployed in a
financial services firm, having allowed for the risks inherent in the firm.

Many approaches and methods have been proposed over the years. We
choose, however, to focus on only two of these approaches because,
based on our own practical experiences, these are the approaches that
have proven to be of most value. The two approaches are

1. Comparing the earned rate of return on actual Tier 1 capital
deployed to the risk adjusted cost of this capital. We call this
approach the CAPM approach.
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2. Comparing the earned rate of return on economic capital to the cor-
responding risk adjusted cost of capital. We call this approach the
economic capital approach.

With either of these approaches, the earned rate of return on capital is
calculated over the lifetime of the product, or firm.

13.3.1 The CAPM approach

The CAPM is so well known in finance that it requires virtually no intro-
duction (see Elton and Gruber, 1991). Under a large number of simpli-
fying and, in general, fairly unrealistic assumptions, CAPM shows how
the annual expected return on a risky asset is related to the annual risk
free rate of return and the annual expected return on the market asset.
This depends on a measure 3 of the relative riskiness of the risky asset
as compared to the market asset.

CAPM has worked very well in practice and, despite many of the reser-
vations surrounding the assumptions required to derive the model, is the
standard tool used in finance to calculate a risk adjusted cost of capital.

Our CAPM approach to performance measurement is described as
follows:

Calculating the earned return

1. The stochastic model is run a large number of times.

2. The earned rate of return on actual Tier 1 capital deployed, for each
stochastic model run, is calculated.

3. For each run, this return equals the risk discount rate for which the
firm’s present value of expected future profits, or PVIF, equals zero
where these expected future profits allow for all of the capital cash-
flows, including costs, that are required to support the business.

4.  We denote these returns by 7.

We have the distribution of these returns across stochastic model runs.

Calculating the cost of capital

CAPM is next used to estimate, or approximate, the risk adjusted cost of
the Tier 1 capital deployed in the firm. This is usually achieved by
estimating a firm’s 3 using the firm’s share price correlation and volatility
relative to the market (see Elton and Gruber, 1991). The more risky a
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firm is relative to the market, the higher its 8 and the higher its risk
adjusted cost of capital. We denote this return 7.

The CAPM approach to quantifying cost of capital is relatively straight-
forward to apply in practice, but can often yield surprising and unpalatable
conclusions, especially when applied at the firm level within conglomer-
ates. The article by Wilson (2003) shows how CAPM can be applied to
financial services conglomerates to explain how cost of capital varies by

1. A conglomerate’s leverage.
2. Level of diversification.

3. The types of firms that make up the conglomerate.

Calculating the added value return

Performance measurement is based on the distribution of the added
value returns:

Fay = (rroc_rcoc) .

If average r,, > 0, for example, then genuine value is being added, on
average over the stochastic model runs, allowing for the risks that are being
run by the firm and the amount and type of capital that it has deployed.

If average r,, < 0, for example, then value is being destroyed, on aver-
age over the stochastic model runs, and some action is required. This
might include increasing the prices of the firm’s products, so increasing
the firm’s r,s, exiting certain markets or de-risking the firm’s balance
sheet. The latter action should have the effect of reducing the firm’s r.

Note that as we have an estimate of the distribution of the r,.s, we are
also in a position to consider other performance measurement character-
istics. For example, if the distribution of a firm’s r,,s has a long negative
tail, then this is poorer performance than for a firm with a more sym-
metrically shaped r,, distribution. This is because extreme negative r,,s
are more likely under the former distribution.

13.3.2 The economic capital approach
An alternative to the CAPM approach is the economic capital approach.
This is our preferred approach, described as follows:

Calculating the earned return

1. The stochastic model is run a large number of times and economic
capital, at a prescribed confidence level, is identified.
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2. The stochastic model runs that are used to determine economic
capital are saved and then reused to calculate earned rates of return
on economic capital.

3. The earned rate of return on economic capital, across stochastic
model runs, is then calculated.

4. For each run of the stochastic model, this earned rate equals the risk
discount rate for which a firm’s present value of expected future
profits, or PVIF, equals zero.

5. The calculations are carried out using, as a capital requirement, the
firm’s economic capital amount and allows for all of the cashflows
associated with this capital requirement.

6. We denote these returns by ;...

7.  We have the distribution of these returns across stochastic model runs.

Calculating the cost of capital

We next determine a best estimate cost of economic capital, which we
denote by ... The value of ... depends on both the percentile level
and the time horizon over which economic capital has been calculated.

For example, if economic capital is calculated at the 99.5th percentile
level, over a ten year time horizon, a benchmark value for r,... might be
the yield of a ten year bond for which the probability of losing all of the
bond’s nominal value over the ten year period is rated at 0.995.

Calculating the added value return

Performance measurement is based on the economic capital added value
return:

Tavec = (rroec_rcoec)'

If average r,,.. > 0, then genuine value is being added, on average over
the stochastic model runs, and allowing for the risks that are being run.

If average r,,.. < 0, then value is being destroyed, on average over the
stochastic model runs, and some action is required. This might include
increasing the prices of the firm’s products, exiting certain markets or
de-risking the firm’s balance sheet. These actions will have the effect of
reducing the firm’s economic capital requirement, so inflating ...

Note that, as we have an estimate of the distribution of the r,..s, we
are also in a position to consider performance measurement based on
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characteristics such as the shape of the distribution, as well as average
value.

Mismatch between economic capital and Tier 1 capital

If there is a large mismatch between a firm’s economic capital and actual
Tier 1 capital deployed, the financial effect of this can be quantified by
calculating ryp,e = (Fay = Tavec)-

So in our base case banking example, where Tier 1 capital is used to
back the Basel 1 Pillar 1 regulatory capital requirement, Tables 8.4 and
8.5 show that ry,, will be very large indeed. Table 11.5, which shows
corresponding results for our with profits life insurance investment guar-
antee example, illustrates that, if life insurance firms are prepared to
hold Tier 1 capital equal to their Pillar 1 regulatory capital requirement,
which is less than economic capital, the converse conclusion applies,
although they increase risk by doing so as can also be seen in Table 11.5.

The shape of the distribution of the ry,,s, will also usually tell us
something useful about the effect of the capital mismatch.

13.3.3 Pros and cons of the two approaches

As the economic capital approach requires a firm to identify its
economic capital explicitly, this allows

1. The firm to carry out pure economic capital pricing, and so risk
consistent pricing, of its product range.

2. The financial consequences of any mismatch between economic
capital and actual Tier 1 capital to be quantified directly.

For these reasons we prefer the economic capital approach.

The CAPM approach is also dependent on the accuracy of the
market’s assessment of a firm’s relative riskiness. In other words, if a
firm is deploying an excess/deficit of actual Tier 1 capital relative to the
risks it is running, the market may, or it may not, recognize this through
a low/high estimate of 8 and so a low/high estimated costs of capital.

13.4 LEVERAGE

13.4.1 On balance sheet leverage

One way that a firm can “leverage up” their balance sheets is by using
extra Tier 2 capital, rather than Tier 1 capital, to write more business.
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Firms can write more business up to the level of the Tier 2 capital
eligibility constraints that apply for that type of firm and are then able to
write more business with the same quantum of Tier 1 capital.

The economic capital approach of this book handles this situation as
follows:

®  Under our definition of economic capital, as described in Chapter 5,
a firm’s economic capital amount is independent of the firm’s capi-
tal structure. Economic capital should, however, always be backed
by genuine risk capital, which we regard as Tier 1 capital, and not
Tier 2 capital.

®  When the firm increases the size of its business to generate higher
future profits, economic capital increases exactly in proportion to
these increased future profits. In other words, if future profits
increase by a factor two, say, then percentile economic capital also
increases by this same factor of two.

®  The rate of return r,.. as defined in Section 13.3.2, is therefore
inflated by the higher future profits, but is deflated in exactly the
same proportion by the firm’s higher economic capital amount, so

leaving r,,.. unaltered.

®  On balance sheet leveraging therefore leaves a firm’s economic
capital financial performance unaltered.

Although the argument presented above lacks mathematical rigor, it is
intuitively obvious. Broadly, we can conclude that on balance sheet
leverage does not change a firm’s risk consistent financial performance.

Note that this result is similar, although not the same, as the famous
Modigliani-Miller theorem. That theorem states that, under a number of
fairly restrictive assumptions, the value of a firm is independent of its
capital structure. The result of this book, which is more analogous to the
theorem, is that r,,.. does not depend on the firm’s capital structure. This
is because economic capital, as defined in this book, does not itself
depend on the firm’s capital structure.

The allocation of Tier 1 and Tier 2 capital within a financial services
conglomerate to optimize returns earned on that capital is discussed in
full in Section 13.5. Section 13.6 then discusses business mix optimiza-
tion within a financial services conglomerate to further enhance the rates
of return earned on capital.

We now move on to consider off balance sheet leverage, which, as we
shall see, can improve firm performance. This is as a result of inconsis-
tent regulatory capital requirements causing firms to put different prices
and valuations on the same risk.



(246 ECONOMIC CAPITAL AND FINANCIAL RISK MANAGEMENT

13.4.2 Off balance sheet leverage

Examples of off balance sheet leverage include

B A life insurance firm reinsuring annuity longevity risk to a reinsur-
ance firm.

® A wholesale bank may transfer some of its loan asset risks by issuing
a full cash collateralized debt obligation (CDO).

B A reinsurance company may transfer the catastrophe risks that it has
collected by issuing a catastrophe bond CDO.

® A retail mortgage bank may issue a full cash securitization of a part
of its mortgage portfolio.

What these transactions achieve for the risk collector, or risk origina-
tor, is transference of at least a part of the risk collected to third party risk
takers. As a consequence, and assuming that genuine risk transference
has occurred, although this need not always be the case, the risk collector’s
regulatory capital requirement and economic capital amounts will be
reduced.

The price to be paid for this risk transference, and consequent regulatory
capital relief, is that the risk collector will release a share of the profits,
or value, earned as a result of accepting the risk, to the recipient third
party risk taker. Depending on how the regulatory capital requirements
of the third party risk taker relate to those of the risk originator, in
respect of the risk transferred, the risk originator may be able to enhance
its performance measures.

This is described below by considering a number of permutations of
the Tier 1 capital and economic capital amounts of both the risk originator
and the third party risk taker. Hereafter in this section, by Tier 1 capital,
we will always mean the Tier 1 capital deployed by firms to back their
regulatory capital requirements.

We make the following assumptions:

®  That the risk’s economic capital amount is determined on a standalone
basis, ignoring diversification benefits. This amount is therefore
equal for both the risk originator and the third party risk taker.

®  That both the risk originator and the third party risk taker price the
risk using the larger of Tier 1 capital and economic capital.

®  That the total costs of Tier 2 capital are broadly the same for both
the risk originator and the third party risk taker, in respect of any Tier 2
capital backing of the risk’s regulatory capital requirement.
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(i) Risk economic capital < third party Tier 1 capital < risk
originator Tier 1 capital

In this instance, unless the third party risk taker’s cost of capital is much
higher than the risk originator’s, the value of the risk to the third party
risk taker should be higher than it is for the risk originator. This is because
the third party risk taker can back the risk with less Tier 1 capital than the
risk originator can. The third party risk taker can therefore pay the risk
originator more for the risk than it is worth to the risk originator itself.
The risk originator’s rate of return earned on economic capital and also
Tier 1 capital should therefore increase as a result of the risk transference.

The best known example of this situation is when mortgage banks
securitize their mortgage assets. Under Basel 1, the total regulatory cap-
ital saving can be at least 3% of the nominal amount of the mortgages
securitized. Therefore, provided that the cost of funding the securitized
mortgages is not excessive, as compared to the mortgage bank’s on bal-
ance sheet funding costs, securitizing can improve a mortgage bank’s
rate of return on Tier 1 capital.

(ii) Risk economic capital < risk originator Tier 1 capital < third
party Tier 1 capital

In this situation, the converse argument applies and the risk originator is
likely to destroy value and reduce its rate of return on Tier 1 capital.

This does not mean to say that risk originators will not pursue this
option. For example, risk originators that are in financial difficulties may
enter into risk transference of this nature purely for solvency purposes, for
example. In other words, transferring the risk will reduce their regulatory
capital requirements, thereby helping to ease their solvency difficulties
but, nevertheless, destroys value and performance in the process.

There are many examples of this happening in practice, usually during
times of market stress.

(iii) Third party Tier 1 capital < risk economic capital < risk
originator Tier 1 capital

As with (i), the risk transference should be value and performance
enhancing for the risk originator.

(iv) Risk originator Tier 1 capital < risk economic capital < third
party Tier 1 capital

As with (ii), value and performance should be destroyed.
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(V) Third party Tier 1 capital < risk originator Tier 1
capital < risk economic capital

This situation should be value and performance neutral for both parties
as they will both price and value the risk using the risk’s economic
capital amount.

(vi) Risk originator Tier 1 capital < third party Tier 1
capital < risk economic capital

This situation should again be value and performance neutral to both
parties as they will both price and value the risk using the risk’s
economic capital amount.

13.5 ALLOCATING TIER 1 CAPITALTO
MATCH ECONOMIC CAPITAL

In this section, and the next, we consider perhaps the most interesting
and challenging problem facing financial services conglomerates in
managing their businesses: that of allocating a conglomerate’s limited
and precious capital resources to optimize the return that can be earned
on it. In this section, we first focus on the problem of allocating Tier 1
capital to match economic capital, as closely as possible within the
conglomerate, and so the risks that the conglomerate is running.

13.5.1 Background

At each organizational level in a financial services conglomerate, we can
determine total actual Tier 1 and Tier 2 capital, regulatory capital
requirements and economic capital. The amount of actual Tier 1 and Tier 2
capital that is eligible to back the conglomerate’s regulatory capital
requirement is then determined by the regulations that apply to the
conglomerate at that level.

These regulations will usually be very complicated and technical to
apply in practice. For example, surplus capital that is trapped in a
subsidiary firm, and which may not be genuinely transferable within the
group, would usually not be allowed by regulators to count as capital at
organizational levels higher than that of the subsidiary firm. The regulators
will usually, nevertheless, concede that, because of the diversification
benefits within a group, the riskiness of the financial services conglomerate
at the top level firm is generally lower than the sum of the riskinesses of
the individual component firms that make up the conglomerate. Whether



CAPITAL MANAGEMENT AND PERFORMANCE MEASURES (249)

or not this translates into a reduced regulatory capital requirement for the
top level firm in the conglomerate, however, is another matter entirely.

On the other hand, regulators may argue that individual firms in the
conglomerate may be more risky as a part of the conglomerate, than they
would be on a standalone basis. This is because if one firm in the con-
glomerate “blows up,” all firms in the conglomerate may have their
reputations and businesses damaged and tarnished, even if they are well
managed businesses in their own right, with more than enough capital to
cover the risks they are running. Although there may be some mileage in
the regulator’s position, in our view, capital is not the answer, nor is it a
mitigant, to this type of risk.

If a firm can be seriously jeopardized by the problems of a fellow
conglomerate firm, then capital is not an effective mitigant against this
risk. Management actions, such as communicating clearly to markets
and customers, alike, that the firm’s business is unaffected and is robust
to the problems of the fellow conglomerate firm, are more appropriate
risk mitigants. Therefore, in all that follows, we take the view that
individual firms within a conglomerate should not have their regulatory
capital requirements increased, simply because they are part of a larger

group.

13.5.2 Tier 1 capital allocation in practice

In Chapter 12, we considered both the “aggregate” and “bottom up”
approaches to economic capital for a financial services conglomerate, or
group, and concluded that the aggregate approach is arguably the supe-
rior approach. In this section, we propose a method of allocating Tier 1
capital within a financial services conglomerate, based on the aggregate
approach to determining economic capital.

We believe that this method is near optimal, relative to the aims of

1. Matching the conglomerate’s aggregate economic capital with Tier 1
capital, as closely as possible, at the top level firm in the
conglomerate.

2. Satisfying all regulatory capital requirements, at each organizational
level of the conglomerate, in a Tier 1 capital efficient manner.

We assume that the conglomerate has more than enough eligible Tier 1
and Tier 2 capital to cover its regulatory capital requirements for each
firm, or sub group of firms if they are regulated on a consolidated basis,
within the conglomerate’s hierarchy. Otherwise, one of the conglomer-
ate’s firms would not be solvent. For each firm within the conglomerate,
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starting at the organizational levels most distant from the top firm, the
capital allocation approach is as follows:

Step 1

Allocate Tier 1 and Tier 2 capital up to the respective minimum and maxi-
mum amounts required to cover the regulatory capital requirement of the
firm. This allocation will be net of any Tier 1 and Tier 2 capital that is pro-
vided by third party investors from outside of the conglomerate.

Step 2

Go up to the next organizational level in the conglomerate and repeat the
exercise for consolidated firms at that level. At this next level, even if the
regulations allow, firm assets that are invested in the Tier 1 and Tier 2 cap-
ital of lower level firms should only be counted towards the capital of these
next level firms to the extent that they are surplus to the regulatory capital
requirements of the lower level firms. Otherwise, such assets would be “on
risk” more than once and this would not be reasonable. Again, if the sur-
plus capital is not likely to be transferable in practice, it should be ignored.

Step 3

Repeat until the top level firm in the conglomerate is reached. If aggre-
gate Tier 1 capital at the top level firm exceeds aggregate economic cap-
ital, then this excess represents an over capitalization of the
conglomerate relative to the risks that it is running. If aggregate Tier 1 cap-
ital is less than aggregate economic capital, then the converse applies
and the conglomerate should raise new Tier 1 capital to increase Tier 1
capital up to the aggregate economic capital level. One option would be
to replace Tier 2 capital with Tier 1 capital.

The allocation method ensures that:

B Ateach organizational level in the firm, all firms have enough capital
to cover their regulatory capital requirements.

B The utilization of Tier 1 capital is minimized relative to Tier 2
capital. This is likely to be preferable because the cost of Tier 1 capi-
tal will usually be higher than Tier 2 capital. Moreover, Tier 2 capital
costs are usually tax deductible, unlike Tier 1 capital costs.

® At the top level firm in the conglomerate, the firm has enough aggre-
gate Tier 1 capital to cover the risks that it is running, allowing for
the risk diversification benefits present in the mix of firms making up
the conglomerate.

Except for the top level firm in the conglomerate, the allocation method
does not ensure that allocated Tier 1 capital is sufficient to cover aggregate
economic capital for firms in the conglomerate. Although theoretically
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correct, this may not be acceptable to the conglomerate, to regulators, to
ratings agencies or to external investors. If this is the case, then the capital
allocation algorithm can be applied to selected individual firms within the
conglomerate to ensure that allocated Tier 1 capital, for those firms, is at
least as large as their aggregate economic capital at that level.

The algorithm can then be re-run, for the entire conglomerate, but
with the capital allocations for these particular selected firms, and their
subordinates in the hierarchy, fixed at the allocations determined by their
individual capital allocations.

The allocation method also allows the conglomerate to compare its
current actual capital allocation within the conglomerate to that
determined by the allocation method. This will allow the firm to validate
the efficiency of its current capital allocation. If inefficiencies are found,
the conglomerate may wish to consider a capital reorganization.

The practical workings of the allocation method are best illustrated
using specific examples, as described in the next section.

13.5.3 Capital allocation example

In order to demonstrate the capital allocation procedure in practice, we
consider the financial services conglomerate displayed in Figure 13.1,

Firm 1
Regulatory: 400
Tier 1/2:300/225
Aggregate economic capital: 250
Bottom up economic capital: 300
Standalone economic capital: 0

Firm 1.1 Firm 1.2
Regulatory: 350 Regulatory: 50
Tier 1/2: 200/200 Tier 1/2:25/25
Aggregate economic capital: 200 Aggregate economic capital: 75
Bottom up economic capital: 225 Bottom up economic capital: 75
Standalone economic capital: 100 Standalone economic capital: 75

Firm 1.1.1 Firm 1.1.2
Regulatory: 100 Regulatory: 50
Tier 1/2: 55/55 Tier 1/2: 80/0
Aggregate economic capital: 50 Aggregate economic capital: 75
Bottom up economic capital: 50 Bottom up economic capital: 75
Standalone economic capital: 50 Standalone economic capital: 75

Figure 13.1 Financial services conglomerate capital allocation example -
base case
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where at each level in the hierarchy, we have consolidated all firms at
that level and below.

For simplicity, we will assume that, at each level in the hierarchy,
except at the top level, each firm’s Tier 1 and Tier 2 capital is provided
entirely by its parent firm. We also assume that, within any firm, Tier 2
capital is limited to at most 100% of Tier 1 capital.

Initial observations on the firms shown in Figure 13.1 are as follows:

1. The top level firm, Firm 1, has enough Tier 1 capital to cover its
aggregate and its bottom up economic capital requirements. The con-
glomerate therefore has sufficient Tier 1 capital to cover its aggregate
risks, whether risk diversification benefits are allowed for, or not.

2. The same applies for all other firms, except Firm 1.2, which has
substantially less Tier 1 capital than it needs and Firm 1.1 which
has less Tier 1 capital than bottom up capital. Firm 1.1 does have
enough Tier 1 capital, however, to cover its aggregate economic
capital requirements.

3. Although Firm 1.2 does not have enough Tier 1 capital to cover the
risks that it is running, the financial services conglomerate, at the
level of the top firm does have enough Tier 1 capital to cover its
aggregate risks.

4. All firms have enough aggregate Tier 1 and Tier 2 capital to cover
their regulatory capital requirements, with certain firms having
excess capital.

Applying the capital allocation algorithm gives the new capital
distribution shown in Figure 13.2.

Observations on the capital allocation shown in Figure 13.2 are as
follows:

1. Less Tier 1 and Tier 2 capital is now deployed within certain firms,
Firm 1.1.1 for example.

2. All firms, except Firm1 and Firm 1.1.1, have less Tier 1 capital than
aggregate economic capital, although all firms are solvent relative to
their regulatory capital requirement.

3. If the firm’s management feels that it is important for all firms to
have enough Tier 1 capital to cover aggregate economic capital at
each level in the hierarchy, additional Tier 1 capital would need to
be held in all other firms, except Firm 1.1.1 and Firm 1. For exam-
ple, Firm 1.2 should then hold £75 million of Tier 1 capital and no
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Firm 1
Regulatory: 400
Tier 1/2: 250/200
Aggregate economic capital: 250
Bottom up economic capital: 300
Standalone economic capital: 0

Firm 1.1 Firm 1.2
Regulatory: 350 Regulatory: 50
Tier 1/2:175/175 Tier 1/2:25/25
Aggregate economic capital: 200 Aggregate economic capital: 75
Bottom up economic capital: 225 Bottom up economic capital: 75
Standalone economic capital: 100 Standalone economic capital: 75

Firm 1.1.1 Firm 1.1.2
Regulatory: 100 Regulatory: 50
Tier 1/2: 50/50 Tier 1/2:25/25
Aggregate economic capital: 50 Aggregate economic capital: 75
Bottom up economic capital: 50 Bottom up economic capital: 75
Standalone economic capital: 50 Standalone economic capital: 75

Figure 13.2 Financial services conglomerate capital allocation example - post
the application of the allocation method

Tier 2 capital and, as a result, will hold £25 million of capital in
excess of its regulatory capital requirement.

4. Note that, although this excess capital is surplus to regulatory
requirements at that level, and therefore may be used to support
regulatory capital requirements at higher levels in the firm, there
would be no surplus relative to aggregate economic capital at that
level which can be made use of at higher levels.

5. As Firm 1 is overcapitalised relative to its regulatory capital require-
ment, the conglomerate may have the option of releasing £50 million
of Tier 2 capital from Firm 1.1, say. This can be financed by down
streaming Tier 1 capital from Firm 1, while still ensuring that Tier 1
capital exceeds aggregate economic capital at the Firm 1 level.

Obviously for real financial services conglomerates, the situation will be
far more complicated than is shown for this simple example. We believe,
however, that the algorithm described above is a useful tool that will assist
conglomerates in allocating capital amongst their constituent firms.



(254) ECONOMIC CAPITAL AND FINANCIAL RISK MANAGEMENT

13.6 BUSINESS MIX OPTIMIZATION

The technique described in Section 13.5 above shows how a conglomer-
ate can allocate capital to match Tier 1 capital with aggregate economic
capital at the top level firm in the conglomerate, whilst also meeting, in an
efficient manner, the regulatory capital requirements of the conglomerate’s
constituent firms.

Combining this technique with the performance measurement
techniques described in Section 13.3, then allows conglomerates to
organize their strategic and business plans to try and optimize the returns
earned on the allocated Tier 1 capital, or economic capital.

We propose a general method of business organizing within a
conglomerate to maximize earned returns on actual Tier 1 capital or
economic capital. The approach that we propose, and which we believe is
being used by a number of conglomerates in practice, is described below.

Step 1
First identify the firm, Firm X say, within the conglomerate for which
earned returns are required to be improved, or optimized.

Step 2
We use aggregate economic capital at the Firm X level and allow for the
risk diversification benefits present in Firm X’s businesses.

Step 3

For each distinct product, or business line, that Firm X is engaged in, cal-
culate individual r,.s and r,..s, as defined in Section 13.3. If the product
line has been allocated some of the risk diversification benefits present in
Firm X’s businesses, then the r,,..s should be calculated net of this benefit.

Step 4

Calculate r,, and r,,.. at the aggregate business level for Firm X also.
Quantitative measures are now in place for the returns that Firm X is

earning on both its Tier 1 capital and economic capital, at both the firm

level, and also at the individual product line, or business line, level.

Step 5

Rank the individual product, or business, lines by their individual s,
or 7,..S- The products, or businesses, that are most attractive on a stand-
alone basis can then be identified. Based on this ranking, product, or
business, line combinations that may potentially improve the perform-
ance of Firm X at the aggregate business level can be proposed and
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developed. In constructing these mixes, practical constraints such as
those described below will need to be taken into account.

= Firm X may, in practice, not be able to withdraw from its least attrac-
tive business lines as they may, in fact, be its core businesses. At best,
Firm X may only be able to give these businesses less of a focus
going forward.

®m  Even if Firm X wishes to expand into more attractive business lines,
it may only be able to do so by reducing its prices, thereby reducing,
or eliminating, the relative attractiveness of those business lines.

Step 6

The performance of these new product, or business, line mixes can
then be tested at the Firm X level by recalculating Firm X’s 7., OF 7gec
at this level. Note that, in doing this, Firm X’s aggregate economic
capital amount will need to be recalculated as it will change with the
proposed altered product, or business, line mix. After a few iterations of
testing out different business mixes, Firm X should be able to identify
near optimal business mixes in terms of maximizing the Firm X level
rl'OC or rrOCC'

Step 7
Firm X may then wish to consider reconfiguring its businesses towards
these near optimal mixes.

Practical application

In practice, the business mix optimization method described above will
tend to be a pragmatic, rather than a theoretical, exercise because of
practical constraints noted above. In any case, we believe that the
method described above will help financial services conglomerates to
organize their businesses in such a way that they are able to improve
their earned returns on either Tier 1 capital or economic capital.

13.7 IMPLEMENTATION ISSUES

13.7.1 Practical constraints and costs

There are a number of constraints, and associated costs, that make the
capital allocation and business planning processes described above less
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than straightforward to apply in practice. Some of these practical
constraints and costs are described below:

Regulatory approvals

The conglomerate’s regulators will require to be consulted on the
development of the conglomerate’s capital plans. Only once the regula-
tors are satisfied that a proposed capital restructuring will not damage
the relative interests of the conglomerate’s customers, debt holders and
shareholders, both in the short and medium terms, will they approve the
proposed capital reorganization. Moreover, it could take a considerable
period of time for the regulators to understand the proposal, carry out a
risk assessment and agree it. The regulatory approval process will also
depend on the financial condition and maturity of the conglomerate. For
example, a capital reorganization of a conglomerate that is relatively
young, perhaps formed from a recent merger, may take longer to
approve than that of a more established and stable conglomerate.

Technical expertise

The very fine technical detail of the structuring will need to be consid-
ered, analyzed and finalized. For example, optimizing the tax structure
of a proposed capital reorganization will be complex and will involve the
use of specialist tax advisers to identify an optimal structure. The use of
these specialist tax advisers will obviously incur costs, which can be
considerable.

Documentation

The legal documentation that formalizes the capital reorganization,
including the redemption of existing capital and the issuance of new
capital, is both time consuming and expensive to complete. For example,
the technically complex offering circular documents, which are usually
voluminous, and which are prepared to support new Tier 1 or Tier 2
capital public issuances, involve considerable time and effort to prepare.

Marketing

The marketing of the proposed new capital structure to existing
investors, and to potential new investors, will usually involve the con-
glomerate’s management, and its advisers, in preparing and giving a
large number of investor presentations. This process will be managed, on
behalf of the conglomerate, by at least one investment bank and they will
also usually provide a range of associated services. The investment
bank’s fees will be considerable. The price at which the conglomerate is
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able to carry out its capital restructuring will depend on market senti-
ment at the time of the transaction and on the relative supply and demand
of both prospective investors and alternative investment opportunities.

13.7.2 Accounting issues

In most countries, capital rules and regulations do not generally dovetail
seamlessly with corresponding accounting standards and rules. This can
cause quirks and anomalies that can distort the implementation of a firm’s
capital reorganization plan. Conglomerates, and their advisers, will there-
fore be mindful of the effect that accounting rules and regulations have on
the desired Tier 1 and Tier 2 capital allocations and the consequent effect
on the firm’s financial statements. One example of this is as follows:

Example

Under Basel 2’s internal ratings based approaches to credit risk it is
proposed that, if a bank’s total provisions exceed the bank’s correspon-
ding estimate of its expected losses, then the bank can count this excess,
up to certain limits, towards its Tier 2 capital. Where estimated expected
losses exceed total provisions, the deficit must be deducted 50% from
Tier 1 capital and 50% from Tier 2 capital. It can be seen, therefore, that
the conglomerate’s provisions, which are determined by its accounting
policy, can have an impact on the amount of its actual Tier 1 and Tier 2
capital that is eligible to count towards the conglomerate’s regulatory
capital requirement.

As discussed in Chapter 14, the International Accounting Standards
Board (IASB) has, for a number of years, been developing an interna-
tional accounting standard that aims to harmonize accounting rules
worldwide and to base such rules on “fair values.” Nevertheless, it is
clear that conglomerate, or firm, accounting policy and capital will
remain intertwined post the implementation of the new “fair value”
accounting rules.

13.7.3 Financial analysts

By a “financial analyst,” we will mean any finance professional who
studies a conglomerate’s, or firm’s, financial statements and offers
professional advice, or opinions, on the conglomerate. So, for example,
research analysts employed by investment banks, ratings agencies or the
financial press will all fall into this category.

Most conglomerates, or firms, are subject to close scrutiny and
comment by financial analysts on a quarterly basis. Even firms that are
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not publicly listed, for example privately owned firms, or mutual firms
owned by their customers, will still be subject to some scrutiny, especially
if the firm is large, although this may be less frequent.

The opinions of these analysts can affect a firm’s share price, the price
of its Tier 2 capital, its credit rating and the sentiment of the market and
its customers towards the firm. In short, analysts opinions count and firms
put considerable efforts into managing their relationships with them.

The problem facing analysts is one of truly understanding highly
complex financial services conglomerates as an outsider. Consider
the conglomerate HSBC, for example. HSBC operates in retail banking,
corporate banking, investment banking, private banking, life insurance,
general insurance, reinsurance, asset management, pensions, financial
intermediation, and so on, in many countries and regions throughout the
world. An outside analyst faces the enormous challenge of trying to
understand the risks that a conglomerate such as HSBC is running and of
deciding whether, or not, it has adequate capital to cover these risks.
Their analysis will be based on publicly available information, access to
limited internal data and information, and on discussions with senior
management.

Even an HSBC senior management “lifer,” who has been with the firm
for their whole career and who has worked in many parts of the firm,
may not fully understand the firm. What chance does an outsider have,
especially as HSBC will be just one of the firms that they are covering?
Except for very talented analysts, who work on a firm over a large num-
ber of years, the chances appear to be slim.

Nevertheless, the opinions and judgments of analysts do affect and
place constraints on the capital planning, restructuring and issuing
activities of conglomerates and firms. Such opinions and judgments
must therefore be taken into account in practice.

13.8 REGULATORY CAPITAL ARBITRAGE

Financial conglomerates are made up of a number of different types of
financial services firms, with different regulatory rules applying to the
balance sheets of these firms. As we have discussed in this book,
however, the risks that banks, insurance firms and asset management
firms write are, nevertheless, very often essentially the same.

However, because regulatory capital requirement rules have very often
been developed in arbitrary and reactive ways, usually independently of
the regulatory capital rules for other types of financial services firms, a
large number of anomalies have arisen. Therefore, the same risk can
require different amounts of regulatory capital, depending on the type of
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financial services firm that writes the risk. To complicate matters further,
and as we have seen in earlier chapters, regulatory capital requirements
have tended not to be well aligned with economic capital.

By regulatory capital arbitrage we mean a situation where a financial
services conglomerate pursues a strategy of writing a risk within the
conglomerate with the clear aim of minimizing its regulatory capital
requirements, either at the firm level where the risk is written, or at the
top level firm in the conglomerate, or at both levels. Provided that the
conglomerate’s Tier 1 capital is in excess of aggregate economic capital
at the top level firm, then this strategy is laudable and good management
practice.

However, if the conglomerate is prepared to write risk with less Tier 1
capital than economic capital, then the strategy is obviously question-
able and potentially dangerous for all of the various stakeholders in
the firm.

We now give some examples of situations where a conglomerate, or
firm, can reduce its regulatory capital requirement by the judicious
choice of where to write a risk within the conglomerate, or firm.

13.8.1 Reversion lifetime mortgage product

This example is discussed in full in Section 12.3. To recap, Section 12.3
shows that a pure life insurance firm product may have a lower
regulatory capital requirement than a combined bank/life insurance firm
product, even though the risks being written are essentially the same.
Therefore, in writing this product, a bank without a life insurance firm
within its own group may be at a disadvantage, relative to a banking
group that does have a life insurance firm within its group.

13.8.2 Full cash securitization of residential mortgages

Perhaps the best known example of regulatory capital arbitrage is the use
of full cash securitization of residential mortgages by retail banks. At
least in the UK, most of the main players in this market use this
technique to greater, or lesser, degrees.

Under Basel 1, residential mortgages are risk weighted at 50%. So, for
a bank with an Individual Capital Ratio (ICR) of 10% say, the regulatory
capital requirement for an on balance sheet mortgage is 5% of the
nominal amount of the loan outstanding at any point in time. For a
securitized mortgage, held off balance sheet in a SPV, the corresponding
capital requirement depends on the specific structure of the securitiza-
tion transaction, including the credit ratings that attach to the Residential
Mortgage Backed Security (RMBS) bonds that fund the SPV.
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SPV capital requirements may lie in the range 0.25%—1.5%, although
the requirement may not amortize with the loan as it does for an on
balance sheet mortgage. Nevertheless, the capital saving can still amount
to around 3%—4% of the nominal loan. Assuming a cost of capital of
around 10% p.a., securitisation therefore equates to a saving in capital
costs of around 0.3% to 0.4% p.a.

Set against this capital saving is the additional cost of funding that
usually arises when securitizing. In other words, securitization as a
source of funding can be more expensive than a bank’s other channels of
funding, such as the wholesale markets or retail deposits, although this
will depend on other factors such as the bank’s credit rating and its brand
reputation. In any case, provided that securitization is no more expensive
than around 0.3% p.a. than the bank’s other funding channels, a full cash
securitization may be worthwhile.

It is important to note that this regulatory capital arbitrage opportunity
is a direct consequence of Basel 1’s regulatory capital requirement for
residential mortgages being well in excess of the corresponding
economic capital amount. Note also that, as we saw in Chapter 8§,
the regulatory capital requirements for residential mortgages will fall
significantly under Basel 2. This will reduce the regulatory capital arbi-
trage rationale for securitization and, at the time of writing, the future of
the RMBS markets is subject to some uncertainty.

13.8.3 Guaranteed equity bond

The benefit that this product provides to the customer is the sum of

B The return of their initial investment.

® A percentage of the capital growth of an equity capital index over a
prescribed period on their initial investment, provided that the equity
index has gone up over the period. If the equity index falls over the
period, the percentage exposure to this fall is 0%.

Therefore, the customer is guaranteed to at least get their money back
plus, a percentage of the upside of the equity index. Note that, the
customer does not receive any dividend income on their investment.

Both banks and life insurance firms offer guaranteed equity bond
products and there are many different ways of structuring such products.
For the sake of being specific, we will assume that either a bank, or a life
insurance firm, structures the product as a cash deposit plus an Over the
Counter (OTC) swap.

The investment return earned on the deposit, which is usually invested
in money market instruments, pays for the firm’s expenses, capital costs,



CAPITAL MANAGEMENT AND PERFORMANCE MEASURES (261)

tax and also for the OTC swap that provides the exposure to the equity
index.

The life insurance firm regulatory capital requirement is determined
by reference to the guaranteed equity bond’s liability valuation, or
mathematical reserve, held on the liability side of the life insurance
firm’s balance sheet. Broadly speaking this capital requirement equals
4% of the sum of the present value of the deposit plus the market value
of the OTC swap.

Under Basel 1, the bank’s regulatory capital requirement is deter-
mined with reference to the credit risks associated with the cash deposit
in which the customer’s investment is held, plus a capital requirement in
respect of the credit risks associated with the OTC swap counterparty. In
other words, the bank regulatory capital requirement is calculated with
reference to the asset side of the bank’s balance sheet. If the cash deposit
and the OTC swap counterparties have reasonably high credit ratings, it
is straightforward to confirm that the bank’s regulatory capital require-
ment is very substantially lower than the life insurance firm’s, even
though the risks that they are collecting are the same.

Bank/life insurance firm conglomerates therefore tend to write their
guaranteed equity bond products in their banks, rather than in their life
insurance firms.

13.9 SUMMARY

In this chapter we have brought together many of the important ideas
discussed in previous chapters to inform a discussion on the key practi-
cal topics of pricing, performance measurement, on and off balance
sheet leverage, capital allocation, business mix optimization, practical
implementation issues and regulatory capital arbitrage.

We believe that the ideas discussed in this chapter, although somewhat
complex, will help firms to improve and develop their capital and financial
risk management methodologies and processes to facilitate improved
firm performance, and so increased rates of return on their capital.



g CHAPTER 14 D
Regulatory Change

14.1 INTRODUCTION

During the course of the writing of this book, financial services firm
regulation and reporting requirements have undergone very substantial
and far reaching change. Moreover, this change is not complete and is
expected to continue for many years to come. In fact, it may be safe to
assume that ongoing change and the continuous evolution of financial
services firms’ regulation and reporting requirements may now be a fact
of life and a part of business-as-usual. For example in the banking arena,
Basel 3 is already being talked about even before Basel 2 has been
implemented!

In this chapter, we describe the main regulatory capital changes that
have been occurring and also those that are expected to occur over the
next few years. Note that our interest will be on regulatory capital
changes, a relatively small component of the overall total change package
that is affecting the industry.

Our target is moving and, if we get into too much detail, this Chapter
may, within a few months, represent only a historical record of the minu-
tiae of short lived proposals and recommendations that once affected
financial services firms. Not the most interesting read, nor the most useful.

For these reasons we will concentrate, at the broad business level, on
what we consider to be the most important changes that are occurring
and the implications that these may have on the industry. Our focus will
be on the UK and, unless otherwise stated, our comments will apply to
the UK market.

At least for insurers, it is likely that prospective European regulations
will be very similar to insurance regulations recently implemented in the
UK. We will endeavor to bring this point out wherever it is appropriate.
Other proposals, such as Basel 2, are global in their application,
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although local implementation may bring in slight variations by country,
or economic region.

14.2 THE UK ENVIRONMENT

From 1 January 2005, the UK regulator the FSA commenced regulating
all UK licensed financial services firms on the basis of a unified
handbook. The current handbook can be accessed on the FSA’s website,
www.fsa.gov.uk, although it is a formidably complex document to
navigate and understand.

So, for example, retail banks, building societies, investment banks,
life insurers, non life insurers, friendly societies, asset management
companies, brokers, and so on, are all regulated according to the relevant
chapters of the FSA’s handbook. Moreover, at least for solvency and
capital requirements, the FSA has attempted to introduce risk based
rules that are consistent across all types of firm and which are loosely
based on the three Pillar approach of Basel 2.

In the past, different types of firms had different regulators and were
subject to different sets of rules, even though very often the risks that
the firms were writing were the same. Obviously this resulted in many
anomalies and presented firms with easier opportunities to indulge in
regulatory capital arbitrage.

A key driver of the current FSA regime has been the difficulties that
the mutual life insurance firm Equitable Life got into by writing guaran-
teed annuity options (GAO) and the subsequent alleged financial mis-
management of these liabilities by the firm.

The FSA believes that, if life insurance firms had been regulated like
banks, Equitable Life’s problems would not have occurred and this has
resulted in a strong desire by the FSA to regulate life insurance firms like
banks. The Equitable Life saga is still running, and it could take many
years yet to unravel.

We now move on to consider the main regulatory changes that
are occurring in the UK at present and those which are likely to occur over
the next few years. As is explained earlier, we will try and concentrate on
regulatory capital change and, wherever we can, will focus at the broad
business level, rather than on the very fine technical detail of the change.

14.3 BANKING AND ASSET MANAGEMENT

14.3.1 Basel 1

The following description is based largely on the HM Treasury
consultation document “The new Capital Adequacy Directive,
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CAD3: The transposition of the new Basel Accord into EU legislation.
December 2003.” The full document can be found on HM Treasury’s
website www.hm-treasury.gov.uk.

At the time of writing, the current Basel Accord, Basel 1, applies to
the worldwide banking sector. The Basel 1 Accord was concluded in
1988 and is a non binding agreement, which was formulated in response
to concerns that not all internationally active banks were well capital-
ized. A collapse in one of these internationally active banks could have
had serious consequences for the international banking sector and the
global economy as a whole. The Accord was formulated by the Basel
Committee on Banking Supervision of the Bank for International
Settlements, the bank representing central bankers worldwide.

Basel 1 had two main objectives:

1. It should strengthen the soundness and stability of the international
banking system.

2. It should be fair and consistent in its application, so reducing the
scope for differences in regulatory capital treatment between
countries and so the potential for regulatory capital arbitrage.

By common consensus, Basel 1 achieved both of these aims, with
banks having increased their capital ratios significantly over the period
1988-1992. The international banking system consequently became
stronger and more stable.

The Basel 1 framework is built around two main concepts as follows:

1. An agreed categorization of bank capital between core capital,
called Tier 1 capital, comprising essentially equity capital and
retained earnings, and supplementary capital, called Tier 2 capital,
comprising reserves, hybrid debt/equity capital instruments and
subordinated debt.

2. Risk weights which, very crudely, reflect the relative riskiness of
lending to different classes of counterparties. The framework was
initially only concerned with the credit risks associated with lending
to counterparties.

Basel 1 introduced a minimum capital ratio of capital to risk
weighted assets of 8% with Tier 1 capital comprising at least 50% of
total capital.

A later amendment to Basel 1, in 1996, introduced additional specific
capital requirements in respect of the market risk associated with both on
and off balance sheet positions and which were implemented from the
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end of 1997. The new Basel Accord, Basel 2, leaves these market risk
requirements broadly unaltered.

The main criticism of Basel 1, however, has been that its regulatory
capital requirements do not accurately reflect risk. The Basel 1 risk
weights do not provide a sufficient degree of differentiation between
different borrowers’ default risks leading to a widening gap between
economic capital and regulatory capital requirements. A number of
examples of this effect in practice are given in the HM Treasury consul-
tation paper mentioned above.

Regulators have also felt that Basel 1, with its focus purely on regula-
tory capital requirements, to the exclusion of economic capital, has
resulted in firms relying too heavily on regulatory capital for pricing
purposes, for example, rather than in developing and investing in better
risk management processes. As a result, banks’ financial and value man-
agement processes may be less than optimal to the detriment of both
investors and customers.

Although Basel 1 has served the international banking industry
extremely well, the global financial system has become increasingly
complex and, as a result, the Basel Committee on Banking Supervision
began work, in 1998, on a new regulatory capital framework called Basel 2.
The Basel Committee was aiming to produce a new accord that recog-
nizes new and continuing developments in financial products, advances
in risk measurement and management practices and which more accurately
assesses capital requirements in relation to risk.

14.3.2 Basel 2

As mentioned above, the Basel Committee commenced work on Basel 2
in 1998 and, at a very early stage, decided that, as a point of principle,
the overall amount of capital in the banking system would remain
unchanged as a result of Basel 2. Some banks would win, others would
lose, but the overall amount of capital in the system should remain
broadly unaltered.

Basel 2 is built on three key interlocking Pillars as follows:

Pillar 1T — minimum capital requirements
This pillar provides firms with a framework for the calculation of mini-
mum regulatory capital requirements.

Pillar 2 — supervisory review

This pillar allows both firms and supervisors the opportunity to review the
firm’s risk management processes and to respond to any failings identified.
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Pillar 3 — market discipline/disclosure

This pillar allows comparisons to be made by other market participants
and so encourages market discipline.

14.3.2.1 Pillar 1

The Pillar 1 minimum regulatory capital requirement covers credit risk,
market risk (these requirements are essentially unaltered) and a new
operational risk regulatory capital requirement. For credit risk and oper-
ational risk, there is a menu of approaches of increasing sophistication
that is available to banks as shown in Table 14.1 below.

These approaches range from the simple formulaic to the more
sophisticated where firms use their own internal risk management
processes to determine their regulatory capital requirements. This pro-
gression provides incentives for better risk management practice as
regulatory capital requirements reduce with the increasing sophistica-
tion of the approach used. It is hoped that this will encourage firms to
invest in improved risk management in order to achieve the standards
required to qualify for the more advanced approaches available under
Basel 2.

Credit risk

The Revised Standardized Approach (RSA) improves the Basel 1
requirements for credit risk by introducing more risk sensitive weights.
Under Basel 1, banks’ assets are assigned to one of five risk weight
categories based on very broad judgments of relative riskiness. Under

Table 14.1 Pillar T minimum regulatory capital requirement approaches
available under Basel 2

Risk type
Approach Credit Operational
Most basic Revised standardized Basic indicator approach
approach (RSA). (BIA).
Intermediate Foundation internal ratings Standardized (TSA).
based approach (FIRB).
Most sophisticated Advanced internal ratings Advanced measurement

based approach (AIRB). approach (AMA).
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the RSA, however, the risk weights for exposures to sovereigns, banks
and corporates will be based on external credit ratings, produced by
recognized ratings agencies.

The risk weights for retail exposures will reduce under the RSA as
compared to the Basel 1 risk weights. For example, for residential mort-
gages, the Basel 1 risk weight of 50% will fall to 35%. This fall in risk
weights not only reflects the introduction of a new regulatory capital
requirement for operational risk, which was previously implicit in the
Basel 1 credit risk capital requirement, but is an acknowledgement that
the current Basel 1 regulatory capital requirement for retail assets is
generally too large.

The two new Internal Ratings Based (IRB) approaches to credit risk,
the Foundation (FIRB) and Advanced (AIRB) approaches, are designed
to allow an even closer alignment between economic capital and regulatory
capital. These approaches allow firms to use more sophisticated methods
of calculating regulatory capital based on their own internal estimates of
their components of risk. An objective is that firms will be able to use
their own internal risk management processes and infrastructure instead
of implementing separate systems for regulatory capital and internal
purposes.

Subject to certain minimum conditions and disclosure requirements,
firms on the AIRB approaches can use their own internal risk component
estimates to calculate the regulatory capital requirements for a given
exposure. Firms on the FIRB will be required, however, to use supervi-
sory values rather than internal estimates for one, or more, of the risk
components.

Operational risk

Basel 2 introduces three alternative approaches to calculating a new oper-
ational risk minimum regulatory capital requirement. In increasing com-
plexity, these approaches are the Basic Indicator Approach (BIA), the
Standardized Approach (TSA) and the Advanced Management Approach
(AMA). Under the BIA and TSA, the capital requirement is calculated by
taking a risk weighted three year average of gross income. The BIA
applies one risk weight to total gross income, whereas TSA separates
gross income across eight different business lines, with a distinct risk
weight for each business line and so giving a more risk sensitive
approach.

The most sophisticated approach to operational risk regulatory capital
is the AMA, which involves firms using internal models to calculate
regulatory capital. The use of the AMA by firms is subject to the satis-
faction of prescribed qualitative and quantitative criteria, as laid out in
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the accord. The approaches envisaged under the AMA are likely to be
similar to models used in the insurance industry to estimate claims fre-
quency and conditional loss distributions, conditional on a claim having
occurred.

Securitization

The technique of securitization was not commonly used when Basel 1
was negotiated, and agreed, which has led to the regulatory capital
arbitrage opportunities discussed in Section 13.8.2. The approach to
securitization adopted under Basel 2 is that there should be no artificial
incentive in favor of securitization and that securitization, as such,
should be justified on economic grounds. The regulatory capital advantage
of securitization under Basel 1 is, therefore, very likely to reduce
substantially under Basel 2.

Credit risk mitigation

Basel 2 introduces new rules that provide a more comprehensive
approach to credit risk mitigation techniques such as collateralized
transactions, on balance sheet netting, guarantees and credit derivatives.

14.3.2.2 Pillar 2

The Basel 2 second pillar introduces a supervisory review process, a
concept already practiced in the UK. This process is designed to ensure
that, not only do firms have adequate capital in place, but they also have
the systems, controls and governance procedures in place to ensure they
can carry out good risk management in practice.

Pillar 2 recognizes that it is the responsibility of the firm’s directors and
senior managers to develop and implement internal capital assessment
processes and risk thresholds and targets that are consistent with the firm’s
risk profile and control environment. Supervisors are expected to check a
firm’s risk assessment and to take action if this is deemed necessary. Such
action may involve increasing a firm’s regulatory capital requirement, or it
could involve requiring the firm to improve its risk management, its sys-
tems and controls, applying internal limits or increasing the firm’s reserves.

As previously discussed in Chapter 3, the Basel 2 Accord identifies
three specific areas that should be covered under Pillar 2 as follows:

1. Risks not captured by Pillar 1. An example may be where a firm has
a large concentration of credit risk with one business sector or
counterparty.
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2. Internal factors not already taken into account such as interest rate
risk in the banking book.

3. External factors not already taken into account such as the impact of
the business cycle on the firm’s experience.

Assessing the compliance of a firm to the qualifying requirements of
the more advanced approaches described earlier also falls under Pillar 2.

14.3.2.3 Pillar 3

The third Pillar, which deals with market disclosure, is designed to
complement the minimum capital requirements and supervisory review
aspects of Pillars 1 and 2 respectively. The object is to encourage market
discipline by developing a set of disclosure requirements that will allow
risk exposures, risk assessment processes, and so capital adequacy, to be
compared on a like for like basis across firms. This is obviously impor-
tant when, under the Basel 2 advanced approaches, firms have quite a bit
of discretion, via the use of internal models, in determining their own
capital requirements.

Generally speaking, under Basel 2, the amount of information to be
disclosed and its frequency is set to increase, and potentially quite
significantly.

14.3.2.4 Transposition of Basel 2 into EU and UK legislation

The EU implemented Basel 1 through the Solvency Ratio Directive and
the Own Funds Directive, which were adopted in December 1989.
Market risk was introduced by the first Capital Adequacy Directive
(CAD) in March 1993 and was amended in 1998 to form CAD2 to allow
the use of VAR models.

The new Capital Adequacy Directive (CAD3), which implements
Basel 2 in the EU, has a much wider scope than either Basel 1, or Basel 2.
For example, CAD3 is designed to create a level playing field between
all firms competing in the same markets. All credit firms and nearly all
investments firms, as defined by the Investment Services Directive, also
fall under CAD3, as they currently do under the existing CAD.

In other words the regulatory capital requirements of, for example,
asset management firms in the EU will be determined by CAD3.
Although most asset management firms do not collect credit or market
risks, they may be required to have enough capital to cover the new oper-
ational risk regulatory capital requirement. For some firms, this may
result in their regulatory capital requirements increasing substantially.
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Whilst CAD3 and Basel 2 are almost identical in their technical pro-
posals, there is an important difference in their application. Basel 2 is a
voluntary agreement between the G-10 supervisors, whereas the EU’s
implementation will be legislative, with CAD3 being agreed using the
co-decision process between the European Parliament and the Council.

To complicate matters further, there is an additional layer of bureau-
cracy for the EU countries as, once CAD3 forms a part of EU legislation,
the local EU regulators, or supervisors, must then write their own local
version of CAD3 into their own local rules. The UK’s FSA, for example,
will write CAD3 into its own regulations, so becoming law in the UK
from that point on.

The US authorities’ proposals for implementing Basel 2 are somewhat
unclear and are at odds with those of the EU. At the time of writing, the
stated intention is that only around ten of the largest banks will be
required to adopt the Basel 2 advanced approaches, with perhaps another
ten banks adopting these approaches voluntarily. The remainder of US
banks will remain on Basel 1, plus some additional local US require-
ments. The US authorities believe that implementing Basel 2 for smaller
banks would not be justified as they are already required to hold capital
in excess of the Basel 1 minima and to meet supervisory review require-
ments similar to those required under Basel 2.

14.3.2.5 Timescales

The broad timetable for implementation in the UK is as follows:

®  Adoption into EU legislation via CAD3 by mid to late 2006.
®  Adoption into the FSA’s regulations by late 2006.

®  Apart from the most advanced approaches, the non retail credit risk
AIRB and the operational risk AMA, it is planned that Basel 2 will
be implemented in the UK from 1 January 2007.

®  The non retail credit risk AIRB and the operational risk AMA will be
available from 1 January 2008.

®  Firms will be required to parallel run their Basel 1 and Basel 2
capital requirements during 2006, except for the most advanced
approaches. For the most advanced approaches, parallel running will
be required during both 2006 and 2007.

Note that during the first three years after implementation of Basel 2,
during 2007, 2008 and 2009, transitional capital floors will be in place
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limiting the full application of the new rules. In particular capital floors
of 95%, 90% and 80%, respectively, of a firm’s corresponding Basel 1
capital requirement will be in place during these first three years.

The Basel 2 capital requirement rules will be fully in place from
1 January 2010 at earliest, but the Basel Committee reserves the right to
extend the transitional arrangements if the Accord is not behaving as
planned.

14.3.2.6 Business implications

At this stage, as a result of the immense complexity and breadth of Basel 2,
the business implications of the new Accord are unclear. However, dur-
ing the course of the development of the Accord, a number of
Quantitative Impact Studies (QIS) have been carried out to analyze the
likely impacts that the new Accord may have. The main conclusions that
can be inferred from these studies are broadly

®  The aggregate amount of regulatory capital in the banking system
will remain broadly unaltered, although its distribution across bank-
ing firms will alter significantly.

B The regulatory capital requirements for internationally active banks
are expected to decline with the adoption of the more sophisticated
approaches.

®  Banks with higher retail exposures will generally have lower Pillar 1
minimum regulatory capital requirements, relative to current levels.

®  Some specialized banks and many investment firms will see their
regulatory capital requirements increase as a result of the new
operational risk capital requirement.

Behavioral changes in lending might be expected to occur in those areas
where the regulatory capital changes are largest, in particular

B Reducing regulatory capital requirements
"I Mortgage and investment grade corporate lending
0 Credit cards and overdrafts

® Increasing regulatory capital requirements
Unrated, or non investment grade, corporate lending.
" Fee/service based businesses affected by the operational risk
capital requirement.
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14.4 INSURANCE

There is also a huge amount of change currently going on with the regu-
lation of UK insurance firms. The background to this change, which was
set out in Section 14.1, includes the problems facing the mutual life
insurer Equitable Life. Nevertheless the regulatory changes affect all
types of insurance firms including non profit life insurance firms, unit
linked life insurance firms, non life insurance firms, but particularly with
profits life insurance firms.

As mentioned previously, the UK regulator, the FSA, is keen to regu-
late all types of financial services firms, including insurers, like banks
and, in particular, using a three Pillar risk based approach along the lines
of the banking industry’s Basel 2.

These changes were mostly implemented from 1 January 2005 when
the FSA introduced its Integrated Prudential Source Book. Before going
on to discuss the changes that affect the different types of insurance
firms, we first discuss the changes that are common to all of them.

14.4.1 Capital changes

Traditionally, regulatory capital for insurance firms has been taken to
equal regulatory assets less regulatory liabilities. The new approach that
has been adopted in the UK, for all insurers, is to follow the components
of capital approach that is used for banks, building societies and asset
management firms. Note, however, that as the new and old approaches
give the same results, the changes that have been introduced are mainly
presentational.

In other words, capital is divided into tiers that reflect the differences
in the extent to which capital satisfies the characteristics of permanency
and loss absorbency that are features of the highest quality of capital,
Core Tier 1 capital as discussed in Chapter 6. This does not change the
substance of what is currently done, but it does introduce the terminology
that is used in other sectors of the financial services markets.

The FSA have given two reasons for this change, as follows:

1. It introduces a degree of harmonization and consistency across
different financial services sectors, and;
2. Itintroduces a consistent definition of capital, which is needed when

considering financial services group capital requirements.

Capital tiering, sub-categories and limits have all been described in
Chapter 6 in full detail.
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14.4.2 With profits life insurance

The most significant regulatory changes affecting the insurance industry
are those for the with profits life insurance sector. This sector of the
industry has suffered from a number of issues in recent years including

®  The Equitable Life situation, as described earlier.
B Pensions misselling.

® The general failure in the mid 2000s of mortgage endowment
policies to pay off the associated mortgage loan.

®  The general opacity of with profits policies, in combination with
perceived poor returns, has resulted in considerable confusion
amongst customers and very bad press.

® A perception that, neither the regulation of with profits business by
supervisors, nor the financial risk management of with profits busi-
ness by the firms themselves, have kept pace with modern financial
risk management techniques.

B The failure of the old regulations to respond, in an appropriate
manner, to falling stock markets.

We could debate the merits of these bullet points endlessly but, we
believe that these are amongst the more important issues that have
shaped the current bad sentiment towards with profits business.

The old rules for with profits life insurance

In this section, we give a high level summary of the old rules, including
their salient features.

Assets were valued at market values, whereas liabilities were valued
using the net premium method, a method generally recognized as some-
what dated and producing unrealistic liability valuations. In particular,
the liability valuation was fairly insensitive to market movements,
changes in the yields on equities and bonds, for example, so resulting in
an asset/liability valuation method mismatch. Note that, for future refer-
ence, in life insurance terminology liability valuation reserves tend to be
called mathematical reserves.

The liability valuation also did not value the options and guarantees
embedded into the underlying policies, Equitable Life’s GAOs for exam-
ple, and did not reflect non guaranteed claim benefits that customers
could very reasonably expect to receive. For example, so called terminal
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bonuses that can represent a substantial part of a policy’s claim value are
not guaranteed and, therefore, were not reserved for.

The asset/liability valuation method mismatch and the limitations of
the liability valuation method were particularly problematic for with
profits business which has traditionally held very high proportions of
volatile assets, such as equities and long duration fixed interest bonds, in
combination with quite onerous investment guarantees.

Within the EU, the asset/liability valuation mismatch is mainly a UK
phenomenon, as continental insurers tend to invest predominantly in
bonds. To handle this mismatch, a resilience reserve requirement was
introduced in the UK. The resilience reserve is an arbitrary deterministic
stress test that quantifies the additional reserve that life insurers must
hold to cover asset/liability mismatches.

Note also that this reserve applies to all life insurance business, not
just with profits. Although the resilience reserve at least attempted to
address the asset/liability method mismatch problem, the other prob-
lems mentioned above, such as not reserving for non guaranteed
bonuses, remained.

The minimum regulatory capital requirement for life insurance
business, including with profits business, and which derives from EU
legislation, was defined broadly as the sum of

® A percentage, typically 4%, of mathematical reserves.

® A percentage, typically 0.3%, of policy sums at risk. A life insurance
policy’s sum at risk is, broadly, the death benefit provided under the
policy less the policy’s mathematical reserve.

where this requirement is aggregated across all policies and is also
subject to a specified minimum base capital resources requirement.

In practice, the life insurance markets recognized that, whilst the
minimum regulatory capital requirement was probably sufficient for non
profit and unit linked life insurance, with profits life insurance business
required a much larger capital requirement. For this reason, with profits
life insurance firms tended to hold capital well in excess of the minimum
regulatory capital requirement and, in fact, would not have been able to
sell with profits business through financial intermediaries if this were not
the case. Firms would otherwise have been perceived by intermediaries as
being too weak to place business with.

This also allowed firms more investment freedom to invest more
heavily in equities which, over the longer term, had historically gener-
ated real returns far in excess of fixed interest returns, and so earning
higher returns for their customers. The financial intermediaries who, in
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large part, distribute with profits products tended to promote only the
products of the stronger life insurance firms, given the very long term
nature of the business and the requirement for them to offer “best
advice” to their clients.

However, as stock markets fell in the early years of the new
millennium, these old rules performed very poorly. In particular the
resilience reserve, which requires higher reserves for equity assets rela-
tive to fixed interest assets, interacted with falling stock markets to force
life insurance firms to sell equities into a falling market, so causing
equity markets to fall even further.

The life insurance firms argued that, although their solvency levels
looked stretched under the old rules, under more realistic bases, such as
those they used to manage their businesses internally, their solvency
levels were more than adequate. The FSA responded by weakening the
old rules and by advancing the application of the new rules, as described
below, but on a piecemeal and reactive basis.

The new rules for with profits life insurance

As described in Section 14.1 earlier, a goal of the FSA is to regulate insur-
ance companies like banks. In particular, following the development and
imminent implementation of Basel 2 for banks, the new rules for UK
insurance companies are based on the three pillar approach of Basel 2.

The description of the new rules provided here is appropriate for most
with profits life insurance firms, one exception being smaller with profits
life insurers for whom the new rules have changed very little. See
www.fsa.gov.uk for the detailed rules that apply to these smaller insurers.

As described in Section 14.4.5, new EU rules for insurance companies
are also currently being developed and consulted on. This process and
the new rules are commonly described as “Solvency 2.” The indications,
at this stage, are that Solvency 2 will also follow a three pillar approach
and it is generally expected that it will be based quite closely on the key
elements of the FSA’s new rules as described below.

Pillar 1

The changes that have been implemented by the FSA are quite radical
and, at the time of writing, are still being bedded down within the UK
life insurance industry. At this stage, it is not clear how workable the
rules are in practice although certain elements, in particular the realistic
peak as described below, is most definitely a step in the right direction of
managing with profits business using modern financial risk management
techniques.
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The Pillar 1 minimum regulatory capital requirement for with profits
life insurance business is based on the so called “twin peaks” approach.
Appendix 11.1, which sets out the detailed assumptions underlying our
with profits life insurance investment guarantee example, also provides
technical information on the twin peaks approach.

The twin peaks are as follows:

The regulatory peak. This equals the sum of

1. Mathematical reserves. These are calculated using more modern
actuarial techniques, such as the bonus reserve method, rather than
the net premium method. These reserves have been weakened
slightly as firms are no longer required to reserve for future antici-
pated annual reversionary bonuses.

2. The long term insurance capital requirement (LTICR). This is based
on a slightly amended version of the EU minimum regulatory capi-
tal requirement described in 14.4.3 These amendments apply to all
UK insurers, not just with profits life insurers, and result from the
UK’s implementation of the EU Solvency 1 directive which updated
the previous EU minimum regulatory capital requirements. See
Section 14.4.5 for more detail.

3. The resilience reserve. This is described in the ‘old rules’ part of this
section on page 274.

The realistic peak. This equals the sum of

1. With profits benefit reserve (WPBR). The WPBR of a policy is
generally calculated using retrospective asset share techniques that
accumulate the premiums, net of all policy charges and expenses,
and using the actual investment return earned by the firm on the pol-
icy’s premiums and assets. The WPBR represents the market value of
the policyholder fund assets that have been accumulated by the firm.

2. Future policy related liabilities. These liabilities generally relate to
the guarantee, option, smoothing and other contractual, or non
contractual, benefits provided under the policy. In valuing these lia-
bilities, a firm must use either a market consistent stochastic model,
the market cost of hedging the guarantee or option, or a series of
deterministic projections with attributed probabilities. Management
and policyholder behavior may and must, respectively, be reflected
in quantifying these liabilities. A policy’s WPBR, plus its future
policy related liabilities, is termed its realistic liability.
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3. The Risk Capital Margin (RCM). The RCM is a deterministic
asset/liability mismatch test that is applied at the fund level to each
with profits long term business fund’s (WPLTBF) realistic assets
and liabilities. The WPLTBF is the fund that contains the aggregate
assets and liabilities associated with policies written in that fund.
The simultaneous deterministic stresses that are applied to calculate
the RCM involve market risk (equities, property, fixed interest
bonds), credit risk (fixed interest bonds, reinsurance, derivatives)
and persistency risk scenarios. Credit can be taken in computing the
RCM for reasonable management actions that the firm may take in
response to the RCM scenarios. For example, altering the future
investment mix of the fund assumed in the fund projections.

Before specifying the Pillar 1 minimum regulatory capital require-
ment for with profits business under the new rules, we must first define
a WPLTBF’s with profits insurance capital component (WPICC). The
WPICC is defined as the WPLTBF’s regulatory surplus (regulatory
assets less the regulatory peak) less realistic surplus (realistic assets less
the realistic peak), subject to a minimum value of zero.

The Pillar 1 minimum regulatory capital requirement for UK with
profits life insurers is then defined as the sum of

1. The LTICR, which is a slightly amended version of the old EU
minimum regulatory requirement.

2. The resilience reserve, now a capital requirement, rather than a
reserve and so renamed the resilience capital requirement.

3. The WPICC.

Apart from treating the resilience reserve as a capital requirement, the
main “innovation” in the new rules is the WPICC capital requirement.

The WPICC ensures that UK with profits Pillar 1 regulatory capital is
equal to at least the LTICR plus the resilience capital requirement. In
particular, if the realistic peak bites, meaning that regulatory surplus
exceeds realistic surplus, the WPICC ensures that the Pillar 1 regulatory
capital requirement is increased by this excess surplus amount.

The rationale for this approach is that, when equity and fixed interest
markets are performing well, the realistic peak will exceed the regulatory
peak and with profits firms will be required to hold a Pillar 1 regulatory
capital requirement that includes a positive WPICC. If, on the other
hand, markets perform poorly then the regulations will respond as the
regulatory peak will be expected to exceed the realistic peak, resulting in
a zero WPICC and so a reduced Pillar 1 regulatory capital requirement.
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In this sense, the regulations ought not to force with profits firms to sell
equities into a falling market.

It is important to note that the FSA wanted to base regulatory capital
requirements on realistic reserves, or the realistic peak only. However,
the EU minimum regulatory requirement, which is based on the regulatory
peak, and derives from EU rules, cannot be amended or replaced, until
the EU rules themselves are altered. This is expected to occur when
Solvency 2 is implemented, but this will not be for a number of years.

It is still too early to draw any conclusions as to how the new rules are
performing in practice.

Pillar 2

The FSA has introduced a Pillar 2 regulatory capital requirement, analo-
gous to Basel 2’s Pillar 2 requirement for banks. This applies to all UK
insurers, not just with profits life insurance firms. The hard capital
requirement, however, has been deferred beyond 1 January 2005 for non
life insurers.

This is to allow the non life industry time to consult and prepare for
the new requirements. It is generally recognized that UK non life insur-
ance firms are, in all likelihood, under capitalized relative to the risks
they are running and there is an expectation that non life insurers may be
required to raise fresh capital once the hard capital requirement is
implemented.

As for banks under Pillar 2 of Basel 2, insurance firms are required to
identify the major risks that they collect and, where it is appropriate to
use capital to mitigate these risks, to quantify how much capital and
what type of capital is required to cover the risks. The types of risk that
firms are required to consider include credit, market, liquidity, insurance,
securitization, concentration, capital planning and business cycle risks.
The process itself is called the Individual Capital Assessment (ICA)
process.

Firms are required to conduct stress and scenario analyses in respect
of each risk, based on their future business plans and projections.
Aggregate stress and scenario analyses over all material risks should
equate to a 99.5% capital requirement over a one year time period, or an
equivalent lower confidence period over a longer time period. The
particular models and approach to be used by firms is generally not spec-
ified. The specifics are left to be discussed and negotiated between the
firm and the FSA, with the FSA appearing to be more interested in the
process that firms follow, rather than in the technical details themselves.

Based on each firm’s ICA, the FSA will issue ICG to each firm.
Depending on the results of the ICA, the ICG may require firms to hold
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additional capital over and above their Pillar 1 minimum regulatory
capital requirement. Firm ICA and ICGs will not be disclosed publicly
and will be a private matter between the firm and the FSA, much like the
ICR process that currently operates in the UK for banks.

Pillar 3

The FSA has introduced enhanced prudential disclosure requirements
for UK with profits life insurance firms. See www.fsa.gov.uk for the
detail of these new requirements.

14.4.3 Non profit and unit linked life insurance

For non profit and unit linked life insurance firms, as the new rules are
very similar to the old rules, we describe only the new rules. In particu-
lar, the twin peaks approach for with profits life insurance business, as
described in Section 14.4.2, does not apply to non profit or unit linked
life insurance business.

Pillar 1

For non profit and unit linked life insurance firms, assets are essentially
valued at market value and liabilities, or mathematical reserves, are
valued using a realistic prospective valuation method, such as the gross
premium method, in conjunction with assumptions that contain some
element of conservatism, or prudence.

The mathematical reserves must include the value of any options,
guaranteed annuity options for example, that are granted to policyholders
under the terms of their policy. The option valuation must be on a market
consistent basis and must anticipate long term behavioral and experience
changes such as future improvements in mortality.

The Pillar 1 minimum regulatory capital requirement is then calculated
as the sum of:

1. The firm’s LTICR. As mentioned in Section 14.4.2, this is a require-
ment of EU legislation, in particular the Solvency 1 directive.

2. The firm’s resilience capital requirement. As mentioned previously,
this requirement is calculated by performing a prescribed determin-
istic stress test involving equity, fixed interest and real estate
stresses and is a requirement only in the UK. For unit linked firms
where assets and liabilities are likely to be well matched and where
the product charges that recoup the firm’s product expenses are not
capped, the resilience capital requirement should be near to zero.
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The LTICR is calculated as the sum of

1. The insurance death risk capital component. This equals a pre-
scribed percentage of a policy’s capital at risk, summed over all
policies. The capital at risk is essentially the death benefit payable
under the policy less its mathematical reserve.

2. The insurance health risk capital component. An amount similar to
the MCR, as described in 14.4.4, and summed over all policies.

3. The insurance expense risk capital component. For unit linked
business with no investment or charge guarantees, this equals 25%
of the administration expenses occurred in the previous financial
year. Otherwise a prescribed percentage, typically 1%, of mathe-
matical reserves is used, with these amounts summed over all
policies.

4. The insurance market risk capital component. This equals a
prescribed percentage of mathematical reserves, typically 3% if the
policy carries an element of investment guarantee, or 0% otherwise,
again summed over all policies.

The LTICR is again subject to a specified minimum base capital
resources requirement.

Although the LTICR seems sensible and appropriate to apply in
practice, the choice of the prescribed percentages is, we believe, quite
arbitrary.

Pillar 2

The ICA process, as described in Section 14.4.2, applies at the firm
wide level.

Pillar 3

See www.fsa.gov.uk for the detailed prudential disclosure requirements.

14.4.4 General insurance

The regulatory capital rules for general, or non life, insurers have also
been subject to significant change in the UK although, as described
below, this process is not yet complete and there remains uncertainty as
to when the full set of proposed changes will be implemented.
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Pillar 1

At present, there is a so called “hard” minimum regulatory capital
requirement (MCR), which is based on the EU Solvency 1 directive.
This directive updated the previous EU requirements, which dated back
to 1973. However these new requirements, although a slight improve-
ment over the 1973 requirements, are still considered to be too low and
risk insensitive and, at best, are a temporary measure until a fuller EU
review of insurers’ and reinsurers’ capital requirements has been
completed and implemented.

This review, Solvency 2 as described in Section 14.4.5, is not
expected to be implemented for a number of years, however. At least in
the UK, regulators are dealing with the inadequacy of the Solvency 1
MCR rules by requiring that non life insurers hold capital of a multiple,
typically two times, of the MCR.

The FSA has also proposed an enhanced regulatory requirement
(ECR) which, for the time being, is a “soft” requirement. In other words,
insurers are not required to publish their ECR, nor hold capital to match
it. They are, however, required to calculate and communicate their ECR
privately to the FSA and the FSA will use this as an input into the firm’s
ICA process and so to the Pillar 2 ICG issued to the firm by the FSA.

The ECR is designed to be more risk responsive than the MCR and to
more adequately reflect the risks that non life insurers collect. According
to the FSA, the ECR has been calibrated at the 99.5% level over a one
year time period. In other words, the ECR represents the amount of
capital that a non life insurance firm requires to survive for a one year
time period with a probability 0.995.

The FSA intends to review, by 2006, whether or not the ECR should
become a hard requirement and, if so, will consult again on the detail of
the ECR at that time. In the interim, the ECR reflects the changes that the
FSA anticipates will arise in due course from the implementation of the
EU’s Solvency 2 directive.

The MCR is calculated as the largest of the following:

1. The premiums amount. This is broadly equal to a percentage of
premiums either written, or earned, over the financial year in question.

2. The claims amount. This is broadly equal to a percentage of average
claims incurred over the previous three financial years (or seven
years for certain classes of business).

3. The brought forward amount. This is broadly equal to the previous
financial year’s MCR multiplied by the ratio of the prior year
year-end technical provisions to year-start technical provisions.
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All components are subject to various adjustments, for example
reinsurance adjustments, and the MCR is also subject to a specified min-
imum base capital resources requirement. As far as we are aware, there
is no convincing rationale available to justify this somewhat arbitrary
computation.

The ECR is calculated as the sum of

1. The asset related capital requirement. This is calculated by applying
capital requirement factors to different categories of a firm’s assets.
The requirement is designed to measure the amount of capital that a
firm should hold to cover the risk of loss if another party fails to
perform its financial obligations to the firm or from adverse
movements in the value of assets.

2. The insurance related capital requirement. This is calculated by
applying capital requirement factors to the value of the net written
premiums and the technical provisions in respect of different classes
of business. The requirement is designed to measure the amount of
capital that a firm should hold to cover inadequate premium rates, so
recognizing potential under pricing of risks, and adverse movements
in a firm’s liabilities, so recognizing potential claims and provisioning
volatilities.

Less:

The firm’s equalization provisions. At least implicitly, equalization
provisions are therefore treated as capital.

As with the MCR, there appears to be no convincing rationale available
to justify the above somewhat arbitrary computation.

Pillar 2

The ICA process, as described in Section 14.4.2 applies to non life insur-
ers at the firm wide level. As mentioned above, the FSA plan to use a
firm’s ECR as a key input into the ICG that it will issue to each firm.

Pillar 3

See www.fsa.gov.uk for the detailed prudential disclosure requirements.

14.4.5 Solvency 2

As has been mentioned above, European legislation imposes a minimum
regulatory capital requirement on all EU insurers. This minimum
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regulatory capital requirement has been described in Sections 14.4.2,
14.4.3 and 14.4.4 for insurance firms. These requirements are based on
the UK’s implementation of the EU’s Solvency 1 directive, adopted
in Europe in February 2002, and implemented in the UK during 2004 in
advance of the other regulatory capital changes planned by the FSA
at that time.

Solvency 1 updated the previous EU rules, dating back to the 1970s,
although the changes introduced were relatively minor and it is
recognized that Solvency 1 is in need of a radical overhaul. In particular,
Solvency 1 is regarded as being relatively risk insensitive and
understates the amount of capital that non life insurance firms require to
cover the risks they are collecting.

As a consequence, the EU is carrying out a fundamental review of the
regulatory capital requirement regime of the entire insurance industry
sector. This initiative is called the Solvency 2 project. Its main objective
is to establish a solvency system that is better aligned, than Solvency 1
is, to the true risks that insurers collect. However, due to the complexity
of the project and the numerous vested interests involved, a directive
implementing Solvency 2 in Europe is not expected to be agreed for
several years.

The risk based regulatory capital approach introduced by the UK’s
FSA, as described in Sections 14.4.2, 14.4.3 and 14.4.4, and which is
modeled on Basel 2, is expected to provide a good lead indicator for
Solvency 2 when it is finally implemented. Thus we can expect a three
Pillar approach, with the economic capital, or ICA process, playing a
key role.

14.4.6 Business implications

As discussed above, the UK insurance regulatory capital requirement
changes mainly affect with profits life insurance and non life insurance
firms. For the other classes of insurance firms discussed above, we do not
expect to see much change in their business environment, or prospects.

For with profits life insurance, however, we can anticipate a very large
amount of change some of which has already occurred, or is occurring,
for example

1. As the new rules require firms to reserve for the options and
guarantees embedded in their with profits business, firms have been
de-risking their balance sheets to minimize the consequent increase
in their reserves. This has been achieved and attempted, for exam-
ple, by firms introducing explicit, rather than implicit, charges to
cover the options and guarantees written in their with profits funds
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and by investing more heavily in fixed interest bonds, rather than in
equities.

2. Many with profits funds are closing to new business. The increased
regulatory capital requirements and regulatory administrative burdens
associated with such funds have persuaded certain firms that this
type of business is no longer economically viable.

3. Certain existing firms, and new specially formed firms, such as
Resolution Life, have emerged as consolidators of closed with profits
fund businesses. We can expect that these firms will continue to grow
their books of closed with profits funds over the next few years.

For general, or non life, insurance, as discussed earlier, it is expected
that certain firms may have to raise fresh capital to cover the risks they are
running. This may result in some firms withdrawing from certain busi-
ness lines to focus on others that they feel are more economically viable.

14.5 FINANCIAL GROUPS DIRECTIVE

As has been discussed earlier in this book, the formation of financial
groups with activities in the banking, investment and insurance sectors
has been a trend in the financial services industry. This has prompted
international regulators to consider the regulatory approach necessary for
containing and supervising the risks arising in such groups, or financial
conglomerates, as they are commonly termed. As a consequence, a direc-
tive covering the regulation of financial conglomerates, the Financial
Groups Directive (FGD), was published by the EC in February 2003.

Before the FGD, EU directives required financial groups to be
supervised within each of their major business sectors, by the setting of
group capital adequacy requirements. The development of financial con-
glomerates prompted the need, however, for the internationally agreed
principles described in the FGD, so helping to facilitate the effective
prudent supervision of such groups across their major business sectors.

The aim of the FGD is to introduce a new prudential regime for finan-
cial conglomerates. That is, for groups with significant activities in the
banking and investment sectors on the one hand, and insurance on the
other. The main ways in which it achieves this, and which are of most
interest to this book, are by

®  Setting out four methods of measuring financial conglomerate capi-
tal adequacy. These methods eliminate double counting of capital
and discount excessive leverage.
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®  Requiring financial conglomerates to have enough capital to meet an
overall group capital adequacy test, with the test being binding rather
than indicative.

The FGD introduces other requirements relating to supervision and to
group systems and controls, for example. However, for the purposes
of this book, we focus only on the regulatory capital requirement effects
of the FGD.

The FGD also amends existing European group prudential supervi-
sion requirements for sectoral groups: the insurance sectoral group
requirements, on the one hand, and the banking and investment sectoral
group requirements, on the other. This is to close gaps in the coverage of
these requirements. The main way in which it achieves this, and which is
of interest to this book, is by closing loopholes in the existing group-
wide capital adequacy/solvency measures to prevent double counting of
capital where a sectoral group has subsidiaries or participations in finan-
cial firms in a different sector.

The UK’s FSA implemented the directive as at 1 January 2005
and, additionally when implementing the FGD, the FSA also took the
opportunity to introduce some complementary changes, in particular,

1. The move to a hard group capital adequacy test, that must be passed
as a matter of regulatory obligation for UK insurance firms at the
level of the most senior European parent in the group and;

2. Toharmonize the existing consolidated supervision rules for investment
firms into a single set of rules.

At the time of writing, the hard group capital adequacy test has not
been adopted and is subject to further consultation. The equivalent soft
test has been retained, being the requirement to calculate the group
adequacy test, though not meet it. It is expected that the hard test will be
implemented from the end of 2006, with public disclosure of the test
result being required from the end of 2005.

14.5.1 Definition of a financial services conglomerate

Broadly speaking, a group is defined as a financial services conglomerate
if the following conditions are satisfied:

1. If the consolidated balance sheets of the financial sector firms in
the group make up at least 40% of the total group balance sheet, the
group is a financial services group.
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2. The financial services group is then a financial services
conglomerate if
B The average of (i) and (ii), as described below, below exceeds

10%:

i. The ratio of the balance sheet of the smallest financial sector
in the group to the consolidated balance sheet of the finan-
cial sectors in the group, and;

ii. The ratio of the regulatory capital requirement of the
smallest financial sector in the group to the total regulatory
capital requirements of all of the financial sectors in the
group.

B or, if the balance sheet of the smallest financial sector in the
group exceeds six billion euros.

For the purposes of threshold test 2 above, the cross sector threshold
test, the financial sectors to be considered are either the insurance sector,
on the one hand, or the combined banking and investment sector, on the
other.

Specific details on how to carry out these tests in practice is given in
the FSA’s handbook which can be found on the FSA’s website
www.fsa.gov.uk.

14.5.2 Calculating regulatory capital for a
financial services conglomerate

The FGD allows one of four different calculation methods to be used to
determine the regulatory capital requirement at the top firm level in a
financial services conglomerate. The FSA’s implementation of the FGD
uses method 4, which requires a financial services conglomerate to cal-
culate its regulatory capital requirement according to the sectoral rules
for the type of conglomerate that it is.

For example, a building society conglomerate will use the building
society sectoral rules and an insurance conglomerate will use the insur-
ance sectoral rules, and so on. In practice, method 4 is a mixture of all of
the other 3 methods involving the “Accounting Consolidation Method”,
the “Deduction and Aggregation Method” and the “Book Value/
Requirement Method”. See the relevant part of the FSA’s handbook on
its website www.fsa.gov.uk.

The rules for deciding which type of conglomerate a financial services
conglomerate is, are similar to threshold test 2 as described in
Section 14.5.1. Again, the precise details can be found in the relevant
part of the FSA’s handbook on its website www.fsa.gov.uk.
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14.5.3 Main implications

The main implications of the FGD in the UK are felt by insurance firms
as the changes affecting banks and investment firms are relatively minor.

First, insurance firms are no longer able to include the market value of
investments in related banks, investment firms and financial institutions
in calculating their own capital adequacy position. In practice, therefore,
only surplus assets relative to regulatory capital requirements in cross-
sectoral related firms now count towards a group’s capital adequacy
computation. For certain insurance firms, therefore, available capital at
the group level will reduce. Second, and exacerbating this problem, once
the hard group capital adequacy test is implemented, certain insurance
firms may need to raise fresh capital to meet it.

In either case, the effect of the FGD, for certain insurance firms, is to
reduce their capital adequacy at the group level.

14.6 ACCOUNTING CHANGES

At present, there is a huge amount of change occurring in the way that
financial services firms, and conglomerates, prepare and present their
financial statements. In particular, from 1 January 2005, a set of interna-
tional financial reporting standards (IFRS), promulgated by the IASB,
came into force for all listed firms in all member countries of the EU and
in many other countries around the world. This is a key milestone for the
IASB in their journey towards global harmonization of IFRS and which
affects all firms, not just financial services firms.

IFRS will aim to value both assets and liabilities on the balance sheets
of financial services firms at fair, or market, value. One consequence of
this approach is that the volatility of a firm’s profit and loss account is
expected to increase.

Our approach to economic capital, as articulated in this book, is
independent of the accounting approach adopted by the firm. In particu-
lar, economic capital is based on a firm’s realistic balance sheet, where
assets and liabilities are valued as realistically as possible using the
actual cashflows generated by those assets and liabilities, with no
artificial adjustments.

However, if a firm’s regulatory capital requirement, or the value of its
eligible Tier 1 or Tier capital depends on the accounts of the firm, then
IFRS will clearly have an impact on a firm’s published financial
strength. At this stage, in the very early years of implementation of
IFRS, it is not yet clear exactly what these effects might be and the



(288) ECONOMIC CAPITAL AND FINANCIAL RISK MANAGEMENT

situation is complicated by potential interactions between IFRS and
other new legislation such as the FGD and Basel 2 for banks.

An important advantage of our economic capital approach is that it is
independent of accounting rules. This is obviously highly desirable
as the amount of capital that a firm requires to hold to cover the risks it
is running should not depend on the way that the firm accounts for its
business.

14.7 SUMMARY

In this chapter we have given a description of some of the regulatory
change that is currently ongoing for financial services firms and con-
glomerates. As described, we are seeing a move towards the use of more
generic methods and principles that are applicable across the range of
financial services firms and risk types and more modern financial risk
management tools are also starting to be used and applied by regulators.

As our financial services firm applications in previous chapters have
shown, it may always be too much to expect that simplistic formulaic
approaches to financial services firm regulatory capital will always pro-
vide good approximations to economic capital. In particular, as financial
services products and markets evolve and become increasingly complex,
it is inevitable that such formulaic approaches will become dated and
less accurate with the passage of time.

Economic capital, as described in this book, is therefore of crucial
importance in assisting both firms and regulators in understanding how
much capital is required to back the risks that firms are running. A key
advantage of the approach to economic capital advocated here is that it
is independent of financial services firm rules and regulations, particularly
accounting rules.



g CHAPTER 15 1D

Summary and
Conclusions

In this book we have introduced and discussed economic capital and
financial risk management for financial services firms and conglomer-
ates. A feature of the book is that we have considered a very broad
spectrum of financial services businesses, from retail banking and non
life insurance at the short end of the risk duration spectrum, to with
profits life insurance and pensions at the longer end. The tools and meth-
ods that we have developed are, we believe, applicable across this entire
risk spectrum and are also appropriate for all types of risks that are
collected by financial services firms.

Our view is that economic capital should be at the heart of how
financial services conglomerates and firms are managed. Hopefully our
practical examples support this. This is both from capital and finance
perspectives, as well as from a risk management perspective.

Forthcoming regulatory change, specifically Basel 2 for banks, and
Solvency 2 for insurers, both propose that economic capital should be cen-
tral to how firms manage their businesses, and to how regulators set regu-
latory capital requirements. The regulatory capital use will, in particular,
we believe help to reduce the amount of regulatory capital arbitrage that is
present in financial services markets, so increasing the efficiency of these
markets.

We conclude by stating our hope that

®  Both firms, and financial services practitioners, will find this book to
be of some interest and assistance in helping them to manage their
businesses more effectively, and;

®  Researchers may be motivated by the practical problems presented
here to develop new and improved ideas and methodologies relating
to economic capital and the financial risk management of financial
services conglomerates.
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Appendix 7.1  Correlation Matrix of the s
Response
variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 1.0000 0.1000 0.3000 0.6000 0.3600 0.2160 0.2160 0.1296 0.3600 0.1000 0.3000 0.6000 0.3000 0.0300 0.0900 0.1800 0.1080 0.0648 0.0648 0.0389 0.1080
2 0.1000 1.0000 0.0300 0.0600 0.0360 0.0216 0.0216 0.0130 0.0360 0.0100 0.0300 0.0600 0.0300 0.0030 0.0090 0.0180 0.0108 0.0065 0.0065 0.0039 0.0108
3 0.3000 0.0300 1.0000 0.1800 0.1080 0.0648 0.0648 0.0389 0.1080 0.0300 0.0900 0.1800 0.0900 0.0090 0.0270 0.0540 0.0324 0.0194 0.0194 0.0117 0.0324
4 0.6000 0.0600 0.1800 1.0000 0.6000 0.3600 0.3600 0.2160 0.6000 0.0600 0.1800 0.3600 0.1800 0.0180 0.0540 0.1080 0.0648 0.0389 0.0389 0.0233 0.0648
5 0.3600 0.0360 0.1080 0.6000 1.0000 0.6000 0.6000 0.3600 0.3600 0.0360 0.1080 0.2160 0.1080 0.0108 0.0324 0.0648 0.0389 0.0233 0.0233 0.0140 0.0389
6 0.2160 0.0216 0.0648 0.3600 0.6000 1.0000 0.3600 0.2160 0.2160 0.0216 0.0648 0.1296 0.0648 0.0065 0.0194 0.0389 0.0233 0.0140 0.0140 0.0084 0.0233
7 0.2160 0.0216 0.0648 0.3600 0.6000 0.3600 1.0000 0.6000 0.2160 0.0216 0.0648 0.1296 0.0648 0.0065 0.0194 0.0389 0.0233 0.0140 0.0140 0.0084 0.0233
8 0.1296 0.0130 0.0389 0.2160 0.3600 0.2160 0.6000 1.0000 0.1296 0.0130 0.0389 0.0778 0.0389 0.0039 0.0117 0.0233 0.0140 0.0084 0.0084 0.0050 0.0140
9 0.3600 0.0360 0.1080 0.6000 0.3600 0.2160 0.2160 0.1296 1.0000 0.0360 0.1080 0.2160 0.1080 0.0108 0.0324 0.0648 0.0389 0.0233 0.0233 0.0140 0.0389
10 0.1000 0.0100 0.0300 0.0600 0.0360 0.0216 0.0216 0.0130 0.0360 1.0000 0.0300 0.0600 0.0300 0.0030 0.0090 0.0180 0.0108 0.0065 0.0065 0.0039 0.0108
m 0.3000 0.0300 0.0900 0.1800 0.1080 0.0648 0.0648 0.0389 0.1080 0.0300 1.0000 0.1800 0.0900 0.0090 0.0270 0.0540 0.0324 0.0194 0.0194 0.0117 0.0324
12 0.6000 0.0600 0.1800 0.3600 0.2160 0.1296 0.1296 0.0778 0.2160 0.0600 0.1800 1.0000 0.6000 0.0600 0.1800 0.3600 0.2160 0.1296 0.1296 0.0778 0.2160
13 0.3000 0.0300 0.0900 0.1800 0.1080 0.0648 0.0648 0.0389 0.1080 0.0300 0.0900 0.6000 1.0000 0.1000 0.3000 0.6000 0.3600 0.2160 0.2160 0.1296 0.3600
14 0.0300 0.0030 0.0090 0.0180 0.0108 0.0065 0.0065 0.0039 0.0108 0.0030 0.0090 0.0600 0.1000 1.0000 0.0300 0.0600 0.0360 0.0216 0.0216 0.0130 0.0360
15 0.0900 0.0090 0.0270 0.0540 0.0324 0.0194 0.0194 0.0117 0.0324 0.0090 0.0270 0.1800 0.3000 0.0300 1.0000 0.1800 0.1080 0.0648 0.0648 0.0389 0.1080
16 0.1800 0.0180 0.0540 0.1080 0.0648 0.0389 0.0389 0.0233 0.0648 0.0180 0.0540 0.3600 0.6000 0.0600 0.1800 1.0000 0.6000 0.3600 0.3600 0.2160 0.6000
17 0.1080 0.0108 0.0324 0.0648 0.0389 0.0233 0.0233 0.0140 0.0389 0.0108 0.0324 0.2160 0.3600 0.0360 0.1080 0.6000 1.0000 0.6000 0.6000 0.3600 0.3600
18 0.0648 0.0065 0.0194 0.0389 0.0233 0.0140 0.0140 0.0084 0.0233 0.0065 0.0194 0.1296 0.2160 0.0216 0.0648 0.3600 0.6000 1.0000 0.3600 0.2160 0.2160
19 0.0648 0.0065 0.0194 0.0389 0.0233 0.0140 0.0140 0.0084 0.0233 0.0065 0.0194 0.1296 0.2160 0.0216 0.0648 0.3600 0.6000 0.3600 1.0000 0.6000 0.2160
20 0.0389 0.0039 0.0117 0.0233 0.0140 0.0084 0.0084 0.0050 0.0140 0.0039 0.0117 0.0778 0.1296 0.0130 0.0389 0.2160 0.3600 0.2160 0.6000 1.0000 0.1296
21 0.1080 0.0108 0.0324 0.0648 0.0389 0.0233 0.0233 0.0140 0.0389 0.0108 0.0324 0.2160 0.3600 0.0360 0.1080 0.6000 0.3600 0.2160 0.2160 0.1296 1.0000

(Lez)



Appendix 7.1 Inverse Correlation Matrix of the es

Response

variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 2.3569 —0.1010 —0.3297 —0.9375 0.0000 0.0000 0.0000 0.0000 0.0000-—-0.1010—0.3297—-1.0345 0.1478 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 —0.1010 1.0101 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 —0.3297 0.0000 1.0989 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
4 —0.9375 0.0000 0.0000 2.6875 —0.9375 0.0000 0.0000 0.0000 —0.9375 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
5 0.0000 0.0000 0.0000 —0.9375 2.6875 —0.9375 —0.9375 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
6 0.0000 0.0000 0.0000 0.0000 —0.9375 1.5625 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
7 0.0000 0.0000 0.0000 0.0000 —0.9375 0.0000 2.1250—-0.9375 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 —0.9375 1.5625 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
9 0.0000 0.0000 0.0000 —0.9375 0.0000 0.0000 0.0000 0.0000 1.5625 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
10 —0.1010 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0101 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1 —0.3297 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0989 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
12 —1.0345 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 2.2414 —1.0345 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
13 0.1478 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000—1.0345 22479 —0.1010 —0.3297 —0.9375 0.0000 0.0000 0.0000 0.0000 0.0000
14 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 —0.1010 1.0101 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 —0.3297 0.0000 1.0989 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
16 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000—0.9375 0.0000 0.0000 2.6875 —0.9375 0.0000 0.0000 0.0000 —0.9375
17 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 —0.9375 2.6875 —0.9375 —0.9375 0.0000 0.0000
18 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 —0.9375 1.5625 0.0000 0.0000 0.0000
19 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 —0.9375 0.0000 2.1250 —0.9375  0.0000
20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000—0.9375 15625 0.0000
21 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 —0.9375 0.0000 0.0000 0.0000 0.0000 1.5625

(c6T)
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Appendix 8.1

Deterministic Retail Mortgage Bank Example

Economic assumptions

Risk discount rate

Corporate tax rate

10%, representing a margin of 5.0% over medium
term UK government bond yields. This margin is
taken as we are of the view that the deterministic
stresses considered in the example may not
necessarily model all of the risks that the
mortgage bank is running.

30%

Mortgage product economic capital assumptions

Average loan size
Average term
Interest only/capital
repayment mix

Standard variable rate
1 year discount
Redemption penalty

Flexible features

Variable initial expense
Expected credit risk losses

Fixed expenses

Fixed expense inflation

Annual prepayment rates

Basel 1 Pillar 1 regulatory
capital requirement
Basel 2 Pillar 1 regulatory
capital requirement

£100,000
20 years
50%/50%

Pricing 1: 5.0%

Pricing 2: 5.25%

1.0% deduction from standard variable rate
4 months interest in year 1

Yes

0.5% of initial loan

0.20% p.a. (i.e.a probability of default of 1% and
loss given default of 20%)

£300 (acquisition), £50 p.a. (maintenance), £100
(closure)

2%, as implied by index linked yields at the time
of writing

10% of balance outstanding
4% of loan outstanding

Advanced internal ratings based approach for the
retail credit risk capital requirement, where the
probabilities of default and loss given defaults, as
described above, are used. The operational risk
capital requirement is calculated using the
standardized approach and is based on the net
interest income earned on the loan at each
duration, gross of expenses.

Continued
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Appendix 8.1 Continued

Capital structure 100% Tier 1 capital
The Tier 1 capital is assumed to be invested in
cash
Achieved pricing rate of Pricing Basis 1: 12% on the Basel 1 Pillar 1
return on Tier 1 capital regulatory capital requirement
(post-tax) Pricing Basis 2: 16% on the Basel 1 Pillar 1

regulatory capital requirement

Duration at which economic 1 month into the mortgage
capital is calculated

Savings product economic capital assumptions

Average savings balance £10,000

Cost of retail funding Pricing 1: To achieve an interest rate margin of
1.25%
Pricing 2:To achieve an interest rate margin of
1.50%

Fixed expenses £100 (acquisition), £25 p.a.(maintenance), £15
(closure), all net of tax relief at 30%

Fixed expense inflation 2%, as implied by index linked yields at the
time of writing

Annual withdrawal rates 10% of balance outstanding

Duration at which economic 1 month into the savings account

capital is calculated

Appendix 8.2 Stochastic Retail Mortgage Bank Example

Economic assumptions

Risk discount rate The short term UK cash yield as generated by
the stochastic model, parameterized
according to Table 7.11

Corporate tax rate 30%

Mortgage product economic capital assumptions

Average loan size £100,000

Loan to value percentage 100%

Average term 20 years

Interest only/capital Each is modeled separately in the examples

repayment mix

Continued
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Appendix 8.2 Continued

Standard variable rate As generated by the stochastic model
1 year discount 1.0% deduction from standard variable rate
Redemption penalty 2.5% of the loan outstanding at that duration

within the first 12 months.No penalty is levied
beyond the first 12 months

Flexible features No

Cost of funding The short term UK cash yield as generated by
the stochastic model plus 0.1%

Expected credit risk losses Loss given repossession (LGR) is calculated as:

LGR = (loan outstanding) — (property value) X
0.95, if positive, and zero otherwise.

Selling costs and late interest are assumed to
amount to 5% of the value of the property on
repossession.

The property value is estimated as its starting
value increased in line with UK HPI, as
generated by the stochastic model.
Expected and high probabilities of
repossession

(PR) are assumed as follows:

Expected PR = 0.0025 p.a.

High PR = 0.005 p.a.

High PRs are used if the standard variable
rate, as generated by the stochastic model,
exceeds its unconditional expected value
plus twice its unconditional standard
deviation, as shown in Table 7.11, or

if LGR > 1% of the property value at that
duration.

In other words, High PRs are used if either
mortgage rates are high, or if a loss of

at least 1% of the property value would

be made on repossessing and selling

the property.

For defaults, it is assumed that 1 in 5 defaults
lead to a repossession and loss given
defaults are, on average, 1/5th of loss given
repossessions. These default probabilities
and losses are then used to compute the

Continued
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Fixed expenses

Fixed expense inflation
Variable initial expense
Annual prepayment rates

Pillar 1 regulatory capital
requirement

Capital structure

Achieved pricing rate of return
onTier 1 capital (post-tax)

Duration at which economic
capital is calculated

Basel 2 Pillar 1 credit risk capital
requirement.

£300 (acquisition), £50 p.a.(maintenance), £100
(closure)

UK RPI as generated by the stochastic model.
0.5% of initial loan

Two prepayment rate series are used:
Expected: 1%, 25%, 15%, 12.5% and

10% p.a. of the loan outstanding at durations
1,2,3,4,and > = 5 years

High: 1%, 50%, 20%, 15% and 10% p.a. of the
loan outstanding at durations 1,2, 3,4, and

> = 5years.

Expected lapse rates are used unless the
standard variable rate, as generated by

the stochastic model, is larger than its
unconditional expected value plus twice its
unconditional standard deviation as shown
in Table 7.11.In other words, high standard
variable rates are a cause of high

prepayment rates.

Basel 1:4% of loan outstanding

Basel 2: Advanced internal ratings based
approach for the retail credit risk capital
requirement, where the probabilities of default
and loss given defaults, as described above, are
used.The operational risk capital requirement is
calculated using the standardized approach
and is based on the net interest income
earned on the loan at each duration, gross of
expenses.

100% Tier 1 capital

The Tier 1 capital is assumed to be invested in
cash, so earning the short term UK cash yield as
generated by the stochastic model,
parameterized according to Table 7.11.

As calculated under each run of the
stochastic model

All durations
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Appendix 8.3 Stochastic Lifetime Mortgage Firm Example

Economic assumptions

Risk discount rate

Corporate tax rate

The short term UK cash yield as generated
by the stochastic model, parameterized
according to Table 7.11.

30%.

Lifetime mortgage product economic capital assumptions

Average property value at
inception

Loan to value percentage
Customer profile

Fixed interest rate payable
Redemption penalty

Cost of funding

Variable initial expense
Fixed expenses
Fixed expense inflation
Customer fees

No negative equity guarantee
insurance

Annual aggregate LTC/
prepayment rates

£250,000

30%
Male aged 75
Female aged 75

7.0% p.a.or as specified in the text

5.0%, 4.0%, 3.0%, 2.0% and 1.0% of the initial
loaninyears 1,2, 3,4 and 5 respectively.No
further penalties beyond the first 5 years.

The short term UK cash yield, as generated by
the stochastic model, plus 0.75%

1.0% of initial loan

£500 (acquisition), £25 p.a.(maintenance),
£200 (closure)

UK RPI as generated by the stochastic model

£500 arrangement fee

On termination of the mortgage, customers, or
their estate, never owe more than the lower of
1. The loan plus accrued interest
2. The value of the property, less selling
expenses of 5% of the property value
Here, the value of the property at termination is
estimated as its starting value, increased in line
with UK HPI, as generated by the stochastic
model.
Costs incurred as a result of the no negative
equity guarantee biting are met by the firm.

Two prepayment rate series are used:
Expected: 1%, 2%, 3%, 4%, 5% and 10% p.a.
of the loans outstanding at durations
1,2,3,4,5and > = 6 years.

Continued
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Appendix 8.3 Continued

Mortality base tables and
stochastic improvement
factors

High: 1%, 2%, 3%, 4%, 5% and 20% p.a. of the
loans outstanding at durations 1, 2, 3,4, 5 and
> = 6 years.

Expected lapse rates are used unless the
short term UK cash yield, as generated by the
stochastic model, is smaller than its
unconditional expected value

less twice its unconditional standard deviation
as shown in Table 7.11.

In other words, low short term UK cash

yields are a cause of high prepayment rates.
This is because, when short term UK cash
yields are low, it is assumed that new
products come onto the market

at a cheaper price than the current product.
Base mortality tables: PMA92Base, PFA92Base
projected forward to 2005 using the
published mortality improvement factors

for these tables. See Continuous Mortality
Investigation Bureau Report 17,Part 6
(www.actuaries.org.uk).

Improvement factors are assumed to be
Normally distributed with the following
expectations and standard deviations.

Male low expected improvement factors (u): 3%
p.a.in year 1 of the projection, increasing by
0.25% p.a.for each subsequent year in the
projection, up to an upper limit of 5% p.a.This
upper limit is assumed to apply thereafter once
itis reached.

Male “cohort” expected improvement

factors (u): 5% p.a.in year 1 of the projection,
increasing by 0.25% p.a. for each subsequent
year in the projection, up to an upper limit of
7.5% p.a.This upper limit is assumed to apply
thereafter once it is reached.

Male improvement factor standard deviation
(0):0.5%.

Female low expected improvement factors (w):
2.25% p.a.in year 1 of the projection,
increasing by 0.25% p.a.for each subsequent

Continued
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Appendix 8.3 Continued

Pillar 1 regulatory capital
requirement
Capital structure

Achieved pricing rate of return
onTier 1 capital (post-tax)
Duration at which economic
capital is calculated

year in the projection, up to an upper limit of
5% p.a.This upper limit is assumed to apply
thereafter once it is reached.

Female“cohort” expected improvement factors
(w):4.25% p.a.in year 1 of the projection,
increasing by 0.25% p.a. for each subsequent
year in the projection, up to an upper limit

of 7.5% p.a.This upper limit is assumed to
apply thereafter once it is reached.

Female improvement factor standard deviation
(0):0.5%.

1% of loan outstanding plus accrued interest

100% Tier 1 capital

The Tier 1 capital is assumed to be invested in
cash, so earning the short term UK cash yield, as
generated by the stochastic model,
parameterized according to Table 7.11.

As calculated under each run of the
stochastic model.

All durations

Appendix 9.1 Deterministic Annuity Life Insurance Firm Example

Economic assumptions

Risk discount rate

Medium term UK government
bond yield

Medium term UK corporate
bond yield

10%, representing a margin of 5.25% over
medium term UK government bond yields.This
margin is taken as we are of the view that the
deterministic stresses considered in the
example may not necessarily model all

of the risks that the annuity life insurance
firm is running.

4.75%

5.0%

Continued
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Appendix 9.1 Continued

Term of medium term UK
corporate bond assets backing

the annuity business
Corporate tax rate

10 years

30%

Annuity product economic capital assumptions

Average single premium size

Annuity income
Mix of business

Mortality tables

Mortality improvement
factors

Variable initial expense
Fixed expenses

Fixed expense inflation

Mathematical reserving
method and realistic
reserving method
Mathematical reserving
assumptions

Realistic reserving
assumptions

Long term insurance capital

requirement (LTICR)

Resilience capital requirement

Pillar 1 regulatory capital
requirement
Capital structure

£250,000

Level

50% single life males aged 65, 50% single life
females aged 60

PMA92Base, PFA92Base

These are the most recent pensioner annuitant
tables that are available from the Continuous
Mortality Investigation Bureau
(www.actuaries.org.uk)

Continuous Mortality Investigation Report 17,
Part 6 (www.actuaries.org.uk)

1% of the single premium

£500 (acquisition), £25 p.a. (maintenance)

2%, as implied by index linked yields at the
time of writing

Realistic/gross premium

Economic capital assumptions with a
valuation rate of interest equal to the
medium term UK government bond yield.
Economic capital assumptions with a
valuation rate of interest equal to the
medium term UK corporate bond yield.
4% of mathematical reserves

The additional asset/liability mismatch
reserve required to cover a fall in medium
term UK corporate bond yields from

5% to 3%.

The long term insurance capital requirement
plus the resilience capital requirement.

100% Tier 1 capital

The Tier 1 capital is assumed to be invested in
medium term UK government bonds.

Continued
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Appendix 9.1

Continued

Achieved pricing rate of
return on Tier 1 capital

Duration at which economic
capital is calculated

Pricing Basis 1:5% on Pricing Capital 1
Pricing Basis 2: 10% on Pricing Capital 1
Pricing Basis 3: 10% on Pricing Capital 2
1 month into the annuity

Appendix 9.2 Stochastic Annuity Life Insurance Firm Example

Economic assumptions

Risk discount rate

Asset mix of non profit
long term business fund
(NPLTBF)

Long term UK corporate bond
gross yield

Long term UK government
bond yield

UK equity earnings/dividend
growth rate and dividend
yield

Term of long term UK
corporate bond assets
backing the annuity

Corporate tax rate

The short term UK cash yield as generated by

the stochastic model, parameterized according

toTable 7.11.

100% in long term UK corporate bonds

Scenarios are also run with the NPLTBF
invested 100% in long term UK government
bonds, or 100% in UK equities.

The long term UK corporate bond yield, as

generated by the stochastic model,
parameterized according to Table 7.11.

The long term UK government bond yield, as

generated by the stochastic model,
parameterized according to Table 7.11.

The growth rate and dividend yield, as

generated by the stochastic model,
parameterized according to Table 7.11.

15 years

At the end of each month, assets are sold and
reinvested in corporate bonds of duration 15

years, at the yield prevailing at the end of the
month.

30%

Annuity economic capital assumptions

Average single premium size
Annuity income
Mix of business

£250,000

Level

Joint life last survivor annuity for a male aged
65 and female aged 65

Continued



(302)

Appendix 9.2 Continued

Mortality Base mortality tables:PMA92Base,
PFA92Base projected forward to 2005 using the
published mortality improvement factors for
these tables. See Continuous Mortality
Investigation Bureau Report 17,Part 6
(www.actuaries.org.uk).

Stochastic mortality Improvement factors are assumed to be

improvement factors Normally distributed with the following
expectations and standard deviations
Male low expected improvement factors (w):
3% p.a.in year 1 of the projection, increasing
by 0.25% p.a.for each subsequent year in the
projection, up to an upper limit of 5% p.a.This
upper limit is assumed to apply thereafter once
it is reached.
Male “cohort” expected improvement factors
(n):5% p.a.in year 1 of the projection,
increasing by 0.25% p.a.for each subsequent
year in the projection, up to an upper limit of
7.5% p.a.This upper limit is assumed to apply
thereafter once it is reached.
Male improvement factor standard deviation
(0):0.5%.
Female low expected improvement factors (w):
2.25% p.a.in year 1 of the projection,
increasing by 0.25% p.a. for each subsequent
year in the projection, up to an upper limit of
5% p.a.This upper limit is assumed to apply
thereafter once it is reached.
Female “cohort” expected improvement factors
(w):4.25% p.a.in year 1 of the projection,
increasing by 0.25% p.a. for each subsequent
year in the projection, up to an upper limit of
7.5% p.a.This upper limit is assumed to apply
thereafter once it is reached.
Female improvement factor standard deviation

(0):0.5%.
Long term UK corporate The credit risk losses that we have assumed
bond modeled credit risk are as follows:

Low corporate bond yield scenario: An annual
probability of default equal to 0.5% p.a.and a

Continued
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Variable initial expense
Fixed expenses
Fixed expense inflation

Realistic and mathematical
reserving method
Realistic reserving assumptions

loss given default of 25%, giving a
conditional expected credit risk loss of
0.125% p.a.

High corporate bond yield scenario: An annual
probability of default equal to 2.5% p.a.and a
loss given default of 75%, giving a conditional
expected credit risk loss of 1.8750% p.a.

High corporate bond scenarios are assumed to
occur when the corporate bond yield exceeds
its unconditional 90th percentile, according
to the parameterization set out in Table 7.11.
In other words, high corporate bond yield
scenarios happen with probability 10%.

This gives an overall unconditional

expected credit risk loss of 0.30% p.a.

As the unconditional expected yield differential
between long term UK corporate bonds and
long term UK government bonds, according to
the parameterization set out in Table 7.11, is
0.50% p.a., we have assumed that 0.30% p.a. is
due to corporate bond expected credit risk
losses, and the remaining 0.20% p.a.is due to
the inferior liquidity of the corporate bonds.

1% of the single premium
£500 (acquisition), £25 p.a. (maintenance)
UK RPI as generated by the stochastic model

Realistic/gross premium

The realistic reserve at each time point is
calculated as follows:

Annuity cash flows are projected using the
values generated by the stochastic model. At
each time point, the values generated by the
stochastic model, and annuity cash flows, are
projected forward deterministically using the
expected values assumed in the stochastic
model.

The risk discount rate used for each time point
going forward is the long term UK corporate
bond yield as generated by the stochastic

Continued
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Mathematical reserving
assumptions

Long term insurance capital
requirement (LTICR)
Resilience capital requirement

model at that time point, less 0.30% to cover
unconditional credit risk losses.

If the NPLTBF is backed by long term UK
government bonds, the risk discount rate used
from each time point forward is the long term
UK government bond yield, as generated by
the stochastic model at that time point.

If the NPLTBF is backed by UK equities, the
risk discount used from that time point forward
is the annualized expected return on equitities
implied by the UK equity earings/dividend
growth rate and UK equiity dividend yield, as
generated by the stochastic model at that
time point.

The mathematical reserve at each time point
is calculated as for realistic reserves except that:
If the NPLTBF is backed by long term UK
corporate bonds or long term UK government
bonds, the risk discount rate used from that
time point going forward is the long term UK
government bond yield, as generated by the
stochastic model at that time point.

If the NPLTBF is backed by UK equities, the
risk discount used from that time point
forward is the UK equity dividend yield, as
generated by the stochastic model at that
time point.

4% of mathematical reserves

If the NPLTBF is backed by either long term
UK corporate bonds, or long term UK
government bonds, the additional
asset/liability mismatch reserve needed to
cover a 1.5% parallel shift in the yield curve,
upwards or downwards, whichever requires
the larger reserve.

If the NPLTBF is backed by UK equities, the
additional asset/liability mismatch reserve
needed to cover a 25% fall in the market value
of equities. Tapering, or dampening,
adjustments are ignored.

Continued
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Pillar 1 regulatory capital
requirement

Capital structure

Duration at which economic
capital is calculated

The Pillar 1 regulatory capital requirement is
calculated as
1. The long term insurance capital
requirement
2. The resilience capital requirement
3. The mathematical reserve less the
realistic reserve at each time point,
provided this difference is positive, or zero
otherwise.This difference represents
the margin for prudence implicit in
the mathematical reserves.
100% Tier 1 capital
The Tier 1 capital is assumed to be invested in
cash, so earning the short term UK cash yield as
generated by the stochastic model,
parameterized according to Table 7.11.
All durations

Appendix 9.3 Stochastic United Linked Life Insurance Firm Example

Economic assumptions

Risk discount rate

Asset mix in which life insurance
premiums are invested

UK equity returns

US equity returns

$/£ exchange rate

Corporate tax rate

The short term UK cash yield, as generated by
the stochastic model, parameterized according
toTable 7.11.

50% in UK equities and 50% in US equities,
with all dividend income reinvested as it
emerges, into the fund from which it was
earned.

UK equity earnings/dividend growth rates
and UK equity dividend yields, as generated
by the stochastic model, parameterized
according to Table 7.11.

US equity earnings/dividend growth rates
and US equity dividend yields, as generated
by the stochastic model, parameterized
according to Table 7.11.

As generated by the stochastic model,
parameterized according to Table 7.11.

30%

Continued
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Unit linked life insurance product economic capital assumptions

Age/sex

Premium size

Term of product

Unit linked charging structure

Fixed expenses
Fixed expense inflation
Variable expenses

Investment management
expenses

Underwriting

Mortality

Death benefit

Regular premium surrender
rates

Surrender value
Maturity value
Mathematical reserves

Male/35

£250 per month

25 years

Bid offer spread of 5% on premiums invested
and annual fund management charge of
0.5% p.a.

Mortality charges are deducted from the
customer’s unit linked fund each month based
on the customer’s sum at risk (the sum assured
less the unit linked fund, if positive, and zero
otherwise) and expected mortality experience,
as described below.

These charges are guaranteed to apply
throughout the term of the product.

£500 initial, £50 per annum on maintenance
UK RPI as generated by the stochastic model
5.0% of premiums in the first 5 years and 2.5%
thereafter.

0.25% p.a.on assets under management

Fully underwritten with standard medical
evidence.

90% of AM92 (see Continuous Mortality
Investigation Report 19, www.actuaries. org.uk)
The greater of a sum assured of £50,000 and the
customer’s unit linked fund

Expected lapse rate scenario: 5% p.a.

High lapse rate scenario: 10% p.a.

Expected lapse rates are used unless if, in any
month, UK or US stock markets, as generated
by the stochastic model, fall by more than 5%.
In that case, the high lapse rate scenario is used
in the following month.

The customer’s unit linked fund

The customer’s unit linked fund

The customer’s unit linked fund

No sterling reserve is required as the unit linked
product expected charges are adequate to
cover all expected expenses.

Continued
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Pillar 1 regulatory capital The long term insurance capital requirement,
requirement which equals 0.3% of each policy’s sum at risk
plus 1% of mathematical reserves.
The resilience capital requirement is assumed to
be zero as assets and liabilities are matched.
Capital structure 100% Tier 1 capital
The Tier 1 capital is assumed to be invested in
cash, so earning the short term UK cash yield,
as generated by the stochastic model,
parameterized according to Table 7.11.
Duration at which economic All durations
capital is calculated

Appendix 9.4 Stochastic General Insurance Firm Example

Economic assumptions
Risk discount rate The short term UK cash yield, as generated by
the stochastic model, parameterized according
toTable 7.11.
Asset mix in which general Short term UK cash, with yields as generated
insurance premiums are by the stochastic model, parameterized
invested according to Table 7.11.
Corporate tax rate 30%

Buildings insurance product economic capital assumptions

Initial size of portfolio 1 million policies

Premium size £50 per policy month

Premium escalation Increased in line with UK HPI as generated by
the stochastic model

Amount insured 100% of the value of the property

Term of product 10 years

Increase in value of the Initial property value increased in line with UK

property HPI, as generated by the stochastic model

Claim incidence distribution Let the random variable P denote the

probability of a claim.

Let g denote the probability of a catastrophe,
where g = 0.000025 per month.

The probability P of a claim, given that a
catastrophe has not occurred, is assumed to
equal P =r = 0.0001 per month.

Continued
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Claim amount distribution

Fixed expenses per policy
Fixed expense inflation
Variable expenses

The probability P of a claim, given that a
catastrophe has occurred, is assumed to
equal P = s = 1.0 per month.

It then follows that:

E(P) = (1—qg)*r+q

E(P?) = (1—q)*r’+q

Var(P) = E(P?) — E(P)?

For a portfolio of m policies at the start

of a month, conditional on whether or not a
catastrophe has occurred, the number of claims
occurring in the month, N, is distributed as
Binomial (m, s) or Binomial (m, r).

Given that N claims have occurred in a
particular month, the total claim amount for
that month equals S = C; + .-+ + C, where C;
represents the jth claim and is log normally
distributed LN(u, 0?) independently of the
other claims, increased in line with UK HPI as
generated by the stochastic model.

The lognormal distribution is therefore used to
model the distribution of house values in the
portfolio of m policies.

The mean and variance of a log normally
distributed LN(u, 02) random variable

are as follows:

E(C) = exp(u + 0?/2)

Var(C) = exp(u + 202 — expu + o)

With u = 12 and o = 0.3, the mean house value
in the portfolio equals around £170,250 and the
house value standard deviation equals £52,250.

The expected total claim amount in each
month,ignoring HPI, can then be expressed as:
mE(C)E(P)

The variance of the total claim amount in each
month, ignoring HPI, can then also be
expressed in closed form as:

E(C)?’m?2Var(P) + Var(C)mE(P)

£200 initial, £2 per month on maintenance
UK RPI as generated by the stochastic model
10.0% of premiums

Continued
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Regular premium lapse rates
Surrender value
Maturity value

General insurance technical
provision

Pillar 1 regulatory capital
requirement

Capital structure

Duration at which economic
capital is calculated

10% p.a.
None
None

The annual expected claim at each duration.

At each duration, the larger of the Minimum
Capital Requirement which, itself equals the
larger of
1. 18% of premiums received in

the previous year, or;
2. 26% of average annual claims incurred

in the previous 3 years.

Or the Enhanced Capital Requirement

1. 10% of premiums received in the
previous year, plus;

2. 10% of the technical provision, plus;

3. 0% of the value of the assets backing the
technical provisions.

For the purpose of this calculation, the technical
provision is calculated as the expected annual
claim at each duration.

100% Tier 1 capital.

The Tier 1 capital is assumed to be invested in
cash, so earning the short term UK cash yield as
generated by the stochastic model,
parameterized according to Table 7.11.

All durations

Appendix 11.1  Stochastic With Profits Life Insurance Firm Investment
Guarantee Example

Asset mix assumptions

Non profit long term business
fund (NPLTBF) asset mix

With profits long term business
fund (WPLTBF) asset mix

100% government bonds

With profits benefit reserve (WPBR): 75%
equity, 25% government bonds

Continued
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Guarantee sub fund (GF): 100% government
bonds.
Additional guarantee sub fund (AGF): 100%
government bonds.

Capital structure 100% Tier 1 capital.
TheTier 1 capital is assumed to be invested in
UK government bonds.

Stochastic model expected value assumptions

Retail price inflation (RPI) 2.75%

Equity dividend yield 3.25%

Equity earnings growth 4.25%

Government bond gross 5.0%

redemption yield

Term of government bond Constantly rebalanced at the end of each month

to equal 15 years.

With profits life insurance product economic capital assumptions

Regular premium fixed £500 initial, £50 per annum on maintenance
expenses indexed in line with RPI.

Regular premium variable 5.0% of premiums in the first 5 years and 2.5%
expenses thereafter.

Single premium fixed expenses £500 initial, £25 per annum on maintenance
indexed in line with RPI.

Single premium variable 5.0% of the single premium.

expenses

Underwriting Fully underwritten with standard medical
evidence.

Mortality table 90% of AM92 (see Continuous Mortality
Investigation Report 19, www.actuaries.org.uk)

Regular premium surrender 5% p.a.for the first 3 years and 2.5% p.a.

rates thereafter.

Single premium surrender 5% p.a.for the first 3 years and 2.5% p.a.

rates thereafter.

NPLTBF mathematical reserves  No explicit reserve as, on the expected
assumptions, charges will always cover

expenses.
WPLTBF mathematical reserves  Aggregate guaranteed asset shares.

WPLTBEF resilience capital The resilience capital requirement is calculated
requirement as the additional assets that the WPLTBF

Continued
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WPLTBF assets and realistic
reserves

WPLTBF “regulatory peak”and
“realistic peak”

requires to cover its mathematical reserves after
the market stress:a 25% fall in equity market
values in conjunction with a 100 basis point
parallel shift in the yield curve, upwards or
downwards, whichever is worse. Tapering, or
dampening, adjustments are ignored.
WPLTBF assets and realistic reserves equal
sum of:

1. The WPBR (aggregate actual asset shares);
2. The GF,and;
3. The AGF.

The “regulatory peak” equals the sum of:

1. Mathematical reserves (aggregate
guaranteed asset shares);

2. The”long term insurance capital
requirement” (LTICR) which is the EC’s
required minimum margin, a consequence
of EC legislation, and which is broadly
equal to 4% of WPLTBF mathematical
reserves, and;

3. The WPLTBF resilience capital requirement.

The “realistic peak” equals the sum of:

1. WPLTBF assets, and;
2. The"risk capital margin” (RCM).

The RCM was based on the same market risk
stresses as the resilience capital requirement
with no tapering or dampening adjustments. As
this section deals with market risk economic
capital only, the RCM credit and persistency
stresses are ignored.

Note that since this example was completed,
the FSA has decided to slightly weaken the
RCM stresses in its final regulations. In particular,
for the purposes of this example, the equity
market fall has been reduced to 20% and the
parallel shift in the yield curve has been
reduced to an 87.5 basis point shift. These
changes simply strengthen the conclusions
of the example.

Continued
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WPLTBF Pillar 1 regulatory
capital requirement

Tax

The RCM equals the amount by which the post
RCM stressed realistic liabilities exceed the post
RCM stressed realistic assets. The RCM is zero
if realistic assets exceed realistic liabilities post
the stress.The post RCM stressed realistic
liabilities are computed assuming that all future
projected stochastic asset values are subject to
the RCM stress.

If the RCM is positive, and the assets backing
the RCM also reduce as a result of the RCM
stress, the RCM must be increased to allow for
this asset reduction to ensure that the post
stressed RCM assets are sufficient to cover the
RCM.

Based on the “twin peaks” approach, the Pillar 1
regulatory capital requirement equals the

sum of:

1. The LTICR;

2. The“with profits insurance capital
component” (WPICC);

3. The WPLTBF resilience capital requirement.

The WPICC equals the amount by which the
“realistic peak” exceeds the “regulatory peak’
subject to a minimum value of zero, and
ensures that regulatory surplus does not
exceed realistic surplus.

The regulations allow WPLTBF surplus assets
(i.e. WPLTBF assets less mathematical reserves)
to count as capital towards the Pillar 1
regulatory capital requirement.The residual
Pillar 1 regulatory capital requirement must be
covered by Tier 1 and Tier 2 capital and

we therefore compare economic capital with
this residual capital requirement, where we
assume that this is financed entirely by

Tier 1 capital.

The WPLTBF and NPLTBF are assumed to be
gross funds and so tax free. Tier 1 capital is
assumed to be taxed on profits at 30%, with
profits available to relieve all losses as they
emerge.
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Appendix 11.2 Stochastic With Profits Life Insurance Firm Investment
Guarantee Example - Correlation Matrix and Inverse Correlation of the es

Correlation matrix of es

RPI Equity Equity Government
dividend yield earnings bond yield
growth
RPI 1 0.3 0.1 0.6
Equity dividend yield 0.3 1 0.03 0.18
Equity earnings growth 0.1 0.03 1 0.06
Government bond yield 0.6 0.18 0.06 1

Inverse correlation matrix of s

RPI Equity dividend Equity Government
yield earnings bond yield
growth
RPI 1.67 (0.33) (0.10) (0.94)
Equity dividend yield (0.33) 1.10 0.00 0.00
Equity earnings growth ~ (0.10) 0.00 1.01 0.00
Government bond yield  (0.94) 0.00 0.00 1.56

Appendix 11.3  Stochastic With Profits Life Insurance Firm
Investment Guarantee Example

Product features — regular premium contract

Age/sex
Premium

Fund management charge

Investment guarantee charge

35/male
£250 per month

To achieve an expected target net of tax
rate of return on the financing provided
by Tier 1 capital to the NPLTBF.

To achieve an expected target net of tax
rate of return on the financing provided
by Tier 1 capital to the WPLTBF to
finance the AGF and the WPLTBF

Pillar 1 regulatory capital requirement.

Continued
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Guaranteed minimum
investment return
Bonus investment return

Applicability of guaranteed
minimum and bonus
investment returns

Term
Death benefit

Surrender value
Maturity value

0% p.a. after application of the death
benefit charge

A bonus return of 2.0% p.a.is declared
annually in advance each policy year

and applies in addition to the guaranteed
minimum investment return. Once added
to a policy, this bonus cannot be taken
away.

On death or maturity, but not
surrender

25 years

The greater of a sum assured of £50,000
and the customer’s with profits fund
Actual asset share

With profits fund

Product features - single premium contract

Age/sex
Premium

Fund management charge

Investment guarantee charge

Guaranteed minimum
investment return
Bonus investment return

Applicability of guaranteed
minimum and bonus
investment returns

35/male
£15,000

To achieve an expected target net of tax
rate of return on the financing provided
by Tier 1 capital to the NPLTBF.

To achieve an expected target net of tax
rate of return on the financing provided
by Tier 1 capital to the WPLTBF to

finance the AGF and the WPLTBF

Pillar 1 regulatory capital requirement.
0% p.a. after application of the death
benefit charge.

A bonus return of 2.0% p.a.is declared
annually in advance each policy year

and applies in addition to the guaranteed
minimum investment return. Once added
to a policy, this bonus cannot be taken
away.

On death or maturity, but not surrender

Continued
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Term 25 years

Death benefit The greater of a sum assured of £50,000
and the customer’s with profits fund.

Surrender value Actual asset share

Maturity value With profits fund

Appendix 11.4 Stochastic With Profits Life Insurance Firm
Smoothing Example*

Corporate life insurance model assumptions

NPLTBF asset mix 100% government bonds

WPLTBF asset mix WPBR: 75% equity, 25% government bonds
SF:75% equity, 25% government bonds
GF: 100% government bonds
AGF: 100% government bonds

Tier 1 capital asset mix 100% government bonds

WPLTBF assets and realistic WPLTBF assets and realistic reserves equal

reserves the sum of

1.

The WPBR

2. The SF
3.
4. The AGF

The GF and

* This Appendix sets out those
Section 11.1.

assumptions that differ from those of
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