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abstract

The paper highlights the role of risk budgeting ö how risk is `spent' ö in the investment
management process and some of the practical issues encountered. Risk budgeting has received a
great deal of interest from the investment management community recently, but no clear
consensus has emerged on how it should be implemented. In this paper we outline a pragmatic
risk budgeting method that can be applied at the portfolio level, and show that it can produce
superior results when used in conjunction with cluster analysis techniques. There are practical
implications for chief investment officers and chief executive officers on how they allocate human
resources and capital in the investment management process.
A statistical factor model for stock returns is used to build a risk model of the market that

separates the factor components (representing the market, investment themes and styles) and the
stock specific component. Then cluster analysis techniques provide a visualisation of the
changing risk structure of the market. Natural groupings of stocks emerge within the market
often different to the classical industrial classification systems widely used today. These natural
groupings clearly change over time reflecting the changing nature of equity markets, e.g. these
techniques show very clearly the emergence of the telecommunications, media, technology
phenomenon in the late 1990s and its subsequent demise in early 2001.
Using the framework of a statistical factor model, risk budgets can be aggregated or dis-

aggregated. Aggregation can be to country, sector or any other group. Dis-aggregation will be to
common factors (e.g. the market, growth, value and other styles) and stock specific factors,
derived from a multi-factor model.
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". Introduction

1.1 Overview
1.1.1 In recent years financial markets have been subject to a great deal

of change. Some examples of these changes include the following:
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(1) We have witnessed a high, and perhaps unprecedented, level of
uncertainty in investment markets.

(2) There have been changes to society's attitude towards the provision of
saving, provision for retirement and ill-health, and so on. Owners of
assets require ever greater levels of accountability from their advisers.
The United Kingdom Government has sponsored various reviews which
are likely to have far reaching consequences.

(3) Changes in legislation and professional standards have clearly had very
material effects on the way in which financial markets work.

(4) We have witnessed several `bubbles' ö the rise (and subsequent fall) of
the technology, media and telecommunications sector and many
corporate excesses, some of which have not been matched in recent
memory, or perhaps ever.

(5) There has probably never been a broader variety and choice of savings,
investment and speculation opportunities available to the sophisticated
and unsophisticated investor alike.

1.1.2 Market participants have reacted to these changing times in
different ways, as they struggle to adapt to the new circumstances in which
they find themselves. The challenges are made worse, as markets have had to
make their adjustments against a back-drop of difficult and volatile markets
conditions.

1.1.3 Against this background, there is a very clear demand for financial
decision making to become more structured, more disciplined, justifiable,
repeatable, and so on. This represents a great opportunity for the actuarial
profession, whose financial modelling skills are an integral part of the
examination process.

1.2 The Aims of this Paper
Against this complex background, this paper primarily focuses on the

efficient management of equity portfolios, and aims to provide a practical
rationale to help portfolio managers answer a number of questions:
(1) How are the risks in any particular equity market changing over time?
(2) How can one construct an equity portfolio more efficiently in a

systematic, effective way, particularly with regard to the risk/reward
trade-off?

(3) How can one `budget one's risk' more effectively in a practical sense?

1.3 The Structure of this Paper
1.3.1 Risk management of investment portfolios has never had as much

attention as it has currently, yet the discipline is evolving and changing. In
Section 2 we cover the topic of risk measurement, risk management and the
changing paradigm of the effects of fully integrating risk management into a
fund management investment process.
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1.3.2 The building of efficient risk models is the fundamental building
block of the entire structure. In Section 3 we categorise risk models into
six broad categories: variance/co-variance, historical, factor, value-at-risk,
statistical and stochastic models. We review the different types of risk model
in turn.

1.3.3 The building of a risk model is a relatively technical operation, but
it is essential for practical application for portfolio managers, even though it
is of little interest to them in its own right. In Section 4 we overlay the
application of cluster analysis onto the risk model in an innovative way to
show the risk structure of the market. Repeating this process at various
points in time shows how the risk structure of a market changes over time.
This is reviewed in Section 5.

1.3.4 To an investment manager `risk' is an important and precious
commodity, and needs to be spent prudently. Whilst a number of papers have
been written on this important topic, there seems to be a dearth in the
current literature on practical applications to help fund managers in this
task. In Section 6 we review the literature and provide a series of practical
examples of how a statistical factor model combined with cluster analysis
techniques can form a useful and practical toolkit.

1.3.5 Our conclusions are covered in Section 7.

á. The Changing Paradigm of Portfolio Management

2.1 Background to Risk Management
2.1.1 Managing a portfolio is essentially a process of balancing expected

risks and expected returns, bearing in mind any restrictions and constraints
that there might be. For example, these constraints may be placed on the
portfolio manager by the client, a regulator, or may be effectively self-
imposed by the fund manager for professionally prudent reasons.

2.1.2 Arbitrary stock restrictions were historically a way of managing
risk. Popular ways of managing risk in the past have utilised ad hoc portfolio
construction rules. A restriction of a maximum of 10% in any single stock
within a portfolio is a good example of this. Other examples include
minimum and maximum sector and country weights, often relative to a
client-specified benchmark; restrictions on large vs. small capitalisation
exposures, and so on.

2.1.3 Indeed, it could be argued that the widely practised idea of sector
neutrality within a portfolio is just another arbitrary restriction. However, as
we will show later, ensuring the money neutrality of holdings within a
portfolio is a wholly different thing to true risk neutrality. For example, a
fund might have the same exposure to the telecommunications sector as in
the fund's benchmark, but if you own the more volatile stocks in the sector
and do not own the less volatile telecommunications stocks, the likelihood is
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that you will have a risk `overweight' position in the telecommunications
sector as a whole.

2.1.4 Furthermore, there has been no widespread recognition of the idea
that portfolio construction should be a distinct discipline within a fund
management house; the problems and challenges of portfolio construction
and risk management are every bit as much a `science' as they are an `art'.
Frequently, the same professionals who are involved in asset allocation or
stock selection are often involved in portfolio construction, without accepting
that the skill sets required may be very different. It is our view that fund
managers will increasingly make this distinction in the future. More recently,
the legal and regulatory systems, combined with a more sophisticated end
client base, have started the process of making risk an explicit constraint on
the portfolio manager. Consultants and regulators are also becoming more
and more interested.

2.1.5 Modern portfolio and risk analysis systems give the fund manager
the tools to manage risk and return interactively, allowing them to both
comply with regulations and client restrictions and to best manage return
under these constraints. In our view, it is essential for fund managers to have
such systems in the face of increasing competition and client accountability.
This is distinctly different from simply monitoring risk, say once a month in
arrears, to comply with the minimum standards of due diligence expected by
the client.

2.2 Definitions of Risk
2.2.1 We believe that it is important to distinguish between three

definitions of risk; these differences are more than semantics.
2.2.2 Risk monitoring is most frequently ö but not always ö observed

in arrears. Typically, it will answer some, or all, of the following questions:
ö What level of risk has been incurred?
ö What were the sources of that risk?
ö Has any unexpected risk been incurred?

2.2.3 Clearly, the main drawback to this definition of risk monitoring is
that risk is observed in arrears; by which time the risk has been incurred, it
cannot be managed, and there is nothing that the portfolio/risk manager can
do about it.

2.2.4 Risk measurement is the act of measuring the level of risk, and is
unique to the portfolio, its benchmark and the risk model used. Clearly, the
objective is to measure this risk as accurately as possible.

2.2.5 Risk management is practised in real time. Typically, it is a
separate process to risk measurement, and the `risk views' are not unique.
Risk management aims to answer the following questions:
ö What is the level of expected risk that is being incurred?
ö Does the asset portfolio capture the desired risks?
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ö Is any unwanted (unexpected) risk being incurred?
ö What is the impact on expected risk if the portfolio is changed?
ö Is the expected risk/return payoff acceptable and efficient?

2.2.6 Integrating risk management into the portfolio manager's daily
portfolio construction process is both a significant improvement on arbitrary
stock/sector/country restrictions and a step improvement over the
occasional measurement of risk by an external team. Empowering portfolio
managers with the tools to manage risk should allow them to add value in the
form of better managing the risk/return characteristics of their portfolios.

2.2.7 Figure 1 starkly shows the differences between the processes
underlying risk measurement and risk management.

2.2.8 The representation of a risk measurement system in Figure 1 can
be summarised as follows:
ö It is relatively simple and can encompass any type of return forecasting,

whether explicitly quantitative or more subjective and traditional. Often,
we accept, portfolio managers do not have explicit expectations of
return, but merely some sort of preference ordering.

ö Portfolio construction drives the risk checking process; there is no
interaction and iteration between the two processes.

ö Trading is not a part of the portfolio construction process.

Figure 1. Risk ö the differences between risk measurement and
risk management
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2.2.9 The processes underlying risk management are altogether more
involved and complex:
ö Portfolio construction is at the heart of the process, with direct input

from risk models, market impact models and index research.
ö Trading models assist the process of implementation, and naturally re-

cycle into the portfolio construction process.
ö A market impact model is an independent and explicit input into the

management process ö the cost of trading has to be explicitly
incorporated in the risk/return trade-off aspects of the portfolio
construction process. We have not expanded on this important topic in
this paper.

2.3 Why is Risk Management so Vital?
2.3.1 Many fund managers have not practised risk management. Risk

management for a financial enterprise requires both the aggregation of
positions across asset classes and the understanding of risks inherent in those
positions. This is by no means a trivial or simple task, even for modern
organisations with access to sophisticated information technology, which
may control many hundreds of thousands of positions invested in a variety of
instruments traded across different time zones. In order to obtain a solution
to this difficult management challenge, simplifications have typically been
made, both at the level of aggregation and of risk analysis. While these
simplifications may be unobjectionable for some purposes, certain
applications demand a more sophisticated approach.

2.3.2 The clear implication is that the technology applicable to a single
portfolio, typically based on a multiple factor model for security returns,
must be implemented enterprise wide.

2.3.3 The asset management industry has become increasingly complex
over recent years. Organisations that may have focused, a few years ago, on
delivering one or two similar products constructed in one location to a single,
homogenous group of clients, have evolved into true multinational
enterprises.

2.3.4 Portfolio `manufacturing' may take place in a number of locations
(the equivalent for a multinational is a factory) around the world, and in
each location different styles and variations of the product line may be
developed.

2.3.5 Particularly in the large fund managers, manufacturing
competencies are kept distinct from the skills required to develop an efficient
distribution capability.

2.3.6 Portfolio distribution is likely also to be a multi-location activity,
and in each location a variety of different channels may be employed to reach
customers of interest to the organisation.

2.3.7 In many regards, the modern fund manager is as organisationally
complex as any large, industrial, multinational company. However, there are
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four clear differences between a traditional multinational industrial
company and a modern asset management firm:
(1) The fund manager, despite the increasing use of technology, is still

highly dependent on individual human contributors ö the `assets' of the
company go up and down in the lift each day. Traditionally, investment
has always had a heavy reliance on `investment flair' in a way that has
little parallel in an industrial company.

(2) There are a number of differences in the level of regulatory oversight of
the investment product. At the `factory' ö where prudence and fiduciary
standards are key operating constraints ö the level of regulation of the
`product' is relatively low. (This contrasts to the industrial company
where freedom to manufacture might be constrained by patent and safety
laws.) However, as far as distribution is concerned, the regulation is far
more restrictive, and securities laws govern the transparency of the sales
process.

(3) This regulatory environment, at least historically, imposes a structure,
which has forced a significant human intervention. In many instances it is
as if each product and sales effort is individually `hand made' for the
ultimate client or prospect. Fund managers have tried to mitigate this
development by increasing, where it is possible and practical, the
homogeneity of portfolios, e.g. by establishing commingled vehicles.

(4) With so many `moving parts', the management and control problem of
a modern fund manager is enormously complex. He or she has to co-
ordinate intelligent, motivated individuals, who, in many cases, represent
the `value' of the organisation, to perform an intricate task efficiently
and to retain some scope for personal challenge and reward. Meanwhile,
the organisation needs to overlay a structure for achieving stability and
growth to ensure product quality, at the same time delivering a return on
capital for the shareholders.

2.4 The Role of Portfolio Construction and Risk Analysis
2.4.1 In addition, the portfolio's overall risk and the portfolio's likely

deviation from its benchmark (tracking error or residual risk), among other
risk statistics, are important, not only from a quality control point of view,
but also to satisfy the regulatory requirements.
2.4.2 There are many good examples of how an incomplete knowledge

of the aggregate risks can lead to inefficiencies in the risk budgeting process,
or worse. There are three broad classes of problems which arise from a
failure to have proper risk management systems. These are:
(1) a potential compounding of unintended bets and uncompensated

exposures to risk;
(2) unwarranted over-diversification or the reverse, concentration; and
(3) a shorter window misallocation of resources.
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2.4.3 Unintended bets
(1) In an organisation managing a number of different portfolios, a single

source of risk can impact the portfolios underlying many of the products
offered, with a huge potential impact on the overall assets. This is true
both in a domestic as well as in a global context.

(2) For example, recent events in global financial markets have clearly shown
that volatility `flows' around the world, and that events in a single market
can have important effects in a global context. Recent specific examples of
these phenomena relate to global managers with strong cultural tendencies
to a focused style, such as value or growth managers under-performing
throughout their asset base, depending upon which style is in favour.

(3) Without aggregating portfolio holdings and critically examining their
sensitivity to risk factors, no chief investment officer (or chief executive
officer) can be certain of the bets that are being made. Moreover, the
decision makers cannot be reassured that the bets, in aggregate, are likely
to be compensated by returns sufficient to justify their risk.

2.4.4 Over/under-diversification
A lack of co-ordination between multiple managers can lead to three

potentially undesirable outcomes:
ö A series of unintentional small bets can compound into an unwarranted

large bet, leading to an unjustified over-concentration in the aggregate
portfolio. In contrast, without co-ordination, the portfolio managers may
intentionally take a similar bet (for example, towards value stocks
world-wide), leading to an aggregate bet that is far too large and an over-
concentration in the aggregate portfolio.

ö The opposite, over-diversification, is also a danger. Here conservatism
tends to eliminate all bets, with the aggregate portfolio approximating an
index fund without the possibility of superior performance.

ö For a fund of funds or a plan sponsor portfolio, active management fees
go un-rewarded, while, for an asset management firm, the possibility of
eye-catching performance is eliminated, together with any justification
for management fees.

Clearly, similar problems can occur within individual portfolios and their
sub-components.

2.4.5 Misallocation of resources
(1) Modern financial theory is centred on the goal of maximising a risk/

reward trade-off. This objective applies just as much to the enterprise as
a whole as it does to an individual portfolio, where quantitative
managers, in particular, have long used analytical tools to ensure that
an asset's contribution to portfolio risk is commensurate with its
contribution to expected portfolio return.
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(2) We believe that a similar paradigm applies to a fund of funds (in terms
of the component portfolios), a plan sponsor (in terms of the managed
sub-portfolios), and an entire asset manager (in terms of the component
products). Just as the success of an individual portfolio manager is tied to
the performance of the portfolio and its risk/reward trade-off, so the
long-term success of the asset management firm is tied to the aggregate
performance of all the products offered and their aggregate risk/reward
trade-off.

2.5 What is Risk?
2.5.1 Risk is often a misunderstood concept, with no clear conceptual or

quantitative acceptance of what it means, let alone how it could be measured
or even managed.

2.5.2 Risk is clearly a multi-faceted concept, that means:
ö different things to different managers;
ö different things to the same manager at different points in time;
ö institutions will have different risk tolerances;
ö institutions will price risk at various levels; and
ö risk can be interpreted in different ways.

2.5.3 It is likely to depend on the objectives of the risk measurer, his
financial position, as well as the time horizon over which he wants to
measure and manage his risk.

2.5.4 A number of examples looking at risk from different perspectives
(looking at the same problem through different `spectacles') will clarify the
point. In order to bring this idea to life, we look at the nature of risk in four
generic investment institutions in turn:
ö an insurance company:
ö a hedge fund;
ö a mutual fund; and
ö a U.K. pension fund ö as perceived from the different interested

parties involved.

Clearly, a similar thought process and analysis can be extended to other
types of institutions and market participants.

2.5.5 Insurance company
(1) Consider an insurance company and the various interested parties:

policyholders, the company and its shareholders, and insurance industry
regulators.

(2) The policyholders' view of risk centres on the insurance company's
ability to meet the claims in the event of the insured event occurring. For
policies with a with-profits element, policyholders will have reasonable
expectations with regards to investment gains.
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(3) The company and its shareholders have to consider the broader asset/
liability risk environment. They will be looking to maximise their returns,
given some definition of risk. Typically, they have a long-term horizon.

(4) The regulators will take a rather different view. They are primarily
concerned with the financial strength of the insurer, and will want to see
in it as high a solvency level as possible. There will be a tendency to be
cautious and prudent, and they will naturally tend to constrain the level
of risk that can be borne. The regulator will typically be very keen to
segregate the policyholders' funds from those of the shareholders, and in
many markets this is a legal requirement.

2.5.6 Hedge fund
(1) In sharp contrast to insurance companies, hedge funds are established in

such a way that they are subject to relatively low levels of regulation,
thus giving them large amounts of investment freedom. Typically they
have the fewest investment constraints of any category of investors; by
and large they are free to take on whatever level of risk they feel
comfortable with, including, importantly, leverage. Leverage is employed
by hedge funds in different degrees and for different purposes, among
them increasing either the size or the number of positions in the fund's
portfolio, amplifying the small residual returns generated by spread
trades and offsetting the fund's directional market exposure.

(2) Hedge fund managers can differ substantially on how they implement
their strategy and are free of the constraints of being measured relative to a
benchmark index. As a result, the correlation of returns between different
managers and different strategies is frequently low and stable. Typically,
fund-of-fund strategies are structured to exploit these features.

(3) Most hedge funds define risk as a loss of principal as opposed to
tracking error relative to a benchmark (Parker, 2002).

(4) The time horizon of this risk is typically much shorter than for many
other types of portfolios; it is not unusual to measure and manage this
`draw-down' of capital on a daily basis.

(5) Rate of return is normally measured relative to cash and a `peer group'
of hedge funds with a similar style.

2.5.7 Mutual fund
(1) Similar to insurance companies (and unlike hedge funds), mutual funds

are aimed towards the retail client, and consequently are relatively highly
regulated. They operate in a highly competitive environment, where
assets have a tendency to move towards the `fashionable' fund manager
or `hot' investment sector.

(2) The rate of return is of crucial importance. However, it tends to be
viewed as relative to the competitive `peer group' rather than either a
benchmark or a cash deposit rate.
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(3) The risks are usually seen as not performing as well as the `peer group'
ö perhaps more a manifestation of a business, rather than an
investment, risk.

(4) The time horizon is relatively short, but, typically, it falls between the
short-term focus of the hedge fund and the longer-term perspective of
either a pension fund or an insurance company.

2.5.8 Pension funds
Consider a U.K. pension with defined benefits, where the benefits are

linked to salary close to retirement; the assets are managed externally; there
is an independent group of trustees, some of whom `represent' the employees.
The external managers have been set investment objectives, guidelines and
constraints by the trustees, acting on the advice of an independent investment
adviser. These objectives may be expressed in the form of rates of return
and acceptable levels of `risk', perhaps expressed in the form of tracking
error, asset allocation, concentration of investment, and so on. It would not
be surprising if the interested parties looked at the risk in the following
(different) ways:
(1) The trustees. The pension fund trustees have only the interests of the

scheme members in mind. They view risk solely from the perspective of
the fund's ability to pay future benefits and any pension increases or
benefit improvements that might be made.

(2) The company. The finance director is likely to be concerned about the
cost of the pension fund, the potential level of volatility in the pension
expense and the effect that this may have on the profit & loss statements,
the balance sheet, etc. This concern will extend to how the company is
perceived in the market place by investors, analysts, credit-rating
agencies and bankers. On the other hand, pension provision is seen,
quite rightly, as an important part of employees' total remuneration
packages.

(3) The company is likely to be more short-term focused, with `risk' closely
inter-twined with the potential increase in contributions and the effect of
volatility on the corporate accounts.

(4) The finance director will become increasingly interested in risk
modelling the combined company/pension fund/wider employee benefits
structure as a single entity ö particularly in the light of FRS 17, the
new minimum funding requirement and the changing pattern of pension
provision.

(5) The fund manager. The fund manager will be driven to look at risk in
yet further different ways.

(6) He will obviously view the chance of not meeting the targets set out in
the investment management agreement as a risk. It is possible that he will
have a different perception of the risk of not meeting those targets as
being different to exceeding them ö his risk may be asymmetric.
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(7) He also has a business risk relative to his ability to attract new funds
under management; how well has he performed (in the broadest sense)
relative to his competition.

(8) The investment risk that the manager is prepared to bear will depend on
his views of the markets. When he has a clearer opinion on the risk/
reward benefits offered by the markets he may wish to `turn up' the risk
level, and vice versa when the investment climate is more uncertain.
Furthermore, the nature of the risks perceived by an individual
investment manager are likely to vary from time to time, and at any
point in time different fund managers will have a different perception of
the risks within the market. In a large pension fund (or a fund-of-funds)
it is likely that the views of many portfolio managers with different views
will be aggregated within one fund, but across many geographic regions
and asset classes.

â. Review of Risk Models

3.1 What is a Risk Model?
3.1.1 A risk model is the key ingredient that allows a portfolio

constructor to put his expected returns for different stocks into context.
3.1.2 Typically, the portfolio manager has to consider a number of

things when efficiently constructing a portfolio:
ö the sources of return for each stock;
ö the sources of risk; and
ö the concentration of the portfolio and the diversification of the sources

of risk and return.

3.1.3 Risk is often not as intuitive as return, because it is multi-
dimensional. Risk models seek to simplify the problem by allowing the
portfolio manager to make more sensible use of the available information.
Again, we confine our attention to the risk models that can be used by
portfolio managers.

3.2 Criteria for Choosing a Risk Model
3.2.1 There are multitudes of different ways in which risk models can be

built. In our view, there is no `correct' methodology that can be applied in all
circumstances. However, some models and methodologies are better than
others. There are four criteria that can be applied in the assessment of the
quality of risk models:
ö explanation of risk;
ö objectivity;
ö interpretability; and
ö forecasting of risk.
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3.2.2 Explanation of risk is the ability to break risk down into a lower
number of more or less independent dimensions. Historical, Monte Carlo
and variance/covariance techniques do not attempt to simplify risk, only to
measure it. Factor models break risk down into common factors and stock
specific components. Common factors should ideally be independent, i.e.
contain uncorrelated information. A measure of success of these models is
how much of the total risk of each stock can be explained by the factor
component. Typically, macro-economic factors explain the least proportion
of risk, and statistical factor models, by definition, have maximum
explanatory power for a given number of factors.

3.2.3 Objectivity. It is necessary to make a number of assumptions when
building risk models. Objectivity implies a lack of assumptions about what
drives the differential performance of stocks. A macro-economic factor
model relates stock returns through their sensitivity to prevailing economic
forces. Similarly, fundamental models relate the characteristics of a
particular company to corresponding common risk factors; for example,
relating the market capitalisation of a company to a market size factor
return. Each of these factor models makes assumptions about the precise
identity of the common factors driving returns. Obviously, it makes no sense
to test theories about what drives stock returns in models that have made
assumptions about these processes beforehand. Statistical factor models,
unlike other types of risk model, make no such a priori assumptions about
the precise sources of risk.

3.2.4 Interpretability is often the flip side of objectivity. Macro-
economic and fundamental factor models have the advantage of relating real
world risk factors to stock price returns. For example, a macro-economic
model might specify how each would respond to an unexpected change in the
rate of consumer price inflation.

3.2.5 Forecasting of risk for historical, variance/co-variance, macro-
economic and fundamental risk models implicitly assumes that the historical
risk structure of the market will, on average, continue in the future. We know
this assumption to be invalid and, in certain market environments, extreme
events, or even slow trends, can introduce substantial errors. Monte Carlo
techniques can explicitly make forecasts for the future structure of the
market, but there are large subjective elements in the distribution
assumptions. Statistical factor models ideally lend themselves to forecasting
techniques, and the forecasts have the further benefit of being objectively
driven by the data.

3.2.6 Mixed factor models seek to combine the advantages of each
of the three main factor modelling techniques, namely macro-economic,
fundamental and statistical.

3.3 Types of Risk Model
3.3.1 There are a number of differences between the underlying
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approaches to constructing risk models. We classify six different types of
risk model, and briefly consider each in turn:
ö variance/co-variance methods;
ö historical models;
ö factor models;
ö value-at-risk models;
ö statistical models; and
ö Monte Carlo techniques.

3.3.2 Variance/co-variance methods
(1) Variance/co-variance methods are based on the work done in the 1960s

by Markowitz (1959) and Sharpe (1963). These models formed the basis
of modern portfolio theory.

(2) Given a number of assumptions, that more modern techniques are able
to relax, the correlation between assets can be allowed for in measuring
the overall riskiness of a portfolio.

(3) The main problem is that the model is purely descriptive, and does
not allow the sources of risk to be analysed, and so renders them
useless for modern risk management. Furthermore, the assumptions
underlying the model are too restrictive for more modern assets like
derivatives.

(4) Many other types of risk model are based upon this fundamental
approach. For example, both pre-defined and statistical factor models
typically decompose the historical co-variance matrix in terms of a
parsimonious set of factors.

3.3.3 Historical models
These models typically use achieved returns on portfolios to estimate the

risk that has been incurred in the management of a portfolio. Thus they are
concerned with risk measurement rather than risk management.

3.3.4 Factor models
(1) Factor models seek to explain risk by building on the variance/co-

variance approach and adding explanatory structure in the form of
different factors (see Ross, 1976). There is great choice of explanatory
variables, but they fall into two broad categories. The factors are
typically either macro-economic or fundamental.

(2) Macro-economic factors essentially try to model the sensitivity of
equities and other assets as a function of economic factors. The most
common factors are usually:
ö interest rates (short-term, long-term, shape of the yield curve);
ö currencies;
ö inflation (consumer prices, producer prices, unit labour costs);
ö commodity prices (oil, gold, indices); and
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ö output (gross domestic product, industrial production, retail sales,
survey data)

(3) Fundamental factors are generally based upon data derived from
corporate accounts, and are felt by the investment community to be
important factors that drive equity prices from time to time.

(4) Fundamental factor models express the riskiness of assets as a
function of various styles and indices. The most common factors are
usually:
ö value vs. growth (price/earnings ratio, price-to-book, yield);
ö the size (log market capitalisation, `blue-chip' effect);
ö momentum/success (index out-performance, moving averages);
ö forecasts/surprises (I/B/E/S expectations, earnings revisions);

and
ö the country or economic/industry sector effects.

(5) Despite its undoubted popularity, this type of model is fraught with a
number of serious problems. The models intrinsically lack flexibility; they
do not respond well to changes in market conditions or to new variables
that may drive prices. In most cases the factors simply do not match up
to those that are used by the portfolio managers. There are a limited
numbers of factors; different factors would require a completely new re-
estimation of the model that often renders the exercise impractical. The
factors are correlated, and therefore interpretation of the results, whilst it
appears to be quite simple, is, in fact, extremely difficult. In the case of
economic series, most economic series are highly correlated, and one runs
into severe problems when including many factors. Frequently,
meaningful data are not available on a consistent basis either across or
within markets.

3.3.5 Value-at-risk models
(1) This approach to modelling risk management comes from a different

perspective, i.e. how much money could I lose at a given level of
probability? The estimates can be based on either parametric estimates of
the distribution of returns or non-parametric statistics.

(2) Value-at-risk (VaR) has traditionally been practised by investment
banks for internal risk management.

(3) VaR models are not without their problems. Non-parametric VaR
models are mainly descriptive, and do not allow the sources of risk to be
analysed. The analysis is limited to simulation and scenario analyses;
there are no sensitivities to factors. Finally, and perhaps most
importantly, risk attribution is difficult. However, parametric VaR
models are more similar to their `cousins' in factor and statistical model
categories.
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3.3.6 Statistical models
(1) Statistical models take an abstract approach to modelling the risk of

assets. Typically, these models are based solely on market prices and
dividends, and make very few assumptions as to what drives the risk in
markets at any point in time.

(2) Based upon these rates of return, statistical techniques are used to
produce a set of statistical risk factors. The results are so-called `blind
factors', which typically have a better fit with the asset returns than with
other methods that use pre-specified factors in some way.

(3) However, there are a number of problems with this approach. These
`blind factors' are difficult to ascribe meaning to, and have no `real world'
application. Furthermore, the estimation techniques tend to require a
clean and complete data set, which is difficult to achieve in practice ö for
example with initial public offerings, privatisations and internet stocks.

3.3.7 Monte Carlo techniques
(1) Monte Carlo techniques use large numbers of randomly generated

scenarios to highlight the range of possible outcomes and, therefore, risk.
These types of technique are well known to the actuarial profession, as
they are applied quite widely.

(2) These methods are not different risk models as such, rather alternative
ways of estimating the shape of the more complex probability
distributions (e.g. non-normal, leptokurtotic and skewed distributions).

3.4 It is worth considering these differences more systematically
alongside a `wish list' of what a good risk model actually provides. Table 1
summarises our view of how each of the main methodologies meets the four
criteria that we set out in Section 3.2 for choosing a risk model.

3.5 A Mixed Factor Model Approach
3.5.1 We favour a mixed hybrid approach that seeks to add

interpretability to the statistical factor approach, as well as to provide an
improvement on the most simple statistical models. There are a number of
important features in our approach.

Table 1. Summary of differences between different types of risk model

Factor models

Historical Monte Carlo Variance/
co-variance

Macro-
economic

Fundamental Statistical

Explanation of risk - - - � � �
Objectivity � � � � � �
Interpretability - - - � � �
Forecasting of risk � � � � � �
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3.5.2 An important aspect of our approach is the distinction that we
make between risk measurement and risk management. Inefficiencies and
lack of clarity are introduced if these two aspects of risk are not analysed
separately. If the model tries to do both simultaneously, then the
measurement of risk is likely not to be as accurate as if the two components
were kept separate.

3.5.3 Therefore, in a mixed factor model there is a two-stage approach.
First, there is the measurement of the risk, and second (and quite separate),
there is the interpretation of the risk so that it can form the cornerstone of
risk management.

3.5.4 Phase 1. Building the model to measure risk
(1) For the risk measurement phase only market prices are used. The

rationale for this is that it is not possible to know, on a consistent basis,
the risk factors that are driving stock markets at any point in time. The
best estimate that is available is as indicated by the relative risk
preferences of the market participants ö this is clearly reflected in the
marginal price at which these participants are prepared to transfer their
preferences into their portfolios, i.e. market prices.

(2) By using market prices, we expect to have a better measure of risk than
if we had applied a pre-specified factor model.

(3) A number of techniques are used to construct a base statistical factor
model with orthogonal factors. We use maximum likelihood techniques
(which we believe are more appropriate than principal component
analysis for this particular application) (Dempster et al., 1977). The
factors represent a mathematical description of the common movements
in stock returns. The factors are orthogonal to each other, i.e. they
contain non-overlapping information and are uncorrelated. The resulting
residual risk for each stock can be viewed as specific to that stock and
unrelated to the other stocks in the model. These mathematical properties
are very useful in subsequent analysis, particularly with regard to risk
management and the interpretation of risk.

(4) It is important to recognise that the maximum likelihood techniques are
not new statistical techniques ö there is a rich academic literature on the
methods. However, it is different to the better-known technique of
principal components (Shukla & Trzcinka, 1990). The main differences
between the two techniques can be summarised as follows:
ö Principal components' analysis is a matrix manipulation technique,

and therefore requires a complete data set of returns ö it does not
handle missing data well.

ö Whilst, by design, the factors derived in a principal components'
analysis are orthogonal, the balancing item is only that part of the
risk that is not already explained by the factors. It is not independent
of the derived factors, nor are they independent of each other.
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(5) From this base model other models can be generated, which are more
appropriate to the job in hand, but it should always be possible to rotate
back to this common point of reference.

3.5.5 Since they are based on market prices, the modelling process is
very flexible and consistent models can be created across markets ö the only
criterion is a set of consistent market prices. The model can be adapted to
cope with assets that trade infrequently or have a short trading history ö but
there will be estimation error.

3.5.6 From this base model we can then start to create other models.
These include:
(1) trading or arbitrage models with different periodicities, e.g. daily;
(2) pre-specified models, where either fundamental company or macro-

economic factors can be combined with statistical factors to achieve a
more meaningful and intuitive structure along with an improved model
fit; and

(3) back-testing models, using different estimation periods, to test
investment strategies in the past.

3.5.7 Clearly all risk models are estimated with some sampling error.
Models of different data windows and periodicities can easily be estimated
and compared. However, there is always a trade-off between a more
responsive model, based upon a shorter window of possibly higher frequency
data, and a more stable model based upon a longer window for less
sampling error.

3.5.8 Phase 2. Managing risk
(1) Investment themes vary over time, and different people are interested in

different themes. This is a major challenge for pre-specified factor models
ö whether they use fundamental or macro-economic factors ö since
they tend to vary slowly over time, are lethargic at capturing new
influences on market returns, and are most unlikely to accurately reflect
and capture a portfolio manager's investment processes or valuation
disciplines. This is a big impediment to practical risk management. The
mixed factor model structure allows risk to be viewed in a highly flexible
fashion and to cope easily with different and transient themes.

(2) Themes can be highly client specific or highly time specific, for example:
ö a portfolio manager's investment process might be value-based and

tailored to two or three proprietary valuation measures; or
ö technology, as an investment theme, affected markets in a very

different way in 1999/2000 than in previous years.

3.5.9 The statistical model provides a base from which to look at a
multitude of factors without re-estimation of the model. Using a given theme
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that can be specified by the portfolio manager, the process reveals the
various investment exposures that have been taken in a portfolio, either in
absolute terms or relative to a benchmark.

3.5.10 One might expect very different results from quite similar themes,
say, for example, value growth. The textbook approach of using price-to-
book value as a theme will yield very different results to, say, enterprise
value/earnings before interest and tax, price-to-cash flow or earnings
surprise data. The mixed model approach makes it possible to analyse all of
these sub-themes.

3.5.11 We will see, in Sections 4, 5 and 6, how the features of the mixed
method risk model can be used to help in practical risk management.

ã. Risk Structure of an Equity Market

4.1 Why is Risk Management so Vital?
4.1.1 Much of the discussion seems to have centred on risk control, risk

monitoring and very little on risk management. The differences are not just
semantics ö they go to the very heart of a modern investment management
process.

4.1.2 Whilst risk control and risk monitoring are interesting topics in
their own right, they are akin to driving a car (sometimes in `odd' markets a
very fast car) whilst the driver spends all his time looking in the rear view
mirror ö sooner or later the car will be involved in an accident. However,
risk management is an integral part of a fund management process, and is
practised by portfolio managers in real time, thus helping to avoid
unnecessary delays in taking action on the level of portfolio risk.

4.1.3 Nevertheless, we have some sympathy with the users of risk
models and associated tools today. They:
ö are hardly user friendly, and are not accessible to portfolio managers in

their day-to-day jobs;
ö seem largely irrelevant to the risk problems facing portfolio managers;
ö are often based on out-dated quantitative techniques; and
ö necessitate a reasonably advanced knowledge of statistics to understand

and interpret the results.

4.1.4 Against this background, it is little wonder that the generic topic
of risk has been historically consigned to a back-room `risk controller', whilst
fund management has continued largely unaffected.

4.1.5 For risk models to be of any use whatsoever, they have to be
incorporated into the risk management process. Even the most sophisticated
risk models need to be able to provide:
ö easily understandable tools that are available to portfolio managers to

enable them to construct and monitor portfolios in real time;
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ö an easy way to explore the changes to the risk/reward profile of a
portfolio based upon hypothetical transactions; and

ö an efficient way of showing how to budget risk effectively, so that the
manager can clearly identify the relative positions that he is taking in the
portfolio, the subjective risks he is taking relative to the returns that he
is trying to achieve, and the stocks, if any, that he has in the portfolio
purely for risk management/reduction purposes.

4.1.6 It is perfectly possible to successfully play computer games ö like
space invaders ö without having a detailed knowledge of the mathematics
behind how the computer works, the program that controls the game, or how
the results are visualised on the screen. So it can be with portfolio
construction and risk budgeting, if an appropriate approach is adopted.
4.1.7 Both portfolio construction and risk budgeting are different

aspects of the same problem. They are both concerned with constructing
efficient portfolios that capture the portfolio manager's risk/reward trade-
offs, subject to an acceptable level of risk (perhaps set by the `owner' of the
assets), whilst `spending' the risk in a controlled manner. You cannot have
proper portfolio construction without a rational framework of risk control,
and vice versa.

4.2 Risk
4.2.1 The two components of the visualisation are the risk and reward/

return that need to be linked together in a flexible, easily understood way.
4.2.2 We need to be able to answer (and display those answers visually)

two questions:
ö What is the level of risk of stocks, or groups of stocks?
ö Which stocks, or groups of stocks, are most likely to move together?

4.2.3 Understanding how stocks, and groups of stocks, move together is
vital to the process of portfolio construction, i.e. what is best way of risk
managing a holding in Company A ö is it to be underweight (or zero
weighted or even `short'), Company B in the same sector, or Company C in a
different sector? In other words, we are trying to analyse which stocks
cluster together in the market and which ones are very different to others?

4.2.4 The technique that we use to answer these questions is called
cluster analysis ö the visualisation of the results can be in the form of a
dendrogram. Cluster analysis is a well-known statistical technique, and there
is a rich literature using this branch of applied statistics in a wide range of
the sciences (Everitt, 1974). The Appendix provides a simple introduction,
but is not intended to be a comprehensive analytical guide.

4.2.5 Many of the clustering methodologies are not appropriate for
investment, and are often not helpful for the purpose of risk management.
Clearly, it is possible to cluster by a wide range of methodologies using a
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wide range of metrics. However, they have to be useful and meaningful to
the portfolio manager if it is to form a useful addition to portfolio risk
management. Furthermore, it has to be consistent and integrated into the
overall risk structure of the statistical factor model.

4.2.6 The method used is really very simple. Stocks are similar if they are
close to each other in risk space ö the closer they are to each other the more
similar they are. The co-ordinates of an individual stock are the exposure of
the stock to each factor. Using simple Pythagoras, we can determine the
distance between two stocks, i and j, by the following formula:

Distance �
����������������������������XN

n�1
f n
i ÿ f n

j

ÿ �2vuut :

4.2.7 But what does this formula mean practically? Since the factors
contained in the statistical factor model are orthogonal, the formula in {4.2.6
is the factor risk of an equally weighted long-short portfolio of stocks i and
j; clearly, this has some real investment meaning for an equity portfolio.
This equation can be viewed as the factor distance. However, a further
mathematical property of the statistical factor model is that the stock
residual item is also orthogonal to each and every factor used in the model as
well as being orthogonal to each other. Therefore, it is also possible to
extend the factor distance by adding back the stock specific component of the
risk model for stocks i and j, to derive the total distance measure. This is
potentially an important extension, since the addition of the stock specific
element may radically change the resultant shape of the dendrogram.

4.3 Example of a Stock Dendrogram
4.3.1 Typical results for the constituents of a pan-European index are

shown in Figure 2. In this example we have used the fairly narrow FTSE
C= Stars Index. This index contains 29 stocks, a manageable number for this
illustration. Other benchmark indices clearly have a different risk structure.

4.3.2 Figure 2 is built up from the left. The first thing to do is to find
out which is the pair of stocks that are the most similar in terms of their risk,
i.e. what two stocks have the lowest risk when one is hedged by the other. It
is important to remember that all portfolios referenced against a benchmark
index will be hedging long positions relative to the benchmark with short
positions ö they are just the same as a long/short hedge fund in this respect.
Using just the underlying risk model, without knowing the identity of the
stocks, the combinations of all pairs are calculated using the formula in
{4.2.6, thereby identifying the pair with the lowest risk.

4.3.3 In this portfolio, the minimum risk `pair' is ENI and Royal Dutch
Petroleum ö both of which are oil stocks; it is shown as Cluster D in
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Figure 2. This means that the best way to hedge an overweight position (or
long exposure for a hedge fund) in ENI with a single stock is to take up an
underweight position (or short exposure for a hedge fund) in Royal Dutch
Petroleum. The resulting (two-stock) portfolio would have a volatility of
3.7%.

4.3.4 As we move up the dendrogram, Cluster C (in this case a single
stock) joins Cluster D. However, Cluster C is Total Fina Elf, so the
combination of these two clusters forms an oil cluster.

4.3.5 Similarly, we can identify Dutch banking (Cluster B) and Spanish
banking (Cluster A) groupings. This builds up further within the dendrogram
to form a large bank-assurance cluster ö a key part of the structure of this
index.

4.3.6 On a broader basis, we can see that the FTSE C= Stars Index
naturally breaks down into two large clusters covering financials and
telecommunications, media, technology (TMT) (Cluster E). Figure 2 shows
that the TMT sector is, in systematic risk terms, very dissimilar from the
financial sector, and since it only `joins' with the financial sector at a very
high level of total risk, it means that the two groups are not good hedges for
each other. This index is fragmented into two large groupings. For asset

Figure 2. Dendrogram of the constituents of the FTSE C= Stars Index

1082 Practical Risk Management for Equity Portfolio Managers



allocation purposes the most important ö and risky decision ö is the
allocation between these two groups.

4.3.7 This is a simple example of how to visualise the risk dimension of
stocks within a market and how they relate to each other in risk terms.
Obviously, all of these comments are well known and well understood by
portfolio managers. It is important to remember that, as the risk model is
appropriate at a specific date (and is based solely on observable market
returns), it will reflect changes in the risk structure of the market in an
automatic and objective way.

4.3.8 However, for broader indices that are typically used as
performance benchmarks the relationships between the individual stocks
become more complex, and therefore more difficult to grasp intuitively:
(1) The shape of the dendrogram changes over time as the structure of the

market changes ö there are clearly return generating opportunities as
the market changes.

(2) The generation of dendrograms can be repeated over time (a form of
`dendrogram movie' can be built up), and thus forms a consistent
structured basis upon which portfolio managers can view the risk in their
portfolios.

4.3.9 Figures 3 and 4 show the risk structure of the FTSE Eurotop
Index for total risk and factor risk respectively.

4.3.10 There is a clear visual difference between the cluster results based
upon total risk (Figure 3) and factor risk (Figure 4). The difference is
attributable to stock specific risks and how they impact upon market
structure. Obviously, all stocks join together at a higher level in the total risk
structure than they do in the factor only risk structure. Less obviously,
stocks with relatively high stock specific risks will cluster higher than their
peers with lower stock specific risks. The total risk picture of market
structure is more relevant for a concentrated portfolio (e.g. some types of
hedge fund); on the other hand, if the portfolio is diversified (e.g. a style/
theme driven portfolio) the factor risk structure will be more relevant.

4.4 Sector Risk Structure of the Market
4.4.1 Conceptually, it is possible to do precisely the same analysis at the

sector level to examine the sector risk structure of the market. Again, due to
the mathematical properties of the risk model, it is possible to add up risk at
any categorical level by calculating the weighted sum for each company in
the category of each factor exposure. The stock specific elements can be
added in if necessary. The formula to apply is:

Factor exposure to category i �
X

all stocks j; in category i

wi
j f

i
j :
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Figure 3. Total risk structure of the FTSE Eurotop Index at the individual stock level
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Figure 4. Factor risk structure of the FTSE Eurotop Index at the individual stock level
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4.4.2 As an example, Figure 5 shows the sector risk structure of the
FTSE Eurotop Index at a particular point in time.

4.4.3 The dendrogram shows quite clearly the `high level' sectors that
were in force at the time ö the technology/software group, the defensives and
the cyclicals. It is interesting to drill down to look at the clustering at a lower
level. Furthermore, the analysis can be carried on on a systematic and
repeatable basis to see how the risk structure of the market changes over time.

4.5 Reward/Return
4.5.1 Few portfolio managers have complete return forecasts on all of

their holdings and the benchmark constituents. This makes the conventional
approach to risk/return trade-off analysis very difficult. However, from our
experience, most portfolio managers have a view on the returns that they are
expecting from the stocks within their portfolios relative to each other.

Figure 5. Factor risk structure of the FTSE Eurotop Index
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4.5.2 Historically, this absence of comprehensive return forecasts has
been a problem for risk management systems where an attempt is made to
trade off risk and return. However, this problem can be partially overcome
by using a risk statistic called marginal contribution to risk (MCR). The key
features of the MCR are as follows:
(1) The MCR can be positive or negative, and depends upon the stocks in

the portfolio, in the benchmark and their relative weights.
(2) If a portfolio manager wants to increase the risk in a portfolio, then he

can either add to stocks with a positive MCR and/or sell stocks with a
negative MCR.

(3) It can be driven by beta, in the sense that in a portfolio with beta
greater than one all stocks with positive beta will tend to have a positive
MCR, because adding to these stocks will increase portfolio beta and
hence risk.

(4) Stocks with a negative (or relatively low magnitude) MCR are
diversifying the risk within the portfolio.

(5) In an unconstrained portfolio that properly reflects and captures the
views of the portfolio manager, the MCR is proportional to the expected
return on the stock, i.e. for two stocks with different MCRs, the stock with
the higher MCR will have a higher expected rate of return forecast.

4.5.3 Therefore, the MCR forms the bridge between risk and reward.

4.6 A Worked Example
4.6.1 In order to see how this works in practice, we have constructed a

simple portfolio analysis using the FTSE Eurotop 300 as the benchmark and
the FTSE C= Stars Index as the portfolio.
4.6.2 If a portfolio were constructed based upon the C= Stars Index to

track the Eurotop 300, it would have an expected tracking error of over 7ÃÙÄ%.
By any institutional definition this would be deemed an aggressively run
portfolio. However, incurring risk is not necessarily a bad feature in a
portfolio, provided that the portfolio has been constructed efficiently and the
risk budget has been spent appropriately. Table 2 shows the main risk
characteristics of the portfolio.

4.6.3 Table 3 shows the `top' and `bottom' ten marginal contributions to
active factor risk from the stocks within the portfolio ö the stocks in the
middle have been omitted for convenience.

Table 2. Summary risk statistics of FTSE C= Stars vs. FTSE Eurotop 300

Tracking error 7.61%
Portfolio beta 1.14
Correlation 0.93

Practical Risk Management for Equity Portfolio Managers 1087



4.6.4 In rate of return terms, it is implicit in the portfolio that the
manager is expecting the return on Nokia to be greater than on Alcatel,
which, in turn, will be greater than on Philips, and so on. If this is not the
case, then the portfolio has not been constructed efficiently.

4.6.5 Figure 6 shows the dendrogram for the benchmark. The shaded
bars indicate the disposition of the portfolio across the benchmark ö
different colours represent the sector disposition of the portfolio.

4.6.6 The marginal contribution to risk is shown at the foot of the
page. Those stocks where the MCR is negative are shown in grey ö the
expected tracking error can be reduced by buying/increasing the weight in
these stocks. The coloured bars represent the MCR for the stocks that are
actually held, based on their actual weights.

4.7 Observations on the Structure of the Dendrogram and the MCR
4.7.1 The dendrogram represents the risk structure of the benchmark.
4.7.2 As the market changes, so the structure of the dendrogram

changes. These changes can take place at the `macro' or at the `micro' level.
Examples include:
(1) style rotation, e.g. value versus growth;
(2) investment themes (the evolution of the TMT phenomenon and then its

partial demise); and
(3) Spanish banks form their own cluster, independent of the other

continental European banks, presumably due to their heavy exposure to
Latin America.

There is very clear evidence of sensible market-related clustering.

Table 3. Holdings listed by descending marginal contribution to active risk

Company name Marginal
contribution
to active risk

Company name Marginal
contribution
to active risk

Top 10 Bottom 10

Nokia 35.55% Bayer AG 8.60%
Alcatel 28.67% Generali Assicurazioni 7.91%
Koninklijke Philips Electronic 23.53% Daimlerchrysler 7.56%
Siemens AG 23.24% Royal Dutch Petroleum 7.14%
Vivendi Universal 22.62% Ente Nazionale Indrocarburi (ENI) 5.94%
Deutsche Telekom 22.21% Carrefour 5.21%
Telecom Italia 18.01% L'Oreal 4.34%
Telefonica 17.28% Suez 4.19%
AXA 16.47% E.ON 1.23%
Allianz AG 15.71% Unilever NV CVA ÿ5.15%
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Figure 6. Total risk dendrogram, overlayed with the portfolio and the MCR
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4.7.3 From Figure 6, there is a visual impression of stock, sector and
(in some instances) country clustering, how the clusters join together and,
importantly, how high the clusters are when they join together. For example,
the media and technology cluster is quite separate from the rest of the
market (in investment terms, it means that it is difficult to hedge with stocks
from other clusters), and it is more `risky' than the other main parts of the
market.

4.7.4 The majority of large telecom stocks is quite separate from the
main clusters of media and technology stocks.

4.7.5 Some individual stocks are quite different to anything else in the
market.

4.7.6 The MCRs are typically positive, primarily because the beta of the
portfolio is greater than 1 ö see Table 2. This implies a positive expected
return on the market as a whole.

4.8 Observations on Portfolio Construction and Risk Budgeting
4.8.1 The portfolio is not well diversified. The coloured bars indicating

the portfolio holdings in Figure 6 are not spread out across the clusters ö
they are relatively concentrated. In order to reduce the tracking error, stocks
in other clusters would need to be selected. This can be analysed in more
depth and more properly in the section on risk budgeting.
4.8.2 The portfolio does not contain any U.K. stocks, despite heavy

exposure in the benchmark ö this is a cause for lack of diversification.
4.8.3 There are several important clusters where there is no portfolio

exposure. These correspond to stocks with large negative contributions to
MCRs.

ä. Changing Risk Structure of an Equity Market

5.1 Risk Changes over Time
5.1.1 Market practitioners all know that the risk structure of equity

markets change over time. In order to frame an investment view, it is imperative
that portfolio managers know, on a disciplined basis, both the current risk
structure of the market and how it has changed. Only when this knowledge is
available is there any chance of taking rational investment decisions.

5.1.2 The statistical approach to building risk models is particularly well
suited to an analytical approach to assessing the current risk structure of an
equity market. As we have discussed in Section 3, risk models can be built
over various time periods, with various frequency of observations (e.g. daily
or weekly rate of return measurements), so that risk can be assessed over a
whole variety of periods that range from the short-term to the long-term.
Accordingly, the resultant risk models can be used for trading, hedge funds
or longer-term investors.
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5.1.3 In Section 4 we saw how we could use a risk model to see the risk
structure of the market on a consistent basis. In this section we develop a
methodology to examine how, if at all, the risk structure of an equity market
changes over time.

5.1.4 We are interested in determining if several dendrograms generating
different data sets describe the same classification. The main idea underlying
our approach is to analyse the similarity of dendrograms by studying how
similar the underlying distance matrices are. In our case, we have different
dendrograms for the same stocks generated by using returns data over
different periods.

5.1.5 In its simplest case, we have used Spearman's rank correlation
coefficient r as the measure to test for similarity. Despite its slightly
unfamiliar looking formula, r is just the correlation calculated for ranked
vectors ö in our case the ranking of the distance matrix, considered as a
vector. Therefore r takes values between ÿ1 and �1. It takes the value �1
when the two ranked vectors are identical, ÿ1 when the rankings are in
opposite order, and small absolute values are taken when the two vectors are
unrelated. Under the null hypothesis that the two vectors have been randomly
drawn from some population, a function of r is distributed as Student's t.

5.1.6 Let X and Y be two vectors of dimension N. Let di be the difference
between the ranks of the ith entry of X and Y. Then r is given by:

� � 1ÿ
6
PN
i�1

d
2
i

N N2 ÿ 1
ÿ � :

5.1.7 In Section 4.4 we observed that it was possible to aggregate risk
across categories so that, for example, we could analyse the risk structure of
the market by sector. In a similar way, we can aggregate risk in the same
`category', and apply the results to the Spearman coefficient in {5.1.6. This
enables us to investigate how the risk structure of the market is changing at,
for example, the industry sector level of a market.

5.2 A Worked Example
5.2.1 In our example, we will look at how the risk structure of the

European market has changed during the five-year period from January 1998
to December 2002. This is a particularly interesting period, since it spans
the formation of the single currency in Europe as well as the rise and fall of
the `internet boom'.

5.2.2 In terms of the introduction of the euro, we would expect to see
the reduction of the country effect, i.e. the risk structure of the market would
become more stable when looked at from the perspective of the country
aggregation.
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5.2.3 Similarly, if the methodology is to be of any use at all, then, at the
very least, we should be able to quantify and see the effects of the
`technology/media/telecom' phenomenon, both in terms of the emergence of
the grouping and the subsequent changes that took place in the first quarter
of 2000.

5.2.4 We have looked at a broad universe of over 600 European stocks,
including the U.K. The first requirement is to build risk models at each
month end of the stocks that were in the market at that time. We used the
historic constituents of the DJ Stoxx Europe 600 Index. One advantage of
this is that the historic database allows for the survivorship database in that
it shows the actual index constituents at each historic point of time.
However, some corrections were made where necessary, to allow for changes
in the definition of industry sectors and groupings where appropriate.

5.3 The Country Effect
5.3.1 Based on the risk models built, it is a relatively easy task to

calculate the Spearman coefficients for any pair of start and end dates within
the five-year observation period. If both the start and end dates are the
same, then the Spearman coefficient is �1. To the extent that the statistic for
any pair of dates is different to one, it shows how the risk structure has
changed between the two dates. Obviously our models are estimated on
overlapping data sets through a moving window, and this has some
implications for the statistical power of these tests and their interpretation.

5.3.2 The Spearman rank correlation coefficients are determined for all
pairs of start and end dates over the observation period. The results are then
put into a symmetric matrix, with one axis the start date and the other axis
the end date. Rather than display these results as a table, it is preferable to
display the results visually in the form of a heat map.

5.3.3 Figure 7 displays the results. The colour code goes from yellow
(representing a Spearman coefficient of 0) up to red (representing a
Spearman coefficient of �1). The more red there is in the heat map the more
similar the dendrograms are between the start and end dates. By definition,
the leading diagonal will be entirely red. The right hand panel of Figure 7
shows the Spearman coefficients in adjacent periods.

5.3.4 It is very clear from Figure 7 that the risk structure in Europe
from the perspective of country has been remarkably stable since the middle
of 1999. Prior to that there was more variability. (If the analysis is
undertaken over a longer period, there is also very clear evidence of
variability in the country risk structure.)

5.4 The Sector Effect
5.4.1 If we aggregate the risk by industry sector and repeat the analysis

in Section 5.3, we get a visualisation of how the risk structure of the market,
by industry sector, has been changing. The results are shown in Figure 8.
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5.4.2 Figure 8 shows significant differences in the industry risk structure
to that of countries. There is an abrupt change of colour almost mid-way
through the period ö in fact March/April 2000. Prior to then there was a lot
of change in sector risk structure. Since then, and particularly during the
period from August 2001 to December 2002, the structure has been relatively
stable.

5.4.3 The early part of the analysis period reveals a lot of sector
rotation ö this is particularly evident by looking at the right hand panel of
Figure 8. This shows that the Spearman coefficients between adjacent periods
have fluctuated quite wildly.

5.4.4 There are large differences between the industry risk structure at
the start and end of the period.

5.5 The Stock Effect
5.5.1 Finally, a similar analysis can be completed for stocks. The results

are shown in Figure 9.
5.5.2 It is little surprise that the results show far more changes in the

risk structure of stocks from one period to another and that the overall level
of the Spearman coefficients are lower than for both countries and industry
sectors.

5.5.3 There are modifications that can be made to the approach outlined
in this section. Since we have shown how easy it is to aggregate risk due to
the mathematical properties of the statistical factor model, it is possible to
calculate distance measures between countries, industry groups, sectors, etc.
(or any other categorisation) at a single point in time, and then build these up
over time to visualise how the market changes over time.

5.5.4 Some specimen results are shown in Figure 10. For illustrative
purposes we have aggregated the risk model by industry group, and show the
results as at the end of each year from 1997 to 2002. More frequent
observations would show the dynamic effects of the change in the market
through time. Figure 10 represents the risk structure with an appropriate lag.
Instantaneous risk views could be obtained by using shorter-term models, as
explained in {3.5.7.

5.5.5 Again, we present the results in the form of a series of heat
maps. No clear picture emerges at the industry group level from the
pictures shown as at December 1997 and December 1998. The technology
and telecom industry groups are very clearly in evidence from the pictures
at the other observation points. The energy sector shows a similar
characteristic.

5.5.6 It is clearly possible to aggregate at the industry or sub-industry
level to see a more detailed breakdown of the structure of the equity
market.

5.5.7 The visual results that we have presented clearly demonstrate the
existence of structural changes associated with the euro convergence
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Figure 10. Industry risk structure of Europe, 1997-2002
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Figure 10 (continued). Industry risk structure of Europe, 1997-2002
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Figure 10 (continued). Industry risk structure of Europe, 1997-2002
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phenomenon and the TMT bubble. It is worth pointing out that one can
explicitly test for structural breaks using a variety of parametric and non-
parametric statistical tests to give a level of significance.

5.5.8 From a practitioners point of view, this is potentially important.
Changes in market structure could be viewed as either temporary (and mean
reverting) or reflecting some structural change.

å. Risk Budgeting

6.1 The Need for Risk Budgeting
6.1.1 Risk budgeting has received a great deal of interest from the

investment management community recently (Rahl, 2002), but no clear
consensus has emerged on how it should be implemented. Many of the ideas
in this section could equally be referred to as the decomposition of expected
risks or `co-variance accounting'. Risk budgeting takes the analysis further:
ªWhere do we want to take risk; where do we want to avoid it, whilst
satisfying various constraints?'' These types of questions can only be
answered in conjunction with an alpha generation model (whether
quantitative or otherwise) and with some form of simulation. The vital point
is that a disciplined and repeatable framework for accounting for risk is a
necessary pre-requisite.

6.1.2 In a traditional, long-only investment environment, there is a
natural limit to the downside risk, which is the case where the value of the
asset falls to zero. In a long-only environment, no position can turn into a
liability except in relation to the benchmark. A benchmarked long-only
portfolio is merely comprised of:
(1) the benchmark index; plus
(2) a long-short overlay portfolio with two constraints: (a) a net zero

exposure by market value; and (b) no short position may be in excess of
the benchmark index exposure.

These constraints are an arbitrary restriction on the long-short overlay
portfolio. When they are lifted, as in the more general case of a hedge fund,
there is a pressing need for some new discipline to be imposed on positions
and risk.

6.1.3 Another environment that raises the need for risk management is
where a portfolio is split into sub-portfolios that are managed by different
people. The actions of the individual managers need to be coordinated, so
that the portfolio as a whole is not exposed to inappropriate levels of risk
(Sharpe, 2002).

6.1.4 In both these situations, there is a pressing need to manage and
control the sources of risk. The traditional business method for making such
allocations is to budget and control. In the context of risk, efforts to budget
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in an analogous way have been only partially successful. In this section we
will explore some of the issues involved in practical risk budgeting.

6.1.5 A budget is a meaningful and useful method of allocating
resources available to a manager, if the manager then has some freedom and
discretion in choosing autonomously how the budget is to be spent. Part of
this process will be to find the `goods' (in our case returns) that have the
cheapest price (in our case, contribution to portfolio risk). The complication
in the case of risk, and in particular the case of systematic risk, is that the
decisions of one manager affect the prices faced by another.

6.1.6 The way in which this works is clear from the mathematical
expression for portfolio risk, which consists of terms like wiwjsij. Most
terms have two decision variables (wi and wj) implicated, so attributing
responsibility for the size of the term wiwjsij is difficult. If manager i has
control over wi, and manager j has control over wj, the size of the typical
term wiwjsij is determined jointly between the two managers. The exception is
terms where i � j, which are terms in variance and not covariance ö they
are specific risks, and can be budgeted for in a fairly conventional way.
6.1.7 The remaining terms with i 6� j are contributed by systematic risk.

For the large portfolios of many assets that are typical of institutional
investments, it is normal for the great majority of the total risks to be
systematic. Active risk relative to the benchmark typically has a lower
proportion of systematic risk, but it is not at all unusual for it still to
dominate specific risk. Hence, the management of systematic risk is a matter
of considerable importance, but, as we have seen, it is not obviously
amenable to budgeting in a conventional way.

6.1.8 We will argue that, at the moment, we are better equipped to
account for risk than we are to budget it. Because, in a portfolio risk context,
the terms wiwjsij cannot be uniquely attributed to one manager, they are
jointly owned by manager i and manager j. There is a need for an overview
of all managers' positions by a person with responsibility for the
entire portfolio. Budgeting becomes an interactive process, in which the
responsibility for the covariance terms is determined in a way that is adapted
to suit the investment process.

6.2 Covariance Accounting from the Bottom Up
6.2.1 There are a number of alternative models for risk, and earlier, in

Section 3, we discussed the relative merits of these alternatives. The same
principles of accounting can be applied to any multi-factor model for
expected risk. The first assumption that we make is that forward looking risk
is quantified in terms of variance of returns. In general, these returns can be
either absolute returns or returns relative to a benchmark, but, for the sake
of brevity, we will henceforth assume that we are looking at relative returns,
and use the term `tracking error' to describe the square root of risk
variance.
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6.2.2 Our second assumption is that risk is best understood at the level
of the individual security. A collection of securities, whether it be an index or
a portfolio, will be better analysed and predicted, both in terms of risk and
return, if the changing weightings of individual securities are taken into
account.

6.2.3 The objective that we have set ourselves is to account for risk;
literally to attribute each basis point of expected tracking error to its sources.
The calculations of risk take into account the positions in each constituent
security ö we do not know of another way to analyse risk in a consistent
way which will yield the same result at different levels of aggregation.

6.2.4 As we have already noted, the expression for variance is quadratic;
a summation of covariance terms of the form wiwjsij:

s2
p �

X
i;j

wi wj sij:

6.2.5 The most natural way to arrange these is in a square table, with
the dimension on each side being the total number of securities. The
summation of the terms in this table can be done either all at once or in a
hierarchy of levels (e.g. by industry, then by sector). Regardless of the level
of aggregation at which we view the analysis, the total figure is the same.
6.2.6 The total figure that remains the same is the figure for variance.

The algebra of variance is relatively simple, and we can add it up in the order
that we find most useful. The trouble with variance is that the units are, for
most people, unfamiliar, and therefore difficult to interpret. The
conventional solution is that the square root is taken. We take a different
route, and divide each term by sp, the portfolio volatility. The result is that
our attribution of covariance is now in units of volatility.

6.2.7 We now have a tabulation of the sources of risk, which can be
aggregated at any level or in any order, and which always adds to the
tracking error or total risk. Each element is of the form wiwjsij=sp:

sp �
1
sp

X
i;j

wi wj sij:

6.2.8 This means that the term is zero if the active weight in either asset
is zero, the contribution is zero, and if the covariance is zero, the
contribution is also zero. Thus the attribution works, both from an algebraic
point of view and from a commonsense point of view.

6.3 Risk Factors
6.3.1 If the bottom line for risk can be attributed between the positions

in different assets, it can also be attributed between categories of risk. As we
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noted before, there are many competing multi-factor models for risk, most
of which conform to a simple three-class categorisation, which we adopt
here.

6.3.2 The first category is specific risk; the part of a security's returns
which is totally unrelated to other securities' returns. The second category is
`market risk', in the sense meant by the capital asset pricing model ö that is,
the sensitivity of a security's returns to the returns on a broad-based market
index, as measured by beta. The third category is the remaining sources of
systematic risk, which we will call `styles and themes', which include what is
normally known as industry risk, as well as size, value, and so on.

6.3.3 We can relate this to the risk account as follows. As we saw
before, each term in the account looks like wiwjsij=sp. In a multi-factor risk
model, the covariance sij is broken down into its sources. For our purposes
this does not present a problem, because we can write each term as the sum
of three components:

sp �
1
sp

X3

k�1

X
i;j

wi wj sijk:

When: k � 1, sijk corresponds to the stock-specific risk;
k � 2, sijk corresponds to the market risk; and
k � 3, sijk corresponds to the style and theme risk.

6.3.4 The third category can, of course, be broken down further. The
point here is simply that the distributive law applies, so if we have an additive
multi-factor model for covariance, then we also have an additive multi-
factor method of accounting for risk. This simple additive property makes
for easy accounting, and, as we shall see, easy visualisation.

6.4 Aggregations of Risk
6.4.1 As we noted earlier, there is a fundamental assumption that the

best method for measuring and analysing risk is at the security level. In this
way we take account of the current composition of a portfolio, a benchmark,
or any other aggregate such as an industry or country, and not the
historical composition that varied over time and is now out of date.
Analysing risk at the security level is not a problem, given the computing
power that we have available. The challenge is to display and communicate
the information in a way that is intelligible to the portfolio manager.

6.4.2 The problem of information overload is well documented in the
field of accounting. When presented with just a simplified set of accounts, the
average analysts are more likely to pick out the key points than if they are
presented with a detailed set of accounts. There is a pressing need to simplify
and clarify, and to present detail only where and when the user requires it.
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One solution is to present the information in terms of aggregates, and to
allow the user the possibility to look into these aggregates on demand. This
functionality is commonly referred to as `drill down'.

6.4.3 The process of aggregation is simply a way of adding up the type of
terms that we saw beforeö wiwjsij=sp. The tracking error is a sum of all of these
elements over the entire range of i and j, which, for an investment universe of
700 securities, is a square table composed of 490,000 entries. It is not helpful to
present the user with the stark choice between a single number or a table with
490,000 entries. What is needed is a system of classification of the securities,
within which we can aggregate the riskmeaningfully. Each securitymust belong
to exactly one category. One such system of classification is the sector
classification, another would be country classification, and a third would be
classification using statistical cluster analysis.

6.4.4 The aggregation process consists of adding all the terms that
belong to a particular category, for example a sector. As an example, say we
wish to calculate the portion of tracking error that is attributable to the
positions in the oil sector interacting with the telecoms sector. We do the
summation of terms wiwjsij=sp for securities i which are members of the oil
sector and for securities j which are members of the telecoms sector. Equally,
we can use different categorisation schemes on the two axes, so, for
example, in a pan-Euro portfolio we could calculate the tracking error which
is attributable to positions in Germany interacting with positions in the
pan-Euro technology sector.

6.4.5 The aggregation process leads to a very similar matrix to the one
that we had originally, but one with a smaller number of elements. The units
of the resulting matrix are still tracking error, and they still add up to the
total tracking error. What we have described is the bottom-up accumulation
of tracking error into useable high-level aggregates.

6.5 Displays and their Interpretation
6.5.1 The basic element of risk in all preceding sections has been a term

like wiwjsij=sp. In contrast to ordinary accounting, where the numbers are
most naturally presented in a column, the elements of risk are most naturally
arranged in a table. One could call this table a matrix, but since most
matrix operations are not appropriate, and the only natural operations to
apply to it are to add up the elements, it is more helpful to think of it as a
table.

6.5.2 We are most interested in elements in the table that are large in
magnitude, which either add a lot of risk to the portfolio or remove a lot of
risk from it. The size of the table can be large, so what is needed is a method
of display that assists with the process of identifying the major
contributions to risk. One method is to order the elements so that the most
important are all grouped together. We group the elements of greatest
importance at the top left, with the elements of lowest importance at the
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bottom right. Another method uses colour codes to produce a `heat map',
rather like a night vision camera uses false colour to highlight animate
objects. The colours are selected to highlight the largest values, so that there
is an instant perception of the key sources of risk ö the `hot spots'.

6.5.3 As we noted before, the table can be analysed into a set of three
(or more) tables which add up to the total table, and which correspond to the
different risk factors. The specific risk table shows the part attributable to
unsystematic, stock-specific risk. The `market risk' table shows how the betas
of the assets add to or reduce the portfolio risk, and will help to highlight
the positions that have the largest impact on the portfolio's active beta. The
`styles and themes' table shows which assets contribute most to other sources
of systematic risk, purged of beta. These tables and their alternative visual
representations as `heat maps' are the basic tools of risk accounting.

6.6 Risk, Marginal Contribution, and Expected Return
6.6.1 Thus far we have looked at accounting for the expected risk in a

portfolio, whether it be tracking error or total risk. Another analysis which
can be useful is the marginal risk, that is the sensitivity of risk to the
weighting in security i.

6.6.2 The expression for marginal contribution to risk (MCR) for
security i is a single summation of terms wjsij:

MCRi �
1
sp

X
j

wj sij:

6.6.3 The constituent terms in this summation tell us how the positions
in other, correlated assets contribute to making this security risky, at the
margin. Once again the units can be made more helpful by dividing through
by the portfolio risk, so that the marginal contributions are marginal
contributions to volatility rather than to variance.

6.6.4 In the area of marginal contribution and risk budgeting, others
have at times made the assumption that the portfolio is optimal. We consider
this to be an assumption that is, at best, heroic. Next, to make useful
progress in the analysis, others have assumed that there are no binding
constraints on the portfolio. This is an assumption that is simply untrue in
the majority of practical situations.

6.6.5 Without these assumptions, there is still much that can be inferred
from an inspection of the MCR. MCRs of assets which are not bound by a
constraint can be directly compared; if the rankings of their MCRs are not in
accordance with the managers' rankings of their expected returns, then
there may be an opportunity to add value by trading, depending on the costs
of trading.

Practical Risk Management for Equity Portfolio Managers 1105



6.7 Risk Budgeting and Risk Management
6.7.1 Budgeting is an exercise in containment, normally applied to the

containment of costs. The motivation to devise an analogous process to
contain risk in a portfolio is strong. However, applying budgetary control to
portfolio risk is problematical, because the systematic risk can build up in a
portfolio through the interactions of its constituents, and these interactions,
by their nature, are not readily contained. Specific risk can be budgeted for,
because these interactions do not occur, but only in special cases is this the
dominant source of risk.

6.7.2 One way of getting around this is to make assumptions, even
assumptions that are implausible, such as zero correlation between different
managers' active returns. When the data are available to analyse risk without
resorting to assumptions, the exercise of due diligence requires use of these
data. We therefore reject the use of assumptions, be they plausible or not.

6.7.3 The original problem that motivated risk budgeting was the
containment of risk. We propose a risk management process that satisfies
this need for containment of tracking error at the portfolio level, without
requiring the implausible assumptions. An effective process places some
demands upon both the information systems and the operations of a
portfolio management business.

6.8 A Worked Example
6.8.1 For the sake of concreteness, consider the example of a global

portfolio, with separate managers for different regions. The following are
some suggestions for an effective risk management process:
(1) Management of variance. The individual portfolio managers have a

budget for the risk taken within their portfolios, without reference to
other portfolios, i.e. the variance. Staying within this budget is the
responsibility of the managers, and they can ensure compliance by
reviewing the impact of trades before executing them. Market moves in
their own sub-portfolio and in the rest of the portfolio will have an
impact on portfolio weights, and hence on their risk contribution, so a
periodic review is also needed.

(2) Management of covariance. As we have pointed out, a significant part
of the total risk is typically contributed by covariance. The active
positions of the Pan-Euro manager are very likely correlated with those
of the North America manager, but the responsibility for this
covariance cannot be uniquely assigned to either manager. A solution is
to assign half the covariance to each manager, and to give each
manager a budget for covariance. Staying within this budget is the
responsibility of the manager. If a trade by the Pan-Euro manager
would breach that manager's covariance budget, or anyone else's, it
would need approval by a person with responsibility for the portfolio as
a whole.
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(3) Interactive display of variance/covariance accounts. The management of
risk is a multi-level affair. What applies to management of risk
accumulating between regional sub-portfolios also applies to the
management of risk accumulating between the sectors or countries within
a portfolio. Because the risk contribution tables are potentially large,
even at the industry/sector level, the use of well-designed information
display technology makes a big difference. Management by exception
highlights clearly the biggest contributors, and, in particular, those that
are outside their control range. Drill down allows the user to move from
an aggregated level to a detail level and back again.

6.8.2 In this example we will analyse the risk budgeting process of a
global portfolio apportioned by region ö North America, Europe (including
the U.K.), Japan and the Pacific Rim. In each region the largest market
capitalisation stocks (in descending order of market capitalisation) are held,
such that they represent the top 30% of each region's market capitalisation. In
this way we have constructed a portfolio that has a large capitalisation bias.

6.8.3 Summary risk statistics
The first analysis is to calculate the summary risk statistics of the

portfolio. These are summarised in Table 4. The expected tracking error is
4.91%. The purpose of the risk budgeting is to analyse and slice and dice this
tracking error of 491bps in a variety of ways, and to drill down so that the
sources of the risk can be determined.

6.8.4 Risk budgeting by country
(1) Table 5 shows the apportionment of the 491bps by country. It reveals

both the risk incurred within each country and, most importantly, the
effect of the co-variance terms between countries.

(2) For ease of reading we have excluded the entries in the table that
contribute less than �=ÿ 1 bp to the total.

(3) The table of results can also be represented in a heat map, so that the
relative importance of the contributions to the tracking error can be
easily seen. The results are shown in Figure 11.

(4) It is clear from Figure 11 that most of the risk is being taken in the United
States of America, with lesser amounts in the U.K., Japan and Finland.
There is little diversification across country ö the largest contribution
coming from the co-variance term betweenGermany and the U.K.

Table 4. Summary risk statistics

Tracking error 4.91%
Portfolio beta 1.00
Correlation 0.96
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(5) The sum of the variance terms in the attribution is 448 bps ö the
difference between this number and the total tracking error is 43 bps! The
benefits of diversification are, in this example, in fact a cost. It must be
questioned whether this portfolio construction from the country
perspective is efficient. Risk has been taken in the off-diagonals ö is there
any commensurate expected return? The biggest cost of diversification is
in the co-variance between the U.S.A. and the U.K. portfolios.

6.8.5 Risk budgeting by global industry group
(1) Rather than analyse the portfolio by country, it can be done just as

easily by global industry group using our methodology. The results of
this analysis are shown in Table 6 and Figure 12.

Figure 11. Risk budgeting ö by country
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(2) Once again the sum of the off-diagonals is positive (amounts to 31bps),
so that there has been a risk cost from diversification ö is the portfolio
manager expecting a commensurate return?

(3) Figure 12 shows the same results that are displayed in Table 6. Clearly,
there is a lot of risk being taken in the interaction between the energy and
healthcare sectors.

6.8.6 Risk budgeting by stock
(1) It was observed in {6.8.4 that relatively large amounts of risk were

being taken in the interaction between the stocks held in the U.S.A. and
the U.K. Using our methodology, it is relatively easy to view the risk
budgeting in this area to analyse the precise sources of risk.

Figure 12. Risk budgeting ö global industry group
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(2) Figure 13 shows the apportionment of risk between the active stock
positions in the U.S.A. and the U.K. Since there are too many stocks to
display in the heat map whilst still being able to read the letters, we have
shown the 25 most important (either positive or negative) contributions
to the off-diagonal contribution to the total tracking error of 29bps.

(3) It can be seen from the heat map that there are relatively large
contributions to the off-diagonal risk arising from the holdings in
General Electric, Citigroup, Exxon Mobil and Microsoft in the U.S.A.
against HSBC, BP, GlaxoSmithKline and Vodafone in the U.K. The
positions in these stocks are adding to risk because of the risk model co-
variance between them. There are other financial stocks that could be
held in both the U.K. and the U.S.A. For example, does the portfolio

Figure 13. Risk budgeting ö U.S. and U.K. stocks
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manager have that much stronger view of holding Citigroup or General
Electric rather than American Express, Wells Fargo or JP Morgan; is
HSBC that much more preferable to Lloyds TSB or Barclays? He must
have a stronger view to compensate him for the increased risk.

Table 7. Summary risk statistics

Tracking error 8.58%
Portfolio beta 0.92
Correlation 0.88

Figure 14. Risk budgeting ö by country within Europe
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6.8.7 Risk budgeting within Europe
(1) We can drill down into the portfolio in many ways. In this section we

look at the European component of the portfolio, and analyse the risk
budgeting relative to the European component of the benchmark. For the
purposes of this example, we look at the risk budgeting by country and
by industry, although, of course, many other ways are equally valid.

(2) Table 7 shows the summary risk statistics of the portfolio.
(3) The expected tracking error of the European sub-portfolio in isolation is

8.58% ö hardly surprising given that the total portfolio has a tracking
error of 4.91%.

6.8.8 Risk budgeting by country
(1) Table 8 shows the apportionment of the 858bps by country. It reveals

both the risk incurred within each country and, most importantly, the
effect of the co-variance terms between countries.

Figure 15. Risk budgeting ö by industry group within Europe
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(2) The table of results can also be represented in a heat map, so that the
relative importance of the contributions to the tracking error can be
easily seen. The results are shown in Figure 14.

(3) Figure 14 shows very clearly that the major risk position is in the U.K.
active portfolio ö this contributes 538bps to the total tracking error of
858bps. However, the sum of the entries in the leading diagonal is
878bps.

(4) The results for Finland are interesting ö the pure Finnish risk (in this
case Nokia) is 117bps. However, the total effect on the European
portfolio is 44bps, as the holding in Nokia is diversified in the other
active positions.

6.8.9 Risk budgeting by industry group within Europe
(1) The final analysis of this example is to do the risk budgeting by

European industry group. The results are shown in Table 9 and
Figure 15.

(2) The active portfolio positions in energy contribute most to the tracking
error ö in fact some 437 bps. However, it is very interesting to note that
the sum of the leading diagonal amounts to 1021bps. The portfolio has
been efficiently constructed and has been able to re-cycle 163bps of
diversification risk, presumably into areas where there is a commensurate
expectation of alpha.

æ. Conclusions

7.1 We have laid out an integrated approach to risk measurement and
management. Our emphasis had been on de-mystifying the numerical
barriers that typically surround this topic, so that portfolio managers can
incorporate risk management into their daily routine. In the past the
modelling approach and the associated tools available have not made this
topic accessible or meaningful to portfolio managers.

7.2 The model represented in this paper is based upon co-variance, i.e.
we have only modelled each stock with respect to its first and second
moments of a normal distribution. Higher moments (e.g. skewness and
kurtosis) have been ignored, but deserve further research. Similarly, the
maximum likelihood framework could be extended to incorporate time-
varying risk exposures. These are important extensions, as they would enable
the techniques to be extended to fixed income and derivative asset
categories.

7.3 Risk measurement is a small, but necessary, part of the process,
and, in our view, is emphasised too much by investment consultants and
clients. Risk management, the process of budgeting and controlling risk, is
far more important.
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7.4 Risk is not a bad thing unless there is no quantifiable expectation of
a commensurate return. In this case it is merely business risk!

7.5 By separating the measurement of risk from its interpretation, we
are afforded much more flexibility in our analysis without sacrificing the
quality of our risk forecasting (measurement).

7.6 The approach suggested in this paper provides a repeatable
systematic and disciplined process to assess the risk structure in equity
markets and how it changes over time.

7.7 Using the same framework, we are able to account for risk in a
portfolio, and hence spend the risk budget efficiently. By aggregating risk
from the `bottom-up', we are able to account for the entire budget without
recourse to balancing items attributable to co-variance. We model stock
specific effects explicitly (and mathematically efficiently) rather than using a
stock `residual' as a catch-all for other unexplained sources of risk.

7.8 We hope, by using modern interactive visualisation techniques, that
the topic of risk management will gain broader appeal and cease to be the
preserve of actuaries, investment consultants and quantitative analysts.
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APPENDIX

CLUSTER TECHNIQUES

A.1 Cluster Analysis
Cluster analysis is a multivariate statistical technique for grouping objects

in a manner that will help in the interpretation of those objects. The groups
are mutually exclusive, and chosen in such a way that the members of each
group are similar to each other while members of different groups are
dissimilar. There are two principal ways of performing cluster analysis. These
are hierarchical clustering and partitioning (non-hierarchical).

A.2 Hierarchical
A.2.1 Hierarchical cluster analysis produces a classification that has an

increasing number of nested classes. The hierarchy can be illustrated by a
two-dimensional diagram know as tree diagram or dendrogram. Figure A.1
shows a dendrogram based on sample data.

A.2.2 A dendrogram shows how closely matched each stock is to every
other stock. The measure of closeness could be the correlation between
stocks, and this is shown as the height on the dendrogram (a different

Figure A.1. Specimen dendrogram
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measure of closeness has been used to produce the dendrogram above). In
Figure A.1 the lowest intersection (between Abbey National and Bank of
Scotland) shows that these are the closest stocks in the chosen universe. The
next intersection up shows the next closest pairing, and so on.

A.2.3 Two different classes of algorithm ö agglomerative and divisive
ö can produce dendrograms. Agglomerative algorithms operate by
starting off with individual objects, then successively grouping them until
all the objects are in one group. Divisive algorithms work in the opposite
manner.

A.2.4 Once the relationship between all the objects has been established,
we can specify a number of groups into which the objects should be
classified. For example, if we required N groups, we would start at the top of
the dendrogram and find the top (N-1) intersections. The branches from
these intersections would be the N groups.

A.2.5 The steps required in generalised hierarchical agglomerative
clustering are:
(1) identify what data are needed ö e.g. stock returns;
(2) compute the similarity/dissimilarity matrix (later in the appendix we

look at different similarity/dissimilarity measures);
(3) identify the two closest objects in the matrix;
(4) merge the two closest objects into a cluster;
(5) compute distances between the new cluster and all the other objects;

and
(6) finally, repeat the last three steps until all the objects are part of one

cluster.

A.2.6 Different rules can be used to compute distances between two
clusters. If the two closest members between the two clusters are compared,
then the method is known as single link clustering. Several other methods
exist ö such as comparing the farthest members, comparing the group
average and minimising the intra-cluster sum of squares (Ward's method).
The sum of squares is used in the pan-European analysis.

A.3 Partitioning
Non-hierarchical cluster analysis requires a number of groups to be

specified. Then it iteratively reallocates objects into groups until equilibrium
is reached. No attempt is made to identify a link between the separate
groups. For example, if we performed partitioning on a deck of cards and
specified two groups, then we would expect to end up with one group of
black cards and one group of red cards. Just as for hierarchical cluster
analysis, there are several algorithms available for partitioning. The broad
aim of these algorithms is to minimise the intra-cluster distance whilst
maximising distances between different clusters. Figure A.2 shows the result
of partitioning on sample data graphically.
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A.4 Other Important Considerations
A.4.1 As the objective is to group similar objects, a measure of

similarity is required. For our analysis of stocks this could simply be the
correlation between stocks. Stocks could be placed into an arbitrary number
of groups by changing the threshold correlation values. However, correlation
is quite crude as a distance measure, as it includes the specific risk
component of stock return (as well as the market risk). In large, well-
diversified portfolios we would expect specific risk of the stocks to be
cancelled out, so a better distance measure would only consider the market
(or non-diversifiable risk).

A.4.2 The distance matrix is constructed by comparing each
combination of stocks. Our statistical factor model gives an exposure value
to 20 orthogonal factors for each stock. We could compute the distance
between two stocks as the Euclidean distance (sum of squares). Figure A.3
illustrates this in two-dimensional format.

A.4.3 We could use alternative definitions of distance, such as the angle
between two objects ö see Figure A.3.
A.4.4 The difference between this measure and Euclidean distance is

that it allows for scalability. So, if object 2 were the same as object 1
multiplied by a scalar factor, then the second definition would produce a
distance of zero, whereas the Euclidean distance would be non-zero.

Figure A.2. Partitioning on sample data
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A.4.5 Initially we ran our analysis using both measures, and found that
the Euclidean distance measure was better at segmenting the data into
meaningful groups. If we think about the problem in factor analysis terms,
then this result is not surprising. If exposures of object 2 were twice those of
object 1, then we would expect the two to behave differently in the context of
equity returns.

Figure A.3. Difference between distance and angular measures
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