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Foreword

How many children dream of one day becoming risk managers? I very much doubt little Carol
Jenkins, as she was called then, did. She dreamt about being a wild white horse, or a mermaid
swimming with dolphins, as any normal little girl does. As I start crunching into two kilos of
Toblerone that Carol Alexander-Pézier gave me for Valentine’s day (perhaps to coax me into
writing this foreword), I see the distinctive silhouette of the Matterhorn on the yellow package
and I am reminded of my own dreams of climbing mountains and travelling to distant planets.
Yes, adventure and danger! That is the stuff of happiness, especially when you daydream as a
child with a warm cup of cocoa in your hands.

As we grow up, dreams lose their naivety but not necessarily their power. Knowledge makes
us discover new possibilities and raises new questions. We grow to understand better the con-
sequences of our actions, yet the world remains full of surprises. We taste the sweetness of
success and the bitterness of failure. We grow to be responsible members of society and to
care for the welfare of others. We discover purpose, confidence and a role to fulfil; but we also
find that we continuously have to deal with risks.

Leafing through the hundreds of pages of this four-volume series you will discover one
of the goals that Carol gave herself in life: to set the standards for a new profession, that of
market risk manager, and to provide the means of achieving those standards. Why is market
risk management so important? Because in our modern economies, market prices balance the
supply and demand of most goods and services that fulfil our needs and desires. We can hardly
take a decision, such as buying a house or saving for a later day, without taking some market
risks. Financial firms, be they in banking, insurance or asset management, manage these risks
on a grand scale. Capital markets and derivative products offer endless ways to transfer these
risks among economic agents.

But should market risk management be regarded as a professional activity? Sampling the
material in these four volumes will convince you, if need be, of the vast amount of knowledge
and skills required. A good market risk manager should master the basics of calculus, linear
algebra, probability — including stochastic calculus — statistics and econometrics. He should be
an astute student of the markets, familiar with the vast array of modern financial instruments
and market mechanisms, and of the econometric properties of prices and returns in these
markets. If he works in the financial industry, he should also be well versed in regulations and
understand how they affect his firm. That sets the academic syllabus for the profession.

Carol takes the reader step by step through all these topics, from basic definitions and
principles to advanced problems and solution methods. She uses a clear language, realistic
illustrations with recent market data, consistent notation throughout all chapters, and provides
a huge range of worked-out exercises on Excel spreadsheets, some of which demonstrate
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analytical tools only available in the best commercial software packages. Many chapters on
advanced subjects such as GARCH models, copulas, quantile regressions, portfolio theory,
options and volatility surfaces are as informative as and easier to understand than entire books
devoted to these subjects. Indeed, this is the first series of books entirely dedicated to the
discipline of market risk analysis written by one person, and a very good teacher at that.

A profession, however, is more than an academic discipline; it is an activity that fulfils
some societal needs, that provides solutions in the face of evolving challenges, that calls for a
special code of conduct; it is something one can aspire to. Does market risk management face
such challenges? Can it achieve significant economic benefits?

As market economies grow, more ordinary people of all ages with different needs and risk
appetites have financial assets to manage and borrowings to control. What kind of mortgages
should they take? What provisions should they make for their pensions? The range of invest-
ment products offered to them has widened far beyond the traditional cash, bond and equity
classes to include actively managed funds (traditional or hedge funds), private equity, real
estate investment trusts, structured products and derivative products facilitating the trading of
more exotic risks — commodities, credit risks, volatilities and correlations, weather, carbon
emissions, etc. — and offering markedly different return characteristics from those of tradi-
tional asset classes. Managing personal finances is largely about managing market risks. How
well educated are we to do that?

Corporates have also become more exposed to market risks. Beyond the traditional expo-
sure to interest rate fluctuations, most corporates are now exposed to foreign exchange risks
and commodity risks because of globalization. A company may produce and sell exclusively
in its domestic market and yet be exposed to currency fluctuations because of foreign com-
petition. Risks that can be hedged effectively by shareholders, if they wish, do not have to
be hedged in-house. But hedging some risks in-house may bring benefits (e.g. reduction
of tax burden, smoothing of returns, easier planning) that are not directly attainable by the
shareholder.

Financial firms, of course, should be the experts at managing market risks; it is their métier.
Indeed, over the last generation, there has been a marked increase in the size of market risks
handled by banks in comparison to a reduction in the size of their credit risks. Since the 1980s,
banks have provided products (e.g. interest rate swaps, currency protection, index linked loans,
capital guaranteed investments) to facilitate the risk management of their customers. They
have also built up arbitrage and proprietary trading books to profit from perceived market
anomalies and take advantage of their market views. More recently, banks have started to
manage credit risks actively by transferring them to the capital markets instead of warehousing
them. Bonds are replacing loans, mortgages and other loans are securitized, and many of the
remaining credit risks can now be covered with credit default swaps. Thus credit risks are
being converted into market risks.

The rapid development of capital markets and, in particular, of derivative products bears
witness to these changes. At the time of writing this foreword, the total notional size of all
derivative products exceeds $500 trillion whereas, in rough figures, the bond and money mar-
kets stand at about $80 trillion, the equity markets half that and loans half that again. Credit
derivatives by themselves are climbing through the $30 trillion mark. These derivative markets
are zero-sum games; they are all about market risk management — hedging, arbitrage and
speculation.

This does not mean, however, that all market risk management problems have been
resolved. We may have developed the means and the techniques, but we do not necessarily
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understand how to address the problems. Regulators and other experts setting standards and
policies are particularly concerned with several fundamental issues. To name a few:

1. How do we decide what market risks should be assessed and over what time horizons?
For example, should the loan books of banks or long-term liabilities of pension funds
be marked to market, or should we not be concerned with pricing things that will not
be traded in the near future? We think there is no general answer to this question about
the most appropriate description of risks. The descriptions must be adapted to specific
management problems.

2. In what contexts should market risks be assessed? Thus, what is more risky, fixed or
floating rate financing? Answers to such questions are often dictated by accounting
standards or other conventions that must be followed and therefore take on economic
significance. But the adequacy of standards must be regularly reassessed. To wit,
the development of International Accounting Standards favouring mark-to-market and
hedge accounting where possible (whereby offsetting risks can be reported together).

3. To what extent should risk assessments be ‘objective’? Modern regulations of finan-
cial firms (Basel II Amendment, 1996) have been a major driver in the development of
risk assessment methods. Regulators naturally want a ‘level playing field’ and objective
rules. This reinforces a natural tendency to assess risks purely on the basis of statisti-
cal evidence and to neglect personal, forward-looking views. Thus one speaks too often
about risk ‘measurements’ as if risks were physical objects instead of risk ‘assessments’
indicating that risks are potentialities that can only be guessed by making a number of
assumptions (i.e. by using models). Regulators try to compensate for this tendency by
asking risk managers to draw scenarios and to stress-test their models.

There are many other fundamental issues to be debated, such as the natural tendency to focus
on micro risk management — because it is easy — rather than to integrate all significant risks and
to consider their global effect — because that is more difficult. In particular, the assessment and
control of systemic risks by supervisory authorities is still in its infancy. But I would like to
conclude by calling attention to a particular danger faced by a nascent market risk management
profession, that of separating risks from returns and focusing on downside-risk limits.

It is central to the ethics of risk managers to be independent and to act with integrity. Thus
risk managers should not be under the direct control of line managers of profit centres and
they should be well remunerated independently of company results. But in some firms this
is also understood as denying risk managers access to profit information. I remember a risk
commission that had to approve or reject projects but, for internal political reasons, could
not have any information about their expected profitability. For decades, credit officers in
most banks operated under such constraints: they were supposed to accept or reject deals a
priori, without knowledge of their pricing. Times have changed. We understand now, at least
in principle, that the essence of risk management is not simply to reduce or control risks but
to achieve an optimal balance between risks and returns.

Yet, whether for organizational reasons or out of ignorance, risk management is often con-
fined to setting and enforcing risk limits. Most firms, especially financial firms, claim to have
well-thought-out risk management policies, but few actually state trade-offs between risks and
returns. Attention to risk limits may be unwittingly reinforced by regulators. Of course it is not
the role of the supervisory authorities to suggest risk—return trade-offs; so supervisors impose
risk limits, such as value at risk relative to capital, to ensure safety and fair competition in
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the financial industry. But a regulatory limit implies severe penalties if breached, and thus
a probabilistic constraint acquires an economic value. Banks must therefore pay attention to
the uncertainty in their value-at-risk estimates. The effect would be rather perverse if banks
ended up paying more attention to the probability of a probability than to their entire return
distribution.

With Market Risk Analysis readers will learn to understand these long-term problems in a
realistic context. Carol is an academic with a strong applied interest. She has helped to design
the curriculum for the Professional Risk Managers’ International Association (PRMIA) quali-
fications, to set the standards for their professional qualifications, and she maintains numerous
contacts with the financial industry through consulting and seminars. In Market Risk Analy-
sis theoretical developments may be more rigorous and reach a more advanced level than in
many other books, but they always lead to practical applications with numerous examples in
interactive Excel spreadsheets. For example, unlike 90% of the finance literature on hedging
that is of no use to practitioners, if not misleading at times, her concise expositions on this
subject give solutions to real problems.

In summary, if there is any good reason for not treating market risk management as a sepa-
rate discipline, it is that market risk management should be the business of all decision makers
involved in finance, with primary responsibilities on the shoulders of the most senior man-
agers and board members. However, there is so much to be learnt and so much to be further
researched on this subject that it is proper for professional people to specialize in it. These
four volumes will fulfil most of their needs. They only have to remember that, to be effective,
they have to be good communicators and ensure that their assessments are properly integrated
in their firm’s decision-making process.

. .
Jacques Pézier
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Financial risk management is a relatively new discipline. It is driven internally by the need
for optimal returns on risk-based capital and, ultimately, by the survival of the firm. External
drivers include clients, who are typically risk averse, and industry regulators, whose objectives
are to protect investors and to promote competition, although their ultimate concern is for
financial stability in the global economy. In recent years market volatility has been rising
as trading focuses on increasingly complex instruments whose risks are extremely difficult
to assess. The origins of financial securities, futures and options go back several centuries,
yet we are only just beginning to understand how to quantify the risks of complex financial
products realistically, even though this makes all the difference between success and failure in
the financial industry.

I liken the risk management profession as it stands today to that of medicine in the eigh-
teenth century. Until this time general ill health in the population and continual outbreaks
of uncontrolled diseases were met with ignorance, masked by mumbo-jumbo, in the med-
ical profession. As a result average life expectancy was short and, for most, the quality of
life was poor. But in the nineteenth century a number of comprehensive texts such as Gray’s
Anatomy' began to educate the medical profession. Such is the knowledge we have acquired
during the past two centuries that nowadays even a general practitioner must spend many years
in training. Modern medical training is very demanding, but as a result people live longer and
healthier lives.

Turmoil in the banking industry following a collapse of credit markets began soon after
I finished writing the Market Risk Analysis series. In September 2008 the Treasury-Eurodollar
(TED) spread (which in normal markets is about 5—10 basis points) exceeded 300 basis points,
and it remains above 200 basis points at the time of writing. The value of stocks around the
entire globe has fallen drastically and rapidly, reminiscent of the world stock market crash of
1929. To give the reader some idea of the extent of the losses: between the end of August
and mid November 1929 the benchmark Dow Jones Industrial Average Index of 30 US blue
chip stocks lost almost 50% of its value; from the end of April 2008 until the end of October
2008 it had lost almost 40% of its value. The US markets are not falling as much as stock
markets in most other countries and the dollar is stronger now than it has been for many years.
Several exchanges have suspended trading on more than one occasion, and even then several
markets have crashed by more than 10% in a single day. The currencies of some emerging

! See http://en.wikipedia.org/wiki/Gray’s_Anatomy.
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markets, such as the Korean wan, have plummeted in value against the US dollar. Markets in
Europe have fallen more than 50% since the end of April, and some experts say further falls
are imminent at the time of writing.

Why is this happening? And what is the likely effect on the financial system? These ques-
tions are not easy to answer, as the crisis is still ongoing at the time of writing. All the reasons
for, and effects of, a catastrophe are usually revealed only after the event.

SUMMARY OF THE 2008 BANKING CRISIS

There is a trigger for all financial crises, and in this case the first crack appeared with the sub-
prime mortgage crisis in the US. During the years 2004—2006 stock markets across the globe
surged as the cost of credit reached all-time lows. New ways of securitizing loans meant that
counterparty credit quality mattered little to the salesman on commission. European banks,
and investors in countries where yields had been extremely low for years, flocked to buy
collateralized debt obligations (CDO) and similar new products. The main sellers were the five
largest investment banks: Goldman Sachs, Morgan Stanley, Merrill Lynch, Lehman Brothers
and Bear Stearns. Even retail banks began to rely on securitizing their loans and short-term
funding via the interbank market rather than on a deposit base.

Whenever there is uncertainty in a free market economy, this promotes a cycle in which
optimism can lead to exuberance, followed by doubt and finally panic. The basic principle
underlying the CDO is sound — after all, if the senior tranche of a mortgage-backed secu-
rity corresponds to two-thirds of the whole and the recovery rate on defaulting mortgages is
50%, it would only be affected if more than two-thirds of the creditors defaulted! So we had
reason to be optimistic in the mid 2000’s and there was a strong market for these new yield-
enhancement vehicles. A fundamental problem was that their pricing lacked transparency.
Because of the very considerable pricing model risk — the mark-to-model prices being cru-
cially dependent on the assumptions made — doubts began to infiltrate the exuberance. And,
as doubt turned to panic, the market dried up, so market prices became even more unreliable
than the model prices. Given the mark-to-market accounting framework used by banks, a huge
liquidity risk appeared in the trading book, and this was not covered by the bank’s regulatory
capital.

As liquidity fell out of the CDO market, banks turned to the interbank market to fund their
liquidity gap. Because cash-rich banks demanded such high levels of collateral guarantees,
other banks — and hedge funds, some of which were very highly leveraged — had great dif-
ficulty rolling over credit lines. Hedge funds were hit particularly hard. As the bull market
turned, the values of their investments began to fall, and they had less collateral than usual to
meet these larger guarantees. They have been forced to liquidate investments to meet collat-
eral calls, increasing the downward pressure on stocks. The result was a crash in market prices
across the globe during October 2008, with emerging stock markets and currencies being the
worst hit, as US and European hedge funds liquidated their holdings in emerging markets.

The full extent of the current financial crisis first began to unfold in September 2008, with
the failure of three of the five largest investment banks and of the US insurance giant AIG
which, like the huge financial conglomerates Fannie Mae and Freddie Mac a few months
before, was bailed out by the US government. Speculative short selling on the last two major
investment banks, Goldman Sachs and Morgan Stanley, spread to the many retail banks in
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various countries that had been actively operating in capital markets since the repeal of
the Glass-Steagall agreement in 1999,% either buying CDOs or using proprietary trading in
derivatives to boost profits. All three Icelandic banks defaulted, and with this some savers
in other countries lost their capital. Then volatility in banking sector stocks spilled over into
energy, commodities and related stocks, on fears of a falling demand for oil and raw materials
with the onset of a global recession.

Eventually governments responded by increasing deposit protection, lowering interest rates
and providing additional liquidity. As a last resort, schemes for partial nationalisation of
banks have been proposed — schemes that include caps on the remuneration of executives
and traders — along with bans on short selling to attempt to stem the slide in stock prices.
Regulators disregarded anti-monopoly laws as distressed banks were taken over by large cash-
rich retail banks. The banking sector has now moved towards oligopolistic competition, with
a few huge conglomerates such as JP Morgan dominating the markets. Given the unthinkable
threat of a collapse of the global banking system in which the general public lose their savings,
most governments have now raised deposit insurance ceilings.

CAUSES AND EFFECTS OF THE CRISIS

A catalyst for this particular crisis was Alan Greenspan’s policy of promoting US growth
by keeping US interest rates low. After the Russian crisis in 1998 US treasury rates were
also brought down, but as the market recovered interest rates were raised to prevent inflation
increasing. During the technology crash in 2001 and 2002 US interest rates were brought
down to about 1%, which encouraged increased consumption and promoted US exports, and
thus revived the US economy. After the recovery started Greenspan did not raise interest rates
quickly enough. There were no fears of inflation. Yet, every time interest rates are held too
low for too long, it creates a bubble. This time the bubble was caused by an ‘easy credit’ envi-
ronment, culminating in the ‘credit crunch’ which marked the beginning of the 2008 financial
crisis.

The main factor underlying this financial crisis is the intrinsic instability in the banking
system resulting from the lack of unified and intelligent principles for the accounting, regula-
tion, and risk management of financial institutions. These principles have evolved separately
in each framework, each without sufficient regard for the other two disciplines.

One of the major derivatives markets is driven by the different accounting frameworks used
by banks and their clients. Differences between the principles of cost (or value) accounting
used by non-financial companies on the one hand, and the mark-to-market (MtM) accounting
used by banks in their trading books on the other hand, drives the market for interest rate
swaps and their derivatives. Of course, companies will try to finance themselves by issuing
bonds, but short term liquidity gaps are financed by taking loans from banks. Banks prefer to
lend at a floating rate because this has very low risk in MtM accounting. On the other hand,

2 The Glass-Steagall agreement of 1933 was named after the two US senators who proposed it in response to the 1929 stock market
crash. Under this agreement retail banks and commercial banks were depository taking institutions, and only investment banks traded
in capital markets, to create secondary markets for the bond issues they underwrote. The agreement was repealed in 1999, allowing
retail and commercial banks to trade in capital markets, but investment banks were still not allowed to take deposits. The net effect of
this asymmetry was that retail and commercial banks were better funded than investment banks. In September 2008 Goldman Sachs
and Morgan Stanley were granted the status of ‘bank holding companies’, allowing them to take deposits. So, the distinction between
retail and commercial banks on the one hand, and investment banks on the other, is disintegrating.
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floating rate notes and bonds have high risk in cost accounting, so companies prefer to take
loans at fixed rates, which have low risk in cost accounting. Thus, banks double their business,
issuing low risk notes and then offering interest rate swaps for floating into fixed rates. And,
since fixed rates have high risk in MtM accounting, they use derivatives on interest rate swaps
to hedge.

In relation to the underlying securities markets and in relation to world gross domestic
product (GDP) the volume of financial derivatives traded is huge. At the end of 2007 the total
notional outstanding on bond issues was about $80 trillion and the value of company stocks
was about $40 trillion. Relatively few stock and bond holders hedge their positions because
securities are often held by investors that hope to make a profit over the long term. Thus
the notional size of the derivatives market required for investors to hedge is a small fraction
of $120 trillion. Many companies involved with importing and exporting goods hedge their
exposures to exchange rate fluctuations, and to rising interest rates. The size of these exposures
is related to the value of all goods produced in the world economy. World GDP was about $75
trillion in 2007, so corporate hedging activities should amount to some small fraction of this.
Thus the two hedging activities should result in a derivatives market with notional size being
just a small fraction of $200 trillion. However, the total notional size of derivatives markets in
2007 was about $600 trillion.

Before the crisis, the daily average trading volume (DATV) on derivatives exchanges was
about $2 trillion. Foreign exchange forward contracts had DATV of between $2 and $3 tril-
lion, and other over-the-counter (OTC) derivatives trading amounted to about $1 trillion per
day. Most of these contracts had a very fast turnover rate — in fact, the vast majority of
futures contracts are held for just a few days. Average daily production of goods and ser-
vices, as measured by world GDP, was about $0.3 trillion per day. So the DATV on derivatives
was about twenty times greater than daily world GDP. Very approximately, about one-tenth
of the volume traded is used for hedging. The remaining trades must be for speculative
purposes.

Speculative traders include proprietary traders, hedge funds, companies making bets and
day traders. They trade in capital markets for the purpose of making profits over a short-term
horizon, which distinguishes them from investors, who buy-and-hold. Approximately half of
the speculators in the derivatives markets are proprietary traders in banks.

When interest rates are cut banks turn to the capital markets to make profits by increasing
the volume of their speculative trading. As a result, huge bonuses are often paid to successful
proprietary traders and their managers. But why should banks bet with the money of their
savers and their clients? Apart from the possibility that they may be better at speculation
than ordinary investors, because of better information or cheaper access to markets,’ banks
need to create a liquid market in order to price derivatives. Their market makers provide OTC
derivatives, making money on the bid-ask spread, quoting prices that are based on the cost of
hedging. So they need a liquid market for their hedging instruments, which include futures
and options. We absolutely need speculative trading in options, because the volume of trad-
ing creates a market where there is no reliable theoretical price. A case in point is the CDO
market. But we do not necessarily need speculative trading on futures, because we know how
to calculate the fair price of a futures contract. One reason why there was approximately $25
trillion of speculative trades on futures last year is that senior managers and proprietary traders

3 For instance, Salomon Brothers used to make the market for US junk bonds, so they could see the entire market and take positions
accordingly.
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The Vix Volatility Index, January 1990 — October 2008

are being driven by greed to acquire huge bonuses. This is why the recent nationalisation deals
for UK banks has included a clause for limiting remuneration.

Proprietary trading by banks increases liquidity, but it may also increase volatility. Tra-
ditionally, banks are short volatility because investors want to be long volatility — it is an
excellent diversification instrument. If there is no liquid market for volatility, banks will
simply overcharge on the spread, which is one of the reasons why implied volatility usu-
ally exceeds historical volatility. The markets for variance swaps on European and US stock
indices have been surging, making pure volatility a new, liquid asset. However, the informed
banks would have temporarily stopped writing variance swaps at the onset of the banking cri-
sis in mid September 2008, leaving only those in ignorance of the huge sums that could be
lost on these positions to take the knock. Near the end of October 2008 the Vix jumped up
to almost 80%, its highs during previous crises rarely exceeding 40%, as shown in the figure

above, so the banks that sold variance swaps in September 2008 could have lost millions of
dollars.*

WHAT COULD (OR SHOULD) HAPPEN NOW?

As this book goes to press many large banks are cutting down on their proprietary trading
businesses, reducing the number of employees and the bonuses that are paid. If banks and
their employees no longer have the incentive to use proprietary trading to increase profits, or
if their trading is curtailed by regulators or governments, the size of the current OTC deriva-
tives markets will dramatically reduce. Yet banks will always seek new ways to increase their
profits. So new, unregulated and (probably) misunderstood markets, like the CDO market, will
still be created.

Very often, the demand for and supply of derivatives arises from differences in accounting
rules. For instance, the swaps market, which is the largest of all derivatives markets, is driven

4 Vix is the implied volatility index of the S&P 500 index.
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by differences between cost and market-to-market accounting. As long as we have no unified
accounting framework for all market participants, new derivatives markets will be created.
However, given the time it has taken to agree on accounting standards in IAS39,> we should
not expect much change in the near future.

This huge casino, in which many times world GDP is bet every year, has proved impossible
to regulate. Regulators always respond to crises by tightening rules and increasing the mini-
mum level of risk capital to be held by banks. But this exacerbates the problem, since the only
way out of the current crisis is to create liquidity. Injecting taxpayers’ money into the capital
markets is only a temporary solution; what is needed now is a complete reform of financial
regulations. This does not necessarily mean tighter control on market operations, or increases
in the minimum level of risk capital held by banks. Indeed, there may be government pressure
to loosen regulation in order to establish a leading financial centre.

The new Basel Accord, which took eleven years to develop, failed to control the sys-
temic risk in financial markets. And the reason it has failed is that regulators are too fixed
on detailed calculations of value at risk in their ‘bottom-up’ regulatory capital framework.
That is, they have been focusing on micro-managing the banks in their jurisdiction, and not
on macro-financial decision making under uncertainty. What may be needed now, in addition
to curtailing the proprietary trading by banks, is a top-down, differential system of capital
charges, with the major banks that pose the greatest systemic threat holding proportionally
higher capital reserves than minor banks.

This last spectacular failure in financial markets calls for a revision of the global banking
system. This does not necessarily mean the wholesale nationalisation of banks, or even a
return to socialist principles. That would indeed be an admission of failure, especially for
Russia and the Eastern European countries that have only recently embraced capitalism. Free
capital markets are essential to globalisation, and globalisation is essential for the health of the
world’s economy. To prevent the next crisis being even more critical that this one, an urgent
reform of the accounting, regulation and risk management principles that underpin financial
markets is required.

After each market crash — e.g. following the burst of the technology bubble in the early part
of this decade, and following the Russian debt default in 1998 — governments try to promote
growth by cutting interest rates and by injecting capital into the financial system. And, to be
effective, each time they have to inject more capital and introduce more drastic cuts in interest
rates than before. This is because the banking system is unstable, and markets have recovered
only by sowing even deeper seeds for the next crisis. Unless drastic reforms of the system are
made in the near future, even more drastic action will be required to resolve the next crisis,
when it comes.

And what about financial risk management, and market risk management in particular —
what reforms are needed now? A fundamental distinction must be drawn between risk man-
agers and risk analysts. A good risk manager should be adept at making decisions under
uncertainty, and for this he needs to be well-informed about the basic economic principles
that underpin price formation in capital markets. And risk managers, like all managers, should
be held accountable for their actions. Unfortunately, the opposite is usually the case. If a bank
encounters problems due to bad management, then senior executives and directors can leave
to join another firm, often with guaranteed bonuses on top of a six-figure salary.

5 These standards were developed by the International Accounting Standards Board. See http://www.iasb.org.
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Risk analysts and financial engineers — for whom these books are designed — use mathe-
matical models to measure risk, and to price illiquid products using arbitrage pricing theory.
The assumptions made by these models need constant testing and refining, so that superior
models can be developed. With greater confidence in mark to model prices, and in portfolio
risk assessment, it may be easier to stem the panic when the next crisis comes. Clearly, bet-
ter education in quantitative risk analysis is the key to developing effective risk models and
accurate pricing models for financial institutions.

Each financial crisis has a disastrous effect on the global economy, so the lives of ordinary
people are adversely affected. I believe these crises can and will be avoided, but only when
financial risk managers acquire the knowledge, skills and framework they really need to oper-
ate effectively in their profession. The recent crisis has shown that there is an urgent need
for growth and change in the entire financial industry and in the financial risk management
profession in particular.

An important and fundamental change must be to start educating risk analysts properly, so
that their managers really understand the risks that banks and other financial institutions are
taking, as far as this is possible. Risk is a mathematical concept: it is a measure of uncertainty.
So risk managers or, at least, their trusted analysts, need to understand mathematics first,
before they can even begin to understand risk.

There are two international financial risk management associations, the Professional Risk
Managers’ International Association (PRMIA) and the Global Association of Risk Pro-
fessionals (GARP).S These associations provide entry-level qualifications for financial risk
management. The PRM qualification is at a higher level than the FRM or the Associate PRM,
but even the four exams for the full PRM qualification can be passed with only one year of
part-time study.

In the UK medical doctors must undergo a minimum of 5 years’ full-time study, and to
rise to senior positions they must take tough examinations every few years. Health risk man-
agement is so important to the economy that our National Health Service offers a regular
programme of free vaccinations and free screenings for cancer, heart disease, and so forth.
Why, then, have banks been treating financial risk management so casually, placing inap-
propriately qualified people in senior positions and taking less than adequate care over the
education of their junior staff? Financial risk management is such a vast subject that to learn
what we need to provide effective risk management in today’s complex and volatile markets
should take many years of full-time study, just as it does for medical doctors.

ABOUT THE MARKET RISK ANALYSIS SERIES

Sitting at my desk, writing this preface — the very last item on the agenda of the Market Risk
Analysis series — I feel a huge sense of relief that the punishing work schedule I have been
setting myself has nearly reached its conclusion. When I started out, five years ago, I did not
intend to write four books. I just wanted to write one book: a book that describes all that a
market risk analyst should know about building market value-at-risk (VaR) models; to explain
everything in great detail so that readers came away with something they could actually use to
educate themselves, without the need for formal courses. I also wanted to provide numerous
practical examples, showing how to implement the theory that I cover in all types of financial

6 See www.prmia.org and www.garp.com.
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markets. That is why I put every idea that I possibly could into a simple, interactive Excel
workbook, with real financial data on equities, currencies, interest rates and commodities; this
way, readers experience the idea ‘hands-on’, right from the start, and I truly believe this is a
fantastic learning tool for an intelligent, self-motivated reader.’

I soon realized that in rising to this challenge I had set myself a very considerable task.
To fully understand all aspects of market VaR as it is (or should be) used by major financial
institutions today, the analyst needs to understand a good deal of mathematics, especially
statistics and financial econometrics, as well as knowing about financial markets, the type of
instruments traded in these markets, how to price them, why we hedge them and how to hedge
them properly. It is a huge agenda — and this is just for the market risk analyst! As a result,
there are numerous references to the earlier volumes of Market Risk Analysis in this book.

Please do not buy these books if you think you can be a financial risk analyst without under-
standing much mathematics. It is important to distinguish between risk management and risk
analysis. Whilst I very often refer to risk management, this book series is called Market Risk
Analysis, because it focuses on the mathematical modelling of market risks. A financial risk
manager requires the same skills as any business manager, including a capacity for leadership,
some knowledge of economics and of psychology and a superficial, not necessarily detailed,
understanding of the technical side of the business. By contrast, the financial risk analyst’s
profession requires a very broad and in-depth knowledge of financial markets, finance theory,
mathematics, statistics and econometrics.

One of the first developments in the financial risk management profession was to categorize
risks into three broad types, labelled market, credit and operational risk. This was convenient
because quite different techniques are used to assess each type of risk. My definition of market
risk is the risk resulting from adverse moves in prices of liquid financial instruments. Market
risk therefore includes credit spread risk, just as it includes interest rate risk. The probability
of default affects credit spreads, so credit risk affects spread risk. But the scope of these books
does not extend to credit risk analysis, just as monetary policy affects base interest rates but
the theory of economic policy decision making is not within the scope of these books.

This book series is not, at least primarily, about the risk management of financial markets; it
is called Market Risk Analysis, because it deals with market risk in the narrow sense, defined
above, and when risk management (as opposed to risk analysis) is discussed it is market risk
management, not credit or operational risk management. In particular, please do not buy these
books if you want to learn about credit risk analysis, or about credit risk management, or about
collateralized debt obligations and counterparty default. Neither should you buy these books
if you want everything in one volume. At this level of detail, such a book would be more than
1500 pages long, and not easy to carry around with you. Also, there are separate markets for
the earlier volumes in the series; not everyone in the finance industry wants to learn how to
assess risk in a VaR framework.

Why did I write this book? To answer this fully I should first explain why I changed my
agenda and wrote the precursors, starting with Volume I: Quantitative Methods in Finance.
I started teaching mathematics to non-mathematicians over 20 years ago, and have con-
tinued to develop materials that allow intelligent students with relatively little quantitative
background to undertake a fast-track course in mathematics that is oriented towards their spe-
cialism. For the past five years I have been teaching a course in Quantitative Methods for

71 have constructed 140 Excel workbooks for the examples, figures, tables and case studies in this series. That is about 1500
spreadsheets in total. Phew!
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Finance to master’s degree students at the ICMA Centre. In 10 weeks I need to bring students
up to scratch in Excel as well as equipping them with the basic knowledge of calculus, linear
algebra, statistics, econometrics and numerical methods, and how these subjects are used for
financial applications. So each year I teach finance through mathematical applications in a very
pedagogical way, sometimes in a single class with over 200 students having disparate quan-
titative backgrounds. I decided to write the first volume with two purposes in mind — as a set
text for my Quantitative Methods for Finance course and similar courses (there are plenty) and
to provide a fast-track route to intelligent, independent readers who want a succinct, targeted
and pedagogical exposition of the mathematical knowledge required by a market risk analyst.

What about Volume II: Practical Financial Econometrics? When I was young I trained as
an algebraist, developed only a passing interest in game theory, unfortunately, and at the time
that my work focused on econometrics (because I had to teach it) I was drawn into financial
econometrics by consultancy work. Thus, during the 1990s and well before most real aca-
demic econometricians discovered this veritable motorway into finance, I was accidentally
positioned as one of the better known financial econometricians in the industry. Then I wrote
Market Models — but this book is now over seven years old — so why not write a more rigorous,
complete and up-to-date financial econometrics text for the Market Risk Analysis series?
Volume II is primarily aimed at market risk professionals working in portfolio management
or for hedge funds, students on Finance master’s courses, and academic researchers. But a
secondary purpose is that Volume II is required knowledge for all serious market risk ana-
lysts, and most of the material covered is pre-requisite for readers of this book, at least if they
want to gain an in-depth understanding of advanced VaR models.

During the past few years I have developed research interests in continuous time finance:
in volatility theory and in option pricing and hedging in particular. Volatility theory is a com-
plex subject, and there are only a few texts in this area that are accessible to non-specialists.
Believing that I could write a comprehensive and clear exposition of volatility theory, option
pricing and hedging, I decided to augment the text for Volume III: Pricing, Hedging and Trad-
ing Financial Instruments to include interest rate sensitive instruments, futures and forwards,
describing the markets but with an emphasis on the efficient pricing and hedging of portfo-
lios containing such instruments. The final chapter of Volume III draws the previous chapters
together by describing the mapping of portfolios of different classes of financial instruments;
this way, Volume III lays the essential finance theory foundations for the VaR models that are
described in this book.

Although the four volumes of Market Risk Analysis are very much interlinked, each volume
serves a different purpose. Volume IV: Value-at-Risk Models could be adopted as a stand-alone
text for an advanced course in Market Risk, but only for students who have already gained
a good knowledge of quantitative methods, financial econometrics, finance theory, financial
markets and financial instruments. Readers would benefit by working through the previous
volumes before reading this one, or they may use the numerous cross-references to earlier
volumes that are provided in the text. This requires a considerable investment of time and
money. Although I hope that many university courses will adopt these books as core texts,
my main purpose is to provide a self-study programme for readers wishing to gain a proper
foundation for the job of market risk analysis. Dedicated and intelligent readers should be able
to understand the material in all four books with one or two years of full-time study.

The aim of Market Risk Analysis is to define a syllabus for education in market risk analy-
sis, from the basics to the most advanced level of understanding we have today, to set standards
for the profession of market risk analyst, and to provide the means whereby the required skills
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may be attained. When I have time, I hope to develop a professional Market Risk Analyst
qualification, with four exams based on each of these books and of a level equivalent to a
challenging master’s degree course.

The target readership for Market Risk Analysis, Volume IV: Value-at-Risk Models includes
risk analysts in banks and finance-related firms such as software companies, insurance firms,
investment companies and hedge funds; academics researching into market risk and/or fore-
casting with econometric models; and students on financial risk management master’s courses.
No other existing text on value at risk takes such a pedagogical and practical approach as
this, at the same time as covering the theory both rigorously and comprehensively. Several
theoretical results are new and each empirical application is unique.

Because I focus exclusively on market risk the most similar existing texts, at least in terms
of broad content, are Dowd (2005) and Danielsson (2007). However, Dowd’s book is mainly
on the theory of market VaR, with relatively little on its practical implementation for realistic
risk management problems, and Danielsson’s book is shorter and far less detailed or compre-
hensive. Market Risk Analysis, Volume IV: Value-at-Risk Models is written at a quantitative
level that is similar to Dowd (2005), Danielsson (2007) and Christoffersen (2003), higher than
that of Jorion (2006) and lower than that of McNeil et al. (2005). It is more advanced and com-
prehensive, than Butler (1999). In so far as I place an equal emphasis on theory and practical
implementation, this book could be compared with Holton (2003).

I would not be surprised if some readers react badly to the advanced level of understand-
ing required for this book. The discipline of market risk analysis has existed for nearly two
decades, but by publishing this book I am, in a sense, challenging the entire profession. In my
view, a market risk analyst should be able to understand everything I have written, and more.
If he cannot, he is simply not qualified for this seriously responsible job. On the other hand, an
analyst who gains this understanding can look forward to a stimulating and rewarding career,
as a return on the investment of substantial time and effort required to obtain a mastery of this
material.

OUTLINE OF VOLUME IV

Chapter 1, Value at Risk and Other Risk Metrics, introduces the risk metrics that are com-
monly used by fund managers, banks and corporations. A market risk metric is a single
number that captures the uncertainty in a portfolio’s P&L, or in its return, summarizing the
portfolio’s potential for deviations from a target or expected return. Whilst VaR has become
a universal risk metric used by banks and by non-financial corporations, fund managers have
traditionally used quite different metrics. As well as tracking error and its limitations for use
in active fund management, lower partial moments and VaR-based downside risk metrics such
as benchmark VaR and expected shortfall are introduced. But VaR has some undesirable prop-
erties. It is not a coherent risk metric, unless we make some simplifying assumptions about the
behaviour of the risk factors and the portfolio type. We explain why it is important to aggre-
gate and disaggregate risks in the bottom-up risk assessment paradigm that is prevalent today,
and introduce conditional, stand-alone, marginal and incremental VaR in a general mathemat-
ical framework. Empirical examples focus on the distinction between measuring VaR at the
portfolio level and at the risk factor level, and the reason why we obtain different results when
the same historical data are used in the three fundamental types of VaR model, i.e. parametric
linear, historical and Monte Carlo VaR models.
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Chapter 2, Parametric Linear VaR Models, is the longest chapter in the book. It covers
the theory of parametric VaR models for linear portfolios in a rigorous mathematical frame-
work, introducing several new results. We provide formulae for both VaR and expected tail
loss (ETL) — which is also sometimes called conditional VaR — based on the assumptions
that risk factor returns have a multivariate normal distribution, a Student ¢ distribution and or
a mixture of normal and/or Student ¢ distributions. We also show how to use exponentially
weighted moving average covariance matrices and how to scale VaR over different risk hori-
zons when portfolio returns are autocorrelated. Thirty examples and several long case studies
cover the aggregation and disaggregation of stand-alone and marginal VaR for large hedged
and unhedged international portfolios containing interest rate sensitive instruments, equities
and commodities, and each is supported with its own interactive Excel spreadsheet, usually
based on real financial data.

Chapter 3, Historical Simulation, provides a critical introduction to the standard approach
to measuring historical VaR and ETL. We address the need to measure historical VaR initially
at the daily risk horizon, and the challenging problem of scaling VaR to longer risk hori-
zons. Empirical examples motivate the need for volatility adjustment, and its extension to
filtered historical simulation based on a generalized autoregressive conditional heteroscedas-
ticity (GARCH) model. Again, numerous examples and case studies based on real financial
data cover the practical implementation of historical VaR and ETL estimation, and its aggre-
gation and disaggregation for portfolios containing interest rate sensitive instruments, equities
and commodities and with foreign currency exposures. We explain how to improve the preci-
sion of VaR and ETL estimates at extreme quantiles, comparing the pros and cons of kernel
fitting, Cornish — Fisher expansion, extreme value theory and fitting a Johnson SU distribu-
tion. Throughout this chapter we deal with linear portfolios, leaving the far more complex
problem of measuring historical VaR and ETL for option portfolios to Chapter 5.

Chapter 4, Monte Carlo VaR, begins by reviewing some basic concepts in Monte Carlo
simulation from univariate and multivariate distributions, including the generation of random
numbers and variance reduction. However, fewer than 20 pages are devoted to this, and readers
should not expect to cover the material in as much depth as textbooks that are exclusively con-
cerned with simulation. The main focus of this chapter is a subject that has hitherto received
little attention in the VaR literature: the need to provide a proper specification of the risk factor
returns model when measuring Monte Carlo VaR. First we focus on building realistic dynamic
models of individual risk factor returns, including volatility clustering and regime switching,
and then we cover multivariate models, from multivariate normal i.i.d. processes to models
with general parametric marginals with dependency captured by copulas. We also explain
how to reduce the number of risk factors using principal component analysis. All of the com-
plex models introduced are implemented in interactive Excel spreadsheets for a variety of real
portfolios.

Chapter 5, Value at Risk for Option Portfolios, opens with a summary of the Taylor expan-
sions that are used to map option portfolios to their main risk factors, and explains the likely
effect on VaR estimates due to the size and magnitude of the different Greeks of a portfolio:
specifically, these are termed delta, gamma, vega and theta effects. We take care to explain
why these effects can be very different depending on whether we are estimating static VaR,
which assumes the portfolio is not traded during the risk horizon, and dynamic VaR, where
the portfolio is rebalanced daily over the risk horizon to return the risk factor sensitivities to
their original level. Static VaR is suitable for estimating the risk of a single structured product
that is not intended to be dynamically rebalanced, and dynamic VaR is useful for assessing
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risk when traders are at their limits. The main focus of this chapter is the practical implemen-
tation of both historical and Monte Carlo VaR models for option portfolios, evaluated both
exactly and with risk factor mapping. Starting with simple, unhedged positions, the practical
examples become increasingly complex, including VaR estimates for option portfolios with
several underlyings and path-dependent claims.

Chapter 6, Risk Model Risk, covers the reasons why different VaR methodologies give
different results and the statistical methods used to assess the accuracy of VaR estimates.
There are many sources of error in VaR and ETL estimates. In equity and option portfo-
lios even the risk factor mapping can be a very significant source of model risk, and quite
different VaR estimates can result when we change the risk factors, or the data used to
estimate the risk factor sensitivities, or the statistical methodology used for factor sensitiv-
ity estimation. In all portfolios it is the specification of the risk factor returns model that
is the most significant source of model risk, and many empirical examples are provided to
support this. After deriving theoretical results on confidence intervals for VaR estimates,
the main focus of this chapter is on the VaR and ETL backtesting methodology. Starting
with the simple backtests suggested by banking regulators, we describe unconditional and
conditional coverage tests, regression-based backtests, ETL backtests based on standard-
ized exceedance residuals, bias statistics and distribution forecasts. Throughout this section
of the chapter, we illustrate the practical implementation of all these backtests in Excel
workbooks using two different VaR and ETL estimates for a simple position on the S&P
500 index.

Chapter 7, Scenario Analysis and Stress Testing, opens by challenging the validity of his-
torical data for estimating VaR and ETL, except over very short risk horizons. We maintain
that using historical data itself implies a subjective view (that history will repeat itself) and
that other beliefs or personal subjective views of senior management and the board of direc-
tors can and should be used in a mathematically coherent model of risk. Beginning with a
description of how different types of beliefs about future market behaviour can be incorpo-
rated into VaR and ETL estimation, we argue that the traditional stress-testing framework that
aims to quantify a ‘worst case’ loss is totally meaningless. So, whilst the standard stress test-
ing methods such as ‘factor push’ are both described and illustrated, we focus on a coherent
stress testing framework based on what I call ‘distribution scenarios’. The last section of the
chapter focuses on the use of historical or hypothetical stressed covariance matrices, stress
tests based on principal components and on GARCH volatility clustering, and endogenous
and exogenous liquidity adjustments to VaR.

Chapter 8, Capital Allocation, covers the application of VaR and ETL to regulatory and
economic capital allocation. Beginning with the basic differences between banking and trad-
ing book accounting, we cover the minimum market risk capital requirements for banks under
the 1996 Amendment to the first Basel Accord, describing and illustrating both the internal
models approach and the standardized rules. After the new Basel II Accord, in the wake of
the credit crunch that began in 2007, the Basel Committee suggested a new incremental risk
charge for credit spread and equity risks, applied to internal models that have specific risk
recognition. We provide empirical examples to illustrate how banks might choose to calculate
this new add-on to the capital charge. The second half of the chapter opens with a descrip-
tion of the measurement and applications of economic capital, having particular emphasis on
aggregation risk. We then introduce the most common types of risk adjusted performance
measures for economic capital allocation, and provide empirical examples in Excel on the
optimal allocation of economic capital under various constraints.
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ABOUT THE WEBSITE

This book emphasizes teaching through practical examples supported by transparent Excel
spreadsheets. Whenever it is possible to illustrate a model or a formula using a practical exam-
ple —however simple or complex — I do this using Excel. This volume alone contains 62 Excel
workbooks (each with several spreadsheets, some of which are fairly complex) covering all
the examples and figures in the text, and 16 case studies that implement VaR models in prac-
tice. These may be found on the accompanying website. Simply search for the book on wiley.com
and select ‘Related Resources’ to access the material. The data can be used by tutors or
researchers since they were obtained from free internet sources, and references for updating
are provided. Also the graphs and tables can be modified if required, and copied into lectures
notes based on this book. Within these spreadsheets readers may change any parameters of
the problem (the parameters are indicated in red) and see the new solution (the output is indi-
cated in blue). Rather than using VBA code, which will be obscure to many students, I have
encoded the formulae directly into the spreadsheet. Thus the reader need only click on a cell
to read the formula. The interactive spreadsheets are designed to offer tutors the possibility
to set, as exercises for their courses, an unlimited number of variations on the examples in
the text.

I hope you will find these examples and case studies useful. A great variety of problems
have been illustrated, from the simple estimation of VaR at the portfolio level using basic
forms of each VaR model, to advanced methodologies such as filtered historical simulation
with adjustments for volatility and correlation clustering, or Monte Carlo VaR using copulas
and non-normal marginals, applied at the risk factor level and disaggregated into stand-alone
and marginal VaR components due to different risk factor classes.
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IV.1
L Value at Risk and Other Risk Metrics

IV.1.1 INTRODUCTION

A market risk metric is a measure of the uncertainty in the future value of a portfolio, i.e. a
measure of uncertainty in the portfolio’s return or profit and loss (P&L). Its fundamental
purpose is to summarize the potential for deviations from a target or expected value. To
determine the dispersion of a portfolio’s return or P&L we need to know about the potential
for individual asset prices to vary and about the dependency between movements of different
asset prices. Volatility and correlation are portfolio risk metrics but they are only sufficient
(in the sense that these metrics alone define the shape of a portfolio’s return or P&L dis-
tribution) when asset or risk factor returns have a multivariate normal distribution. When
these returns are not multivariate normal (or multivariate Student t) it is inappropriate and
misleading to use volatility and correlation to summarize uncertainty in the future value of a
portfolio.!

Statistical models of volatility and correlation, and more general models of statistical
dependency called copulas, are thoroughly discussed in Volume II of Market Risk Analysis.
The purpose of the present introductory chapter is to introduce other types of risk metric
that are commonly used by banks, corporate treasuries, portfolio management firms and other
financial practitioners.

Following the lead from both regulators and large international banks during the mid-1990s,
almost all financial institutions now use some form of value at risk (VaR) as a risk metric. This
almost universal adoption of VaR has sparked a rigorous debate. Many quants and academics
argue against the metric because it is not necessarily sub-additive,> which contradicts the
principal of diversification and hence also the foundations of modern portfolio theory.
Moreover, there is a closely associated risk metric, the conditional VaR, or what I prefer to call
the expected tail loss (ETL) because the terminology is more descriptive, that is sub-additive.
And it is very simple to estimate ETL once the firm has developed a VaR model, so why not
use ETL instead of VaR? Readers are recommended the book by Szegt (2004) to learn more
about this debate.

The attractive features of VaR as a risk metric are as follows:

It corresponds to an amount that could be lost with some chosen probability.
It measures the risk of the risk factors as well as the risk factor sensitivities.
It can be compared across different markets and different exposures.

It is a universal metric that applies to all activities and to all types of risk.

I See the remarks on correlation in particular, in Section I1.3.3.2.
2 See Section IV.1.8.3.
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e [t can be measured at any level, from an individual trade or portfolio, up to a single
enterprise-wide VaR measure covering all the risks in the firm as a whole.

e When aggregated (to find the total VaR of larger and larger portfolios) or disaggre-
gated (to isolate component risks corresponding to different types of risk factor) it takes
account of dependencies between the constituent assets or portfolios.

The purpose of this chapter is to introduce VaR in the context of other ‘traditional’ risk
metrics that have been commonly used in the finance industry. The assessment of VaR is
usually more complex than the assessment of these traditional risk metrics, because it depends
on the multivariate risk factor return distribution and on the dynamics of this distribution, as
well as on the risk factor mapping of the portfolio. We term the mathematical models that are
used to derive the risk metric, the risk model and the mathematical technique that is applied to
estimate the risk metrics from this model (e.g. using some type of simulation procedure) the
resolution method.

Although VaR and its related measures such as ETL and benchmark VaR have recently
been embraced almost universally, the evolution of risk assessment in the finance industry
has drawn on various traditional risk metrics that continue to be used alongside VaR. Broadly
speaking, some traditional risk metrics only measure sensitivity to a risk factor, ignoring the
risk of the factor itself. For instance, the beta of a stock portfolio or the delta and gamma of an
option portfolio are examples of price sensitivities. Other traditional risk metrics measure the
risk relative to a benchmark, and we shall be introducing some of these metrics here, including
the omega and kappa indices that are currently favoured by many fund managers.’

The outline of the chapter is as follows. Section IV.1.2 explains how and why risk assess-
ment in banking has evolved separately from risk assessment in portfolio management.
Section IV.1.3 introduces a number of downside risk metrics that are commonly used in port-
folio management. These are so called because they focus only on the risk of underperforming
a benchmark, ignoring the ‘risk’ of outperforming the benchmark.

The reminder of the chapter focuses on VaR and its associated risk metrics. We use the
whole of Section IV.1.4 to provide a thorough definition of market VaR. For instance, when
VaR is used to assess risks over a long horizon, as it often is in portfolio management, we
should adjust the risk metric for any difference between the expected return and the risk free
or benchmark return.* However, a non-zero expected excess return has negligible effect when
the risk horizon for the VaR estimate is only a few days, as it usually is for banks, and so some
texts simply ignore this effect.

Section IV.1.5 lays some essential foundations for the rest of this book by stating some
of the basic principles of VaR measurement. These principles are illustrated with simple
numerical examples where the only aim is to measure the VaR

e at the portfolio level,” and where
e the portfolio returns are independent and identically distributed (i.i.d.).

3 Contrary to popular belief, the tracking error risk metric does not perform this role, except for passive (index tracking) portfolios. T
have taken great care to clarify the reasons for this in Section I1.1.6.

* This is because a risk metric is usually measured in present value terms — see Section IV.1.5.4 for further details.

5 This means that we measure only one risk, for the portfolio as a whole, and we do not attribute the portfolio risk to different market
factors.
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Section IV.1.6 begins by stressing the importance of measuring VaR at the risk factor level:
without this we could not quantify the main sources of risk. This section also includes two
simple examples of measuring the systematic VaR, i.e. the VaR that is captured by the entire
risk factor mapping.® We consider two examples: an equity portfolio that has been mapped to
a broad market index and a cash-flow portfolio that has been mapped to zero-coupon interest
rates at standard maturities.

Section IV.1.7 discusses the aggregation and disaggregation of VaR. One of the many
advantages of VaR is that is can be aggregated to measure the total VaR of larger and
larger portfolios, taking into account diversification effects arising from the imperfect depen-
dency between movements in different risk factors. Or, starting with total risk factor VaR,
i.e. systematic VaR, we can disaggregate this into stand-alone VaR components, each repre-
senting the risk arising from some specific risk factors.” Since we take account of risk factor
dependence when we aggregate VaR, the total VaR is often less than the sum of the stand-
alone VaRs. That is, VaR is often sub-additive. But it does not have to be so, and this is one
of the main objections to using VaR as a risk metric. We conclude the section by introducing
marginal VaR (a component VaR that is adjusted for diversification, so that the sum of the
marginal VaRs is approximately equal to the total risk factor VaR) and incremental VaR (which
is the VaR associated with a single new trade).

Section IV.1.8 introduces risk metrics that are associated with VaR, including the condi-
tional VaR risk metric or expected tail loss. This is the average of the losses that exceed the
VaR. Whilst VaR represents the loss that we are fairly confident will not be exceeded, ETL
tells us how much we would expect to lose given that the VaR has been exceeded. We also
introduce benchmark VaR and its associated conditional metric, expected shortfall (ES). The
section concludes with a discussion on the properties of a coherent risk metric. ETL and ES
are coherent risk metrics, but when VaR and benchmark VaR are estimated using simulation
they are not coherent because they are not sub-additive.

Section IV.1.9 introduces the three fundamental types of resolution method that may be used
to estimate VaR, applying each method in only its most basic form, and to only a very simple
portfolio. After a brief overview of these approaches, which we call the normal linear VaR,
historical VaR and normal Monte Carlo VaR models, we present a case study on measuring
VaR for a simple position of $1000 per point on an equity index. Our purpose here is to
illustrate the fundamental differences between the models and the reasons why our estimates
of VaR can differ so much depending on the model used. Section IV.1.10 summarizes and
concludes.

Volume IV of the Market Risk Analysis series builds on the three previous volumes, and
even for this first chapter readers first require an understanding of:®

e quantiles and other basic concepts in statistics (Section 1.3.2);

the normal distribution family and the standard normal transformation (Section 1.3.3.4);
stochastic processes in discrete time (Section 1.3.7.1);

portfolio returns and log returns (Section 1.1.4);

aggregation of log returns and scaling of volatility under the i.i.d. assumption
(Section 11.3.2.1);

% So systematic VaR may also be called total risk factor VaR.

7 As its name suggests, ‘stand-alone equity VaR’ does not take account of the diversification benefits between equities and bonds, for
instance.

8 The most important sections from other volumes of Market Risk Analysis are listed after each topic.
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e the matrix representation of the expectation and variance of returns on a linear portfolio
(Section 1.2.4);

e univariate normal Monte Carlo simulation and how it is performed in Excel
(Section 1.5.7).

e risk factor mappings for portfolios of equities, bonds and options, i.e. the expression of
the portfolio P&L or return as a function of market factors that are common to many
portfolios (e.g. stock index returns, or changes in LIBOR rates) and which are called the
risk factors of the portfolio (Section IIL5).

There is a fundamental distinction between linear and non-linear portfolios. A linear port-
folio is one whose return or P&L may be expressed as a linear function of the returns or P&L
on its constituent assets or risk factors. All portfolios except those with options or option-like
structures fall into the category of linear portfolios.

It is worth repeating here my usual message about the spreadsheets on the website. Each
chapter has a folder which contains the data, figures, case studies and examples given in the
text. All the included data are freely downloadable from websites, to which references for
updating are given in the text. The vast majority of examples are set up in an interactive
fashion, so that the reader or tutor can change any parameter of the problem, shown in red,
and then view the output in blue. If the Excel data analysis tools or Solver are required, then
instructions are given in the text or the spreadsheet.

IV.1.2 AN OVERVIEW OF MARKET RISK ASSESSMENT

In general, the choice of risk metric, the relevant time horizon and the level of accuracy
required by the analyst depend very much on the application:

e A typical trader requires a detailed modelling of short-term risks with a high level of
accuracy.

® A risk manager working in a large organization will apply a risk factor mapping that
allows total portfolio risk to be decomposed into components that are meaningful to
senior management. Risk managers often require less detail in their risk models than
traders do. On the other hand, risk managers often want a very high level of confidence
in their results. This is particularly true when they want to demonstrate to a rating agency
that the company deserves a good credit rating.

e Senior managers that report to the board are primarily concerned with the efficient allo-
cation of capital on a global scale, so they will be looking at long-horizon risks, taking a
broad-brush approach to encompass only the most important risks.

The metrics used to assess market risks have evolved quite separately in banking, port-
folio management and large corporations. Since these professions have adopted different
approaches to market risk assessment we shall divide our discussion into these three broad
categories.

IV.1.2.1 Risk Measurement in Banks

The main business of banks is to accept risks (because they know, or should know, how to
manage them) in return for a premium paid by the client. For retail and commercial banks and
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for many functions in an investment bank, this is, traditionally, their main source of profit. For
instance, banks write options to make money on the premium and, when market making, to
make profits from the bid—ask spread. It is not their business, at least not their core business,
to seek profits through enhanced returns on investments: this is the role of portfolio manage-
ment. The asset management business within a large investment bank seeks superior returns
on investments, but the primary concern of banks is to manage their risks.

A very important decision about risk management for banks is whether to keep the risk
or to hedge at least part of it. To inform this decision the risk manager must first be able to
measure the risk. Often market risks are measured over the very short term, over which banks
could hedge their risks if they chose to, and over a short horizon is it standard to assume the
expected return on a financial asset is the risk free rate of return.” So modelling the expected
return does not come into the picture at all. Rather, the risk is associated with the unexpected
return — a phrase which here means the deviation of the return about its expected value — and
the expected rate of return is usually assumed to be the risk free rate.

Rather than fully hedging all their risks, traders are usually required to manage their
positions so that their total risk stays within a limit. This limit can vary over time. Setting
appropriate risk limits for traders is an important aspect of risk control. When a market has
been highly volatile the risk limits in that market should be raised. For instance, in equity
markets rapid price falls would lead to high volatility and equity betas could become closer
to 1 if the stock’s market correlation increased. If a proprietary trader believes the market
will now start to rise he may want to buy into that market so his risk limits, based on either
volatility or portfolio beta, should be raised.'”

Traditionally risk factor exposures were controlled by limiting risk factor sensitivities. For
instance, equity traders were limited by portfolio beta, options traders operated under limits
determined by the net value Greeks of their portfolio, and bond traders assessed and managed
risk using duration or convexity.!" However, two significant problems with this traditional
approach have been recognized for some time.

The first problem is the inability to compare different types of risks. One of the reasons why
sensitivities are usually represented in value terms is that value sensitivities can be summed
across similar types of positions. For instance, a value delta for one option portfolio can be
added to a value delta for another option portfolio;'? likewise the value duration for one bond
portfolio can be added to the value duration for another bond portfolio. But we cannot mix two
different types of sensitivities. The sum of a value beta, a value gamma and a value convexity
is some amount of money, but it does not correspond to anything meaningful. The risk factors
for equities, options and bonds are different, so we cannot add their sensitivities. Thus, whilst
value sensitivities allow risks to be aggregated within a given type of trading activity, they do
not aggregate across different trading units. The traditional sensitivity-based approach to risk
management is designed to work only within a single asset class.

The second problem with using risk factor sensitivities to set traders’ limits is that they
measure only part of the risk exposure. They ignore the risks due to the risk factors themselves.

° We shall show that a different assumption would normally have negligible effect on the result, provided the risk horizon is only a
few days or weeks.

10n this case the trader’s economic capital allocation should be increased, since it is based on a risk adjusted performance measure
that takes account of this positive expected return. See Section IV.8.3.

! For more information on the options ‘Greeks’ see Section II1.3.4, and for duration and convexity see Sections II1.1.5.

12 These value sensitivities are also sometimes called ‘dollar’ sensitivities, even though they are measured in any currency. See
Chapter II1.5 and Section I11.5.5.2 in particular for further details.



