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Preface

Hisk management practices and the regulation of financial institutions have contin-
ued to evolve in the past three years. Risk Management and Financial Institutions
has been expanded and updated to reflect this. Like my other popular text Options,
Futures, and Other Derivatives, the book is designed to be useful to practicing man-
agers as well as college students. Those studying for GARP and PRMIA qualifications
will find the book particularly helpful.

The book is appropriate for university courses in either risk management or
financial institutions. It is not necessary for students to take a course on options and
futures markets prior to taking a course based on this book. But if they have taken
such a course, some of the material in the first nine chapters does not need to be
covered.

The level of mathematical sophistication and the way material is presented have
been managed carefully so that the book is accessible to as wide an audience as pos-
sible. For example, when covering copulas in Chapter 11, I present the intuition fol-
lowed by a detailed numerical example; when covering maximum likelihood methods
in Chapter 10 and extreme value theory in Chapter 13, I provide numerical examples
and enough details for readers to develop their own Excel spreadsheets. I have also
provided my own Excel spreadsheets for many applications on my website:

www-2.rotman.utoronto.ca/~hull

This is a book about risk management, so there is very little material on the
valuation of derivatives. (This is the main focus of my other two books, Options,
Futures, and Other Derivatives and Fundamentals of Futures and Options Markets.)
The appendices at the end of the book include material that summarizes some of
the valuation key results that are important in risk management, and the DerivaGem
software can be downloaded from my website.

NEW MATERIAL

The fourth edition has been fully updated and contains much new material. In
particular:

1. There is a new chapter comparing scenario analysis to valuation (Chapter 7).
The chapter introduces the reader to the statistical processes often assumed for

XKXiil
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market variables (without any stochastic calculus), explains Monte Carlo simu-
lation, and distinguishes between the real and risk-neutral worlds.

2. Thereis a new chapter on the Fundamental Review of the Trading Book (Chapter
17). This is an important new proposal from the Basel Committee.

3. There is a new chapter on margin, OTC markets, and central counterparties
(CCPs) (Chapter 18). This covers recent developments in the trading of over-the-
counter derivatives and introduces the reader to a number of credit risk issues.

4. There is a new chapter on enterprise risk management (Chapter 27). This dis-
cusses risk appetite, risk culture, and the importance of taking a holistic approach
to risk management.

5. The sequencing of the material in the book has been improved. For example, the
calculation of value at risk and expected shortfall is now covered immediately
after these risk measures are introduced. The book is now divided into six parts:
financial institutions and their trading, market risk, regulation, credit risk, other
topics, and appendices.

6. There is more emphasis throughout the book on the use of expected shortfall.
This is consistent with the Basel Committee’s plans for changing the way market
risk capital is calculated (see Chapter 17).

7. The material on credit value adjustment (CVA) and debit value adjustment (DVA)
has been restructured and improved (see Chapter 20).

8. A new simpler method for taking volatility changes into account in the historical
simulation method is presented (Chapter 13).

9. There are many new end-of-chapter problems.

10. A great deal of software on the author’s website accompanies the book.

SLIDES

Several hundred PowerPoint slides can be downloaded from my website or from
the Wiley Higher Education website. Adopting instructors are welcome to adapt the
slides to meet their own needs.

QUESTIONS AND PROBLEMS

End-of-chapter problems are divided into two groups: “Practice Questions and Prob-
lems” and “Further Questions.” Solutions to the former are at the end of the book.
Solutions to the latter and accompanying software are available to adopting instruc-
tors from the Wiley Higher Education website.

INSTRUCTOR'S MANUAL

The instructor’s manual is made available to adopting instructors on the Wiley
Higher Education website. It contains solutions to “Further Questions” (with Ex-
cel spreadsheets), notes on the teaching of each chapter, and some suggestions on
course organization.
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1

Introduction

magine you are the Chief Risk Officer (CRO) of a major corporation. The Chief

Executive Officer (CEQ) wants your views on a major new venture. You have been
inundated with reports showing that the new venture has a positive net present value
and will enhance shareholder value. What sort of analysis and ideas is the CEO
looking for from you?

As CRO it is your job to consider how the new venture fits into the company’s
portfolio. What is the correlation of the performance of the new venture with the rest
of the company’s business? When the rest of the business is experiencing difficulties,
will the new venture also provide poor returns, or will it have the effect of dampening
the ups and downs in the rest of the business?

Companies must take risks if they are to survive and prosper. The risk manage-
ment function’s primary responsibility is to understand the portfolio of risks that the
company is currently taking and the risks it plans to take in the future. It must decide
whether the risks are acceptable and, if they are not acceptable, what action should
be taken.

Most of this book is concerned with the ways risks are managed by banks and
other financial institutions, but many of the ideas and approaches we will discuss
are equally applicable to nonfinancial corporations. Risk management has become
progressively more important for all corporations in the last few decades. Financial
institutions in particular are finding they have to increase the resources they devote
to risk management. Large “rogue trader” losses such as those at Barings Bank in
1995, Allied Irish Bank in 2002, Société Générale in 2007, and UBS in 2011 would
have been avoided if procedures used by the banks for collecting data on trading
positions had been more carefully developed. Huge subprime losses at banks such as
Citigroup, UBS, and Merrill Lynch would have been less severe if risk management
groups had been able to convince senior management that unacceptable risks were
being taken.

This opening chapter sets the scene. It starts by reviewing the classical argu-
ments concerning the risk-return trade-offs faced by an investor who is choosing a
portfolio of stocks and bonds. It then considers whether the same arguments can
be used by a company in choosing new projects and managing its risk exposure.
The chapter concludes that there are reasons why companies—particularly financial
institutions—should be concerned with the total risk they face, not just with the risk
from the viewpoint of a well-diversified shareholder.



2 INTRODUCTION

TABLE 1.1 Return in One Year from Investing
$100,000 in a Stock

Probability Return
0.05 +50%
0.25 +30%
0.40 +10%
0.25 -10%
0.05 -30%

1.1 RISK VS. RETURN FOR INVESTORS

As all fund managers know, there is a trade-off between risk and return when money
is invested. The greater the risks taken, the higher the return that can be realized.
The trade-off is actually between risk and expected return, not between risk and
actual return. The term “expected return” sometimes causes confusion. In everyday
language an outcome that is “expected” is considered highly likely to occur. However,
statisticians define the expected value of a variable as its average (or mean) value.
Expected return is therefore a weighted average of the possible returns, where the
weight applied to a particular return equals the probability of that return occurring.
The possible returns and their probabilities can be either estimated from historical
data or assessed subjectively.

Suppose, for example, that you have $100,000 to invest for one year. Suppose
further that Treasury bills yield 5%.! One alternative is to buy Treasury bills. There
is then no risk and the expected return is 5%. Another alternative is to invest the
$100,000 in a stock. To simplify things, we suppose that the possible outcomes from
this investment are as shown in Table 1.1. There is a 0.05 probability that the return
will be +50%; there is a 0.25 probability that the return will be +30%; and so on.
Expressing the returns in decimal form, the expected return per year is:

0.05%x0.50+0.25%0.30+0.40x 0.10 + 0.25 x (—0.10) + 0.05 x (-0.30) = 0.10

This shows that in return for taking some risk you are able to increase your expected
return per annum from the 5% offered by Treasury bills to 10%. If things work out
well, your return per annum could be as high as 50%. But the worst-case outcome
is a =30% return or a loss of $30,000.

One of the first attempts to understand the trade-off between risk and ex-
pected return was by Markowitz (1952). Later, Sharpe (1964) and others carried the
Markowitz analysis a stage further by developing what is known as the capital asset
pricing model. This is a relationship between expected return and what is termed
“systematic risk.” In 1976, Ross developed the arbitrage pricing theory which can
be viewed as an extension of the capital asset pricing model to the situation where

! This is close to the historical average, but quite a bit higher than the Treasury yields seen in
the years following 2008 in many countries.
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there are several sources of systematic risk. The key insights of these researchers have
had a profound effect on the way portfolio managers think about and analyze the
risk-return trade-offs that they face. In this section we review these insights.

Quantifying Risk

How do you quantify the risk you are taking when you choose an investment? A
convenient measure that is often used is the standard deviation of the return over
one year. This is

E(R?) - [E(R)}?

where R is the return per annum. The symbol E denotes expected value so that E(R)
is the expected return per annum. In Table 1.1, as we have shown, E(R) = 0.10. To
calculate E(R?) we must weight the alternative squared returns by their probabilities:

E(R?) = 0.05 x 0.50% + 0.25 x 0.30% + 0.40 x 0.10% + 0.25 x (—0.10)?
+0.05 % (=0.30)2 = 0.046

The standard deviation of the annual return is therefore 4/0.046 — 0.12 = 0.1897 or
18.97%.

Investment Opportunities

Suppose we choose to characterize every investment opportunity by its expected re-
turn and standard deviation of return. We can plot available risky investments on a
chart such as Figure 1.1 where the horizontal axis is the standard deviation of the
return and the vertical axis is the expected return.

Once we have identified the expected return and the standard deviation of the
return for individual investments, it is natural to think about what happens when we
combine investments to form a portfolio. Consider two investments with returns R,
and R,. The return from putting a proportion w; of our money in the first investment
and a proportion w, = 1 — w; in the second investment is

u/lRl + WZRZ
The portfolio expected return is

Hp = Wik + W)l (1.1)

where p; is the expected return from the first investment and p, is the expected
return from the second investment. The standard deviation of the portfolio return is
given by

Gp = \/w%cs% + w%c% + 2pw w,06,0, (1.2)
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Expected
return

Standard deviation of return

FIGURE 1.1 Alternative Risky Investments

where 61 and o, are the standard deviations of Ry and R, and p is the coefficient of
correlation between the two.

Suppose that py is 10% per annum and 6 is 16% per annum, while p, is 15%
per annum and 6, is 24% per annum. Suppose also that the coefficient of correlation,
p, between the returns is 0.2 or 20%. Table 1.2 shows the values of pp and op for a
number of different values of w; and w,. The calculations show that by putting part
of your money in the first investment and part in the second investment a wide range
of risk-return combinations can be achieved. These are plotted in Figure 1.2.

Most investors are risk-averse. They want to increase expected return while re-
ducing the standard deviation of return. This means that they want to move as far
as they can in a “northwest” direction in Figures 1.1 and 1.2. Figure 1.2 shows that
forming a portfolio of the two investments we have been considering helps them do
this. For example, by putting 60% in the first investment and 40% in the second, a

TABLE 1.2  Expected Return, pp, and Standard Deviation of
Return, op, from a Portfolio Consisting of Two Investments

wy w, Hp Gp

0.0 1.0 15% 24.00%
0.2 0.8 14% 20.09%
0.4 0.6 13% 16.89%
0.6 0.4 12% 14.87%
0.8 0.2 11% 14.54%
1.0 0.0 10% 16.00%

The expected returns from the investments are 10% and 15%;
the standard deviation of the returns are 16% and 24 %; and the
correlation between returns is 0.2.
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FIGURE 1.2 Alternative Risk-Return Combinations from Two Investments
(as Calculated in Table 1.2)

portfolio with an expected return of 12% and a standard deviation of return equal
to 14.87% is obtained. This is an improvement over the risk-return trade-off for the
first investment. (The expected return is 2% higher and the standard deviation of the
return is 1.13% lower.)

1.2 THE EFFICIENT FRONTIER

Let us now bring a third investment into our analysis. The third investment can be
combined with any combination of the first two investments to produce new risk-
return combinations. This enables us to move further in the northwest direction. We
can then add a fourth investment. This can be combined with any combination of the
first three investments to produce yet more investment opportunities. As we continue
this process, considering every possible portfolio of the available risky investments,
we obtain what is known as an efficient frontier. This represents the limit of how
far we can move in a northwest direction and is illustrated in Figure 1.3. There is no
investment that dominates a point on the efficient frontier in the sense that it has both
a higher expected return and a lower standard deviation of return. The area southeast
of the efficient frontier represents the set of all investments that are possible. For any
point in this area that is not on the efficient frontier, there is a point on the efficient
frontier that has a higher expected return and lower standard deviation of return.
In Figure 1.3 we have considered only risky investments. What does the efficient
frontier of all possible investments look like? Specifically, what happens when we
include the risk-free investment? Suppose that the risk-free investment yields a return
of Rg. In Figure 1.4 we have denoted the risk-free investment by point F and drawn a
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FIGURE 1.3 Efficient Frontier Obtainable from Risky Investments
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FIGURE 1.4 The Efficient Frontier of All Investments

Point I is achieved by investing a percentage B; of available funds in portfolio M
and the rest in a risk-free investment. Point ] is achieved by borrowing p; — 1 of
available funds at the risk-free rate and investing everything in portfolio M.
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tangent from point F to the efficient frontier of risky investments that was developed
in Figure 1.3. M is the point of tangency. As we will now show, the line FJ is our new
efficient frontier.

Consider what happens when we form an investment I by putting p; of the funds
we have available for investment in the risky portfolio, M, and 1 — f; in the risk-
free investment F (0 < f; < 1). From equation (1.1) the expected return from the
investment, E(R;), is given by

E(Ry) = (1 =B)Rp+ BrERy)

and from equation (1.2), because the risk-free investment has zero standard devia-
tion, the return R; has standard deviation

Brom

where o) is the standard deviation of return for portfolio M. This risk-return com-
bination corresponds to the point labeled I in Figure 1.4. From the perspective of
both expected return and standard deviation of return, point I is p; of the way from
Fto M.

All points on the line FM can be obtained by choosing a suitable combination
of the investment represented by point F and the investment represented by point
M. The points on this line dominate all the points on the previous efficient frontier
because they give a better risk-return combination. The straight line FM is therefore
part of the new efficient frontier.

If we make the simplifying assumption that we can borrow at the risk-free rate
of Ry as well as invest at that rate, we can create investments that are on the continu-
ation of FM beyond M. Suppose, for example, that we want to create the investment
represented by the point | in Figure 1.4 where the distance of | from F is f; times
the distance of M from F (B; > 1). We borrow f; — 1 of the amount that we have
available for investment at rate Ry and then invest everything (the original funds and
the borrowed funds) in the investment represented by point M. After allowing for
the interest paid, the new investment has an expected return, E(R;) given by

E(R)) = BE(Ry) — (B — 1R = (1 = B )R + BE(Ry)

and the standard deviation of the return is

Brom

This shows that the risk and expected return combination corresponds to point J.
(Note that the formulas for the expected return and standard deviation of return in
terms of beta are the same whether beta is greater than or less than 1.)

The argument that we have presented shows that, when the risk-free investment
is considered, the efficient frontier must be a straight line. To put this another way
there should be linear trade-off between the expected return and the standard de-
viation of returns, as indicated in Figure 1.4. All investors should choose the same
portfolio of risky assets. This is the portfolio represented by M. They should then
reflect their appetite for risk by combining this risky investment with borrowing or
lending at the risk-free rate.
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It is a short step from here to argue that the portfolio of risky investments rep-
resented by M must be the portfolio of all risky investments. Suppose a particular
investment is not in the portfolio. No investors would hold it and its price would
have to go down so that its expected return increased and it became part of portfo-
lio M. In fact, we can go further than this. To ensure a balance between the supply
and demand for each investment, the price of each risky investment must adjust so
that the amount of that investment in portfolio M is proportional to the amount of
that investment available in the economy. The investment represented by point M is
therefore usually referred to as the market portfolio.

1.3 THE CAPITAL ASSET PRICING MODEL

How do investors decide on the expected returns they require for individual invest-
ments? Based on the analysis we have presented, the market portfolio should play a
key role. The expected return required on an investment should reflect the extent to
which the investment contributes to the risks of the market portfolio.

A common procedure is to use historical data and regression analysis to deter-
mine a best-fit linear relationship between returns from an investment and returns
from the market portfolio. This relationship has the form:

R=a+pRy +e (1.3)

where R is the return from the investment, R is the return from the market portfolio,
a and P are constants, and € is a random variable equal to the regression error.

Equation (1.3) shows that there are two uncertain components to the risk in the
investment’s return:

1. A component PR, which is a multiple of the return from the market portfolio.
2. A component €, which is unrelated to the return from the market portfolio.

The first component is referred to as systematic risk. The second component is re-
ferred to as nonsystematic risk.

Consider first the nonsystematic risk. If we assume that the € variables for dif-
ferent investments are independent of each other, the nonsystematic risk is almost
completely diversified away in a large portfolio. An investor should not therefore be
concerned about nonsystematic risk and should not require an extra return above
the risk-free rate for bearing nonsystematic risk.

The systematic risk component is what should matter to an investor. When a
large well-diversified portfolio is held, the systematic risk represented by pR;; does
not disappear. An investor should require an expected return to compensate for this
systematic risk.

We know how investors trade off systematic risk and expected return from Figure
1.4. When B = 0 there is no systematic risk and the expected return is Rp. When
B = 1, we have the same systematic risk as the market portfolio, which is represented
by point M, and the expected return should be E(Ry;). In general

E(R) = Rp + BlE(Ry) — Rp] (1.4)



Introduction 9

\

0 N e~ E(R) = Ry + BIE(Ry) — Rp]

Expected
return, E(R)

Beta, 3

1.0
FIGURE 1.5 The Capital Asset Pricing Model

This is the capital asset pricing model. The excess expected return over the risk-free
rate required on the investment is p times the excess expected return on the market
portfolio. This relationship is plotted in Figure 1.5. The parameter B is the beta of
the investment.

EXAMPLE 1.1

Suppose that the risk-free rate is 5% and the return on the market portfolio is 10%.
An investment with a beta of 0 should have an expected return of 5%. This is because
all of the risk in the investment can be diversified away. An investment with a beta
of 0.5 should have an expected return of

0.05+0.5 % (0.1 -0.05) =0.075
or 7.5%. An investment with a beta of 1.2 should have an expected return of
0.05+1.2x(0.1-0.05)=0.11

or 11%.

The parameter, B, is equal to po /o, where p is the correlation between the return
from the investment and the return from the market portfolio, ¢ is the standard
deviation of the return from the investment, and o, is the standard deviation of the
return from the market portfolio. Beta measures the sensitivity of the return from the
investment to the return from the market portfolio. We can define the beta of any
investment portfolio as in equation (1.3) by regressing its returns against the returns
from the market portfolio. The capital asset pricing model in equation (1.4) should





