Wiley Finance Series

SIXTH EDITION

RISK

MANAGEMENT
ano FINANCIAL
INSTITUTIONS

JOHN C. HULL

-
e






Risk Management and Financial
Institutions



Founded in 1807, John Wiley & Sons is the oldest independent publishing company in the United
States. With offices in North America, Europe, Australia, and Asia, Wiley is globally committed to
developing and marketing print and electronic products and services for our customers’ professional
and personal knowledge and understanding.

The Wiley Finance series contains books written specifically for finance and investment pro-
fessionals as well as sophisticated individual investors and their financial advisors. Book topics range
from portfolio management to e-commerce, risk management, financial engineering, valuation and
financial instrument analysis, as well as much more.

For a list of available titles, visit our Web site at www.WileyFinance.com.


http://www.WileyFinance.com

Risk Management and
Financial Institutions

Sixth Edition

John C. Hull

WILEY



Copyright © 2023 by John C. Hull. All rights reserved.
Published by John Wiley & Sons, Inc., Hoboken, New Jersey.
Published simultaneously in Canada.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by
any means, electronic, mechanical, photocopying, recording, scanning, or otherwise, except as permitted under
Section 107 or 108 of the 1976 United States Copyright Act, without either the prior written permission of
the Publisher, or authorization through payment of the appropriate per-copy fee to the Copyright Clearance
Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 750-4470, or on the web
at www.copyright.com. Requests to the Publisher for permission should be addressed to the Permissions
Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201)
748-6008, or online at http://www.wiley.com/go/permission.

Trademarks: Wiley and the Wiley logo are trademarks or registered trademarks of John Wiley & Sons, Inc.
and/or its affiliates in the United States and other countries and may not be used without written permission.
All other trademarks are the property of their respective owners. John Wiley & Sons, Inc. is not associated with
any product or vendor mentioned in this book.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best efforts in
preparing this book, they make no representations or warranties with respect to the accuracy or completeness
of the contents of this book and specifically disclaim any implied warranties of merchantability or fitness for a
particular purpose. No warranty may be created or extended by sales representatives or written sales materials.
The advice and strategies contained herein may not be suitable for your situation. You should consult with a
professional where appropriate. Further, readers should be aware that websites listed in this work may have
changed or disappeared between when this work was written and when it is read. Neither the publisher nor
authors shall be liable for any loss of profit or any other commercial damages, including but not limited to
special, incidental, consequential, or other damages.

For general information on our other products and services or for technical support, please contact our
Customer Care Department within the United States at (800) 762-2974, outside the United States at (317)
572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may
not be available in electronic formats. For more information about Wiley products, visit our web site at
www.wiley.com.

Library of Congress Cataloging-in-Publication Data is Available:

ISBN 9781119932482 (Hardback)
ISBN 9781119932505 (ePDF)
ISBN 9781119932499 (epub)

Cover Design: Wiley
Cover Image: © in-future/Getty Images


http://www.copyright.com
http://www.wiley.com/go/permission
http://www.wiley.com

To Michelle, Peter, and David






Contents in Brief

Business Snapshots xxiil
Preface XXV
Chapter 1  Introduction: Risk-Return Trade-ofts 1
Part 1: Financial Institutions 23

Chapter 2 Banks 25
Chapter 3  Insurance Companies and Pension Plans 47
Chapter 4  Fund Managers 75
Part 2: Financial Markets 97

Chapter 5  Financial Instruments 99
Chapter 6 The OTC Derivatives Market 129
Chapter 7  Securitization and the Global Financial Crisis 145
Chapter 8  Volatility 163
Chapter 9  Correlations and Copulas 193

Chapter 10 Valuation and Scenario Analysis 217

vil



viil

CONTENTS IN BRIEF

Chapter 11
Chapter 12
Chapter 13
Chapter 14
Chapter 15

Chapter 16

Chapter 17
Chapter 18

Chapter 19

Chapter 20
Chapter 21
Chapter 22
Chapter 23

Chapter 24

Chapter 25
Chapter 26
Chapter 27

Chapter 28

Part 3: Market Risk
Value at Risk and Expected Shortfall

Historical Simulation and Extreme Value Theory
Model-Building Approach
Interest Rate Risk
Derivatives Risk
Scenario Analysis and Stress Testing
Part 4: Credit Risk
Estimating Default Probabilities
xVAs
Credit Value at Risk
Part 5: Other Risks
Operational Risk
Liquidity Risk
Model Risk Management
Climate Risk, ESG, and Sustainability
Enterprise Risk Management

Part 6: Regulation
Basel I, Basel 11, and Solvency 11

Basel I1.5, Basel 111, and Other Post-Crisis Changes

Fundamental Review of the Trading Book

Economic Capital and RAROC

231
233

257

279

293

319

347

365

367

393

413

429

431

449

477

497

513

531

533

563

585

599



Contents in Brief

X

Part 7: Other Topics

Chapter 29 Financial Innovation

Chapter 30 Risk Management Mistakes to Avoid

Part 8: Appendices

Appendix A Compounding Frequencies for Interest Rates

Appendix B Zero Rates, Forward Rates, and Zero-Coupon Yield Curves

Appendix C Valuing Forward and Futures Contracts
Appendix D Valuing Swaps

Appendix E Valuing European Options

Appendix F Valuing American Options

Appendix G Taylor Series Expansions

Appendix H Eigenvectors and Eigenvalues
Appendix I Principal Components Analysis
Appendix J Manipulation of Credit Transition Matrices
Appendix K Valuation of Credit Default Swaps
Appendix L Synthetic CDOs and Their Valuation
Appendix M SIMM

Answers to Questions and Problems
Glossary

RMFI Software

Table for N(x) When x > 0

Table for N(x) When x <0

Index

617
619

641

653
655

659

663

665

669

673

677

681

685

687

689

693

697

701
743
771
775
777
779






Business Snapshots

Preface

Chapter 1

Chapter 2

Contents

Introduction: Risk-Return Trade-offs

1.1
1.2
1.3
1.4
1.5
1.6
1.7

Banks
2.1
2.2
2.3
2.4

Risk vs. Return for Investors

The Efficient Frontier

The Capital Asset Pricing Model
Arbitrage Pricing Theory

Risk vs. Return for Companies

Risk Management by Financial Institutions
Credit Ratings

Summary

Further Reading

Practice Questions and Problems (Answers at
End of Book)

Further Questions

Part 1: Financial Institutions

Commercial Banking

The Capital Requirements of a Small Commercial Bank
Deposit Insurance

Investment Banking

x1

Xx1i1

XXV

NN~

14
18
19
20
20

20
21

23

25
26
28
30
31



xi1

CONTENTS

Chapter 3

Chapter 4

2.5
2.6
2.7
2.8

Securities Trading

Potential Conflicts of Interest in Banking
Today’s Large Banks

The Risks Facing Banks

Summary

Further Reading

Practice Questions and Problems (Answers at
End of Book)

Further Questions

Insurance Companies and Pension Plans

3.1 Life Insurance
3.2 Annuity Contracts
3.3 Mortality Tables
3.4 Longevity and Mortality Risk
35 Property-Casualty Insurance
3.6 Health Insurance
3.7 Moral Hazard and Adverse Selection
3.8 Reinsurance
3.9 Capital Requirements
3.10  The Risks Facing Insurance Companies
3.11  Regulation
3.12  Pension Plans
Summary
Further Reading
Practice Questions and Problems (Answers at
End of Book)
Further Questions
Fund Managers
4.1 Mutual Funds
4.2 Exchange-Traded Funds
4.3 Active vs. Passive Management
4.4 Regulation
4.5 Hedge Funds
4.6 Hedge Fund Strategies
4.7 Hedge Fund Performance

Summary
Further Reading
Practice Questions and Problems (Answers at

End of Book)
Further Questions

37
38
39
42
43
43

43
44

47
48
51
53
56
57
60
61
62
63
64
65
66
70
71

71
72

75
75
79
80
83
84
89
93
94
95

95
96



Contents X111

Part 2: Financial Markets 97
Chapter 5  Financial Instruments 99
5.1 Long and Short Positions in Assets 99
5.2 Derivatives Markets 102
5.3 Plain Vanilla Derivatives 103
5.4 Non-Traditional Derivatives 115
5.5 Exotic Options and Structured Products 119
5.6 Risk Management Challenges 123
Summary 123
Further Reading 123
Practice Questions and Problems (Answers at
End of Book) 124
Further Questions 126
Chapter 6 The OTC Derivatives Market 129
6.1 A Reference Point: Exchange-Traded Markets 129
6.2 Clearing in OTC Derivatives Markets 131
6.3 Post-Crisis Regulatory Changes 136
6.4 Impact of the Changes 138
6.5 CCPs and Bankruptcy 141
Summary 142
Further Reading 142
Practice Questions and Problems (Answers at
End of Book) 143
Further Questions 143
Chapter 7  Securitization and the Global Financial Crisis 145
7.1 The U.S. Housing Market 146
7.2 Securitization 149
7.3 The Losses 155
7.4 What Went Wrong? 156
7.5 Lessons from the Global Financial Crisis 158
Summary 159
Further Reading 160
Practice Questions and Problems (Answers at
End of Book) 160
Further Questions 161
Chapter 8  Volatility 163
8.1 Definition of Volatility 163
8.2 Implied Volatilities 165

8.3 Are Daily Percentage Changes in Financial Variables
Normal? 167



Xiv CONTENTS

8.4 The Power Law 170
8.5 Monitoring Daily Volatility 172
8.6 The Exponentially Weighted Moving Average Model 175
8.7 The GARCH(1,1) Model 177
8.8 Choosing between the Models 179
8.9 Maximum Likelihood Methods 179
8.10  Using GARCH(1,1) to Forecast Future Volatility 185
Summary 189
Further Reading 189

Practice Questions and Problems (Answers at
End of Book) 190
Further Questions 191
Chapter 9  Correlations and Copulas 193
91 Definition of Correlation 193
9.2 Monitoring Correlation 195
9.3 Correlation and Covariance Matrices 198
9.4 Multivariate Normal Distributions 199
9.5 Copulas 202
9.6 Application to Loan Portfolios: Vasicek’s Model 208
Summary 213
Further Reading 213

Practice Questions and Problems (Answers at
End of Book) 214
Further Questions 215
Chapter 10 Valuation and Scenario Analysis 217
10.1  Volatility and Asset Prices 218
10.2  Risk-Neutral Valuation 219
10.3  Scenario Analysis 224
10.4  When Both Worlds Have to Be Used 224
10.5  The Calculations in Practice 225
Summary 227
Further Reading 228

Practice Questions and Problems (Answers at
End of Book) 228
Further Questions 229
Part 3: Market Risk 231
Chapter 11 Value at Risk and Expected Shortfall 233
11.1  Definition of VaR. 233
11.2  Examples of the Calculation of VaR 235
11.3 A Drawback of VaR 237



Contents XV
11.4  Expected Shortfall 238
11.5  Coherent Risk Measures 238
11.6  Choice of Parameters for VaR and ES 242
11.7  Marginal, Incremental, and Component Measures 247
11.8  Euler’s Theorem 248
11.9  Aggregating VaRs and ESs 249
11.10  Back-Testing 249
Summary 253
Further Reading 253
Practice Questions and Problems (Answers at
End of Book) 254
Further Questions 255
Chapter 12 Historical Simulation and Extreme Value Theory 257
12.1  The Methodology 257
12.2 Accuracy of VaR 263
12.3  Extensions 265
12.4  Computational Issues 270
12.5  Extreme Value Theory 270
12.6  Applications of EVT 273
Summary 276
Further Reading 276
Practice Questions and Problems (Answers at
End of Book) 277
Further Questions 278
Chapter 13 Model-Building Approach 279
13.1  The Basic Methodology 280
13.2  Generalization 282
13.3  The Four-Index Example Revisited 284
13.4  Extensions of the Basic Procedure 286
13.5  Risk Weights and Weighted Sensitivities 287
13.6  Non-Linearity 288
13.7  Model-Building vs. Historical Simulation 288
Summary 289
Further Reading 289
Practice Questions and Problems (Answers at
End of Book) 289
Further Questions 290
Chapter 14 Interest Rate Risk 293
14.1  Types of Rates 294
14.2  Calculating Risk Measures 296



Xvi

CONTENTS

14.3
14.4
14.5
14.6
14.7
14.8

Principal Components Analysis

The Management of Net Interest Income
Duration

Convexity

Generalization

Nonparallel Yield Curve Shifts

Summary

Further Reading

Practice Questions and Problems (Answers at
End of Book)

Further Questions

Chapter 15 Derivatives Risk

15.1
15.2
15.3
15.4
15.5
15.6
15.7
15.8
15.9
15.10
15.11

Delta

Gamma

Vega

Theta

Rho

Calculating Greek Letters

Taylor Series Expansions

The Realities of Hedging Derivatives
Hedging Exotic Options

Scenario Analysis

Approximate Analytical Results
Summary

Further Reading

Practice Questions and Problems (Answers at
End of Book)

Further Questions

Chapter 16 Scenario Analysis and Stress Testing

16.1
16.2
16.3

Generating the Scenarios

Regulation

What to Do with the Results

Summary

Further Reading

Practice Questions and Problems (Answers at
End of Book)

Further Questions

Part 4: Credit Risk

Chapter 17 Estimating Default Probabilities

17.1
17.2

Credit Ratings
Historical Default Probabilities

299
303
305
308
310
312
315
316

316
317

319
319
327
329
331
332
332
333
335
336
338
339
343
344

344
345

347
347
354
358
361
361

362
363

365

367
367
369



Contents xvil
17.3  Recovery Rates 371
17.4  Credit Default Swaps 372
17.5  Credit Spreads 377
17.6  Estimating Default Probabilities from Credit Spreads 380
17.7  Comparison of Default Probability Estimates 382
17.8  Using Equity Prices to Estimate Default Probabilities 386
Summary 388
Further Reading 389
Practice Questions and Problems (Answers at
End of Book) 390
Further Questions 391
Chapter 18 xVAs 393
18.1  Credit Exposure on Derivatives 394
18.2 CVA 395
18.3  The Impact of a New Transaction 399
18.4  CVA Risk 400
18.5  Wrong-Way Risk 401
18.6  DVA 402
18.7  Some Simple Examples 403
18.8  Other xVAs 407
Summary 408
Further Reading 409
Practice Questions and Problems (Answers at
End of Book) 409
Further Questions 410
Chapter 19 Credit Value at Risk 413
19.1  Ratings Transition Matrices 414
19.2  Vasicek’s Model 416
19.3  Credit Risk Plus 417
19.4  Creditmetrics 420
19.5  Credit Spread Risk 423
Summary 425
Further Reading 426
Practice Questions and Problems (Answers at
End of Book) 426
Further Questions 427
Part 5: Other Risks 429
Chapter 20 Operational Risk 431
20.1  Defining Operational Risk 433
20.2  Types of Operational Risk 434
20.3  Loss Severity and Loss Frequency 434



XVill

CONTENTS

Chapter 21

Chapter 22

Chapter 23

20.4  The Standardized Measurement Approach
20.5  Preventing Operational Risk Losses
20.6  Allocation of Operational Risk Capital
20.7  Use of Power Law
20.8  Insurance
20.9  Sarbanes—Oxley
Summary
Further Reading
Practice Questions and Problems (Answers at
End of Book)
Further Questions
Liquidity Risk
21.1  Liquidity Trading Risk
21.2  Liquidity Funding Risk
21.3  Liquidity Black Holes
Summary
Further Reading
Practice Questions and Problems (Answers at
End of Book)
Further Questions
Model Risk Management
22.1  Regulatory Guidance
22.2 Models in Physics and Finance
22.3  Simple Models: Expensive Mistakes
22.4  Models for Pricing Actively Traded Products
22.5  Models for Less Actively Traded Products
22.6  Accounting
22.7  What Makes a Successful Pricing Model?
22.8  Model-Building Missteps

Summary
Further Reading
Practice Questions and Problems (Answers at

End of Book)
Further Questions

Climate Risk, ESG, and Sustainability

231
23.2
23.3
23.4

Climate Risk
ESG
Sustainability
Greenwashing
Summary

Further Reading

439
441
442
443
443
445
446
446

447
448

449
450
457
466
472
473

474
475

477
478
484
484
487
490
492
492
493
494
495

495
496

497
497
507
508
509
510
510



Contents XIX

Practice Questions and Problems (Answers at
End of Book) 511
Further Questions 511
Chapter 24 Enterprise Risk Management 513
24.1  Risk Appetite 514
242  Risk Culture 520
24.3  Identitying Major Risks 523
24.4  Strategic Risk Management 526
Summary 527
Further Reading 528

Practice Questions and Problems (Answers at
End of Book) 528
Further Questions 529
Part 6: Regulation 531
Chapter 25 Basel I, Basel II, and Solvency II 533
25.1  The Reasons for Regulating Banks 533
25.2  Bank Regulation Pre-1988 535
25.3  The 1988 BIS Accord 536
25.4  The G-30 Policy Recommendations 539
25.5  Netting 540
25.6  The 1996 Amendment 542
25.7  Basel I 545
25.8  Credit Risk Capital Under Basel 11 546
25.9  Operational Risk Capital Under Basel 11 555
25.10 Pillar 2: Supervisory Review 556
25.11 Pillar 3: Market Discipline 556
25.12  Solvency II 557
Summary 558
Further Reading 559

Practice Questions and Problems (Answers at
End of Book) 559
Further Questions 561
Chapter 26 Basel 1.5, Basel III, and Other Post-Crisis Changes 563
26.1  Basel IL.5 564
26.2  Basel 111 567
26.3  Contingent Convertible Bonds 576
26.4  Use of Standardized Approaches and SA-CCR 576
26.5  Dodd—Frank Act 578
26.6  Legislation in Other Countries 580
Summary 582
Further Reading 582



XX

CONTENTS

Practice Questions and Problems (Answers at
End of Book)
Further Questions

Chapter 27 Fundamental Review of the Trading Book

Chapter 28

Chapter 29

271
27.2
27.3
27.4

Background

Standardized Approach

Internal Models Approach

Trading Book vs. Banking Book

Summary

Further Reading

Practice Questions and Problems (Answers at
End of Book)

Further Question

Economic Capital and RAROC

28.1
28.2
28.3
28.4
28.5
28.6
28.7
28.8

Definition of Economic Capital
Components of Economic Capital
Shapes of the Loss Distributions
Relative Importance of Risks
Aggregating Economic Capital
Allocation of Economic Capital
Deutsche Bank’s Economic Capital
RAROC

Summary

Further Reading

Practice Questions and Problems (Answers at
End of Book)

Further Questions

Part 7: Other Topics

Financial Innovation

291
29.2
29.3
29.4
29.5
29.6
29.7
29.8

Technological Advances

Payment Systems

Open Banking

Lending

Wealth Management

InsurTech

Regulation and Compliance

How Should Financial Institutions Respond?
Summary

Further Reading

583
583

585
586
588
591
595
596
596

596
597

599
600
602
604
605
606
610
611
612
613
614

614
615

617

619
620
624
628
629
631
632
634
636
639
640



Contents xx1

Practice Questions and Problems (Answers at
End of Book) 640
Further Questions 640
Chapter 30 Risk Management Mistakes to Avoid 641
30.1  Risk Limits 643
30.2  Managing the Trading Room 645
30.3  Liquidity Risk 647
30.4  Lessons for Nonfinancial Corporations 650
30.5 A Final Point 651
Further Reading 652
Part 8: Appendices 653
Appendix A Compounding Frequencies for Interest Rates 655
Appendix B Zero Rates, Forward Rates, and Zero-Coupon Yield Curves 659
Appendix C Valuing Forward and Futures Contracts 663
Appendix D Valuing Swaps 665
Appendix E Valuing European Options 669
Appendix F Valuing American Options 673
Appendix G Taylor Series Expansions 677
Appendix H Eigenvectors and Eigenvalues 681
Appendix I Principal Components Analysis 685
Appendix J Manipulation of Credit Transition Matrices 687
Appendix K Valuation of Credit Default Swaps 689
Appendix L Synthetic CDOs and Their Valuation 693
Appendix M SIMM 697
Answers to Questions and Problems 701
Glossary 743
RMEFI Software 771
Table for N(x) When x > 0 775
Table for N(x) When x <0 777
Index 779






1.1
2.1
2.2
2.3
31
3.2
41
5.1
5.2
53
5.4
5.5
6.1
71
7.2
8.1
8.2
111
15.1
15.2
15.3
16.1
16.2
171
17.2

Business Snapshots

The Hidden Costs of Bankruptcy: A Hypothetical Scenario
Google’s IPO

Donald Trump and a SPAC

How to Avoid Loan Losses

Equitable Life

A Perfect Storm

Mutual Fund Returns Can Be Misleading

The Unanticipated Delivery of a Futures Contract
A Software Error?

Microsoft’s Hedging

Procter and Gamble’s Bizarre Deal

SocGen’s Big Loss in 2008

Rehypothecation

All BBBs Are Not the Same

A Trading Opportunity?

What Causes Volatility?

Making Money from Foreign Currency Options
Historical Perspectives on VaR

Hedging by Gold Mining Companies

Dynamic Hedging in Practice

Is Delta Hedging Easier or More Difficult for Exotics?
Long-Term Capital Management’s Big Loss
Traftic Light Options

The CDS Market

Is a CDS a Flawed Contract?

xxiil

16

35

36

41

53

68

82
106
107
120
121
122
140
155
159
166
169
234
322
336
337
351
357
373
375



XX1V

BUSINESS SNAPSHOTS

17.3
20.1
20.2
211
21.2
21.3
21.4
221
22.2
22.3
23.1
23.2
241
24.2
24.3
251
26.1
28.1
29.1
29.2
30.1

Contagion

The Hammersmith and Fulham Story
Rogue Trader Insurance

Northern Rock

Ashanti Goldfields

Metallgesellschaft

The Crash of 1987

The London Whale

Kidder Peabody’s Embarrassing Mistake
Exploiting the Weaknesses of a Competitor’s Mode
Transition Costs in Germany
Reputational Risk and HSBC
Cross-Selling at Wells Fargo

The Santander Rail Deal

ABACUS

Systemic risk

Credit Suisse’s CoCo Bond Issues

The EGT Fund

Mt. Gox

Eastman Kodak and the Digitization of Photography
Big Losses

385
440
444
458
462
463
468
481
485
486
501
505
518
521
522
534
577
606
627
637
642



Preface

he sixth edition of Risk Management and Financial Institutions has been tully

updated with many improvements to the presentation of material. Like my other

popular book, Options, Futures and Other Derivatives, it is designed to be suitable
for practicing managers as well as university students. Those studying for professional
qualifications such as FRM and PRM will also find the book useful.

There are no prerequisites, except a knowledge of basic statistics. In producing
the sixth edition I re-sequenced the chapters to create a more logical flow of mate-
rial. Financial institutions, financial markets, and the management of different types of
risk are now discussed in the first 24 chapters, with the regulation of financial institutions
being covered toward the end of the book. Instructors who do not want to cover reg-
ulation will find the new structure easier to deal with. Those who do cover regulation
will probably agree that students should have a good understanding of the risks first.

There is a new chapter (Chapter 23) on climate risk, ESG, and sustainability. We have
now reached the stage where all companies, including financial institutions, cannot
ignore environmental risks. Increasingly, it is necessary for them to provide informa-
tion to investors on the way they are managing these risks. This chapter describes the
nature of environmental risks and the key role that financial institutions can play in saving
the planet.

Improvements have been made to material throughout the book. The level of math-
ematical sophistication and the way material is presented have been managed carefully
so that the book is accessible to as wide an audience as possible. For example, when
covering copulas in Chapter 9, I present the intuition followed by a detailed numerical
example; when covering maximum likelihood methods in Chapter 8 and extreme value

XXV



XXV1 PREFACE

theory in Chapter 12, I provide illustrative numerical examples. I have also provided
Excel spreadsheets for many of the applications in the book on my website:

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

Ancillary Material

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. The RMFI software that accompanies the book is also available
from my website.

End-of-chapter problems are divided into two groups: “Practice Questions and
Problems” and “Further Questions.” Answers to the former are at the end of the book.
Answers to the latter and accompanying worksheets are available to adopting instructors
from the Wiley Higher Education website. This website also contains suggestions on
the teaching of each chapter and course organization.

Acknowledgments
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School, University of Toronto, who have made many useful suggestions.
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Chapter 1

Introduction: Risk-Return
Trade-offs

magine you are the Chief Risk Officer (CRO) of a major corporation. The Chief
I Executive Officer (CEO) 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 1s 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 management
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 progres-
sively 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 manage-
ment. In spite of this, financial institutions still make mistakes. In March 2021, Archegos,



2 RISK MANAGEMENT AND FINANCIAL INSTITUTIONS

a hedge fund managing the assets of a rich private individual named Bill Hwang, went
bankrupt as a result of highly levered risky investments. Several banks that the hedge
tund had been dealing with lost huge sums. It is reported that Credit Suisse lost over
$5 billion and Nomura lost almost $3 billion as a result of their dealings with Archegos.

Risk management is not about minimizing risks. It is about ensuring that the risks
taken are manageable and that the expected returns are commensurate with the risks
being taken. This chapter sets the scene. It starts by reviewing the classical arguments
concerning the risk-return trade-offs faced by a well-diversified investor who is choos-
ing 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 all companies, including financial institu-
tions, should be concerned with the total risk they face, not just with the risk from the
viewpoint of a well-diversified shareholder.

1.1 Risk vs. Return for Investors

We now examine the theoretical trade-oft between risk and return when money is
invested. The first point to note is that 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 aver-
age (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 % 0.50 4+ 0.25 X 0.30 + 0.40 X 0.10 4+ 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 1s a —=30%
return or a loss of $30,000.

One of the first attempts to understand the trade-off between risk and expected
return was by Markowitz (1952). Later, Sharpe (1964) and others carried the Markowitz



