EIGHTH EDITION

OPTIONS, FUTURES,
AND OTHER DERIVATIVES

GLOBAL EDITION






EIGHTH EDITION

OPTIONS, FUTURES,
AND OTHER DERIVATIVES

GLOBAL EDITION

John C. Hull

Maple Financial Group Professor of Derivatives and Risk Management
Joseph L. Rotman School of Management
University of Toronto

PEARSON
e —

Boston Columbus Vlndianapolis New York San Francisco Upper Saddle River
Amsterdam Cape Town Dubai London Madrid Milan Munick Paris Montreal Toronto
Delhi  Mexico City Sao Paulo Sydney Hong Kong Seoul Singapore Taipei Tokyo


qy chen
文本框


Editor in Chief: Donna Battista

Acquisitions Editor: Tessa O’Brien

International Sénior Acquisitions Editor: Laura Dent
Editorial Assistant: Elissa Senra-Sargent

Marketing Director: Patrice Jones

International Marketing Manager: Dean Erasmus
Marketing Coordinator: Iar Gold

Managing Editor: Nancy I'enton

Production Project Manager: Alison Eusden

Senior Manufacturing Buyer: Carol Melville

Senior Media Manufacturing Buyer: Ginny Michaud
Media Project Manager: Nicole Sackin

Cover Image: Image Source/Alamy

Cover Printer: Lehigh/Phoenix

Pearson Education Limited
Edinburgh Gate

Harlow

Essex CM20 2JE

England

and Associated Companies throughout the world

Visit us on the World Wide Web at:
www.pearsoned.co.uk

© Pearson Education Limited 2012

The right of John C. Hull to be identified as author of this work has been asserted by him in accordance
with the Copyright, Designs and Patents Act 1988.

Authorized adaptation from the United States edition, entitled Options, Futures, and Other Derivatives,
ISBN 978-0-13-216494-8 by John C. Hull, published by Pearson Education, publishing as Prentice Hall © 2012.

All rights reserved. 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 or otherwise, without either
the prior written permission of the publisher or a licence permitting restricted copying in the United Kingdom
issued by the Copyright Licensing Agency Ltd, Saffron House, 6—10 Kirby Street, London ECIN 8TS.

All trademarks used herein are the property of their respective owners. The use of any trademark in this text
does not vest in the author or publisher any trademark ownership rights in such trademarks, nor does the use
of such trademarks imply any affiliation with or endorsement of this book by such owners.

Credits and acknowledgments borrowed from other sources and reproduced, with perinission, in this textbook
appear on the appropriate page within the text.

ISBN 13: 978-0-273-75907-2
ISBN 10: 0-273-75907-8

British Library Cataloging-in-Publication Data
A catalogue record for this book is available from the British Library

10987654 321
1514 1312 11

Typeset in 10/12 pt Monotype Times by The Geometric Press
Printed and bound by Edwards Brothers in The United States of America

The publisher’s policy is to use paper manyfactured from sustainable forests.

e —

PEARSON




To Michelle



CONTENTS IN BRIEF

List of Business Snapshots ..........cccceeeveeiiiiiiinnniinennnnn. ettt e, xvii
List of Technical INOTES..........ceeriiiiiiiirieiiiie e ertee e eerir e vieeeer e e eaaees xviii

| 3 (= €21 IO PSP PPUPPRRSPPPPPRR xix

J IR 6015 o7 L1 o1 4 o ) « U PSPPSR 1
2. Mechanics of futures Markets .............uueeiriiieieriieiiie e ereae e eeeanes 22
3. Hedging strategies USING fUtUIES......ccuuuueeriiiuirrririiiiieiinieeeri e erineerreiieeeenes 47
4. TREETESE TALES ...ueeiinnieeiiiin it ee ettt e e ettt e eeeettaa e eeeaneetetenaeeeneeeaaenaeeeannnseeens 75
5. Determination of forward and futures prices .........c.cccceeevireiierecinnreeeiennnennnn. 101
6. Interest rate fULUIES......ccuuiiiiiiuieiiiiiiee e et e eeee e e e e eee e s eraaeeeerenesaeeannnneaeees 129
R Y 1 oL PP OPP RPN 148
8. Securitization and the credit crisis of 2007..........ccceiiiiiieriiiiiiiiieeeei e, 180
9. Mechanics of Options MATKELS ........c.uuiiiiiiiuiiiieiiiiiaeei e eetri e eraeeeeei e eeeeaes 194
10. Properties of StOCK OPtIONS ... cceuuiiiueiieiiieeiiiiei e e eei e eere e e ee e e 214
11. Trading strategies involving OPtiONS ..........uveeiiieeerirruiieeiieeieeeiiiieeereeeraieeaaaenes 234
12, BinOmual TS . ceveeniiiiiinetiiiieeeeetirie e ecii e e e et araiieeenna e eeeeBeeeeanns searennnnaennnnsaes 253
13. Wiener processes and It0’s 1€mma............ccooeiiiiiiiiiiiiiiiiiiie e 280
14. The Black—Scholes—Merton model......................... Y et e e e et e e e r e 299
15. EmpIoyee StOCK OPLIONS ..uviveenriiiriieieiieieeiieieee et eeteeeeueetenssansennnsacenneenns 332
16. Options on stock indices and CUITENCIES .........vieriirunrerinniaeeiiiiieaeeeeiiieeeainees 345
17, FUtUIeS OPLIONS ceuuiivieniveneertieeieieeetanierieiereasereneereaaenseersnsseenserssssessssssnsaennns 361
18. The Greek Jetters.....ccouuuniiniiiiieiiii it e e e eeeeaeas 377
19. Volatility SIMIlEs ........cccuiiinieiiiiiiiiii e et et eeae et eese e e e e e e sasaeannaes 409
20. Basic numerical ProCEAUIES ..........u.ueeiieeiruereeniieerereeieiieeeereneeeeeraenreeeanneaees 427
21, ValUe @t FISK . eeviiieiiieiiieiiiiiiiee et e e et e e e et et e e ee e e ee e e e eeees 471
22. Estimating volatilities and correlations...........cccvevviuiieiiiiiieiiiiniiiiii e, 498
23, Credit TISK .ooviiuiiieinieeiiiiiiee ettt e e ettt s e e e eene e e e e e e eennae s 521
24. Credit derivatives................... seeetseaaaasusesssoanes Mo dgussssasosanvuansasaaauasaseossssesal 547
25, EXOUIC OPLIONS. ceuuiirt e eeineiiiieeiaeiettettaueranteeeeneaseeenrerancennesansstesesansesesrnsennsees 574
26. More on models and numerical procedures.............ceeeveueierrrinnreiinanreniinneennen 599
27. Martingales and MEASUTES .......ccceuuuerireuuneeereiinineeeeeeeeiieeeeeeneennaeeeernneerenns 630
28. Interest rate derivatives: The standard market models.........c.cccoeveerreeennnenenen. 648
29. Convexity, timing, and quanto adjustments .........ccceceevereeenieeeeereenereneereeennnst 668
30. Interest rate derivatives: Models of the short rate...........ccceeeevueiennenrirnnnnnnnn. 682
31. Interest rate derivatives: HIM and LMM .........c.ccouiiiiiiiiiiiiiiniiein e 715
32. Swaps ReVisited.......cocuuuiiiiiiiie ettt et et e 733
33. Energy and commodity derivatiVes.........ccceuuieeiiiirieieiieeriieeieereeeeenaeanenanns 748
34, ReEAl OPLIOMS ..eeivireiiieeieeeeiitiieieeeeeeeetreaiianereaeeeseeaunaneeeesesnnnnsnsseerensenanesesaens 765
35. Derivatives mishaps and what we can learn from them................cccceeeeenennnios 779
36. Derivatives markets in developing COUNLIIES.........ccuuueveeieiriiniiiiiieieeiiineean. 791
(€ L F:3 o o) 7 v o 4 -SRI 797
DerivaGem SOftWATE...........coviueiiiiiiie i e ciieeeeieeeerre e errr e ee e e eeee e e e aeaneees 818
Major exchanges trading futures and options.............cceeeereiiiiiiiiiniereiiiinnneeen. 823
Tables fOr IN(X) coeeereeieieiiie ettt eeeteee e e et e e e e e eaaneeees 824
AULhOT INAEX.....uuiiiiiiiiiiiiiiriiii ettt e e et ree e e e e e e e e e enanans 826
SUDJECE INAEX. .. ceeuniiiiiiiieee ettt e e e e e e e e e et e e e e beeaeeenn e eaanaes 830




Chapter 1.

Chapter 2.

Chapter 3.

Contents

List of Business Snapshots........cccciuviiiiiiiiiiiiiiiiiiiiiiiiiiiii e xvii
List of Technical NOteS....cccceuiuiuiiieiiiiiiiiieiiiiiiiireiierttiieetateeratiesetaseesassasenss xviii
g (i T PN xix
LT (0T T (1) N 1
1.1 Exchange-traded markets .........ccoovuiiiiiiiiiiiiii e 2
1.2 Over-the-Counter MATKELS .......cuuiiniuieiiie et et e et et e e e ae et eaeaeeaeanaes 3
1.3 FOrward COMIACES .. ...uiuiniiiieiie it ettt et e e e e et e e e e e ane s eneenans 5
1.4 FUtUres COMMIACES ..o.uiuitnitin ittt et 7
1.5 OPHONS ...t 7
1.6 TYPES Of tTAAEIS. . eeuiiiit ittt ettt 9
L7 HEA OIS ot 10
1.8 SPeculators ........ceeuviniiniiiiiiiieieiieeee e, e e 13
[ N 4 o315 ¢ 1 S PP 15
LI0 Daners ....oovviviiniiiieeiiieieeiee e e eees e 16

R0 Y 1 42§ oy PP 16

Further reading ..............cocooiiiiii TR 18

PractiCe QUESHONS. .. vuuitntineie ettt et et e et et e e e e et e e e e e et e e e e annas 18

FUIther QUESLIONS . ... vu ittt e e e e e e eees 20
Mechanics of futures Markets.........ccceveiiiiiuiiniiiieiiiiiieiiiiiieiiiiarenietiecesaneeceenes 22
2.1 Background ........ e . 22
2.2 Specification of a futures CONtract...........coeviuiiiiineiiiiiieiiieiieiieiieeeieeennenn. 24
2.3 Convergence of futures price tO SPOt PIiCe .......c.uiuuiiniiniiiniiiiiiiieiniineanenn. 26
2.4 The operation Of MArGINS ... ..c.viuiieiiitiitei et et eie e rreaeeeeeraeeenaanaanas 27
2.5 OTC MATKELS ..euiniei e 30
2 Y, -5 G A ¢ o) £ 33
2.7 DIIVEIY cniniiiiii e e 36
2.8 Types of traders and types of orders............ccccoevviniiiiinninnn. TR 37
29 Regulation................ e e e an 38
2,10 Accounting and taX.........oeiiiriiniiiieiei e e aaas 39
2.11  Forward vs. futures CONtracts.............ceeivuieiiiieeiiieeeiiie e, 41

N80 1001 01 o PP 42

Further reading ........ooiiiiiii e 43

PractiCe QUESLIONS. .. ..uiutittein ittt et 43

Further qUESHIONS. ... ..c.iunit e 45
Hedging strategies using fUturesS..........cccceveiiiiaiiiniiiiiiniitiiriiiniteraseecenraseseenss 47
3.1 BaSIC PIINCIPIES. ..ueiieiit ittt 47
3.2 Arguments for and against hedging ................o.cooiiiiiii 49
3.3 BaSIS TISK .ttt 52
3.4 Cross hedING ..oeuiiniiiiii e 56



Chapter 4,

Chapter 5.

Chapter 6.

Conte.:ts
3.5  Stock index fUtures...........c.cooiciiiiiiiiiiiiiiie e e G
36 Stack and r0ll........eemniiniii e e 65
SUMMATY . et e et e s e eaa s e e e e ans 67
Further reading.......cc.vviiiiiiiiiiiiiici e i 68
Practice qQUEStIONS........ovvuveveiinieiniiieiiieeieee e T S — 69
FUrther QUESHIONS ..o.uuvuuiiireiniiiiiie e e e e e e a e s eaceaneenees 71
Appendix: Capital asset pricing model .................ccoeeiviiiiiinriiiirireee e, 73
INEEIESt TALES «.vvvuierereirereraececeicrscnccnsessscestessoressasessnssssestosessssssssssssssassssssssssssas 75
4.1 Types of rates........... S U s e e 75
4.2  Measuring interest TAteS ........cuueieeureetneeuuaeeiiiaerriiesrieerrnieerrsaeesenseeenaeenens 77
4.3 ZTO TALES cuieeniiii ettt et a et e ean 80
4.4 BONA PIICIIE c.uuniiinnein it e et eee et et e et e et e e et e eet s e enieesanscanaaes 80
4.5 Determining TTEASUTIY ZETO TALES ...ceuivuivnrrnernirnerinerneetenererrneraeereneensennsenes 82
4.6 FOIWArd TAtES ......ceuuiiuiiieiiie it eeii e ettt e ettt e et eeaa e et e e e et e s aennaees 84
4.7  Forward rate QgreemeNts .........uueeuneerneerniinnernneriieerneeseesaerrsasenseesneromeenaeens 86
4.8 DUTALION ...ttuiiiiieeit et ettt ee et ee e et et eeieearessnanesanenaeansernasearenseres 89
4.9 COMVEXITY . eu ettt eeunett ittt ettt et et e et et e et e et e eaeabn et eeneerneeansacnneees 92
4.10 Theories of the term structure of interest rates............ceveuiiiirerrennreneeennnens 93
10111111 E: 1 o AP PSPPI 96
Further reading..........oiviiieitiii i e e e e e e e e 97
Practice QUESHIONS .....cuuivurieiieiiniiiieeieeireireinerteetaeensraeeeesaerneernsaenenenes 97
Further qUeStionS .........ovuevueeiiiiiiireiei et e eeeee v eaneas e s s ala e e 99
Determination of forward and futures prices.......cccceevrceniereneniniraccnnnnnes OOCOa0O00C) 101
5.1  Investment assets vS. CONSUMPLION @SSELS ...cuuivurrereiunireeieerreaeenennaenannnns 101
5.2 SHOrt SEIlIE . .uiueieei e e e e e s e aeeans 102
5.3 Assumptions and NOtAtION.......o.viuiiiniiniiiieei et rieeieeteeerraeraraaeennens 103
5.4  Forward price for an investment asset ...........cceeeeuerueineiieiieereneseesnennenns 104
5.5  KINOWI INCOIME ...cvuiiiniiiiriiieiiieiie et et e e e e et aeetuntaernnaennaenessansaneetnseens 107
5.6 Known Yield......coeiiiiiiiiiiiiiieiieiee e e ee e e e e 109
5.7 Valuing forward CONIACS ........ceeerteerrueruerrienrerieensenenseensessessecnsensensens 109
5.8  Are forward prices and futures prices equal? ...........c.cccooiiiiiiiiiiiiiiininnnns, 111
5.9  Futures prices Of Stock indiCes.........ceuuvruuiiuiiiureriiriniiieiiieiiierereecinennns 112
5.10 Forward and futures contracts On CUITENCIES ..........evuvivnereerrnernerneernnsonns 114
5.11 Futures on COMMOGItIES . .eeuueuniiinienniiiteeneineatreereeaenernneennaaenaenneenneenns 117
5.12  The COSt Of CAITY..cuiuiniiiiiiiiiiiit e e et e eneaeeeseannsasaenssnees 120
5.13  DeliVEry OPtiOmS. . eeuiiniiiiiiie et e et e eree e et e eae st sneen e e eeaaanaens 121
5.14 Futures prices and the expected future spot price............ccoceveruireeenienennnnn. 121
SUIMIIMIATY ittt ettt ettt et e e eaae e s e e meeneaneensaanaaeananns 123
Further reading.......cc.oiveiiiiiiiiiiieii et ee e e e e aeea e eeaaens 125
Practice QUESTIONS . evuuuirueeeriiiinreen e iitee et ettt aaaaean e aeeara e et eranerennaaees 125
FUrther QUESHIONS .. .vvuuiiiiiiee et e eceicr e ettt e er vt s eabe e e teeaai e e beian s eteranens 127
Interest rate futures.......... I L e o O, RS 129
6.1 Day count and quotation CONVENtIONS ...........ocevenerineirieiieeiieeiaeineienennnns 129
6.2  Treasury bond fUtUres.........ccoviiiiiiiiiiie e e e e e e e e e v eees 132
6.3 Burodollar fUtUreS..........oeiiuniiniiiiiiieitie it eet et e et e eee e s eaneeees 137
6.4  Duration-based hedging strategies using futures .............cc.ccoevviveierinnennnns. 142
6.5 Hedging portfolios of assets and liabilities ..........c.coeeeneeuieeniiiieiiniinnennnen. 143
SUIMMMIATY L evitiii ettt ee e e et e e et et e it srareeraeneneeaensssenaenenesaensnnns 144
Further reading..........coiiiiiiiiiiiiei e e 145
Practice QUESLIONS...........uuviiiiiiiiiiiiiie e 145

FUrther QUESIONS ... iv .t e e ea e e e e e eaneans 147




Contents ix
(61 F:1 110 S L | 1 N 148
7.1 Mechanics Of INterest rate SWAPS .........c..ivirriiiriiiieeieieeieeeererieierenennins 148
7.2  Day count iSSUES............ccvurenennn. e e et aa 154
P T @011 V5 1114 To) 1 J PP 155
7.4  The comparative-advantage argument .............oouveuiuniniinninnieiniineeineenne. 156
7.5  The nature of swap rates...... e 158
7.6  Determining the LIBOR/SWap zero rates ...........ccocoveuiiiiiniiniiniineinenneenn. 159
7.7 Valuation of iNterest rate SWaAPS........c.ueveerinrrernieiiinerieineierteeeraresaenaanns 160
7.8 Overnight indexed SWaPS.........oiuiiniriiiiiieteiiiee e e e e e 164
RS I O34 15 1<) o Toy 3§ o Rt 165
7.10  Valuation Of CUITENCY SWADS ...uevuiinirineiniinieteiiettetnreeiereereaerernerernernsns 168
TAT Credit TISK cooeen e e 171
712 Other tyPes Of SWaAPS ...ivuteiinit ittt iee e e e e e e e e e e e e e e eaaaaas 173
U I ALY et e e e e aanas 175
Further reading .........ooviiiiiiii e 176
PractiCe QUESLIONS. .. evuieiineen ittt et ettt et e et et e e et e e e e e anees 176
FUrther QUESLIONS. ... oeuitii ettt e 178
Chapter 8. Securitization and the Credit Crisis of 2007......ccccuiiuiiiiiiieiiniiiiirecieceecterncencecenns 180
T BN 1Yo 15 5 U b 15 o ) 4 USSP 180
8.2  The US housing market...........coooiiiiiiiiiiiiiie e anes 184
8.3 What Went WIONET ...ttt e et et e et e e e e 188
8.4  The aftermath .........cooiiiiiii s 190
N80 100 10 o PP 191
Further reading .........cooviniiiii e 192
PractiCe qUESTIONS. . ... eeuiiii ittt ettt 193
Further qUestions...........ccoovviiiiiiiiiiiine e e 193
Chapter 9. Mechanics of options Markets .........ccccviiiiiiiiiiiiiiiiiiiiiiiiiii e 194
9.1  Types of options.......... e 194
9.2 OPHON POSIIOMS v uiuititeinit et ettt et eeie i et eeeet e et et et eaete e esaaaaeeanrearnnes 196
9.3 UNAerlYing @SSELS.....uivnirieiiniteite i ieee ettt e e 198
9.4 Specification of StOCK OPHONS ....uiviriiniiiiiiie e 199
R T U v: Ve § 1 o V- S OO P PP 203
0.6 COMIMISSIONS ... eeueteeie ittt ettt et et et et et et e et e e e et e e e e e e eeneeaeaenns 204
0.7 MATEINS ..ottt et e 205
9.8  The options clearing COrporation...............ccuviueieiiiereineiiiiieiieeeieeeinannnn. 206
0.9 ReUIATION ...ttt 207
L2 U ' Vi o) o D PP PTPPPRN 207
9.11 Warrants, employee stock options, and convertibles ................c..ccoveiinnien. 209
9.12 Over-the-Counter MarketS............ouuviuiiiniinei e 210
01 108 10§ oy PP 210
Further reading ........ooooiiniiiii 211
PractiCe QUESHIONS. ... uuuiiitetiieeiiiee e e e et e e e et e e e e e e e e eeaanees 211
FUrther QUESHIONS. ... ..uiie ittt 213
Chapter 10. Properties of Stock OPtions ........cccviuiiuiiiiiiiiiiiiiiiiiiiiiiiiii e eaea 214
10.1 Factors affecting Option PriCes ........euuvieiineineiiieieineiieeieeiereeieaneeneennanns 214
10.2  Assumptions and NOtatioN .............c.ivviiiiniieiiiiiieieiiee e e aeaeas 218
10.3  Upper and lower bounds for option Prices...........ceeeiueiueinerineinninnenennnnn. 218
10.4  PUt—Call PATitY ..uovneiniiei et e e e 221
10.5 Calls on a non-dividend-paying StoCk .............ccoviiiiiiiiiniiiiiiieiieieenes 225
10.6 Puts on a non-dividend-paying Stock ............ccooeuiiiiiiiiiiiiiiiiniiniineeen, 226
10.7  Effect of dividends ........coouiiniiniiiiiii i 229



b'¢ Contents
NYE100000F: T o PP 230
Further reading........c.oiviueiiiieiiiiii et ee e 231
PractiCe QUESLIONS ... .uuvtieniiieieiin it tiereieeettetaeeneiaatnerinranaennetaeneasnnsnnsenne 231
FUrther QUESLIONS . ... ..cvuiiiiiiiei i e e et e e e e e e e e e aaeaasens 233
Chapter 11. Trading strategies involving OPtionS........ccceiucireiieniirncraieiiinecrtecineiseccsrsecssessanne 234
11.1  Principal-protected MOtES ......c.uovueiniiniiiiiiieeiie e eereie v ee e eeneeree e e aaas 234
11.2 Trading an option and the underlying asset ..........ccceeeeiiiiiiiiieiiiiiininnann.n. 236
| B U TN o) (72 o PPN 238
11.4  COmMDBINAtIONS ..euivniiniiieiriereiieiieiieteeeriee et ee e eeneantseiaenesnnseransenssansnns 246
— 11,5 Other payoffs.......ccvuiiniiiiei et e e e eean e nas 249
SUIMIMATY ettt ettt e et s eeanrae e s eneans e aanssaaaenaensenns 249
Further reading.......c..coooviiiiiiiiiiii e 250
PractiCe QUESHIONS .. ceuiuiieenirireieieietieeririeieeneeraieenseeanesanassnneesseseeannses 250
FUIther QUESHIONS ..e.uvveiieieirieiiiieeieiie e e et et eeniee e e eetaeranae e eeenenans 252
Chapter 12. Binomial fTeeS ....ceuceiurcrssssisioessacesssecsiiossesssesssssassssessesssatonssonsasesssosssnsssestasonse 253
12.1 A one-step binomial model and a no-arbitrage argument......................... 253
12.2  Risk-neutral Valuation.........ccciuiiinriuieiiieiiieiiieiieeree et saieeaieesieernnennsenens 257
12.3  Two-step binomial trees ........ocveviniiiiriiiiiiieie et et e e e ee e 259
12.4 A put eXamPIe......ooniiniii i e e e e ees 262
12,5 AMETICAIN OPLIOMS . euerirnierertertererenaenreneanrnreasaenesassessnssssessessnssesessnnnssres 263
126 Delta....c..iiieeiiiriiiiiieriie et e e e aesd S 264
12.7 Matching volatility with u and d .............ccooiiiiiiiiii e 265
12.8 The binomial tree fOrmulas.........cccceiiiiiiiiieiiiiiriiniriieeeineeneeierireieeenens 267
12.9 Increasing the number of StePS .......c.iviiiiiiiiiiiiiiiieii e e 268
12.10 UsSIng DeriVAGEIN .. vuiunitiitiiieieeeee et et eie et erreeieernesnernseanatnesssanens 269
12.11 Options on Other @SSetS.........cvveiriiiiiieiiieiiiit it eiieeerie et eaee e eenaenas 269
SUIMIMATY L. veieiie ettt ee ettt r et te et et eete et enneaneeneatsrneensensensan 272
Further reading.........oovniiiiiiiiiiiii e e 273
Practice QUESHIONS .. ... ueieeiiiiiiieieieeiie s e e e et e e eiee e e e e e enaaaaeaecnaens 274
Further QUESHIONS ........ovmiiiiit it e e et eae e eaas 275
Appendix: Derivation of the Black—Scholes—Merton option-pricing
formula from a binomial tree.........c..ccoeveveiiieiiiiiiiiaeriiinieiannns 276
Chapter 13. Wiener processes and It0’S lemma .........ccceeeereecireeicrreirenecicrneccssoessssoessssneosssnens 280
13.1 The MarkoV PrOPEILY ....uunitiieeieateieeie et eee et ee e rete e eeeeaneraaannanns 280
13.2 Continuous-time StoChastiC PrOCESSES.......cueeiuienieniiuiiieeneenniinrieenrennenaeins 281
13.3  The process for @ StOCK PIICE .....c.ciuniirniiiirerneiieiianrereeniieniererreneeesnenines 286
13.4  The ParaQmiELerS.....cc.ceueiereereiuernrrnrenrinrrieenerreeneetaneneenneenenseneensenessasnnens 289
13.5  Correlated PrOCESSES .....euieerrenienernienereruerareenereneriereerenenreenrensenssoseonens 290
13,6 Tt0™S JEIIMA ceuuvivnieniiiiein it eet ettt et et se e et enieeeaaeeeneeannetaneenneeanesnannn 291
13.7 The 10ZNOrmMal PrOPEILY ...cuoiiniueeieiriieiieiiereeeeeriieteeeienaeeasenaeneenasnnres 292
R E1011 017D PP ORI 293
FUrther t€ading........civiviiiiiiiieiiieeiie et et eeee et eeer e eare e e eaeeaeeanns 294
Practice qUESHONS .....ccccvumiveeiiuunnieinieniiiiiiieeeniinene EOOOOOOACOO000EIEOO0E000 294
FUrther QUESHIONS ... ..cuuiiiiieieiie e ettt e et e e e ae e ee e e eans 295
Appendix: Derivation of It0’s 1emma ............ceevueiiiieeinirereiinreneeieeeinaenns 297
Chapter 14. The Black—Scholes—Merton model..........cccceeuiriiiiniieiiinenniiincinniiinicenieeeececianes 299
14.1 Lognormal property of StOCK PIiCES .....c.ovvuiiirreiiriunreenireinieneriiierieraenennns 300
14.2  The distribution of the rate of return ........c.c.cceeeviiiviiiiiiiiiiiininiee, 301
14.3  The expected TEtUIM ... ...coouiiiniiiiiii et iee e ee et ea e aereeanas 302
14,4 VOlIAtility.....ieeneeiinieinriie vttt e et e et et e eiesean s ean s et e eeaeesaeanesan 303
14.5 The idea underlying the Black—Scholes—Merton differential equation......... 307




Contents xi
14.6 Derivation of the Black—Scholes—Merton differential equation .................. 309
14.7  Risk-neutral valuation ..............ccocviiiieiiiiieiieiei et 311
14.8  Black—Scholes—Merton pricing formulas............ccceeenveeniiiiiiiiiiinniiinennnenn. 313
149 Cumulative normal distribution function ..............cceeeveeviviriiinneeriinneennnen. 315
14.10 Warrants and employee Stock OPtiONS ........ceuueeuriinreeniieneeierieiiineaeieenenn. 316
14.11 Implied VOIatilities. . ... ...eiuuiiireeieiiie e e et ee e e e eeeneas 318
14,12 DiVIAEndS «..onvenniiiieitiiiiiiie ettt e et et een et et e e e ab e e e e aaaas 320

SUMMATY ... ecniieiii et ettt ettt et e eeeeteeaen e ea e eretaeaeanarensansnsnnes 323
Further reading .........ouniiniiiiiiii e 324
PractiCe QUESHIOMS. ... ..uuuuveerieeeeeiuarereeeeeeittieeeeeeeeeeeeeeeeisasnereeeeseeeeeennsnnnns 325
Further questions....... e laa s o e s e s ae e e o a sle e o el a e s e lle s leln e e e 328
Appendix: Procf of Black—Scholes—Merton formula using risk-neutral
ValUALION ...t ettt e e e e e e e 329

Chapter 15. Employee stock options........cccuueirueiiiniiieuiiiniiirnnirniiieinniinnienierecreneennees R 332
15.1 Contractual arrangements..........uueeeueriuueriinieeiaeeeneenreriermierenneensrerameeasanas 332
15.2 Do options align the interests of shareholders and managers?.................... 334
15.3  ACCOUNENG ISSUES ..ueuuernniiineetneeiiaeieetuertieeneeenserneetneeaaeeeneennrenaaesasernnes 335
15.4  ValUation.........iiiuiiiiiiiii et eetee e et e e e e e et eneerneeaaeetaaeanaas 336
15.5 Backdating SCandals ..........ccccueeiniiiirirniiiiiiieiie e eee e e e aaaes 341

SUIMMATY .. ettt ettt ettt e e s cea e et e sen b eranraneansnennanss 342
Further reading ..........coooiuiiiiiiiii e 343
PractiCe QUESHIONS. ...ueveienieiiiiiieeitieeti ettt eeiie e eriee et et et eeaneeieeeensenneenns 343
Further QUeSHIONS. ......c.iueiiiiiiiiie e et eie st e et e er e e 344

Chapter 16. Options on stock indices and currencies ........ccceecveveanee oconon 0OOIOOa000T SOOCE000a0 veeenss 345
16.1 Options on stock indices...............oeeorrriiiiniinnnnnn. e 345
16.2  CUITENCY OPLIOMS ..uvvutiiniinnrenneetieetetteete et eetee et etneeraeeaenecaneranaeeneensens 347
16.3 Options on stocks paying known dividend yields..............ccovereiiieinranian.een 350
16.4 Valuation of European stock index options.......c...cc..c.veun.. eveereene e 352
16.5 Valuation of European CUrrency OPptionS........c.oveeunerererrennneeeneeeinnneernnennnns 355
16.6  AMETICAN OPLIOIS ..uevuieniiinnieretnunrtnnreinrertrerseteraennernrnaessneernerassensesnnranes 356

LT T 357
Further reading .........ovuiiiniiiiiiiiiie e ee e e et e e e et ae e anas ..357
Practice QUESHIONS. ... ....iiiuu ittt 358
FUrther QUESTIONS. ....ouuiuiiiiiiieiei et ee e et e e e e eeneenaeneeans 360

Chapter 17. Futures OPtiOnS.....cccciiuieiiuiieiieeirenisciesiaesretresioiesssseissessecsesssossssessassessasassasses 361
17.1 Nature of futures OPONS .....c..ceutiiitireriieiii ettt et et et erieeeieeineaneeens 361
17.2 Reasons for the popularity of futures options .............ccccoveiiiiiiiiiiinenninnns 364
17.3 European spot and futures Options.........c..oveeuvemeiuneeniriieneeiecireeneennenn 364
17.4  Put—call Parity ...cco.ivuiiniiieiiiii et e et e eere e e e e e e 365
17.5 Bounds for futures options..........ccceeveuiieiuiiiiieiniiiiriieree e eeeea e 366
17.6 Valuation of futures options using binomial trees ............ccccoeeevivueennennnnnn. 367
17.7 Drift of a futures prices in a risk-neutral world ....................ccoooiiininniee. 369
17.8  Black’s model for valuing futures oplions.........c.cccvvuvereieiueiieiiniieeneenennnns 370
17.9 American futures options vs. American spot OptionS..........c.cc.eevvurerenreneen, 372
17.10 FUutures-Style OPLIONS .....cuueenieeeieitiieeentieereateteeneanesterneaaeiae e snnasnanens 372

SUITINIATY ettt et tee ettt e et et e et et et et ebeeseasaeseraesnetensnenernerasnesnrnns ...373
Further reading .......couvveiuniiiniiiiiii ettt e e et s eeeenereanas 374
PractiCe QUESHIONS. ......uuiiuiiiiiiereieieee e et e e e e e re et et e e e eaeeans 374
FUrther QUESEIONS. ... ...evuuiiiiiiiieeiieeiierin et e e enieetneeieeeneannteneaenranaaeneas 376

Chapter 18. The Greek Ietters.....cccceiuieiernieiiieieereeiuiiecesiesiesiosioresesrassessssessssscassssnssesasssnes 377

I8.1  THUSHIATION c.uettiiniiai et et et et s et e can et e ebeean e aaes 377



xii

Chapter 19.

Chapter 20.

Chapter 21.

Contents
18.2 Naked and covered POSItIONS ........o.viuieniiiiiiiiiiee et cee e e aeans 378
18.3 A StOP-10SS StIAtEEY «.ouvieiieii e e 378
18.4 Delta hedZIng.....ocuviniiiiii e 380
I8.5  THEA ooniiniiii et 387
I8.6  GAIMIMA ....viiitiieii ettt e ettt e e et e e e eeees 389
18.7 Relationship between delta, theta, and gamma.........................coveeeenneen. 392
I8 8 VA ittt e 393
18.9  RIO ittt 395
18.10 The realities of hedging..........ccooeiuiiiiiiiiiiiii e 396
18.11 Scenario AnalySIS...........c.eiuueiniiniiiiiieieeteeie e cee e e e e et e e e e e et eneeeinaans 397
18.12 Extension of formulas..............oooiiiiiiiiiiiiii e 397
18.13 POrtfolio INSUTAIICE . .uuiveiineieeitiiteei et e iee e e ee e e et ee e et e et e e et eaneaanaans 400
18.14 Stock market volatility.............. e et 402
N Y8800800F: D o USRS 402
Further reading..........coooiuiiiiii e 404
Practice QUESHIONS . ... vttt e e eee e e e e aaaaas 404
Further qUESHIONS .........ovieiiii e 406
Appendix: Taylor series expansions and hedge parameters........ e, 408
Volatility SIIles .....coovuiiiinieiiiiiiieiiiiiiieiiereiiieoiaiieretiesieseesasrecesrassosessessssessosesss 409
19.1 Why the volatility smile is the same for calls and puts...............cccevunenne. 409
19.2  FOreign CUITENCY OPLIOMS . .uuuiuiniin ittt ettt e e e e enee 4i1
19.3  EQUILY OPtIOMS .. uenit it ettt et et e e e e e 414
19.4 Alternative ways of characterizing the volatility smile....................cceeueenl. 415
19.5 The volatility term structure and volatility surfaces............cccooeeviieinnennes 416
| R € (=15 (7<) ¢ PPN 417
19.7 The role of the model..........ccooiiiiiiiiiiiii e 418
19.8 When a single large jump is anticipated............coooiveiiiiniiiiiiiiinininen. 419
SUIMIMIATY ..ttt et e et e e et e e e r et et e e s e e aeaaeans 420
Further 1eading.........ccoviininiiiiii e 421
PractiCe QUESHIONS .. .iuuiieiieiiieit ettt et e et e e et e e e e e e aeas 421
Further questions.......... ettt reeaeeteeteeaeeerererireereraaeaaaaas 423
Appendix: Determining implied risk-neutral distributions from
volatility SMIlES........cc.oiiiiiiiiiii i 424
Basic numerical Procedures .........cciuvieieiiniiiierierniieresreteetaerestecastossosessosssassessess 427
20.1  BinOmi@l treES....ccuuiuieeiiiiieii ettt et e e eaaeaas 427
20.2 Using the binomial tree for options on indices, currencies, and futures
(o0 115 ¢ Lo - PP OO 435
20.3 Binomial model for a dividend-paying stock...........c..ccoeevviiiiiiiiiiiieinnnnn.n. 437
20.4 Alternative procedures for constructing trees .............ceoveeneeeneenneiieeenneenn. 442
20.5 Time-dependent PATAMEErS .. ... co.uiuneiniineeieiieeieeieeieeiieeeie e eeeeenes 445
20.6 Monte Carlo SIMUIAtION ... .euiveeiieiieiie et e e e e e 446
20.7 Variance reduction proCedureS...............uveiuunieeinieeiiiieeeiieeeeieeeeee e 452
20.8 Finite difference methods.............vivviiiiiiiiiiiiie e, 455
N 100100 10 E: 0 o PP 466
Further reading..........cooviiiiiiiii e 466
Practice QUESHIONS.......iuiit ittt ettt e e e e e e 467
FUrther QUESHIONS .....vuinieiiie e e e e e e e e e e aaas 469
71 LTI 10 T N 471
21.1  The VaR MEASUTIE ....oovuiiiiiiiiiiei et ea e 471
21.2  Historical SIMUIAtION. . ... ..ovuuiuiiiiit i 474
21.3  Model-building approach .............ccoiiiiiiiiiii e 478




Contents

Chapter 22.

Chapter 23.

Chapter 24.

xiii

21.4  Linear Model ......o.iiiiii e 481
21.5 Quadratic model ..o 486
21.6  Monte Carlo SIMUIAtION.........coiiiii e 488
21.7 Comparison of approaches ............cooeeiiiiiiiiiiiiiiiiiiii e 489
21.8  Stress testing and back testing...........coooiiiiiiiiiiii 490
21.9 Principal components analysisS...........co.viueiuriiiineiniiieii e 490
10044010 F: 3 o PP 494
Further reading ........ooooiiiiii s 494
PractiCe QUESHIONS. ... .vuitiniiiti it e e 495
FUrther qUESHIONS. .. ..ieieitiii e e e e e 497
Estimating volatilities and correlations ..........c.ccccveuieniniiniinieannans erreeierraeeraeaees 498
22.1  Estimating volatility ........ccoviuiiiiiiiiiii e 498
22.2  The exponentially weighted moving average model...................ccoviiinnnnen. 500
22.3  The GARCH (1,1) model ........cooiniiiiii e 502
22.4 Choosing between the models...........coeviiiiiiiiiiiiiiiii e 503
22.5 Maximum likelihood methods.............ooiiiiiiiiiii e, 504
22.6  Using GARCH (1,1) to forecast future volatility ............c.cooviviiniiiinnnn... 509
227 COITEIALIONS .. eeititeie ettt et e e e e et e et e e et e e ee s eeaaanaanas 512
22.8 Application of EWMA to four-index example...........ccoceeenviiiiiiiniinenn..n. 515
1000000 oy P 517
Further reading .........oooviiiiiiii 517
Practice QUESLIONS. .. .iuuiiitit et 518
FUrther qQUESHIONS........iuuiiiiii it 519
Credit TisK....ccoiuieiiiiiiiiiiiiiiiiiiiiiiiiinric e naes [ N 521
231 Credit TAtNES ...oeueeiiii e 521
23.2 Historical default probabilities ..............ooooiiiiiiiiii e 522
23,3 RECOVEIY TALES ..ttt ittt et e e e et e et et et e e e e e s e aaaaans 523
23.4 Estimating default probabilities from bond prices .............cccoevviviiiniinnnn... 524
23.5 Compariscn of default probability estimates..................coooeeviiiiniiiininnn... 526
23.6  Using equity prices to estimate default probabilities................... s 530
23.7  Credit risk in derivatives tranSactions...................coeeeeeiivieeeeeeeeeeeeinnnn. 531
23.8  Credit risk MItIiZation ........iiiiiiniiiti e 534
23.9  Default COrrelation ..........coiuiuniiniiiii et 536
23,10 Credit VAR ... o 540
N1 5 PPN 542
Further reading ....... e e eanenee 943
PractiCe QUESHIONS. .. ..iuieitii it 543
Further qUeStIONS........ouiu i e 545

Credit derivatives .....c.ceuieuieiiuiiiiiiiiiiiiiiiii et 547
24.1  Credit default SWaAPS.....o.iviiiii i 548
24.2  Valuation of credit default SWaps ...........ccccviviiiiiniiiiiiiiii e 551
243 Credit INAICES ...ovvnniiiiiie e e 555
24.4 The use of fiXed COUPONS .....ouiviiniiiiiii e 556
24.5 CDS forwards and OPtiONS..........ouuiuiniiiiiie e 557
24.6 Basket credit default SWaps.........ocoiiiiiiiiiii e, 558
24,77  TOtal TEEUIN SWAPS ..vuinititiiniett et ettt ee et et e et et eaea e eeaeteseaanenenesaaeenas 558
24.8  Collateralized debt Obligations .........c.oeuuiiiiiiiiiniiiii e 559
24.9 Role of correlation in a basket CDS and CDO .........c..ccoiiiiiiiininininne.n. 561
24.10 Valuation of a synthetic CDO..........ccoiiviiiiiiiiiiiii e 562
24.11 Alternatives to the standard market model..............c..ooooiiiiiiiiiinninn.. 569

D00 00 ' 2§ 2 570



xiv Contents
Further 1eading.........oouiiniiiiiii e 571
PractiCe QUESTIONS .....uiuieiiniieiieie it e et et et e e e e e et eneaaanns 571
Further QUESTIONS ......ocuiiiiiiie e 573

Chapter 25. EXOUC OPtiONS c..euiuiinieiinieiieieiiniiieteeiceereceesnsreseesssssessssassssssnsssssssessssassnssnns 574

25.1  PaCKAGES ... 574
25.2 Nonstandard AmeriCan OPtIONS........c.uvuvunieeinrreineiiineienaenereeeirneenenaennss 575
R I € 1 o o) 018 o) 4 P 575
25.4  Forward Start OPTIOIS ...uiuuieneiin it ettt et et e e e e e e e e eanes 576
25.5  CIQUEL OPTIOMS c.uitiiniiiteiiteiete e et et e e e et et e e et e e et e e aaeaeeaeaaanes 577
25.6  Compound OPtIONS........ivniriiniiiieiniieieiieeieieeerreernereeeaannes s 577
AT O ToTo 1SS g o) o] 8 o) 4 ST 578
25.8  BAITIEr OPLIOIS L.ovuitiieit ittt e et e e e e e e e e aas 579
25.9  BINATY OPIOMNS . .euuiniiiiieie et eie et eie et e ete et eateeete e e ean et eeneaneetarsaenaanns 581
25.10 LooKbaCk OPLIONS . .uiviniiiitiiii et e e e aaaas 582
T N 1 el LA} o1 3 o) 1 - SRR 584
25.12  ASIAN OPLIOMS L.uvuiieinitieeitte et et e et et e eae s e et eae e e saaneanenesnenaanesenens 584
25.13 Options to exchange one asset for another.....................coooviiiiininn. 586
25.14 Options involving Several assetS...........cceevviriiiiriiniriiiiiiieieieieieieneennanns 587
25.15 Volatility and VAriance SWaPS.........c.ieeiireiniuiereriternetererererareerareesaeenss 588
25.16 Static options repliCation .............veeuiiuiiiiiiiieiiie e 591
N300 10010 T: 0 o USSP 593
Further reading.........covnieiiiiii e 594
PractiCe QUESTIONS . ...uiuinie it eiee et et e e et e e e e e e e ans 594
FUurther QUESTIONS ... ...vuiiieiiiie it e e e e e e eeaeeeaes 596
Chapter 26. More on models and numerical procedures........cc.ccceuvvireniiensiiirniieniieenieeenneneenns 599
26.1 Alternatives to Black—Scholes—Merton............c.c.ovvuneieneiieiineiieiineennnnn. 600
26.2 Stochastic volatility models............coiviiiiiiiiii 605
26.3 The IVF model........oouiiiiii e 607
26.4 Convertible DONAS ... .....euuiiiiiiiiiiii 608
26.5 Path-dependent derivatiVes.............coeuiiniiiiniiiiiiiieiie e eaaas 611
26.6  BAITICT OPLIOIS L.uvueiinitieitiitei et e et ettt et ettt et ete e et raer et ereeeraaeanaans 615
26.7 Options on two correlated aSSELS .........ovvivniriiniiiiiiiiiieieieeeieeeieeanaanns 618
26.8 Monte Carlo simulation and American Options .............eceuvvuneveneeunernnnnnn. 621
SUITITIALY .« ettt e e e et e e e e e aa e e ans 625
Further reading.........cooooiiiiii 626
PractiCe QUESTIONS ... uuiuitieiiiteiniteiei et e e e et et e et et ereaeeeeaaeeanereennans 627
Further QUESTIONS ... ...vuieiiiiii e e ee e 628
Chapter 27. Martingales and IMEASUIES.........cccieriiueiiuiiniiuiriiiiciriiieestassrassrasseasseseassrassenss 630
27.1 The market price of TisK..........ocoiiiiniiiiiiiie e 631
27.2  Several state variables ..........c.oiuiiiiiiiiiii e 634
27.3  MaArtin@AlES ....eunite it 635
27.4 Alternative choices for the NUMEraire .............cccoeevviiiiiiiiiiieiieieie e 636
27.5 Extension to several factors .............ccccoiiiiiiiiiiiiiiiii e 640
27.6  Black’s model revisited.........couiiniiniiniiiii e 641
27.7 Option to exchange one asset for another...............c..coooiieiiiiininenn.. 642
27.8  Change Of NUMETAITE .........oouiriinieie e 643
SUIMIMATY ...t e e et 644
Further reading...........ooouviiiiiiiiiiiii e 645
Practice QUESTIONS. .....iiueiiiieiiieiieei et et e e e e e et e e e, 645

FUTther QUESTIONS ... .. ittt et eeaaae 647




Contents XV

Chapter 28. Interest rate derivatives: The standard market models .........ccccouveiiniiiiiiniiiaianinnnne. 648
28.1  BONA OPLIOMNS vttt e e e 648

28.2 Interest rate caps and flOOTrS.......c.ooeuiiiiiiiiiiii 653

28.3  EUropean SWap OPIOMS. ... .uiuueuuiin ittt ettt et ae ettt eie et e e e enaeanes 659

28.4  GeNETAliZAIONS .. .uuu ettt et e 663

28.5 Hedging interest rate derivatiVes.........oc. viviuiriiiiiiiieiiieiee e eaeenanns 663

SUMIMATY . et e 564

Further reading ......oooiniiiii e 665

PractiCe qUESHIONS. ... c.ueitiiin ittt et et e 665

FUITRer QUESTIONS ...\ttt e e e et e e er e e aeaaaaaes 666

Chapter 29. Convexity, timing, and quanto adjustments ..........ccccevveiiuiininiiiiiiieniiinienieneniennenes 668
29.1  Convexity adjuStmMEts ... ....couiunieiiniiiieiteie et ee e eae e 668

29.2  TImMINg adjUSLIMEIILS ...uutnit ittt i ee et et et et et e et te e eeseeaeesareaanns 672

293 QUANLOS tuvuieiiie et ettt e et ettt e e ettt ans 674

SUMMATY ettt e SRR 677

FUurther reading .........oouiiiniiiiii e e 677

Practice qUESHIONS. ....vuuitiin ittt 678

FUIther QUESHIONS .. ..ttt it et ettt e e e e 679

Appendix: Proof of the convexity adjustment formula.............................. 681

Chapter 30. Interest rate derivatives: models of the short rate ..........cccocviiiieiiiiiiiiiiiininiiinnnnns 682
30.1  Background ..........ooiiiiii e 682

30.2  Equilibrium models...... ..ot 683

30.3 No-arbitrage models...........cooiiiiiiiiiii 689

30.4 Options on bonds ........ceveuiviiiiiiiiiiiiiii e eeeeeeeenn T 694

30.5  VOlatility SEIUCTUTES ...vvvniiiieite e e e e e e e et e e et e e e aaeaeaeanas 095

30.6  TNLEIESt TALE LTOES . ..ureteeten ittt e et e et ettt e e et e et e et e e e eae e eneeens 696

30.7 A general tree-building procedure.............coouiiuiiiiiiiiiiiiiii e 698

30.8  CAliBIation. .. .uuiiei et 707

30.9 Hedging using a one-factor model................coooiiiiiiiiiiii 709

SUIMIMATY ..ttt e ee e 710

Further reading .........ooooiiiiiiiii 710

PractiCe qUESLIONS. ... .uiniiie ittt et et e e e 711

Further QUESIONS.......iuuie e 713

Chapter 31. Interest rate derivatives: HJM and LMM ......ccccciiuiiiniiniiniiiniiiiiiiniuincnen, 715
31.1 The Heath, Jarrow, and Morton model....... e 715

31.2 The LIBOR market model....................... e 718

31.3 Agency mortgage-backed SECUTILIES ... . ..iuueuniuinieiiiiiieii e 728

N1 3011 F: 0 o PSP 730

Further reading ........coooviiiiiiii e 731

Practice QUESTIONS. . .uu ittt ettt e ettt et et e et e e e ens 731

FUIther QUESTIONS . ...ttt ittt ettt e e ee e ee e 732

Chapter 32. Swaps ReViSited........cccuueiiiiiiiiiiiiiiieeiiie e eeteeetneeeeteeeeneeesneeessnesesnneessnnsenns 733
32.1 Variations on the vanilla deal ................coocoiiiiiiii 733

32.2  CoOmPOUNAING SWAPS .uevurnirinititeieeteteteettetete et ete it areeeereaeaaraareeaneanens 735

32.3  CUITEIICY SWAPS .tnitititit ettt et e e et e e e e e e e e e e eae e 736

32,4  MOTE COMPIEX SWAPS . .uuueeniittiitiiet ettt et e et e e e ens 737

32,5 EQUILY SWADS .. uutiuitiintt ittt e et ettt e et et 740

32.6 Swaps with embedded OPHONS ......c.vuiiiiiiiiii 742

R B € 111 1< g | o PP 744

SUIMIMIATY . . e e e 745

Further reading .........oooiiiiii 746



xvi

Chapter 33.

Chapter 34.

Chapter 35.

Chapter 36.

Contents

Practice questions.............. e e 746
Further qQUEStIONS .......c.oiuiiiiiii e 747
Energy and commodity derivatives.....cocoiueeiiinieieieiiiiiieiintnsenininiecassssnsesessssnsenes 748
33.1 Agricultural commodities ...........ccceviiiiiiiiiiiietiieieeee e e 748
33,2 MetalS oot 749
33,3 ENergy ProdUCES......ccuiiuiieiitiieiiie ettt e e 750
33.4 Modeling commOdity PriCES.......evuuiuuiiieiieeinieit et aeeie e e e eeeeennas 752
33.5  Weather deriVatiVes........ouounieiiieieiie et e 758
33.6  InSUrance deriVAtIVES ..........ocueiueiuniineineiieit it e e et erieee et eeeeteeaneeanas 759
33.7 Pricing weather and insurance derivatives............c..coveuviiiiiniiniiiniinienenn.. 760
33.8 How an energy producer can hedge risks............ccoooiiviiiiiiiiiiiiiiniiens 761
SUINIMIATY ettt ittt e e et e e et et e e et e et et e e e e ae e eanaaeanesnans 762
Further reading...........coooiiiiii i 762
Practice QUESHIONS .. ..uvuuiiniiitei ettt ettt 763
Further qQUESHION .........oooiviiii e 764

Real OPLIONS ..cuvuiiuiiuiiuiiuiiiiiiiiiitiuiiaiiuittttstessessassassassessessssssassassasssssasssssses 765
34.1 Capital investment appraisal ...........cc.vvuviniiiiiiieiieii e aenas 765
34.2 Extension of the risk-neutral valuation framework ................c..coeeiiiiin.i. 766
34.3  Estimating the market price of risk.............ooooiiiiiiiiiiii 768
34.4 Application to the valuation of @ buSIiness ..............coevevviiininiiiininninnnn. 769
34.5 Evaluating options in an investment OPPOItUNItY ........c.ceuveuueineenienennennen. 769
SUMMATY ... PR 776
Further reading..........co.oiiiiiii 776
Practice qUEStIONS.........ocvviniiiiniiiiieiieeeieiaianns e 777
FUrther QUESHIONS .....uvuniiiii ittt eee e 777
Derivatives mishaps and what we can learn from them ............cccociiiiniiiaiianinnan, 779
35.1 Lessons for all users of derivatiVes...........ocuvueineineiniiieiiniieieieineenennens 779
35.2 Lessons for financial inStitutionsS.............c.ovuieiiiiniiiiii e 783
35.3 Lessons for nonfinancial corporations .............cccoeeeviiiniiniiiiiiiinineinannns 788
0001001 oy PP 790
Further reading...........cooiiiiiiiit e 790
Derivatives markets in developing coOUNtries.........ccoveveiiereiierenierecinreiasierasrecaseces 791
36.1 China’s markets .......c.oeeuveniiniiiniieiiiieineneieaeenes e 791
36.2  India’s MArKEtS ....uveuieiiiii i 793
36.3  Other developing COUNTIIES ....ueuuiuniinitiiii et 794
SUINMIATY © . etetintte et e et e et e e e e et et et e e e et e e et e ene e eneaneaaneanennens 794
Further reading...........ooouiiiiiiiii e 795
GlOSSATY Of teIMIS. ..iuieninininieiriniieretesieresttorerasressesastesesassnssosassosassassssnssosassosass 797
DerivaGem SOftWare ......c..cevuuiiuiiiniiiiiiiiiiiiiiiiiiiiiiiiiiieireeeereerneerseersiernees 818
Major exchanges trading futures and OptionS........cccceveienieniiniiniiniieiieieiienieniannes 823
Table for N(x) when x K 0uueieeniieniiieniiiieiiiteeeieeeeeneeeeneeseneeeesnneeeenseennessnnnses 824
Table for N(x) When X 2 0.eveiniieieniniireniesieresresiosiosasessessssssessessssassossssssassssons 825
PN 11 1100 g 1 1 QRN 826

SUDJECE IMACX . euienierniieieiierieeeiasrsseseerasresessesssrssessassssassesssssssssassssassssassssassess 830




BUSINESS SNAPSHOTS

1.1 The Lehman BanKruptCy ......ooiuiiuiiiiiiiiiie e e 3
1.2 Hedge FUNAS ...oovi e e e e aens 11
1.2 SocGen’s Big Loss i 2008......c.uiiuiiiiiiiieie e e e 17
2.1 The Unanticipated Delivery of a Futures Contract.............co.ooviiiiiiiiiniiininnnn, 23
2.2 Long-Term Capital Management’s Big LoSS..........ccoiiuiiiiiiiiiiiiiiiieeean 31
2.3 SystemiC RISK ..., 33
3.1 Hedging By Gold Mining COompanies ..............coeuuiuiiniueiineiiiieiiaieeaeiaeaenaanns 52
3.2 Metallgesellschaft: Hedging Gone AWIY .........ocoiiiiiiiiiiiiiiiiiiiiiiiieeeeeans 67
4.1 What is the Risk-Free Rate?..........ccoviiiiiiiiiii e 77
4.2 Orange County’s Yield Curve Plays.........cccoiiiiiiiiiiiiiiiii e 87
4.3 Liquidity and the 2007-2009 Financial CriSiS ...........ouvviveriiiiineieiniinrieaneinannn. 96
5.1 Kidder Peabody’s Embarrassing Mistake...........c..c.oeuiviriiiiiiiiiniiniiiiiiiienenn. 106
5.2 A Systems ErTOr?. ..o e 111
5.3 The CME Nikkei 225 Futures CONtract .........c..veueuiiniiiiiiiniieiieieeeiieeineenennn. i13
5.4 Index Arbitrage in October 1987.......cooiiiiiiiiiiii e 114
6.1 Day Counts Can Be DeCePLIVE ......iuiinieiiiiiiiit et 130
6.2 The Wild Card Play.......c.ooiiiiiiiiiii e 135
6.3 Asset—Liability Management by Banks..............cocooiiiiiiiiiiiiii 144
7.1 Extract from Hypothetical Swap Confirmation.............c.coeiiviiiniiniininiiiiennnn. 155
7.2 The Hammersmith and Fulham Story .............cooiiiiiiiiiiiiii e 173
8.1 Basel I, Basel II, and Basel 111 ........ ... e, 191
9.1 Gucci Group’s Large Dividend............ccoooiiiiiiiiiii e 202
9.2 Tax Planning UsiNg OPLONS ......oviuiinitiiiieieiieieteieieteeafererierneserrneraraannes 209
10.1 Put—Call Parity and Capital Structure ...........cooeuviiiiiiiiiini e 224
1i.1 Losing Money with Box Spreads .............cooiiviiiiiiiiii i, 244
11.2 How to Make Money from Trading Straddles................ccooviiiiiiiiiiiiiiiniiiinn, 248
14.1 Mutual Fund Returns Can be Misleading ..............c.cooiiiiiiiiiiiiiiiiiiieeeene, 304
14.2  What Causes VOlatility?.........oouiiiniiiiitiieiii e et e ee e e 307
14.3 Warrants, Employee Stock Options, and Dilution ..............ccooiviiiiiiiiniiniiinnnn. 317
16.1 Can We Guarantee that Stocks Will Beat Bonds in the Long Run?................... 354
18.1 Dynamic Hedging in PractiCe ..........cccooviuiiiiiiiiiiiiiii e 396
18.2 Was Portfolio Insurance to Blame for the Crash of 19877.................coooiiiiinii. 403
19.1 Making Money from Foreign Currency Options............cccviuiuiiiiniiniiniiiinaiann.n. 413
19.2 CrashOophobId ......o.ieii e 416
20.1 Calculating Pi with Monte Carlo Simulation .............ccoooiiiiiiiiiiinini, 446
20.2 Checking Black—Scholes—Merton in Excel ...........c.ocoooiiiiiiiiiiiiii, 449
21.1 How Bank Regulators Use VaR ........ccocoiiiiiiiiiii e 472
23.1 Downgrade Triggers and Enron’s Bankruptcy..........coooooiiiiiiiin . 537
24.1 Who Bears the Credit Risk? ... 548
24.2 The CDS MArKEt ....eiuniiiiiiiei et et e e 550
24.3 Is the CDS Market a Fair Game?............couiiiiiiiiiiiiiiiiiee e 556
25.1 Is Delta Hedging Easier or More Difficult for Exotics? ............ccocoviiiiiiiinn. 592
28.1 Put—Call Parity for Caps and FlOOTIS........c.oooiiiiiiiiiiiiiii e 655
28.2 Swaptions and Bond Options.........ccoovviiiiiiiiiiiiiei e 660
29.1 Siegel’s ParadoX .....iviiuiiiiiiiii e e 676
311 TOS And POS ... e 730
32.1 Hypothetical Confirmation for Nonstandard Swap .........c..ccccoviiiiiiiiiiniinn. 734
32.2 Hypothetical Confirmation for Compounding Swap...............ccoeviiviiniiiiinnnnn. 735
32.3 Hypothetical Confirmation for Equity SWap.........ccccooiiiiiiiiiiiiiiiiiieieiieen, 741
32.4 Procter and Gamble’s Bizarre Deal .............cooeiiiiiiiiiiiiiiiiii e 745
34,1 Valuing AMAZON.COMI.. .\ttt ittt ettt e et e e et e e e e et e e s eneenans 770
35.1 Big Losses by Financial Institutions ..............coooeiiiiiiiiiiiie e, 780
35.2

Big Losses by Nonfinancial Organizations.............c.oveviviiiiiiiiiniiinieniienennen. 781



TECHNICAL NOTES

AR ol o

17.
18.
19.
20.

21.
22.
23.
24.

25.
26.
27.
28.
29.
30.

Available on the Author’s Website
www.rotman.utoronto.ca/~hull/ TechnicalNotes

Convexity Adjustments to Eurodollar Futures

Properties of the Lognormal Distribution

Warrant Valuation When Value of Equity plus Warrants Is Lognormal

Exact Procedure for Valuing American Calls on Stocks Paying a Single Dividend
Calculation of the Cumulative Probability in a Bivariate Normal Distribution
Differential Equation for Price of a Derivative on a Stock Paying a Known
Dividend Yield

Differential Equation for Price of a Derivative on a Futures Price

Analytic Approximation for Valuing American Options

. Generalized Tree-Building Procedure
10.
11.
12.
13.
14.
15.
16.

The Cornish—Fisher Expansion to Estimate VaR

Manipulation of Credit Transition Matrices

Calculation of Cumulative Noncentral Chi-Square Distribution

Efficient Procedure for Valuing American-Style Lookback Options

The Hull-White Two-Factor Model

Valuing Options on Coupon-Bearing Bonds in a One-Factor Interest Rate Model
Construction of an Interest Rate Tree with Nonconstant Time Steps and Non-
constant Parameters

The Process for the Short Rate in an HIM Term Structure Model

Valuation of a Compounding Swap

Valuation of an Equity Swap

Changing the Market Price of Risk for Variables That Are Not the Prices of
Traded Securities

Hermite Polynomials and Their Use for Integration

Valuation of a Variance Swap

The Black, Derman, Toy Model

Proof that Forward and Futures Prices are Equal When Interest Rates Are
Constant

A Cash-Flow Mapping Procedure

A Binomial Measure of Credit Correlation

Calculation of Moments for Valuing Asian Options

Calculation of Moments for Valuing Basket Options

Proof of Extensions to It6’s Lemma

The Return of a Security Dependent on Multiple Sources of Uncertainty




Preface

It is sometimes hard for me to believe that the first edition of this book was only
330 pages and 13 chapters long! The book has grown and been adapted to keep up with
the fast pace of change in derivatives markets.

Like earlier editions, the book serves several markets. It is appropriate for graduate
courses in business, economics, financial mathematics, and financial engineering. It can
be used on advanced undergraduate courses when students have good quantitative
skills. Also, many practitioners who are involved in derivatives markets find the book
useful. I am delighted that half the purchasers of the book are analysts, traders, and
other professionals in derivatives and risk management.

One of the key decisions that must be made by an author who is writing in the area of
derivatives concerns the use of mathematics. If the level of mathematical sophistication
is too high, the material is likely to be inaccessible to many students and practitioners. If
it is too low, some important issues will inevitably be treated. in a rather superficial way.
I have tried to be particularly careful about the way I use both mathematics and
notation in the book. Nonessential mathematical material has been either eliminated
or included in end-of-chapter appendices and in the technical notes on my website.
Concepts that are likely to be new to many readers have been explained carefully, and
many numerical examples have been included.

Options, Futures, and Other Derivatives can be used for a first course in derivatives or
for a more advanced course. There are many different ways it can be used in the
classroom. Instructors teaching a first course in derivatives are likely to want to spend
most classroom time on the first half of the book. Instructors teaching a more advanced
course will find that many different combinations of chapters in the second half of the
book can be used. I find that the material in Chapter 35 works well at the end of either
an introductory or an advanced course.

What’s New?

Material has been updated and improved throughout the book, The changes in the
eighth edition include the following:

1. There is a new chapter (Chapter 8) devoted to securitization and the credit crisis.
The events in financial markets since the seventh edition was published make
these topics particularly relevant.

2. There ts more discussion (Chapter 33) of the way commodity prices are modeled
and how commodity derivatives arc valued. Energy derivatives and other
commodity derivatives have become progressively more important in recent
years.

xix
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3. The chapter on hedging using futures (Chapter 3) has been simplified and an
appendix explaining the capital asset pricing model has been included. This was
suggested by a number of instructors.

4. Material on central clearing, liquidity risk, and overnight indexed swaps has been
included. Following the credit crisis, these are features of derivatives markets that
all students need to understand.

5. An appendix to Chapter 12 shows that the Black—Scholes—Merton formula can
be derived as the limiting case of a binomial tree. Some instructors like to
introduce the Black—Scholes—Merton result this way.

6. The material on value at risk is developed using an example involving real data
taken from the credit crisis. Spreadsheets for the example are on my website. This
change makes the material more interesting for readers and allows richer
assignment questions to be used by instructors.

7. New material has been added on topics such as principal-protected notes, gap
options, cliquet options, and jump processes, reflecting their importance in
derivatives markets.

8. More material has been added on applications of the Vasicek and CIR models.
This material provides a way in which readers can improve their understanding of
key concepts. It is particularly important for actuarial students and fund managers.

9. There are a number of enhancements to the DerivaGem software. The software
now covers credit derivatives. A version of the software is provided that can be used
with Open Office by Mac and Linux users. In response to many requests from
users, the code is provided for the DerivaGem functions. The software is now much
easier to install and a “Getting Started” section is included on page 812.

10. The Test Bank available to adopting instructors has been improved.
11. New end-of-chapter problems have been added.

Software

DerivaGem version 2.01 is included with this book. It consists of two Excel applica-
tions: the Options Calculator and the Applications Builder. The Options Calculator
consists of easy-to-use software for valuing a wide range of options. The Applications
Builder consists of a number of Excel functions from which users can build their own
applications. A number of sample applications are included to enable students to
explore the properties of options and numerical procedures more easily. The Applica-
tions Builder also allows more interesting assignments to be designed.

The latest version of the software allows credit derivatives to be valued. A version of the
software’s functions that is compatible with Open Office for Mac and Linux users is now
provided, and users can now access the code for the functions underlying DerivaGem.

The description of the software starting on page 812 includes a “Getting Started”
section. Updates to the software can be downloaded from my website:

www.rotman.utoronto.ca/~hull.

Slides

Several hundred PowerPoint™ slides can be downloaded from Pearson’s Instructor
Resource Center (www.pearsonglobaleditions.com/hull). Instructors who adopt the
text may adapt the slides to meet their own needs.
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Test Bank

The Test Bank has been improved and provides a wealth of multiple-choice and short-
calculation questions that can be used by instructors for testing. It can be downloaded
from the Instructor Resource Center at www.pearsonglobaleditions.com/hull.

Solutions Manual

End-of-chapter problems are divided into two groups: “Questions and Problems” and
“Further Questions”. Solutions to the Questions and Problems are in Options, Futures,
und Other Derivatives Se: Soiutions Manual, which is published by Pearson and can be
purchased by students.

Instructors Manual

The Instructors Manual contains solutions to both “Practice Questions” and “Further
Questions”, notes on the teaching of each chapter, test bank questions, notes on course
organization, and some relevant Excel worksheets. It is available for download from the
Instructor Resource Center at www.pearsonglobaleditions.com/hull.

Technical Notes

Technical Notes are used to elaborate on points made in the text. They are referred to in the
text and can be downloaded from www.rotman.utoronto.ca/~hull/TechnicalNotes.
By not including the Technical Notes in the book, I am able to streamline the presentation
of maternial so that it is more student-friendly.
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Introduction

In the last 30 years, derivatives have become increasingly important in finance. Futures
and options are actively traded on many exchanges throughout the world. Many
different types of forward contracts, swaps, options, and other derivatives are entered
into by financial institutions, fund managers, and corporate treasurers in the over-the-
counter market. Derivatives are added to bond issues, used in executive compensation
plans, embedded in capital investment opportunities, used to transfer risks in mortgages
from the original lenders to investors, and so on. We have now reached the stage where
those who work in finance, and many who work outside finance, need to understand
how derivatives work, how they are used, and how they are priced.

Whether you love derivatives or hate them, you cannot ignore them! The derivatives
market is huge—much bigger than the stock market when measured in terms of
underlying assets. The value of the assets underlying outstanding derivatives trans-
actions is several times the world gross domestic product. As we shall see in this chapter,
derivatives can be used for hedging or speculation or arbitrage. They play a key role in
transferring a wide range of risks in the economy from one entity to another.

A derivative can be defined as a financial instrument whose value depends on (or
derives from) the values of other, more basic, underlying variables. Very often the
variables underlying derivatives are the prices of traded assets. A stock option, for
example, is a derivative whose value is dependent on the price of a stock. However,
derivatives can be dependent on almost any variable, from the price of hogs to the
amount of snow falling at a certain ski resort.

Since the first edition of this book was published in 1988 there have been many
developments in derivatives markets. There is now active trading in credit derivatives,
electricity derivatives, weather derivatives, and insurance derivatives. Many new types
of interest rate, foreign exchange, and equity derivative products have been created.
There have been many new ideas in risk management and risk measurement. Capital
investment appraisal now often involves the evaluation of what are known as real
options. The book has kept up with all these developments.

Derivatives markets have come under a great deal of criticism because of their role
in the credit crisis that started in 2007. Derivative products were created from
portfolios of risky mortgages in the United States using a procedure known as
securitization. Many of the products that were created became worthless when house
prices declined. Financial institutions, and investors throughout the world, lost a huge
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amount of money and the world was plunged into the worst recession it had
experienced for many generations. Chapter 8, new to this edition, explains how
securitization works and why such big losses occurred. As a result of the credit crisis,
derivatives markets are now more heavily regulated than they used to be. For example,
banks are required to keep more capital for the risks they are taking and to pay more
attention to liquidity.

In this opening chapter, we take a first look at forward, futures, and options
markets and provide an overview of how they are used by hedgers, speculators, and
arbitrageurs. Later chapters will give more details and elaborate on many of the points
made here.

EXCHANGE-TRADED MARKETS

A derivatives exchange is a market where individuals trade standardized contracts that
have been defined by the exchange. Derivatives exchanges have existed for a long time.
The Chicago Board of Trade (CBOT) was established in 1848 tc bring farmers and
merchants together. Inmitially its main task was to standardize the quantities and
qualities of the grains that were traded. Within a few years, the first futures-type
contract was developed. It was known as a to-arrive contract. Speculators soocn became
interested in the contract and found trading the contract to be an attractive alternative
to trading the grain itself. A rival futures exchange, the Chicago Mercantile Exchange
(CME), was established in 1919. Now futures exchanges exist all over the world. (See
table at the end of the book.) CME and CBOT have merged to form the CME Group
(www.cmegroup.com), which also includes the New York Mercantile Exchange.

The Chicago Board Options Exchange (CBOE, www.cboe.com) started trading call
option contracts on 16 stocks in 1973. Options had traded prior to 1973, but the CBOE
succeeded in creating an orderly market with well-defined contracts. Put coption
contracts started trading on the exchange in 1977. The CBOE now trades options on
over 2,500 stocks and many different stock indices. Like futures, options have proved to
be very popular contracts. Many other exchanges throughout the world now trade
options. (See table at the end of the book.) The underlying assets include foreign
currencies and futures contracts as well as stocks and stock indices.

Electronic Markets

Traditionally derivatives exchanges have used what is known as the open outcry system.
This involves traders physically meeting on the floor of the exchange, shouting, and
using a complicated set of hand signals to indicate the trades they would like to carry
out. Exchanges are increasingly replacing the open outcry system by electronic trading.
This involves traders entering their desired trades at a keyboard and a computer being
used to match buyers and sellers. The open outcry system has its advocates, but, as time
passes, it is becoming less and less used.

Electronic trading has led to a growth in algorithmic trading (also known as black-
box trading, automated trading, high-frequency trading, or robo trading). This
involves thz use of computer programs to initiate trades, often without human
intervention.
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Business Snapshot 1.1 The Lehman Bankruptcy

On September 15, 2008, Lehman Brothers filed tor Chapter 11 bankruptcy protec-
tion. This was the largest bankruptcy filing in US histofy and its ramifications were
felt throughout derivatives markets. Almost: until the end, it seemed as thotigh there
was a good chance that Lehman would survive. A number of companies'(e.g;, the
Korean Development Bank, Barclays Bank in the UK, and Bank of America)
expressed interest in buying it; but none of these was able to close a deal. Many
people thought that Lehman was “t00 big to fail** and that the US government would
have to bail it out if no purchaser could be found. This proved not to be thé case. |

How did this happen? It was a combination of high leverage, risky investments, and |
Liquidity problems. Commercial banks that take deposits are subject to regulations on |
the amount of capital they must keep. Lehman was an investment bank and not
subject to these regulations. By 2007, its leverage ratio had increased to 31:1, which
means that a 3-4% decline in the value of its assets would wipe out its capital. Dick
| Fuld, Lehman’s Chairman and Chief Executive Officer, encouraged an aggressive
‘-deal-makmg, rlsk-takmg culture. He is reported tohave told his executivés: “Every day !
is a battle. You have to kill the enemy.” The Chief Risk Oﬂicer at Lehman was
 competent, but did not have:much influence and was even removed from the executive
commiitteé in 2007. The risks taken by Lehman included large positions ic the
‘instruments created from subprime mortgages, which will be described in Chapter 8.
Lehmian furided much of its operations with short-term debt. When there was a loss of
confidence in the company, lenders refused to roll over thls funding, forcmg it into
bankruptcy.

Lehman was very active in the over-thescounter denvatwes markets It had hundreds
of thousands of: transactions outstanding with about 8,000 different oounterpa.rtles
Lebman’s counterparties were often. neqmred to post collateral and this-collaterdl had
in many cases been used by Lehman for various purposes: It is easy.to see that sbrtlpg
out who owes what to whom in this type of situation-is a nlghtmare'

OVER-THE-COUNTER MARKETS

Not all trading of derivatives is done on exchanges. The over-the-counter market is an
important alternative to exchanges and, measured in terms of the total volume of
trading, has become much larger than the exchange-traded market. It is a telephone-
and computer-linked network of dealers. Trades are done over the phone and are
usually between two financial institutions or between a financial institution and one of
its clients (typically a corporate treasurer or fund manager). Financial institutions often
act as market makers for the more commonly traded instruments. This means that they
are always prepared to quote both a bid price (a price at which they are prepared to
buy) and an offer price (a price at which they are prepared to sell).

Telephone conversations in the over-the-counter market are usually taped. If there is
a dispute about what was agreed, the tapes are replayed to resolve the issue. Trades in
the over-the-counter market are typically much larger than trades in the exchange-
traded market. A key advantage of the over-the-counter market is that the terms of a
contract do not have to be those specified by an exchange. Market participants are free
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to negotiate any mutually attractive deal. A disadvantage is that there is usually some
credit risk in an over-the-counter trade (i.e., there is a small risk that the contract will
not be honored). As we shall see in the next chapter, exchanges have organized
themselves to eliminate virtually all credit risk.

Lehman Brothers was a very active trader of over-the-counter derivatives. As discussed
in Business Snapshot 1.1, its bankruptcy in 2008 provided a dramatic test for the market.

Market Size

Both the over-the-counter and the exchange-traded market for derivatives are huge.
Although the statistics that are collected for the two markets are not exactly comparable,
it is clear that the over-the-counter market is much larger than the exchange-traded
market. The Bank for International Settlements (www.bis.org) started collecting statis-
tics on the markets in 1998. Figure 1.1 compares (a) the estimated total principal
amounts underlying transactions that were outstanding in the over-the counter markets
between June 1998 and December 2009 and (b) the estimated total value of the assets
underlying exchange-traded contracts during the same period. Using these measures, we
see that, by December 2009, the over-the-counter market had grown to $614.7 trillion
and the exchange-traded market had grown to $73.1 trillion.

In interpreting these numbers, we should bear in mind that the principal underlying
an over-the-counter transaction is not the same as its value. An example of an over-the-
counter contract is an agreement to buy 100 million US dollars with British pounds at a
predetermined exchange rate in 1 year. The total principal amount underlying this
transaction is $100 million. However, the value of the contract might be only $1 million.
The Bank for International Settlements estimates the gross market value of all over-the-
counter contracts outstanding in December 2009 to be about $21.6 trillion.

Figure 1.1 Size of over-the-counter and exchange-traded derivatives markets.
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' A contract that is worth $1 million to one side and —$1 million to the other side would be counted as
having a gross market value of $1 million.
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FORWARD CONTRACTS

A relatively simple derivative is a forward contract. It is an agreement to buy or sell an
asset at a certain future time for a certain price. It can be contrasted with a spot
contract, which is an agreement to buy or sell an asset today. A forward contract is
traded. in the over-the-counter market—usually between two financial institutions or
between a financial institution and one of its clients.

One of the parties to a forward contract assumes a long position and agrees to buy
the underlying asset on a certain specified future date for a certain specified price. The
other party assumes a short position and agrees to sell the asset on the same date for
the same price.

Forward contracts on foreign exchange are very popular. Most large banks employ
both spot and forward foreign-exchange traders. Spot traders are trading a foreign
currency for almost immediate delivery. Forward traders are trading for delivery at a
future time. Table 1.1 provides the quotes on the exchange rate between the British
pound (GBP) and the US dollar (USD) that might be made by a large international
bank on May 24, 2010. The quote is for the number of USD per GBP. The first row
indicates that the bank is prepared to buy GBP (also known as sterling) in the spot
market (i.e., for virtually immediate delivery) at the rate of $1.4407 per GBP and sell
sterling in the spot market at $1.4411 per GBP. The second, third, and fourth rows
indicate that the bank is prepared to buy sterling in 1, 3, and 6 months at $1.4408,
$1.4410, and $1.4416 per GBP, respectively, and to sell sterling in-1, 3, and 6 months at
$1.4413, $1.4415, and $1.4422 per GBP, respectively. {

Forward contracts can be used to hedge foreign currency risk. Suppose that, on
May 24, 2010, the treasurer of a US corporation knows that the corporation will pay
£1 million in 6 months (i.e., on November 24, 2010) and wants to hedge against
exchange rate moves. Using the quotes in Table 1.1, the treasurer can agree to buy
£1 million 6 months forward at an exchange rate of 1.4422. The corporation then has a
long forward contract on GBP. It has agreed that on November 24, 2010, it will buy
£1 million from the bank for $1.4422 million. The bank has a short forward contract on
GBP. It has agreed that on November 24, 2010, it will sell £1 million for $1.4422 million.
Both sides have made a binding commitment.

Payoffs from Forward Contracts

Consider the position of the corporation in the trade we have just described. What are
the possible outcomes? The forward contract obligates the corporation to buy £1 million

Table 1.1 Spot and forward quotes for the USD/GBP exchange
rate, May 24, 2010 (GBP = British pound; USD = US dollar;
quote is number of USD per GBP).

Bid Offer
Spot 1.4407 1.4411
I-month forward . 1.4408 1.4413
3-month forward 1.4410 1.4415

6-month forward 1.4416 1.4422
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Figure 1.2 Payoffs from forward contracts: (a) long position, (b) short position.
Delivery price = K; price of asset at contract maturity = Sr.

A Payoff Payoif

(a) (b)

for $1,442,200. If the spot exchange rate rose to, say, 1.5000, at the end of the 6 months,
the forward contract would be worth $57,800 (= $1,500,000 — $1,442,200) to the
corporation. It would enable £1 million to be purchased at an exchange rate of
1.4422 rather than 1.5000. Similarly, if the spot exchange rate fell to 1.3500 at the
end of the 6 months, the forward contract would have a negative value to the
corporation of $92,200 because it would lead to the corporation paying $92,200 more
than the market price for the sterling.

In general, the payoff from a long position in a forward contract on one unit of an

asset is
Sr—K

where K is the delivery price and Sy is the spot price of the asset at maturity of the
contract. This is because the holder of the contract is obligated to buy an asset worth Sy
for K. Similarly, the payoff from a short position in a forward contract on one unit of
an asset is

K—Sr.

These payoffs can be positive or negative. They are illustrated in Figure 1.2. Because it
costs nothing to enter into a forward contract, the payoff from the contract is also the
trader’s total gain or loss from the contract.

In the example just considered, K = 1.4422 and the corporation has a long contract.
When S; = 1.5000, the payoffis $0.0578 per £1; when Sy = 1.3500, it is —$0.0922 per £1.

Forward Prices and Spot Prices

We shall be discussing in some detail the relationship between spot and forward prices
in Chapter 5. For a quick preview of why the two are related, consider a stock that pays
no dividend and is worth $60. You can borrow or lend money for 1 year at 5%. What
should the 1-year forward price of the stock be?
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The answer is $60 grossed up at 5% for 1 year, or $63. If the forward price is more
than this, say $67, you could borrow $60, buy one share of the stock, and sell it forward
for $67. After paying off the loan, you would net a profit of $4 in 1 year. If ihe forward
price is less than $63, say $58, an investor owning the stock as part of a portfclio would
sell the stock for $60 and enter into a forward contract to buy it back for $58 in 1 year.
The proceeds of investment would be invested at 5% to earn $3. The investor would end
up $5 better off than if the stock were kept in the portfolio for the year.

FUTURES CONTRACTS

Like a forward contract, a futures contract is an agreement between two parties to buy or
sell an asset at a certain time in the future for a certain price. Unlike forward contracts,
futures contracts are normally traded on an exchange. To make trading possible, the
exchange specifies certain standardized features of the contract. As the two parties to the
contract do not necessarily know each other, the exchange also provides a mechanism
that gives the two parties a guarantee that the contract will be honored.

The largest exchanges on which futures contracts are traded are the Chicago Board of
Trade (CBOT) and the Chicago Mercantile Exchange (CME), which have now merged
to form the CME Group. On these and other exchanges throughout the world, a very
wide range of commodities and financial assets form the underlying assets in the various
contracts. The commodities include pork bellies, live cattle, sugar, wool, lumber,
copper, aluminum, gold, and tin. The financial assets include stock indices, currencies,
and Treasury bonds. Futures prices are regularly reported in the financial press. Suppose
that, on September 1, the December futures price of gold is quoted as $1,080. This is the
price, exclusive of commissions, at which traders can agree to buy or sell gold for
December delivery. It is determined in the same way as other prices (i.e., by the laws of
supply and demand). If more traders want to ge long than to go short, the price goes up;
if the reverse is true, then the price goes down.

Further details on issues such as margin requirements, daily settlement procedures,
delivery procedures, bid—offer spreads, and the role of the exchange clearing house are
given in Chapter 2.

OPTIONS

Options are traded both on exchanges and in the over-the-counter market. There are
two types of option. A call option gives the holder the right to buy the underlying asset
by a certain date for a certain price. A put option gives the holder the right to sell the
underlying asset by a certain date for a certain price. The price in the contract is known
as the exercise price or strike price; the date in the contract is known as the expiration
date or maturity. American options can be exercised at any time up to the expiration date.
European options can be exercised only on the expiration date itself.? Most of the options
that are traded on exchanges are American. In the exchange-traded equity option
market, one contract is usually an agreement to buy or sell 100 shares. European

2 Note that the terms 4dmerican and European do not refer to the location of the option or the exchange.
Some options trading on North American exchanges are European.
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options are generally easier to analyze than American options, and some of the
properties of an American option are frequently deduced from those of its European
counterpart.

It should be emphasized that an option gives the holder the right to do something.
The holder does not have to exercise this right. This is what distinguishes options from
forwards and futures, where the holder is obligated to buy or sell the underlying asset.
Whereas it costs nothing to enter into a forward or futures contract, there is a cost to
acquiring an option.

The largest exchange in the world for trading stock options is the Chicago Board
Options Exchange (CBOE; www.cboe.com). Table 1.2 gives the bid and offer quotes for
some of the call options trading on Google (ticker symbol: GOOG) on June 15, 2010.
Table 1.3 does the same for put options trading on Google on that date. The quotes are
taken from the CBOE website. The Google stock price at the time of the quotes was bid
497.02, offer 497.25. The bid—offer spread on an option is usually greater than that on
the underlying stock and depends on the volume of trading. The option strike prices are
$460, $480, $500, $520, $540, and $560. The maturities are July 2010, September 2010,
and December 2010. The July options expire cn July 17, 2010, the September options
on September 18, 2010, and the December options on December 18, 2010.

The tables illustrate a number of properties of options. The price of a call option
decreases as the strike price increases, while the price of a put option increases as the
strike price increases. Both types of option tend to become more vaiuable as their time to
maturity increases. These properties of options will be discussed further in Chapter 10.

Suppose an investor instructs a broker to buy one December call option contract on
Google with a strike price of $520. The broker will relay these instructions to a trader at
the CBOE and the deal will be done. The (offer) price is $32.00, as indicated in Table 1.2.
This is the price for an option to buy one share. In the United States, an option contract
is a contract to buy or sell 100 shares. Therefore, the investor must arrange for $3,200 to
be remitted to the exchange through the broker. The exchange will then arrange for this
amount to be passed on to the party on the other side of the transaction.

In our example, the investor has obtained at a cost of $3,200 the right to- buy 100
Google shares for $520 each. If the price of Google does not rise above $520 by
December 18, 2010, the option is not exercised and the investor loses $3,200.3 But if

Table 1.2 Prices of call options on Google, June 15, 2010; stock price: bid $497.07;
offer $497.25 (Source: CBOE). '

Strike price July 2010 September 2010 December 2010
(6)) Bid Offer Bid Offer Bid Offer
460 43.30 44.00 51.90 53.90 63.40 64.80
480 28.60 29.00 39.70 40.40 50.80 52.30
500 17.00 17.40 28.30 29.30 40.60 41.30
520 9.00 9.30 19.10 19.90 31.40 32.00
540 4.20 4.40 12.70 13.00 23.10 24.00
560 15 2.10 7.40 8.40 16.80 17.70

3 The calculations here ignore commissions paid by the investor.
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the dollar price to rise. Similarly, as they sell the stock in London, the sterling price will
be driven down. Very quickly the two prices will become equivalent at the current
exchange rate. Indeed, the existence of profit-hungry arbitrageurs makes it unlikely that
a major disparity between the sterling price and the dollar price could ever exist in the
first place. Generalizing from this example, we can say that the very existence of
arbitrageurs means that in practice only very small arbitrage opportunities are observed
in the prices that are quoted in most financial markets. In this book most of the
arguments concerning futures prices, forward prices, and the values of option contracts
will be based on the assumption that no arbitrage opportunities exist.

DANGERS

Derivatives are very versatile instruments. As we have seen, they can be used for
hedging, for speculation, and for arbiirage. It is this very versatility thai can cause
problems. Sometimes traders who have a mandate to hedge risks or follow an
arbitrage strategy become (consciously or unconsciously) speculators. The results
can be disastrous. One example of this is provided by the activities of Jérome Kerviel
at Société Geénéral (see Business Snapshot 1.3).

To avoid the sort of problems Société Général encountered, it is very important for
both financial and nonfinancial corporations to set up controls to ensure that deriva-
tives are being used for their intended purpose. Risk limits should be set and the
activities of traders should be monitored daily to ensure that these risk limits are
adhered to.

Unfortunately, even when traders follow the risk limits that have been specified, big
mistakes can happen. Some of the activities of traders in the derivatives market during
the period leading up to the start of the credit crisis in July 2007 proved to be much
riskier than they were thought to be by the financial institutions they worked for. As
will be discussed in Chapter 8, house prices in the United States had been rising fast.
Most people thought that the increases would continue—or, at worst, that house prices
would simply level off. Very few were prepared for the steep decline that actually
happened. Furthermore, very few were prepared for the high correlation between
mortgage default rates in different parts of the country. Some risk managers did express
reservations about the exposures of the companies for which they worked to the US real
estate market. But, when times are good (or appear to be good), there is an unfortunate
tendency to ignore risk managers and this is what happened at many financial
institutions during the 2006-2007 period. The key lesson from the credit crisis is that
financial institutions should always be dispassionately asking “What can go wrong?”,
and they should follow that up with the question “If it does go wrong, how much will
we lose?”

SUMMARY

One of the exciting developments in finance over the last 30 years has been the growth
of derivatives markets. In many situations, both hedgers and speculators find it more
attractive to trade a derivative on an asset than to trade the asset itself. Some derivatives
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the position where they face risk associated with the price of an asset. They use
derivatives to reduce or eliminate this risk. Speculators wish to bet on future movements
in the price of an asset. They use derivatives to get extra leverage. Arbitrageurs are in
business to take advantage of a discrepancy between prices in two different markets. If,
for example, they see the futures price of an asset getting out of line with the cash price,
they will take offsetting positions in the two markets to lock in a profit.
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Practice Questions (Answers in Solutions Manual)

1.1.
1.2.
1.3.

14.
L.5.

1.6.

1.7.

1.8.

1.9.

What is the difference between a long forward position and a short forward position?
Explain carefully the difference between hedging, speculation, and arbitrage.

What is the difference between entering into a long forward contract when the forward
price is $50 and taking a long position in a call option with a strike price of $50?

Explain carefully the difference between selling a call option and buying a put option.

An investor enters into a short forward contract to sell 180,000 British pounds for US
dollars at an exchange rate of 1.4000 US dollars per pound. How much does the
investor gain or lose if the exchange rate at the end of the contract is (a) 1.3900 and
(b) 1.4200?

A trader enters into a short cotton futures contract when the futures price is 50 cents per
pound. The contract is for the delivery of 50,000 pounds. How much does the trader
gain or lose if the cotton price at the end of the contract is (a) 48.20 cents per pound
and (b) 51.30 cents per pound?

Suppose that you write a put contract with a strike price of $40 and an expiration date
in 3 months. The current stock price is $41 and the contract is on 100 shares. What have
you committed yourself to? How much could you gain or lose?

What is the difference between the over-the-counter market and the exchange-traded
market? What are the bid and offer quotes of a market maker in the over-the-counter
market?

You would like to speculate on a rise in the price of a certain stock. The current stock
price is $29 and a 3-month call with a strike price of $30 costs $2.90. You have $5,800 to
invest. Identify two alternative investment strategies, one in the stock and the other in
an option on the stock. What are the potential gains and losses from each?
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1.10.

1.12.
1.13.

1.14.

1.16.

1.17.

1.18.

1.19.

1.20.

1.21.
1.22.

1.23.

Suppose that you own 5,000 shares worth $25 each. How can put options be used to
provide you with insurance against a decline in the value of your holding over the next
4 months?

. When first issued, a stock provides funds for a company. Is the same true of a stock

option? Discuss.
Explain why a futures contract can: be used for either speculation or hedging.

Suppose that a March call option to buy a share for $50 costs $2.50 and is held until
March. Under what circumstances will the holder of the option make a profit? Under what
circumstances will the option be exercised? Draw a diagram illustrating how the profit
from a long position in the option depends on the stock price at maturity of the option.

Suppose that a June put option to sell a share for $60 costs $4 and is held until June.
Under what circumstances will the seller of the option (i.e., the party with the short
position) make a profit? Under what circumstances will the option be exercised? Draw a
diagram illustrating how the profit from a short position in the option depends on the
stock price at maturity of the option.

. It is May and a trader writes a September call option with a strike price of $20. The stock

price is $18 and the option price is $2. Describe the trader’s cash flows if the option is held
until September and the stock price is $25 at that time.

A trader writes a December put option with a strike price of $30. The price of the option
is $4. Under what circumstances does the trader make a gain?

A company knows that it is due to receive a certain amount of a:foreign currency in
4 months. What type of option contract is appropriate for hedging?

A US company expects to have to pay 1 million Canadian dollars in 6 months. Explain
how the exchange rate risk can be hedged using (a) a forward contract and (b) an option.

A trader enters into a short forward contract on 100 million yen. The forward exchange
rate is $0.0080 per yen. How much does the trader gain or lose if the exchange rate at the
end of the contract is (a) $0.0074 per yen and (b) $0.0091 per yen?

The Chicago Board of Trade offers a futures contract on long-term Treasury bonds.
Characterize the traders likely to use this contract.

“Options and futures are zero-sum gameé.” What do you think is meant by this?

Describe the profit from the following portfolio: a long forward contract on an asset and a
long European put option on the asset with the same maturity as the forward contract and
a strike price that is equal to the forward price of the asset at the time the portfolio is set up.

In the 1980s, Bankers Trust developed index currency option notes (ICONs). These are
bonds in which the amount received by the holder at maturity varies with a foreign
exchange rate. One example was its trade with the Long Term Credit Bank of Japan. The
ICON specified that if the yen—US dollar exchange rate, Sy, is greater than 169 yen per
dollar at maturity (in 1995), the holder of the bond receives $1,000. If it is less than 169 yen
per dollar, the amount received by the holder of the bond is

1,000 — max[O, 1,000(-&? — 1)]
St

When the exchange rate is below 84.5, nothing is received by the holder at maturity. Show
that this ICON is a combination of a regular bond and two options.
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