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Insurance, Reinsurance, and Retrocessions

AANNITNUHF 1%

Reinsurer Retrocession Reinsurer
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PROPORTIONAL
Reinsurer's Participation Predetermined

Quota Share:
Same %
participation
on each risk

Surplus Share:
% participation
varies based on

type/size
of risk

Adapted from a chart by Ronald E. Ferguson, "Bases of Reinsurance"




Full Insurance Coverage Full Insurance Coverage Beyond a Deductible

Coverage Coverage

$1,000
$800
$1,000 Loss $1,000 Loss
Proportional Insurance Coverage Proportional Insurance Coverage Beyond a Deductible
Coverage Coverage
$80
$640
$1.000 T5as $1,000 Loss




Y o @w

LUILANLARUSUNUSeNwALs e

Excess of Loss Reinsurance Proportional Reinsurance Above a Retention

Proportional Reinsurance

Coverage - Coverage e Coverage
48— & = 45¢ =
== |‘ =
= =
&= &=
N 8
$ - it
& P =
,@*3_— ‘\g{b_‘ Reinsurer's
P= Reinsurer's [ Portion
Q\f}\ fintl Portion Reinsurer's S
= Partion =
$800 = $800 $800 _“:
= $700 _—
= Prin?ary $600 $600 = Primary
$400 e Carn.er's Primary = Camier's
= Portion | Carrier's = Partion
=3 Portion =
$1,000 Loss $1,000 Loss $1,000 . Loss
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Excess of Loss Reinsurance with an Upper Limit

Y o W

NUIEY

UseNNe 6le

Proportional Reinsurance Above a Retention with an Upper Limit

Coverage

$800

452

$600

Coverage

Primary
Carrier's
Portion

Reinsurer's
Portion

$800

45° —-\
o -
gL
B
Qe;

$760

‘| Primary
Carrier's
.-| Portion

$1,000

5MW

il

. Primary
. Carmiers
.+ Portion

Primary
Carrier's
Portion

Reinsurer's
Portion

Loss

Loss




Ha1AN1SUSSNWN YR8

- - -
wneonuUings

3 3 VoS 3 Andusnnlsnaussna

anuuzMsUs:NDUSSAD

N21 3 NADSSUNWIULN
[nesgoAvtJuntviuWUNAIUUSITUNECD
{uds=inAlng

oo - - - ol o e ar = e we b S - PR (e o -y e = oae o
hivimsiulsfudodauarninisaug MidmdasdussAadssdudoivaimaiowsndaudinaan momabuhmaadiiuddn s 30 ldWannndadamilseiudy
; =2 g e T e R B T - S
Tmiq eaamaumshivimsidizniasiussinlssAudodaduidasnmsasiui lnaaandaainatisiatias

oty 2 = " o i o = = o . P | P | o T ey
lTTﬂWﬂBUﬁTﬂQH'SHﬂ'ﬂﬂﬂuT? masmlnsauiagausIng Lliwﬂ'l"m)!dliﬂW?Sﬂi’ﬁ'ﬂﬁ?’lJHEMJ‘SSn‘:]Uﬂ'ﬁ'FlFlN.E!gﬂ'I'!H;ﬂﬁilﬂuuiﬂ\"l'ﬁmﬂﬂlﬂiuﬁ‘ﬁ'ﬂq AavariitAadulea fan

MTVULATE AR ULaINTRITY ﬁﬁamn1w1} 251

WusAzaslnetaansaswanifuandt ddaviu uaswilnousaas sfaiulunmiissiamoaafudasaydadoau

== == == -

= = Co-eMcS JBCERTIGIED

THREL —— THRES THREA =y COMPANY
REINSLIRANCE: LIFE NS E DLTSOURCING ACTUARIAL CONSULTING E-MOTOR CLAIM




Unaffiliated offshore reinsurers

U.S. REINSURANCE PREMIUMS CEDED TO UNAFFILIATED AND AFFILIATED
- OFFSHORE REINSURERS BY COUNTRY, 2007-2009'

{$ milligns)

Affiliated offshore reinsurers

2007 2008 2009 2007 2008 2000 2009 total

$11,102 $11,420 $10,013  $19,371 $20,813 $22612  $32,625

B57 U .28 BBy 7578 836l 9,490

4578 4428 4,706 777 823 765 5,471

2569 2793 2490 1,463 1.222 781 3,271

2,023 2003 2,086 409 389 398 2,484
419 485 489 101 155 227 716

| Caicos 481 518 500 102 111 141 641
424 434 378 357 296 228 606
NA NA NA 427 411 433 433

495 553 413 NA NA NA 413
326 255 217 NA NA NA 277

NA NA NA 192 191 199 199

shown 23,274 23,844 22,481 32,141 31,980 34,145 56,626

tal reinsurance premiums.

$24,594 $25,031

$23,630

$33,786 $33,158 $34,464 $58,094




TOP TEN GLOBAL REINSURERS
BY NET REINSURANCE PREMIUMS WRITTEN, 2009

[F millions)
Net reinsurance
i'i;it f_:qm::lamr premiums written  Country
1 MunichRe $32,768.2  Germany
2 Swiss Re Group 21,880.0 Switzerland
3 Hanover Re 13,260.1 Germany
Berkshire Hathaway

4 Reinsurance Group 12,362.0 U.S.
5 Lloyd's of London 9,460.8 U.K.
6 SCOR 8,889.1  France
7 Transatlantic Holdings, Inc. 3,986.1 LS.
8 PartnerRe Ltd. 3,948.7 Bermuda
9 Everest Re Group Ltd. 39298 Bermuda
10 Korean Re 2,368.3 South Korea

Source: Business Insurance, September 6, 2010.



TOP TEN GLOBAL REINSURANCE BROKERS BY REINSURANCE GROSS REVENUES, 2009'

{$000)

Rank  Company B Reinsurance gross revenues Country |
1 Aon Benfield $1,485000 us. |
2 GuyCarpenter & Co.LLC? 911,000 -
3 Willis Re - 614,000
4  Towers Watson & Co. B 166,427
5 Cooper Gay Swett & Crawford Ltd. B 157,393
6 Jardine Lloyd Thompson Group P.L.C. 146,587
7  BMS Group B 73,488
8 UIB Holdings Ltd. B B 44,321
9  Axiom Re Inc. 31,346

10  Lockton Cos. International Ltd. 31,0373

'Includes all reinsurance revenue fapnﬂ&d through holding and/or subsidary companies.
Yncludes aviation reinsurance business placed by Marsh Inc.
YFiscal year ending April 30.

Source; Business Insurance, October 25, 2010.




LEADING CAPTIVE DOMICILES, 2008-2009

Rarth Domiclle
1 Bermuda
i Cayman Islands
3 Vermaont
& Guern_aey
5 British Virgin Islands
& Lu?gerntrnurg
7 Barbados
8 Anguilla
Q Turks and Caicos |slands
10 Hawvaii
11 South Carolina
12 Litah
i3 Isle of hMan
14 MNevada
15 District of Columbia
16 D-L;I:Hn
17 Kantucky
18 Arizona
19 Singapore
20 Delawara
Total, top 20

Total, all captives
‘Business Insurance estimati.

Eycludes credit Hife insurars.
TRactabar

Mumiber of capthves

2008 2009
= T2Th] BEBS
777 780
557 560
AT0 355
332 285
Eﬁé 251
230 225
2001 208
1827 2037
165 162
156" 161
122 148
156 145
123 126
Qo 116
131 174
a7 105
106° 29
63 63
41 49
4,446 4,838
4,702 5,089



CATASTROPHE BONDS, ANNUAL RISK CAPITAL ISSUED, 2000-2009
{ Bmitticns)
£8,000 —

56,9963

F,.000 —
6,000 p—
5,000 —

4,000 —

3000 — 52,6866

2000 — 51,7298

$1.9390 gqpmn 51,218.5 £1.142.8

1,000

o

2000 2001 2002 2003 2004 2005 2006 2007 2008 2000
Source; GC Securities and Guy Carpenter & Company, LLC.

CATASTROPHE BONDS, RISK CAPITAL OUTSTANDING, 2000-2009
(5 millions)

L14024.2

3120436

9000 p— SH.541.8

] $4,904.2
54,0605

i SAL56E

Liae 29534

¥2, 44

3000 I 5319

a

Zo0o 20071 2002 2003 2004 2005 2006 2007 2008 2009
Source: GO Securities and Guy Carpenter & Company, LLC
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Insurance-linked Securities
Insurance-linked Derivatives
Catastrophe Bonds
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111 ]uAD9 ALTERNATIVE RISK TRANSFER (ART)

‘I%EIFI 19808 LﬂﬂF]'J’WNN%B\I'J%GI,%F]']']NLﬁ‘c’l\‘iﬂﬁl‘ﬂlﬂﬂ']ﬂ?’iﬂlﬂ?ﬂ‘i ﬂ%ﬂﬁlv[,ﬂ ‘V]'ﬂ,‘ﬁ

U'iUVW]I?]”IL%%ﬁ'ﬁﬂ“\]m”IG’] ﬂ‘i“ﬂUﬁfUﬁ']L'ﬁE]\‘lﬂ']']NﬂNﬂ'ﬁﬂ\‘i (lelted Insurance
Capacities)

luga 1990s fatagun fanadesnefduadundea1naneLing
“Hurricane Andrew 1992 szUuLﬁElﬁ% $19.6 billion

- LLB\'IW?]%VLWJﬁ California 1993 QEQL?{EJL?I% $16.3 billion

“Collapse of World Trade Centre

“Tsunami in Asia

“Hurricane Catrina

Y o v

ﬁ']GL‘Vi‘UiUVl‘L]i 2ABAY LAZUTNUIZAWALADRAIEIIEADILENAINTT
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111 ]uAD9 ALTERNATIVE RISK TRANSFER (ART)

aziAnlaIIANNEEABHN U AEUMLUAIDE19 TS

%9 violate NHANWINHINZBINTITUSEAWAY uazuwANEesinawlalsiinagegn (n world
trade)

Y ao v Id a

rinlvfinanssnuaaingsns wazvinliusunUssiuie uasuiunsulsznuieselifiGunm
eanalwnslirngnasasunfionsenudenussaunuadunie vinlvsian (8ns1) e
UseAnA BN

\fin Adverse Selection baeiiin15 Subsidize low risk & high risk

USunUsennAe/UsEnsulsenuwnesanaliia Credit Risk AUKLB1UIZAKAE
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111 ]uAD9 ALTERNATIVE RISK TRANSFER (ART)

BANITNWHWLINNITUAIAUNLANNINAUTZHINUTENUTZANAY  LASHWAINALN

F9609L 80T U WLANAIN capital market (lAedRaIwa89 loss MLinAusagIiausziniatn
INELLA 1-2% 2849 world capital market)

wazlulangalaguudinaluladnion1siin (financial instruments) 1andi8uInIsAINLERI LS
a
R2ATh

WONINHHUTENUIZNABN trade THARIARANNINIEIQNNARWLAN performance 8% A1NETIB
YuansIe
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WnUszaNnsanlwnislawaNLd e

“@am Over Insurance

" 93/ Credit Risk

[N spectrum 2a9ANNLANABNFINSaL@1UTEARAE LA

= HANNLEIABUNUSZLAN Aa1N1TasNe U AwielnnsNesTNReInwle

(multiple lines product)

* AN eI ENAN N IN1Tale1UseAwA el WaswN1TwAINNIEeA N
dRnsae1Usenaels (1w ens1menieNNAINNEWHIN)
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LHNAAAINTNETNTITO NS UUTEAWAYLAZNITUSAITAITNLE &
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Captive Insurance

Multi-Year/Multi-Line Products (MMP)
Multi-Trigger Products (MTP)
Insurance Bonds

Insurance Derivatives
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CAPTIVE INSURANCE

TusUuvufitAwaasusendsennie lneaituwaIaediaansuiun wie Trade association 1138
NANYBIVTYN

& . = a o o @ = 1 o < Y < a o o
lneims Captive Insurer ZwniinasuUseinne (NanalidnlusoaluwuSenuseinne)
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‘ CAPTIVE INSURER

Local Subsidiaries

US UK France Denmark Japan

Fronting Companies

T
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CAPTIVE INSURER

UagUnuduszann 6,000-8,000 Captives Malaniiilngay single parent company

Y38 Captive a’lﬁ]agiﬂ’lﬂimyGroup Parent Companies Ale

U
(- %4

UagUndl “Rent-a-Captive” Aa uNuazmINgHN Captive 2896IL89UNINEINII0
Ui captive 2aangudnls

* IngazidaAldanaluni1susnnsg

U (=]

\ANBsAe lNsBIaIN K

o—

v

" FegUuuUbANIZAUUSENAWIANGE1Y
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CAPTIVE INSURER

ﬁa]amwn Bermuda \UwNAN&ATY289 Captive

[P~ d d
Cayman Islands N&aLUwa sinawlalnnssaeg Captives

Tualsufiazdl Guernsey waz Luxembourg
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J9aUD9 CAPTIVE INSURER

v a o o 1 '9:;. [ o d a o 11 (% . < [
Tauselaviilunednsnieme wwbauszauaanusenuianels captive AanI1savinly
Ananneawn1ele

WaN21NHh Underwriting Reserve 1 basuUaNSUszlegin19n18678

o = . a6 o Y a o 1 Yo o o c =]
Mmaﬂszmmmqfﬁﬂ A1l37 Captive AnvinlriuSunusanisalasuansUszleainiens
A
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JUUUYDI ART

Captive Insurance

Multi-Y ear/Multi-Line Products (MMP)

Multi-Trigger Products (MTP)
Insurance Bonds

Insurance Derivatives
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INTEGRATED MULTI-LINE/MULTI-YEAR PRODUCTS
(MMPS)

UuwInNIINNE1AL289 ART

"l%ﬁmaﬂszmmaaqﬁﬁaﬂszﬁ’uﬁﬂlﬁgﬂﬁnmmuﬁ%‘lunﬁuﬁﬁﬂm'm@”mﬁm
LAEn LanUsenuanAng Usenwaegsiangazin uazUsenwignInusuie

waAndeUszAnAelalaiiatsInnw (110970 correlation szrinAedrBanA e
Usznwnals) Aauwuiela Cost Advantage
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INTEGRATED MULTI-LINE/MULTI-YEAR PRODUCTS
(MMPS)

A8aR Overinsurance

MMPs BIRAINNIELIA8UNDE19LE% 9RSLanUaeWw STATRWATNRHIW
FIN1I0WIHNITINDE L UNINGIINAINANATDI LA
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INTEGRATED MULTI-LINE/MULTI-YEAR PRODUCTS
(MMPS)

= ol i i
=) =] =) =)
» » ) »
= g g =
s - - -
V) ) ) )
=] =) =) =]
(@) (@) (@) (@)
(¢ (¢) (¢) (¢
£ £ £ £
=) =) =) =)
(¢} (¢) (¢) (¢}
— \®] [S}) SN

Conventional Approach ART Approach
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Captive Insurance

Multi-Y ear/Multi-Line Products (MMP)

Multi-Trigger Products (MTP)

Insurance Bonds

Insurance Derivatives
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MULTI-TRIGGER PRODUCTS (MTPS)

IYATVTWIANNALN LD

" Insurance event (first trigger) T»32HI9NNINEIINNHAUIAU

* @z Non-insurance event (second trigger) LARALEIE
USUNUTeNWAINDILRARITNINGITH NIz dganAndaUsznung

1A% AN UBLNSIARAN AW NNALNWKIB first trigger HA1= 0.1
AN TIN5 ARAE I RNNALNWABY second trigger HA1= 0.1

pannANIaslwlunsinAfulnanaunuaes AuANATaIREAT =
0.01 (0.1*0.1)
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MULTI-TRIGGER PRODUCTS (MTPS)

Insurance event (first trigger) L% LHWAWIAI

Non-insurance event (second trigger) LA%I1ANEWAIANAT T1sd29TN1913U7
NALADY

AITHWIRL Lﬂ%ﬁl%ﬂq’imﬂHWG%I%NV]G]LL‘VI%‘V]‘\] GIE]GR]WEILNE]L%GIH']?EMTNHE]GLH A%

o (=54

WIDNAWHAD Y L%@\‘]ﬁﬂﬂ‘ﬂ\‘iﬂﬁ]\‘]L“r‘iﬁ]ﬂ?’ﬁlﬁ,NNﬂQWNﬁNW%ﬁﬂ% (E]Eﬂ\‘m%‘élﬂ']ﬂ m)
HIONANANN WS N WIa

D

Note: A18ANEWIANNALNWAIN Joint Probability
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Captive Insurance
Multi-Y ear/Multi-Line Products (MMP)

Multi-Trigger Products (MTP)

Insurance Bonds

Insurance Derivatives
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SECURITIZATION OF INSURANCE RISKS

U%ﬁ’wﬂszﬁ%ﬁaamﬁﬂiﬁ”ﬂmu@”aq ASBINRWAAY AN eI dIUVHI289ANNL T e 8N AR

ﬁoﬁum”aaﬁmmm”aaﬂ'ﬁﬁalz"[,ﬂ”m'lm”msmLﬁmf?m 391AH39 securitization of catastrophe
risk A%

BNagNIARIIN1aInwlnaNFssnUuadnwadeaNny Wasaindieldinamn

9 9

S§1N150N52918ANNLEEIAE L T2 LN TR HNUE I INTEHININRURAINIISTTNYG
Ltazmqmi'm‘ﬁLﬁmﬁﬂummﬂnu
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SECURITIZATION OF INSURANCE RISKS

Catastrophe Bonds

Catastrophe Bond #38 CAT Bond LU%MSWﬁ’]‘iQ%W%ﬁ%’NﬂWSLG% mnav[,ﬂ';'u,ﬂw,mawaﬁl%
ﬂ’]‘iU‘ﬁ%’]‘iﬂ’J’]NLﬁﬁlﬁﬁ%ﬂ%%\‘] ‘V]Lﬂﬂ?l%LWE]IE]%ﬂ'J"INLﬁEI\‘HﬂﬂN‘Vi%L‘]ﬂEI (Catastrophe Rlsk)
L2 Earthquakes, Hurricanes, Flood, Typhoons LiaTornados annSponsor (Corporatlons,
Insurers and Re-insurers) Vlﬂé]’a@”amual%mmﬁm% (Capital Market Investors)
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CATASTROPHE LOSSES

Figure 1: Insured Catastrophe Losses, 1949 — 1997 (in 1997 dollars)

% billions
30T

49 31 53 55 37 39 61 63 65 67 6% 71 73 75 77 79 B1 B3 85 87 BO 91 93 95 97

Source: Insurance Services Office
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Tassad19v09 CAT BOND

Company

< —
| ——

spv | <mmd>

Investor

Reg 114 Trust

Account

To secure obligations
under the
Reinsurance

Agreement
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SECURITIZATION OF INSURANCE RISKS
CAT BOND

Hausunsain1slowanaEes NN wASe fnanrihoainn1srinUssiwiesaus uSen
sN1savINsUSIsAnEessinadlalneldinioefiefisenda Cat Bond deuSHn
(Company or Sponsor) BB IN15IAINI SPV (Special Purpose Vehicle) %utﬁaﬁﬂ%ﬁﬁ‘ﬁ
\Wugaan wazatfiuns21 bond THUALAINY (Investors) fiawla

USunUsenuae uSEnsulszsnuaiesie az3718 Premium TAAU SPV waziiasausIiniiunasymu
(Funds) nlesuaingasni Suwnasunsnaanazgniluasyusale Collateral account L
ANYAA2895WNBINH
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SECURITIZATION OF INSURANCE RISKS
CAT BOND

Tunsanladifinnnugadeninnlannasld (Special condition)
“gaenuazlasu aUas (coupon) waztiusuAIHaAsUNHUA Ldnau

" Zelmeaiuain Cat Bond asfangasurinnualana 12, 24, n3a 36 than uazludinzainuaay
{n13378MNn ) 3 haw (Quarterly)
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SECURITIZATION OF INSURANCE RISKS
CAT BOND

winLfinANagey denSefldyyin (Trigger) fivsuandennuiissainusiug
At %1 SPV 9200wlI%NBINKIIN collateral account taaNIeliAULTEM vin
Wnnaussleniigaomuezlisu dowuadlulnearautseanfudanlalssod

"gNLANN1318AUBIUIIE I

" HNLANNTIIINELIBABUIIA I
"gNLANN19918AUDILAS I WEUIE I
“gnLEnn13918RUaINInNG

“ gL ENNTINET U UNINNG
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SECURITIZATION OF INSURANCE RISKS
CAT BOND

J0h289 CAT Bond
CAT Bonds Lunsnasiieadasiuaadesainuviunsde (Catastrophe Risk) H9fa
T wasa1s NN AN T NN USHa NINAUANLEHINTINITIIY
LLaszﬂumwm‘ngamummsanszmsﬂ'a'lmaala‘lun'ﬁamuwmﬁ'namu

(Portfolio Diversification)

]
Qs

PJ ﬂmawwlmuamwamauLmu‘n ﬂ\‘l m'lm‘sawu‘lum'lmsaum‘iszmumw
Lﬁﬁl\‘ltﬂﬂ?ﬂu
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SECURITIZATION OF INSURANCE RISKS: CAT BOND

= = ~Before
— After
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Captive Insurance
Multi-Y ear/Multi-Line Products (MMP)

Multi-Trigger Products (MTP)

Insurance Bonds

Insurance Derivatives
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INSURANCE DERIVATIVES

UulATa9HaN19N1918%  NHARaULNWARSEAU insurance -specific index (underlying) 1%

" NAATAIHLANNE
" ANRWLANN AN
"LMENTTMATI ) b2% gEUnOE Wl

IneazdralifiaiinAfuluanaunuain 9 fazlasunadselovdannainnsians
aYNUs
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INSURANCE DERIVATIVES

v

uusEnwasuaziisnelaisenIanuedivgmngd Aadrgungigudunniuszangun

azlald Heater snelRaasuSEniazanas

FIWKUIUNTIZAD Insurance Derivatives LAg3zyIndagunglanaseiinii Strike level Lau
20 ¢ fiazlasuminuAnAses eallwnsgngesiels wuwAsuSENilUZe Put Option
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A
4¥® (Long) Put Options

1INAINUFD American put option AIWTIMAINANT 100 1IN
Tuvaznsmyuluifagiudaumnou 102 vn

a cadq’ o = A Y E4 . ISP " o
ATIANTANDHIZTATUMKHAIUDN 3 1ADUY 1IN a2 option fee AUMAL 5 LN

(payoff)
M ls/anan

20+
10

5| 80 90100110 120 .,

a v d a
(‘smmumwsjé'nm

=
o A T lag)
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Derivative Markets

e Derivative markets are a relatively new phenomenon, but are one
of the most rapidly growing asset classes.

e Currently, there are approximately 300 million derivative contracts
outstanding with a market value of around $50 Trillion

e While equity trading is centered in New York (NYSE, NASDAQ),
derivative markets are centered in Chicago (CME, CBOT, CBOE)



What is a Derivative

e A derivative is simply a contract which entitles the holder to buy or
sell a commodity at some future date for a predetermined price.

e Therefore, while a stock or a bond has intrinsic value (a stock or a
bond represents a claim to some asset or income stream), a

derivative has no intrinsic value. Its value is “derived” from the
underlying asset.




Futures Contracts

e A futures contract is an obligation to buy/sell a specific quantity of a specific
commodity at a future date for a predetermined price.

e The buyer of the future (long position) is required to purchase the
commodity

e The seller of the future (short position) is required to deliver the
commodity

e For example, A July wheat future obligates the buyer to purchase 5,000

bushels (FND 6/28, LTD 7/12) for a price of 293 cents/bushel between 6/28 —
7/12.




1.5

Futures Contract
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e In this example, the long position earns a profit of $.58 per bushel
gggség,ooo bushels equal $2,900. Note that the short position loses




Types of Futures

Currencies

British Pound
Euro

Japanese Yen
Canadian Dollar

Mexican Peso

Agriculture

Lumber
Milk
Cocoa
Coffee
Sugar
Cotton
Wheat
Cattle

Soybeans

Metals &
Energy

Copper
Gold
Silver
Platinum
Oil

Natural Gas

Financial

Treasuries
LIBOR
Municipal Index
S&P 500

DJIA

Nikkei




Hedging Risk With Futures

® Suppose you are a wheat farmer, your income is strongly
tied to the price of wheat

e Specifically, you are concerned about falling wheat prices

e Therefore, you would like to take a short position in wheat
futures



Who will take the long position?

e A flour producer would use wheat as an input to
production. Therefore a flour producer might be
concerned about rising wheat prices.

e To hedge this risk, the flour producer would want to take a
long position in wheat futures



The dealers place orders with their pit traders, who
strike a deal.

Farmer Flour Producer

(Short Position) (Long Position)




Once the deal is made, the deal is sent to the
clearinghouse, who will act as the middleman

Clearinghouse
(Long Position/Short Position)

Farmer Flour Producer
(Short Position) (Long Position)




Why is a middleman required?

e Recall that, unlike stocks or bonds, derivatives have
future obligations attached to them. The clearinghouse is
just an efficient way to insure compliance with the terms
of the contract.



Settlement day

LY

e The wheat future requires delivery/purchase of wheat upon
expiration. This, however, rarely (if ever) actually happens.

If the commodity is actually “delivered”, its simply a question of
identifying ownership.

The most common procedure would be a canceling out of the
contract by issuing an identical contract of equal size, but
opposite position at the current spot price.

Upon settlement, the profit would be (F-S) for the farmer, and (S-
F) for the flour producer.

]

)

®



Hedging Interest Rate Risk

e Suppose that you have purchased a 10 year T-Bond with a face value of
$100,000. What risks do you face? How can you hedge that risk?

e You bond price will fall if interest rates rise. Therefore, you would want to take
a short position in an interest rate future.

e What type of future should you sell?




Suppose you hedge with 13 Week T-Bill
Futures

e For every 1% rise in interest rates, you T-Bond drops by
approximately $7,500 in value (10 yr Treasuries have a duration
of approximately 7.5)

e |f you take a short position in T-Bill futures (the standard size is
$1,000,000). For every 1% increase in interest rates, you would
earn $2,500 (90 day T-Bills have a duration of .25). Therefore,
you would need to buy 3 contracts.

e Further, this T-Bill hedge only protects you from interest rate risk —
not yield curve risk.

e Note that your ratio of futures to forwards is 30:1. This is no
coincidence!



D

What should the futures price be?

As a first pass, remember that no one should expect to make profits in the market.
Therefore, the future’s price should equal the expected future spot price; F =E(S’)

However, it is also reasonable to believe that because futures are being used to hedge risk,
the buyers/sellers would be willing to pay a premium for that hedge.

In the wheat example, the farmer should be willing to pay a future price below the future spot
price (F<E(S)) while the flour producer should be willing to pay a price higher that the future
spot price (F>E(S))

Modern portfolio theory assumes that fluctuating commodity prices represent a source of
systematic risk to financial portfolios. Therefore, because futures can alleviate this risk, they
should sell at a discount.




Pricing Futures

e To price a future its important to recognize that there are
several ways to generate a given cash flow. Any two
methods that generate the same cash flow should have
the same cost!



Currency Futures

e Suppose that an October 2005 contract for Euros costs

$1.25 per Euro.
e By going long on this contract, you can buy Euro in one year for
$1.25 apiece. How else can you acquire Euro in one year at a

fixed price with no money up front?
e Borrow money today to buy a Euro denominated asset.



Currency Futures

e Suppose that the interest rate
on ECB bonds is 4%. How
much would an ECB bond with
a face value of 1 Euro cost?




Currency Futures

e If the current exchange rate is
$1.20 per euro, we can figure
out what we need to borrow 1.20%
today to buy the bond. '96E(j =$L15

E




Currency Futures

e If we borrowed this amount at
a 6% annual interest rate,
what would you owe tomorrow

e This gives us the same Euro $1.15(1.06) =§1.22

that we could by in the futures
market for $1.25!



Currency Futures

® The general condition can be s et

written as follows: (4%
F =Futures Price ($/E)

e = Current exchange rate ($/E)

i = US interest rate

i* = Foreign interest rate




Index/Commodity Futures

e Suppose an October S&P 500 index future was selling for
$1,150 (This future allows you to buy one share of the
index).

e Alternatively, suppose that you borrowed money today to buy a

bond that would pay out enough to purchase a share of the
iIndex with certainty next year.



Index/Commodity Futures

® The expected payout to this
bond would be next year’s
iIndex value. To get the bond'’s
price, we discount by an
interest rate that reflects the
bond’s risk (say, the return to
the S&P 500)




Index/Commodity Futures

e Now, because we borrowed
this amount today (at the T-Bill
rate), we will owe our loan
amount plus interest next year.




Index/Commodity Futures

e For example, if the S&P 500
index was expected to sell for
$1,250 next year (the average $1,250(1.04)
return on the index is 10%) ——————=§LI82
and the T-Bill rate was 4%, we
could buy a share of the index
today for $1,182

(1.10)



Index/Commodity Futures

e Again, the general relationship
can be written as follows.

, )

e The more variable market X’ M — F
is, the larger the interest rate (1+1i.)
associated with market X’ and,
hence, the cheaper the future
price will be.




Options vs. Futures

e Recall that a futures contract is an obligation to deliver or
purchase a specific commodity as a predetermined time &
price



Options vs. Futures

Recall that a futures contract is an obligation to deliver or purchase a
specific commodity as a predetermined time & price

An option contract gives the holder the option to buy or sell a specific
commodity at a predetermined time & price

Only the purchaser (long position) of the contract gets the option. The seller
(short position) has to obligation to buy/sell if the option is exercised.

An option, however, does have an up front cost (the price of the option)




“Vanilla® Options

e Any option is defined by four characteristics: commodity,
size, exercise (strike) price, and term.

e A call option gives the holder the option to purchase a
commodity at the strike price

e A put option fives the holder the option to to sell a
commodity at the strike price



Variations on Exercising

e A European option can only be exercised upon expiration

e An American option may be exercised at any time up to the
expiration date of the contract

e A Bermuda (Mid Atlantic) option has several potential exercise
dates over the life of the contract (monthly, quarterly, etc)



Variations on Payout

e Average (Tokyo) option: the payout is equal to the average
commodity price over the contract’s lifetime minus the strike price

e Look back options: The strike price is equal to the minimum
(call)/maximum (put) of the underlying commodity

e Ladder options: Gains are “locked in“ once the commodity hits
predetermined price levels



“Exotic” Options

One example of an “exotic” would be a barrier option.

In addition to a strike price, a barrier option has one (single barrier option) or
two (double barrier option) “trigger” prices.

For knock out options, if a trigger is crossed, the option is voided

For knock in options, the option is activated once the trigger price has been
hit

L1}

down and out”

The direction of the price change also matters: “down and in
, “up and in”, “up and out”




Why use options?




Why use options?

e Hedging: as with futures, options can be used to insure
against many different types of risk

e Speculation: as with futures, an option is basically a bet
as to the direction/magnitude of a commodity price.



A Protective Put

e A protective put involves the purchase of a stock and a
put on that stock in equal quantities

e The combined value of the stock/put will never be lower
than the strike price of the put.

e A protective put is like buying insurance against price
declines.



Protective Put
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e On the right is the payout to buying a put with a strike
price of $30.




Protective Put
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e Combine the put with a share of the underlying
stock.



Covered Call

e A covered call involves buying a stock and selling a call in
equal proportions.

e The combination of the call/stock will never rise above the
strike price of the call.

e This strategy might be used to collect income of a rising
stock price without paying capital gains taxes



Covered Call
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e On the right is a the payout from selling a call with a
strike price of $30.




Covered Call

40
30
20
10

0 rerrerrrerrreerrerrrerrerrrerrrrerrrrrrrerr e

NS S R DS

e Combine the call with the stock



Straddle

e A straddle involves buying a put and a call on a stock
(with equal strike prices) in equal proportions

e A straddle benefits from both price increases and
decreases, but might be quite costly

e Strips and straps involve different proportions of puts/calls



Straddle
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e On the right is a the payout from buying a call with a
strike price of $30. On the Left is the payout from buying
a put with the same strike price.




Straddle
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e Combine the two to get a straddle. Note that a straddle
benefits from both price increases and decreases, but is
quite expensive.




Collar

e A collar involves the simultaneous purchase of a call and sale of a
call at different strike prices

e The combined value of the two calls will be bounded above and
below. Further, the cost of the purchased call is offset by the
revenues from the written call

e A swap is essentially a collar with a zero spread
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e On the right is a the payout from buying a call with a
strike price of $30. On the Left is the payout from selling
a call with a strike price of $35.




Straddle
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e The collaris very cheap because you use the proceeds
from the sale of one derivative to buy the other.




Put/Call Parity

Recall the protective put constructed earlier (1 stock, 1 put)

This payout can be replicated by purchasing a call option and a Treasury in
equal proportions

Because these two portfolios have the same payout, they must have equal
cost. This defines a relationship between call prices and put prices

The put/call parity condition is written as
C+X(1+)A"T=S+P




Option Pricing

e There is no guarantee that an option will actually be exercised. This greatly
complicates the pricing of these contracts.

e Conceptually, we know call option prices should have the following
characteristics:
e Positively related to the commodity price
e Negatively related to the strike price
e Positively related to the variance of the underlying commodity
e Positively related to the term
e Negatively related to the real interest rate




Binomial Pricing

e Binomial pricing involves constructing a lattice for possible
movements of the underlying asset'’s price.

e At each point on the tree, it is possible to replicate the
return from a call option with a combination of stock and a
bond.

e |f two assets have the same returns, they should have the
same price!



Example

e Suppose a share of stock is currently selling for $20. It
has an equal chance of increasing to $25 or falling to $15
tomorrow.

e There is a risk free bond selling for $1 today. If the
interest rate is 6%, the bond will be worth $1.06 tomorrow.

e Consider a call option with a strike price of $20.



Example

e There are two states of the
world tomorrow:

State 1: State 2
S=%25 S=%15
C=%5 C=%0
B=%1.06 B=9%1.06

Suppose we buy X shares of
the stock today and Y shares
of the bond. What is our
payout tomorrow?

We need to choose a
combination of X and Y to
replicate the call payout

State 1: $25X + $1.06Y
State 2: $15X + $1.06Y

$25X + $1.06Y = $5
$15X + $1.06Y = $0

Solving for X and Y, we get
X =.5(1/2 Share of Stock)
Y =-7.08 (Borrow $7.08)

The Cost of .5 Shares today (net
of borrowing $7.08) is

5($20) - $7.08 = $2.92
This is the value of the call!!




Black/Scholes (1973)

e The key bit of logic behind the Black/Scholes option pricing framework is that
it is always possible to construct a portfolio of call options and the underlying
commodity in such a way as to eliminate all risk

e Recall that a risk free portfolio should pay the risk free rate of return to
eliminate any potential arbitrage opportunities. This no arbitrage condition
results in a relationship between the call price and the underlying
fundamentals

e The biggest limitation to the Black/Scholes framework is that it can only be
used to price European options




Black/Scholes (1973)

The Model:

C =SN(dy)- Kel™(d,)
(2= Theoretical call premium
== Current Stock price
t=time until option expiration

E =option striking price

= BEpC

In(3/E)+|r+

s+t
I:l:j = |::11 _ E:'-'.,III'E
s = standard dewviation of stocl returns

In = natural loganthm




Pricing American Options

The problem with pricing American options is that they are “path dependant”

For example, suppose that a call option on IBM stock is purchased with a strike
price of $85. The current Price of IBM stock is $85. What will that option be worth in

a month?

IBM stock traded at a constant $85 for the entire month and then jumped to $90. In
this case, the option would be worth around $5.

However, if IBM stock rose to $150 and then dropped to $90, the option would
probably have already been exercised.

Therefore, its not just the stock price that matters. It also matters how it got there.




Swaps

A swap is simply a contract in which one payment stream is traded
(swapped) for another

The most common swap is a variable/fixed rate interest swap in which

interest rate payments on a variable rate loan are traded for interest rate
payments on a fixed rate loan

e Swaps can also be created for currencies, commodities, stocks, etc.
e Recall, that a swap is basically a zero spread collar. Therefore, the same

principles used for pricing options are used for pricing swaps.




Other option combinations

e The underlying commodities themselves can be derivative
securities.

e You can buy options on futures (i.e., the option to enter into a
futures contract)

e Options on swaps are known as swaptions
e Options on options are known as compound options
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Securitization
Insurance-linked Securities
Insurance-linked Derivatives
Catastrophe Bonds

Etc.
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