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Result from the Market: Smile Effect
In the Black-Scholes/Merton Model

EUR/USD Smile 14 Feb 2004
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What are Smile and Skew ?

On the axes: USD/JPY implied volatilities
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Volatility Smile for Vanilla Options — Model History

EBlack-Scholes: geometric Browniardaz (rd —I; )Stdt+OStdW

motion: O constant

PIBlack-Scholes with time-dependent O'IO'(t)

parameters
EiDeterministic (local-vol) Model O'ZO'(S[,t)
E3Stochastic Volatility O  Stochastic Process

Z3Uniform Volatility Model (UVM) “Universal Barriers”. Risk

May 2002, Alexander Lipton

& William McGhee .
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Is the Smile for Vanilla Options deterministic?

Instantaneous Volatility for the Spot price process
depends on:
* Time to maturity

* Spot

and is completely determined by today’s smile

14.5

Implied Volatility smile USD/JPY
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Real Time Volatility Smile Surfaces on Reuters
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Implied Volatility in the Options Market

EUR/GBP | Spot Rate Option Volatility 25 Delta Risk Reversal 25 Delta Strangle
Date: 1 Week 1 Month 3 Month 6 Month 1Year 2 Years|1Month 3 Month 1Year |1Month 3Month 1 Year
01. Apr 05 0,6864 4,69 4,83 5,42 5,79 6,02 6,09 0,18 0,23 0,30 0,15 0,16 0,16
04. Apr 05 0,6851 4,51 4,88 5,34 5,72 5,99 6,07 0,15 0,20 0,29 0,15 0,16 0,16
05. Apr 05 0,6840 4,66 4,95 5,34 5,70 5,97 6,03 0,11 0,19 0,28 0,15 0,16 0,16
06. Apr 05 0,6847 4,65 4,91 5,39 5,79 6,05 6,12 0,08 0,19 0,28 0,15 0,16 0,16
07. Apr 05 0,6875 4,78 4,97 5,39 5,79 6,01 6,10 0,13 0,19 0,28 0,15 0,16 0,16
08. Apr 05 0,6858 4,76 5,00 5,41 5,78 6,00 6,09 0,13 0,19 0,28 0,15 0,16 0,16
11. Apr 05 0,6855 4,69 512 5,44 577 6,03 6,12 0,12 0,19 0,28 0,15 0,16 0,16
12. Apr 05 0,6832 4,75 5,15 5,48 5,79 6,02 6,11 0,12 0,18 0,28 0,15 0,16 0,16
13. Apr 05 0,6814 4,70 5,21 5,52 5,83 6,09 6,15 NA 0,18 0,28 0,15 0,16 0,16
14. Apr 05 0,6808 4,71 5,16 5,59 5,84 6,10 6,13 0,11 0,18 0,28 0,15 0,16 0,16
15. Apr 05 0,6816 4,78 5,07 5,48 577 6,00 6,09 0,09 0,17 0,28 0,15 0,16 0,16
18. Apr 05 0,6833 4,98 5,30 5,66 5,96 6,19 6,20 0,12 0,19 0,28 0,15 0,16 0,16
19. Apr 05 0,6805 5,25 5,43 5,78 6,08 6,29 6,29 0,12 0,20 0,29 0,15 0,16 0,16
20. Apr 05 0,6815 5,37 5,54 5,88 6,14 6,34 6,32 0,10 0,20 0,29 0,15 0,16 0,16
21. Apr 05 0,6841 5,30 5,50 5,87 6,11 6,31 6,31 0,08 0,20 0,29 0,15 0,16 0,16
22. Apr 05 0,6826 4,86 5,36 5,71 5,98 6,18 6,20 0,08 0,20 0,29 0,15 0,16 0,16
25. Apr 05 0,6791 4,92 5,47 5,73 6,01 6,20 6,26 0,10 0,18 0,29 0,15 0,16 0,16
26. Apr 05 0,6808 4,50 5,32 5,62 5,94 6,12 6,20 0,06 0,17 0,28 0,14 0,15 0,16
27. Apr 05 0,6797 4,73 5,33 5,65 5,95 6,14 6,22 0,05 0,16 0,27 0,14 0,15 0,16
28. Apr 05 0,6766 512 5,41 5,65 5,99 6,18 6,23 0,04 0,13 0,24 0,15 0,16 0,16
29. Apr 05 0,6766 5,28 5,40 5,70 6,01 6,19 6,25 0,05 0,13 0,25 0,15 0,16 0,16

Source: BBA (British Bankers’ Association) http://www.bba.or
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Butterfly and Risk Reversal

Risk Reversal: long call + short put

/ \ Butterfly consists of 4 Vanilla Options

OTM put - ATM put - ATM call + OTM call

— BF = %(OTMcallvol + OTMputvol) - ATMvol
08=%( 98 + 102 )- 9.2
- RR = OTMcallvol - OTMputvol
04= 98 - 102
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Smile curve for a fixed N

expiration time

Butterfly and Risk Reversal

put delta
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First Generation Exotics

B Digitals, Barriers, Touches B Others
— KO, Kl, RKO, RKI, DKO, DKI — Lookback
— OT, NT, DOT, DNT — Power
— Digitals, EKO, KIKO, TA — Chooser
— Quanto

B Compound and Instalments

B Asian
— Fixed Strike and Floating Strike
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Barrier Options Terminology

A

Payoff at
maturity

Call

Regular k.o.
(out-of-the-money)

Knock-out
barrier

Reverse k.o.

Strike

PBarrier levels are valid at all times
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Hedging Barrier Options
ZVanilla delta is between 0 and 100%
=3So if we sell a EUR call USD put with delta 40% we need to
=buy 40% EUR of the notional

vanilla vanilla
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Hedging Barrier Options
ZWanilla delta is between 0 and 100%
=How about barrier option deltas?

=INo problem for regular barriers:

barrier barrier
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Hedging Barrier Options
ZWanilla delta is between 0 and 100%
=How about reverse barrier option deltas?

= They can become arbitrarily large !

barrier

barrier

time to expiration (days)
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How large barrier contracts affect the market

mExample: reverse down-and-out put in EUR/USD with
strike 1.3000 and barrier 1.2500.

=An investment bank delta-hedging a short position with
nominal 10 Million has to buy 10 Million times delta EUR.
=As the spot goes down to the barrier, delta becomes
larger and larger requiring the hedging institution to buy
more and more EUR.

= This can influence the market since steadily asking for
EUR slows down the spot movement towards the barrier
and can in extreme cases prevent the spot from crossing
the barrier.

=0Once the barrier is breached, the bank has

the delta hedge, sell lots of EUR -> rate goes do A
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barrier value function
0.06 Unwind
Hedge =
Buy lot
004 e Sell lots of ofI):_IUORS
EUR
0.02
Sell even
more EUR
0.00 A
ﬂ N § &8 R & R
_002 A N A A - A \w
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Hedging Barrier Options
=Which volatility should one take to price barrier options?
=30r: is there a smile for barrier options?

ZSAnswer: not so easy as vol->price is not monotone!

= Thus: Given the price vanillavs:batie opion values depending on
=ithe volatility is not unique 0025

=0pen question: P

=Pricing of barrier options 2 ::: N
ZSAnswer: 0005

=ook at hedge cost! e E s s e E

volatility
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Hedging Barrier Options
=E.g. a regular knock-out call with a risk reversal (RR)
=Price of the RR is an indication for the price of the knock-out

=And vanilla smile yields price of the RR

Strike of put barrier

| |

[ [ Spot at
maturity

Current spot  Strike of call

<A
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Hedging Barrier Options
ZINo KO: Perfect static hedge

=KO: ideally: unwind cost of RR = 0. Unfortunately not realistic

=Determine expected unwind cost from experience (e.g. time
series analysis / regression of log-returns)

=Add these to the overhedge

Strike of put barrier

| |

[ [ Spot at
maturity

Current spot  Strike of call

<A
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Pricing RKO Barrier Options

=ICompute theoretical value (TV)

=Adjust value based on hedge cost (volatility management)

=Add supplement for delta hedging difficulty

= The latter is approximately the same as: Instead of RKO with
barrier B price an RKO with barrier B(1+a), a=1% or a=0.5%

depending on risk appetite, details in Dealing with Dangerous
Digitals in Foreign Exchange Risk

ZDiscussion of static approaches
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Moving towards structuring: Exercise 1

Replicate a double-no-touch using a portfolio of double-knock-out options.

The nominal amounts of the respective double-knock-out options depend
on the currency in which the payoff is settled.

In case of a EUR-USD double-no-touch paying 1 USD (domestic currency),
determine the nominal amounts of the required double-knock-out calls and puts

How do you replicate a
double-no-touch paying one unit of EUR (foreign currency)?
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Moving towards structuring: Exercise 2

Replicate a digital call using vanillas.

How does it work?
What are the problems?
What does this imply for the market price of digitals?

Can we use the same smile volatility for digitals as for vanillas if the strike is the
same?

<A
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Moving towards structuring: Exercise 3

Replicate European style barriers using digitals and vanillas.

Replicate a KIKO (knock-in-knock-out) with barrier options.

In a KIKO one barrier is a knock-out barrier, the other one a knock-in
barrier. Any special concerns?

Replicate a Transatlantic barrier option with vanilla and barrier options.
One barrier is of American, the other barrier of European style.
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Moving towards structuring: Exercise 4

Replicate reverse knock-out barriers using a portfolio of OT, NT, DOT, DNT,
KO, KI, Digitals, Vanillas. You are not allowed to use a RKI.
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Problem: a tolerant Double No-Touch Option

A B Spot now C D Spot at maturity

EGiven four barriers A, B, C, D

=tolerant double no-touch knocks out after the second
barrier is touched or crossed

EYHow to replicate it using barrier and/or touch
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Accumulators

Consider Fixing Schedule Sl, SZ yruny SN

N = all Fixings

n = Fixings inside corridor Accumulative Forward
1.53

1.51

Knock-Out
Single Accumulation Region

1.49

Spot

1.41

—— spot
e fixing dates

—— lower range

—— knock-out barrier

1.39

1.37

Double Accumulation Region
1.35
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Accumulator: Pricing/Hedging

=Start with Black-Scholes TV. Compose approximate hedge using first
generation exotics, whose overhedge is known

"E.G. EUR/USD spot 0.9800 of September 24 2002. T=15 months.
The client buys a total of 28 million EUR at an improved rate of
0.9150

*For each EUR/USD fixing between 0.9150 and 1.0500 the client
accumulates
28 million EUR divided by the number of fixing days.

*For each EUR/USD fixing below 0.9150 the client

accumulates twice this daily amount,

such that in the extreme case of all fixing below 0.9150 the total
amount accumulated would be 56 million EUR.

=If the non-resurrecting knock out level of 1.0500 is ever
traded, then the accumulation stops,
but the client keeps 100% of the accumulated amount.

=TV: client receives 400,000 EUR
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Accumulator: Pricing/Hedging — Overhedge Computation

=For the 0.9150 EUR calls
RKO at 1.0500 we determine the overhedge as the average of the
maturities 6 to 15 months

=\We do the same for the 0.9150
EUR puts knock out at 1.0500

Tenor Basis Points (in EUR) Basis Points (in EUR)
RKO calls KO puts

6 months +25 -5

9 months +40 -10

12 months +40 -20

15 months +40 -20

average +36 -12

=On 28 million EUR 36 basis points (bps) are 101,000 EUR,
which is the overhedge for buying the RKO calls
in the hedge

=Similarly on 56 million EUR 12 bps are 68,000 EUR,
which is the overhedge for selling the
KO puts. Both are priced at mid market, so fairly aggressive.
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Accumulator: Pricing/Hedging — Overhedge Computation

=cost of knock out: If the knock out level of 1.0500 is reached, the
client has the right to buy the accumulated EUR amount

at 0.9150 (with the pre-determined value date), even

though the spot is then at 1.0500.

=For the bank selling the accumulative forward this is substantial risk,
which can be hedged by buying a 1.0500 one-touch with 15 months
maturity.

=The only thing is the

notional of this one-touch has to be approximated.
First of all the amount at risk, called the

parity risk is

1.0500 - 0.9150 = 0.1350 USD per EUR =12.86 % EUR.

"We approximate the time it takes to reach the parity level
of 0.9150 by 7 months and take from the
market that the price of a 7 month 0.9150 one-touch is 40% .
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Accumulator: Pricing/Hedging — Overhedge Computation

=So say 40% chance below 0.9150,
accumulating 22.23 million EUR

*60% chance above 0.9150, accumulating 16.8 million EUR

*The sum of these two amounts may be the total
of 39.03 million EUR accumulated.

*The 15 months 1.0500 one-touch would cost 53.5%
=parity risk amount equals 39.03 million * 53.5% * 12.86% = 2.7 million EUR

*The one-touch overhedge would be 2.7 million * 3% (mid market) = 81,000
EUR

=t0 hedge the vega of 206,000 EUR,
we take the bid-offer spread of the price in volatilities and
arrive at 206,000 * 0.15 vols (bid-offer) = 31,000 EUR.

=—>total overhedge = 101,000 + 68,000 + 81,000 + 31,000 = 281,000 EUR
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Stochastic Volatility

Why stochastic volatility?
Because volatility is stochastic!
E.g.: USD/JPY 1M ATM impl. Vol 1994-2000

Hull/White (1987)
Stein/Stein (1991) 40
Heston (1993) 35 -
Schdbel/Zhu (1998) . |
4
Hagan (2000) =25 -
oy
= 20
whd
S 15 -
@)
> 10 -
5 _
0
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Heston‘s Model

O Instantaneous volatility dS[: (rd . rf )Stdt‘I'OStdWl

JC Mean reversion speed

Long-term instantaneous variance B
g Volatility of variance (vol of vol) O = \/\7
2
dV; = K(Q—Vt)dt+§\/\7tdv\4

dW'dW? = pdt

O Correlation

<A
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Heston‘s Model

Call value H (t, S | O_)

Satisfies the PDE

1

H+(r, —r.)SH, +=S°c*H.. -1, H

+2EVHy + BV +K(O-V) - AVIH, =0

Market price of volatility risk, can be set to zero i

the calibration
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Advantages of Heston‘s Model

Volatility Smile in Heston's Model
P3Can be implemented
. 13.0%
EACovers wide product range \ /.
PAExplains market prices 12.5%
=
E; 12.0% - —— Hestonwols
S
11.5%
11.0%
‘30\0 \Qg\o q(:g\e rgg\o QDQo\c> rbog\o (f:g\e \(rg\e 630\0
delta
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Case Study: One-touch with Heston vs Vanna-Volga

Pays a fixed amount of a pre-specified currency (EUR or USD), if
EUR/USD touches or crosses a barrier at any time up to expiration

Price is between 0% and 100% of the notional
The closer the spot to the barrier, the higher the price of the one-touch
Notional is paid at maturity (standard) or at first hitting time

Price is often far from theoretical value, why?

Cost of risk managing the volatility exposure

© Uwe Wystup on Vanna-Volga Pricing page 40




One-touch

B Price is often far from theoretical value (7V) , why?

B Cost of risk managing the volatility exposure ( )
B Examples with lower and upper barrier
lower barrier upper barrier
1% 5%
/\ 4%
0% T T T T 3% |
L 0k 20% 40% 60% 80% 100% | & 2% -
> D 1% -
== T o
G) q) 0/0 T T T T
= 3 1%k 20%"  40%  60% 80% -~ 100%
'2%’ _2% |
-3% -
-3% -4%
TV TV

Market data: EUR/USD 17 July 2002 1.0045 EUR 3.33% USD 1.76%, 3 M ATM vol 11.85%, RR 1.25%, BF 0.
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How does vanna-volga work ?

mIMarket price of an exotic Option

= =TV

= + pevanna of the Option « OH RR /vanna RR
= + pevolga of the Option « OH BF / volga BF

PIRR: Risk Reversal

=BF: Butterfly

=p:  Probability that the hedge is needed

ZIOH: overhedge = market price — Black-Scholes TV
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Volatility Risk for Options

Goal: Compute the cost of vega management
Vanna = change of vega when spot changes

— compute the cost of vanna

Volga = change of vega when volatility changes

— compute the cost of volga

Overhedge to Black-Scholes TV = total cost of vanna and volga

<A
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time to expiration
(days)
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Vanna-Volga Literature
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Exchange Markets.
Derivatives Week Vol. Xll, no. 13, London.
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Risk, Jan 2007, pp. 106-111.

= Patent file of SuperDerivatives (google!)
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How does vanna-volga work ?

= Example: USD/JPY l1-year one-touch at barrier 127.00 with
Nominal in USD

= Market data: spot 117.00, Volatility 8.80%, USD rate 2.10%,
JPY rate 0.10%, 25Delta RR -0.45%, 25 Delta BF 0.37%

= TV: 38.2%
= Vanna: -9.0
= Volga: -1.0

<A
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How does market-oriented valuation work ?

Market price of an exotic Option mExample USD/JPY one-touch

+ p «vanna of the Option « OH RR /vanna RR +p e [-9.0¢(-0.15%) / 4.5]

+ p e volga of the Option « OH BF / volga BF =
B +pe[-1.020.27%/0.035]
=
=

=38.2% + p [ 0.3% - 7.7%]

=38.2% -p * 7.4%
B Hitting probability: 38.2%

= Hedge is not needed with 38.2% probability
= Thus, p = 100% - 38.2% = 61.8%

=3 Total overhedge: 61.8% ¢ -7.4% = -4.6%

= Market price: 38.2% - 4.6% = 33.6%

= Bid/Ask: 32% / 35%

PHedge of a long position: sell 2 RR and 28 BF
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Heston vs. Market for the One-Touch

Price supplement for 6m USD/JPY one-touch options

4% -
3% -
2%
1%
0%
— 1%0% 10% 20%W%30% 40% 50% 60% 70% 80% 9@%400%
=%
-3% -
4% -
5% A

—e—Heston

—a— Market

lement

TV
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Is Vanna Volga Pricing consistent with the Smile?

Vanna-Volga-Pricing Implied Volatilities

17.0% +
16.5% -

16.0% AN
—impl vol
15.0% / np
\ / ® given vl
14.5%
14.0% \ /

13.5% - \_/./

volatility

13.0%
%‘bo\o q‘g\o qb?\o <b°3°\° /\Qo\o 03'\0\0 rb‘l?\o (\0\0 A g Qe

1m call delta
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Is Vanna Volga Pricing consistent with the Smile?

Vanna-Volga-Pricing Implied Volatilities

15.0% -
>
= ——impl vol
-+ 0, il
c—g 14.0% ® given ol
>

13.5% -

13.0%

i (ﬁ\o S c§\° & \o\o " rbo\o &8 o§\° & \o\c b‘Qo\o S Qo\o q>°\° \(g\o ,\QQ\Q

ly
call delta
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Is Vanna Volga Pricing consistent with the Smile?

Vanna-Volga-Pricing Implied Volatilities

13.8% -
13.6% -
13.4% -
13.2% -
13.0% /

12.8% ~

126% +—++++ 7T T T T T

—impl ol

® given ol

volatility

093\0 S %0\0 2 \o\o X (g\e 8 n§\° & \Q\c §\° S QQ\Q q:\o\o 'g\o '\QQ\Q

ly
call delta
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What to take for p?

Product P

KO, RKO, DKO No-Touch probability

DNT 0,5

oT 0,9*No-Touch- probability —
0,5*bid-ask-spread*(TV-
33%)/66%
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First Generation Exotics
Product Valuation via
Kl, RKI Vanilla — KO, Vanilla - RKO
RKO KO, digital options
DOT 1-DNT
NT 1-0T
European barrier options Vanilla and digital options
Digital options Vanilla Spread
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Example: Reverse Knock Out EUR call USD put

Smile

E3T=182 days
PIStrike 1.5000 1

PIAMT=10kEUR 10.5
10 \

E3Spot 1.5500
P 95 AN

Z3Feb 28 2008 '

BS Implied Vol

PIUSD=2.99%
PIEUR=4.43% 8.5
PIATMFWD=8.64%

10 15 25 35 50 65 75 85 90
FWD Delta Call

<A
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Example: Reverse Knock Out EUR call USD put

Pricing Analysis

80 -

60

40 /\\
" /\\ o

()
[}
©
()
=
o -40 -
>
o
-60 -
-80 Vanna-Volg Overhedge \\\
-100 = Delta Overhedge
— Total Overhedge \
-120 ~
-140
o Hh 24N W O 0 =~ 2 2 NDNDNNDN O W w > > D> D
N W © =~ N =~ 00 0 N O © W o O© N b N ©
N O O W o oo N OO A~ O NdDN
RKO TV

=E.g. Barrier 1.6500, TV 215, OH(vv) 16
=Mid Market 231, OH(delta) 28
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Basket Call: Case Study

=Scenario: USD, GBP and JPY to be changed into EUR

=Market volatilities (from Reuters) are

Market data

10.40 GB
10.10 EU

2-Jul-04

volatilities FX pair
9.00 GBP/USD
9.90 USD/JPY

PIJPY
RIUSD

7.40 EU
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Basket Call: Case Study
=Scenario: USD, GBP and JPY to be changed into EUR

=Maturity: 3 months

=3k X volatilities imply the correlations

correlation spot 1.2150 0.6690 132.50

GBP/USD USD/JPY GBP/JPY EUR/USD EUR/GBP EUR/JPY
1.00 -0.40 0.49 0.71 -0.25 0.31
-0.40 1.00 0.61 -0.47 -0.16 0.50
0.49 0.61 1.00 0.16 -0.37 0.74
0.71 -0.47 0.16 1.00 0.51 0.53
-0.25 -0.16 -0.37 0.51

0.31 0.50 0.74 0.53
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Basket Call: Case Study
=Scenario: USD, GBP and JPY to be changed into EUR

=iComparing a basket put with 3 single vanilla puts

Base Currency EUR Basket Put EUR call rate 2.12%
notional 10,000,000.00

currencies USD JPY GBP
weights 33.33% 33.33% 33.33%
Spot 1.2150 132.50 0.6690
1/Spot 0.8230 0.0075 1.4948
Strikes in EUR 1.2195 133.33 0.6667
volatilities in % 10.10 10.30 7.40
interest rates in % 1.61 -0.04 4.86

sum
Vanilla Prices EUR 178,000.00  60,000.00  50,000.00 68,000.00

Basket Price EUR 140,000.00 ]
Sawe EUR 38,000.00
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Premium Saved

Basket Call

Basket option vs. two vanilla options

Two vanilla calls
Basket call

Premium saved

3888 8 R

anjea

g 8

%04
%09
%05
%0F
%0
%02
%01
%0
%01~
%02
%0e-
%0F-
%05~
%09~
%04-
%08-
%06"

correlation
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Basket Options

EXTV: use approximations as in ,Making the Best out of Multi

Currency Exposure: Protection with Basket Options” in The Euromoney
Foreign Exchange and Treasury Management Handbook 2002, J. Hakala and
U. Wystup.

=Market price (quick): quote 10 basis points wider

=IiMarket price (more precise): compare with a portfolio of
vanillas with strikes chosen such that the basket is
approximated as good as possible. From these vanillas
derive a) the overhedge and b) a hedge. Details on Formula
Catalogue of http://www.mathfinance.com under basket
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Model for a Multi-Currency Market

=IN-dimensional geometric
Brownian motion

=(1) GBP/USD C St(i): H St(i)dt+ GiSt(i)dWi
=Y(2) USD/JPY cV\{ide = p,dt
=y(3) GBP/JPY i—1..N

=W : standard Brownian motion
= ¢4 Drift (from rates)

= o Volatilities

= 0 Correlations
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For Option Valuation we need

Hinterest rates

- \ﬂMoney market
=Wolatilities

ZWVanilla FX Options market

TE|77?

=Correlation coefficients

=iCorrelation is not quoted, not traded, not observable

BSolution: Use the dependence of FX spots

<A
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Triangular Relationship
=(1) GBP/USD

=(2) USD/JPY

=y(3) GBP/JPY
D) () _ @)
St 'St _St

= varlog S™+varlog S\? +
2cov(logS™¥,logS!?) = varlog S

2 2 2
= o, +0, +20,0,p,, =03

2 2 2
O; —0; — 0,

— P1p =
20,0,
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Triangular Relationship: Geometric Interpretation

£ #i(1) GBP/USD
#1(2) USDIJPY
O3
o #(3) GBP/JPY
4 |
$ o, Vv

St(l)' St(Z) _ St(3)

— p,, = COS ¢12 Law of Cosine

0-12+O-22_2(710-2005¢12:(732 A
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Extensions

=What is the correlation between USD/JPY and
GBP/EUR?

ZDoes the law of cosine work in higher dimensions like
in a tetrahedron?

EWhat else do we need?

ZDoes the method extend to equity options?

<A
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FX Market in a Tetrahedron

=(1) GBP/USD

=We need 15 correlation =y(2) USD/JPY
coefficients

=y(3) GBP/JPY
2¥12=3*4 from triangular markets

=(4) EUR/USD
=The remaining 3 are

=y(5) EUR/GBP

=y(6) EUR/JPY

P161 P251 P34

<A
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FX Market in a Tetrahedron

ZExample Py

St(4)° St(Z) _ St(G)

= cov(logS{?,log S*) = cov(log S{?,log S*) — cov(log S ¥, log S?)

— 0304034 = 0304035 = 030,093
1 1
==(0?+02-0?)-2(c?+07 -7
2 2

1
=E(af +ol-c?-0?)

2 2 2 2

= P3y =
20,0,
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Correlation Risk of Multi-Currency Options

ICorrelation coefficients in FX Markets can be inferred from
cross instruments

=Correlation risk can be transferred into vega positions

=... and hence be hedged with vanilla options

2 2 2

P12 = 5
0,0,

2 2 2

Pzs = 20,
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Hedging Correlation Risk with Vanilla Options

ZValue of a rainbow option: R(o, p)

ZINow we know:
EWrite the value as:
=Plain Vega:

=Adjusted Vega:
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H(o)=R(o, p(0))
®

0o,

5 6 op.
oH _8R+Z Z OR Opj
oo O; j=1 k= j+la/0jk 00,
a,034_ 0,

0o, 0,0,




Extensions

=What is the correlation between USD/JPY and
GBP/EUR? Done ! ©

ZDoes the law of cosine work in higher dimensions like
in a tetrahedron? No doubt! ©

m\What else do we need? Nothing ©

ZDoes the method extend to equity options? Rather
not ® Use correlation swaps for hedging

<A
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How to get the Smile into the Basket?

B Weighted Monte Carlo

B Works well for baskets up
to 10 constituents

Weighted Monte Carlo

0.2500

0.2400 1 <

0.2300 | X 3

B Reference: Avellaneda,
Buff, Friedman,
Grandchamp, Kruk,
Newman: Weighted Monte
Carlo: A new technique for
calibrating asset-pricing
mOde|S 0.1800 - ‘

0.1700

B Alternative: Optlmal Strike 50 55 60 65 70 75 80
Decomposition strikes

0.2200 -

0.2100 -

0.2000 - ‘

0.1900 -

implied vols
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