Overview

Hedging the. ..

Impact on the Spot. ..
Cut-Off Time and. ..
Delta-Hedging a. . .

Contact Information

Page 1 of 40
Go Back

Full Screen

The Impact of FX Options on the
Spot Market and the Cost of Delayed
Currency Fixing Announcements

Uwe Wystup
MathFinance AG

mailto:uwe.wystup@mathfinance.com

March 15, 2006


http://www.mathfinance.de/
mailto:uwe.wystup@mathfinance.com

b

Abstract

In Foreign Exchange Markets vanilla and barrier options are traded
frequently. In this presentation we discuss how large barrier con-
tracts traded in the OTC market can influence and explain some of
the jump-like behavior in the spot market. We furthermore show
impactionitiic Spot: how clients insisting on official spot fixing sources give traders of
Cut-Off Time and. ... barrier options a tough time hedging these options. The market
Delta-Hedging a. . . standard is a cutoff time of 10:00 a.m. in New York for the strike
Contact Information of vanillas and a knock-out event based on a continuously observed
barrier in the inter bank market. However, many clients, particu-
larly from Italy, prefer the cutoff and knock-out event to be based on
mathfinance.com the fixing published by the European Central Bank on the Reuters
Page ECB37. These barrier options are called discretely monitored
barrier options. While these options can be priced in several mod-
els by various techniques, the ECB source of the fixing causes two
problems. First of all, it is not tradable, and secondly it is published
with a delay of about 10 - 20 minutes. We examine here the effect
of these problems on the hedge of those options and consequently
Page 2 of 40 suggest a cost based on the additional uncertainty encountered.
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2. Hedging the Reverse Knock-
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2.1. Option Payoff
F(Sr) 2 max(0, Sy — K)
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2.2. Option Value

The value is

v(S,t) = e "I IE[F(Sr)] £ e E[max(0, Sy — K)]
= ... Black-Scholes formula
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2.3. Delta Hedging the Short Option

The delta is the slope of the value function
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2.4. Reverse Knock-Out (RKO) Call

is an option with a barrier in the money paying off
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2.5. Reverse Knock-Out Call Value
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3.1. How Large Barrier Contracts Affect the Mar-
ket — Example

EUR/USD RKO call strike 1.2000 and barrier 1.3000
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e EUR/USD RKO call strike 1.2000 and barrier
1.3000.

e An investment bank delta-hedging a short position
with nominal 10 Million EUR has to buy 10 Million
times delta EUR. As the spot goes up to the bar-
rier, delta becomes smaller requiring the hedging
institution to sell more and more EUR.

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

e Once the barrier is breached, the bank has to un-
wind the delta hedge, buy lots of EUR =- rate goes
up fast
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3.2. Historic Examples

Barrier options crisis in the 90s.

exchange rate

1.90

USD/DEM 1990-1997

1.80 1

1.70 1

1.60 -

1.50 1

1.40 1

March 29 1995
10:30am 1.3800

n l‘l

1.30

low 1.3870 Sept 2 1992 1pm

alltime low 1,3500 April 19 1995 9:30am

02.01.90

02.07.90
02.01.91

02.07.91

02.01.92

02.07.92 -
02.01.93 -
02.07.93 -
02.01.94 -
02.07 .94 -

date

02.01.95 4
02.07.95

02.01.96 -
02.07.96 -
02.01.97 A
02.07.97 -

source: Bundesbank
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15:25 Z1FEEQS  EUROPEAN CENTRAL EAME, FRANEFURT =M. GEGEA0E ECES7
FIR0 FOREICH EXCHANGE REFERENCE BATES  as of 2L.Feb.0S
Delta-Hedging a. . . Cur. 3pot Cur. Spot Cur. Spot
: usD 1.3055 CZR 79,922 TEY  1.7062
Comme: e I 13T.76 EER  15.6466 AT 1.6558
DKE  7.4440 HIF  243.65 CaD 1.6073
GEP  0.68910 LTL 3.4528 HED 10,1825
: SER 9.1200 L¥L 0. 6961 NZD 1.7979
AT GeIFR CHF  1.5447 HTL 0. 4309 50D 21379
5K 79,90 PLI 39877 KEW  1335.79
Title Page NOE  B.2855 ROL 36034 ZAR  7.7531
BOH  1.9559 BIT 230.75
cyp 0. 5830 SRR 38,054

wll currencies quoted against the EUR (basze currency).

For details on the reference rates, please see the ECE press release of
28 September 2000 on the ECE web site: wmw.ech.int

Mile the reference rates are based on sources which the ECE considers to
he reliahle, the ECE shall not hawe any liahility for any losses incurred
in connection with any decision made or action or inaction taken by any
party in reliance upon the reference rates.
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5.3. Analysis Procedure
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5.3.1. Estimates
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5.4. Error Estimation

L.

introduce a bid/offer-spread § for the spot, which
is of the size of 2 pips in the inter bank market.

. evaluate the payoffs for barrier options for each path

and run the simulations with the appropriate delta
hedge quantities to hold.

. compute for each path the error encountered due

the fixing being different from the spot.

. average over all paths.

. do this for various currency pairs, parameter scenar-

i0s, varying the rates, volatilities, maturities, barri-
ers and strikes.

. We expect a significant impact particularly for re-

verse knock-out barrier options due to the jump of
the payoff and hence the large delta hedge quantity.
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Let A(S;) be the theoretical delta (negative near B).
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e approximation by Per Horfelt in [6]

. .
e Assume the value of the spot is observed at times

il/n,i=0,...,n

5.5.3. Calculating the Delta-Hedge Quantity

Delta-Hedging a. . .

e define

mathfinance.com

Title Page

Page 27 of 40
Go Back
Full Screen
Close

Quit



http://www.mathfinance.de/

5.5.3. Calculating the Delta-Hedge Quantity

Overview e approximation by Per Horfelt in [6]
:-rln;lfctgothMeSpot e Assume the value of the spot is observed at times
Cut-Off Time and. .. ZT/TL, Z — 0, o0 o ,n
Delta-Hedging a. . .
Contact Information [ ] deﬁne
0, A rd—rf:I:02/2\/T
o
c é 1H(K/S())
ovVT
Page 27 of 40 O'\/T
B 2 —¢(1/2)//(2r) ~ 0.5826

Full Screen



http://www.mathfinance.de/

5.5.3. Calculating the Delta-Hedge Quantity

A
Overview |
Hedging the .. |
Impact on the Spot... |
Cut-Off Time and... |

St e approximation by Per Horfelt in [6]
Hedging the. ..
,mpfctgo,, o e Assume the value of the spot is observed at times
Cut-Off Time and. .. ZT/n, Z = 0, o0 o0 ,n
Delta-Hedging a. . .
e define
rg— T o?/2
g, & THEOR T
a In(K/S,)
| » | T T T
EEEN L s W(B/S)
T
G A _¢(1/2)/+/(2n) ~ 0.5826
e (: Riemann zeta function

Quit



http://www.mathfinance.de/

e define

Fi(a,b;0) 2 N(a—0) — N (a — 2b— 0)

Delta-Hedging a. . .

mathfinance.com

Title Page

Page 28 of 40
Go Back
Full Screen

Close

Quit



http://www.mathfinance.de/

Overview Y deﬁne
Hedging the. ..

Impact on the Spot. . . F_|_(CL, b7 e) é N’(a . 6) _ €2b9N’(a _ 2b . 6)

Cut-Off Time and. ..

R e obtain for the value of the discretely monitored up-

and-out call

Contact Information

mathfinance.com V(SO, 0) ~ Soe_TfT [F+(d’ d L ﬂ/\/ﬁ’ 0+) _ F_|_(C, d e 6/\/5’ 9_’_)}
Title Page —Ke_rdT [F+(d, d T+ ﬁ/\/ﬁ, 9_) - F+(C, d = ﬁ/\/ﬁ, 0_)}

Page 28 of 40
Go Back
Full Screen
Close

Quit



http://www.mathfinance.de/

Overview

Hedging the. ..
Impact on the Spot. ..
Cut-Off Time and. ..

W

Delta-Hedging a. . .

Contact Information

mathfinance.com

Title Page

Page 28 of 40

Go Back

Full Screen

Close

Quit

e define
Fi(a,b;0) 2 N(a—0) — N (a — 2b— 0)

e obtain for the value of the discretely monitored up-
and-out call

V(S0,0) ~ Soe T [Fi(d,d+ B/vn;04) — Fy(c,d+ B/vn;04)]
—Ke " [Fy(d,d+ B/v/n;0-) — Fi(c,d+ B/v/n;6-)]

e take a finite difference approach for the computa-
tion of the theoretical delta

V(S +et)—V(S—e¢t)
2€

A = VS<S, t) ~
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5.6. Analysis of EUR-USD

e Spot 1.2100
R T, Strike 1.1800
Trading days 250
domestic interest rate  2.17% (USD)
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Overview 5.6.1. Distribution of Absolute Errors in USD
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5.6.3. Probability of a Miss-Hedge
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5.6.5. Maximum Losses
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5.6.6. Maximum Losses / TV

-
R Relative P & L
N G S
A P - T M A M S S A A
Delta-Hedging a. . . NTONTNTONTONTONT NS NT NSNS NN
5000%
0% T \J\J \I \[\[\r\r\r\r\r\t\f\f\f\r\f\f\f\f\f\f
mathfinance.com
-10000% -
5
g-15000%—
II“ £ -20000%
.
o
-30000% -
-35000% -
-
-40000% - W max downside error



http://www.mathfinance.de/

Contact Information

mathfinance.com

Title Page

Page 37 of 40

Go Back

Full Screen

Close

Quit

5.7. Summary

e other currency pairs are similar.


http://www.mathfinance.de/

5.7. Summary

Overview ° o 5
: e other currency pairs are similar.
Hedging the. ..

Impact on the Spot. ..

e average loss is comparatively small for liquid cur-

Cut-Off Time and. .. .
rency pairs.

WG

Delta-Hedging a. . .

Contact Information

mathfinance.com

Title Page

Page 37 of 40

Go Back

Full Screen

Close

Quit



http://www.mathfinance.de/

5.7. Summary

Overview

e other currency pairs are similar.

Hedging the. ..

Impact on the SOt e average loss is comparatively small for liquid cur-

Cut-Off Time and. .. o
Delta-Hedging a. . . rency pa’lrs

Contact Information

e maximum loss can be very large with small
probability.

mathfinance.com

Title Page

Page 37 of 40
Go Back
Full Screen
Close

Quit



http://www.mathfinance.de/

5.7. Summary

Overview

e other currency pairs are similar.

Hedging the. ..

Impact on the SOt e average loss is comparatively small for liquid cur-

Cut-Off Time and. .. o
Delta-Hedging a. . . rency pa’lrs

Contact Information

e maximum loss can be very large with small
probability.

mathfinance.com

e sufficient to charge a maximum of 0.1% of the TV
to cover the potential average loss.

Title Page

Page 37 of 40

Go Back

Full Screen

Close

Quit



http://www.mathfinance.de/

5.7. Summary

Overview

e other currency pairs are similar.

Hedging the. ..

Impact on the SOt e average loss is comparatively small for liquid cur-

Cut-Off Time and. .. o
Delta-Hedging a. . . rency pa’lrs

Contact Information

e maximum loss can be very large with small
probability.

mathfinance.com

e sufficient to charge a maximum of 0.1% of the TV
to cover the potential average loss.

Title Page

e traders take extra premium of 10 basis points per
unit of the notional of the underlying.

Page 37 of 40
Go Back
Full Screen
Close

Quit



http://www.mathfinance.de/

5.7. Summary

Overview

e other currency pairs are similar.

Hedging the. ..

Impact on the SOt e average loss is comparatively small for liquid cur-

Cut-Off Time and. .. o
Delta-Hedging a. . . rency palrs

Contact Information

e maximum loss can be very large with small
probability.

mathfinance.com

e sufficient to charge a maximum of 0.1% of the TV
to cover the potential average loss.

Title Page

e traders take extra premium of 10 basis points per
unit of the notional of the underlying.

Page 37 of 40

Go Back e relative errors are so small that it seems reasonable
not to pursue any further investigation with other

models beyond Black-Scholes.

Full Screen

Close

Quit



http://www.mathfinance.de/

Oueni 6. Contact Information

Hedging the. ..

Impact on the Spot. ..

Cut-Off Time and. .. UWG Wystup

Delta-Hedging a. . . MathFlnance AG

Contact Information SChlGBhOhl 19
65529 Waldems
Germany

Phone +49-700-MATHFINANCE

More papers are available at
http://www.mathfinance.com/wystup/papers.
php

These slides are available at

Co Bock http://www.mathfinance.com/wystup/papers/
Full Screen fximpact_slides.pdf

Page 38 of 40



http://www.mathfinance.de/
http://www.mathfinance.com/wystup/papers.php
http://www.mathfinance.com/wystup/papers.php
http://www.mathfinance.com/wystup/papers/fximpact_slides.pdf
http://www.mathfinance.com/wystup/papers/fximpact_slides.pdf

Overview

Hedging the. ..
Impact on the Spot. ..
Cut-Off Time and. ..
Delta-Hedging a. . .

Contact Information

mathfinance.com

Title Page

Page 39 of 40

Go Back

Full Screen

Close

Quit

-
Overview |
Hedging the... |
Impact on the Spot ... |
Cut-Off Time and.... |
Delta-Hedging a... |
' Contact Information |

| mathfinance com |
| 7ive Page |
| »
RN N
| Page 390140 |
| Gogack |
i creen |
o |
oue |

References

1]

2]

ANAGNOU-BasIouDIs, I. and HODGES, S. (2004) Derivatives Hedging
and Volatility Errors. Warwick University Working Paper.

BECKER, C. and Wystup, U, (2005). On The Cost of Delayed Fiz-
ing Announcements in FX Options Markets. Research Report, HfB—
Business School of Finance and Management, Center for Practical
Quantitative Finance.

BrowN, B., LovaTo, J. and RusseLL, K. (2004)D. CDFLIB - C++
- library, http://www.csit.fsu.edu/ burkardt/cpp_src/dcdflib/
dcdflib.html

Fusal G. and REccHIONI, C. (2003). Numerical Valuation of Discrete
Barrier Options Warwick University Working Paper.

HAkALA, J. and WysTup, U. (2002) Foreign Exchange Risk, Risk
Publications, London.

HORFELT, P. (2003). Extension of the corrected barrier approximation
by Broadie, Glasserman, and Kou. Finance and Stochastics, 7, 231-
243.


http://www.mathfinance.de/
http://www.hfb.de
http://www.hfb.de
http://www.csit.fsu.edu/~burkardt/cpp_src/dcdflib/dcdflib.html
http://www.csit.fsu.edu/~burkardt/cpp_src/dcdflib/dcdflib.html
http://www.mathfinance.de/FXRiskBook/
http://www.math.ethz.ch/~finasto/

[7] MATSUMOTO, M. (2004). Homepage of Makoto Matsumoto on
the server of the university of Hiroshima: http://www.math.sci.

hiroshima-u.ac.jp/ m-mat/eindex.html
Overview

Hedging the. .. [8] WysTup, U (2000). The MathFinance Formula Catalogue. http://

et Yo me S www.mathfinance.com

Cut-Off Time and. ..
Delta-Hedging a. . .

Contact Information

mathfinance.com

Title Page

Page 40 of 40
Go Back
Full Screen
Close

Quit

-
Overview |
Hedging the... |
Impact on the Spot ... |
Cut-Off Time and.... |
Delta-Hedging a... |
' Contact Information |

| mathfinancecom |
| Tt page |
KE RN
KEEN
| Page a0of 40|
| Goback |
| FullScreen
| e |
 oue |



http://www.mathfinance.de/
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/eindex.html
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/eindex.html
http://www.mathfinance.com
http://www.mathfinance.com

	Overview
	Agenda

	Hedging the Reverse Knock-out (RKO)
	Option Payoff
	Option Value
	Delta Hedging the Short Option
	Reverse Knock-Out (RKO) Call
	Reverse Knock-Out Call Value
	Reverse Knock-Out Call Delta

	Impact on the Spot Market
	How Large Barrier Contracts Affect the Market -- Example
	Historic Examples

	Cut-Off Time and Fixings
	Cut-Off
	ECB Currency Fixing

	Delta-Hedging a Short Discretely Monitored RKO
	Model
	Contracts
	Analysis Procedure
	Estimates

	Error Estimation
	Hedging Error for the Discretely monitored up-and-out Call
	Spot Below Fixing: St < B and FtB
	Spot Above Fixing: StB and Ft < B
	Calculating the Delta-Hedge Quantity

	Analysis of EUR-USD
	Distribution of Absolute Errors in USD
	Additional Hedge Cost
	Probability of a Miss-Hedge
	Hedging Error / TV
	Maximum Losses
	Maximum Losses / TV

	Summary

	Contact Information

