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#OMMENTS 3OLICITED

$ID /PTION 0RICES 0REDICT THE %2- #RISES�
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$EPARTMENT OF %CONOMICS
2UTGERS 5NIVERSITY

7ORKING 0APER �����
!PRIL ����

!BSTRACT�

/PTION PRICES SEEM TO BEHAVE IN WAYS INCONSISTENT WITH THE "LACK3CHOLES MODEL� )MPLIED
VOLATILITY VARIES WITH THE STRIKE PRICE IN A PARABOLIC SHAPE THAT IS OFTEN CALLED THE VOLATILITY
ÝSMILE�Þ -Y OBJECTIVE IN THIS PAPER IS TO IDENTIFY IMPLIED PROBABILITY DISTRIBUTIONS THAT MIGHT
EXPLAIN THIS ANOMALY�
) DEVELOP A SIMULATED METHOD OF MOMENTS ESTIMATION PROCEDURE� ) PARAMETERIZE THE

UNDERLYING EXCHANGE RATE PROCESS AS A MIXTURE OF LOGNORMALS� PRICE THE OPTIONS USING -ONTE
#ARLO METHODS� AND COMPARE THESE SIMULATED PRICE ÝMOMENTSÞ TO THE MARKET DATA� 4HIS
PROCESS SWITCHING MODEL APPEARS TO BE QUITE PROMISING IN EXPLAINING THE VOLATILITY SMILE�
!PPLYING THIS TO THE %2- DATA� ) çND THAT THE PROBABILITY OF A DEVALUATION IN THE "RITISH

0OUND ALMOST DOUBLED BEFORE IT WITHDREW FROM THE %2-� 4HIS RISK BECOMES STATISTICALLY
SIGNIçCANT ON 3EPTEMBER ��� ����� ONLY ONE DAY PRIOR TO THE CRISIS THOUGH� 4HE &RENCH &RANC
CRISIS OF *ULY!UGUST ���� APPEARS TO HAVE BEEN BETTER ANTICIPATED� "Y *ULY ��� ����� THE
MODEL PREDICTS WITH ��� CONçDENCE THAT THE &RANC IS GOING TO BE DEVALUED�

c !DDRESS FOR EDITORIAL CORRESPONDENCE� $EPARTMENT OF %CONOMICS� 2UTGERS 5NIVERSITY� ���B .EW *ERSEY (ALL� .EW
"RUNSWICK� .* ������ EMAIL� MIZRACH RCI�RUTGERS�EDU� ����	 ������� �VOICE	 AND ����	 ������� �FAX	� ) RECEIVED
HELPFUL COMMENTS FROM SEMINAR PARTICIPANTS AT 0ENN 3TATE� 4HE .EW 3CHOOL� 3TONY "ROOK� 5NIVERSITY OF 4ECHNOLOGY
3YDNEY� 5NIVERSITY OF 7EST 6IRGINIA� THE %CONOMETRIC 3OCIETY 7ORLD #ONGRESS �4OKYO	� AND THE ���� 3YMPOSIUM ON
.ONLINEAR $YNAMICS AND %CONOMETRICS� 3HOU 7ANG PROVIDED OUTSTANDING RESEARCH ASSISTANCE� !NY FUTURE REVISIONS
TO THIS MANUSCRIPT MAY BE FOUND AT HTTP���WWWRCI�RUTGERS�EDU�^MIZRACH�



! BASIC INSIGHT OF çNANCIAL ECONOMICS IS THAT ASSET PRICES SHOULD REâECT VIEWS ABOUT

THE FUTURE� &OR THIS REASON� MANY ECONOMISTS WILL DEFER TO THE MARKET WHEN ASKED TO MAKE

PREDICTIONS� $ERIVATIVE SECURITIES LIKE FUTURES OR OPTIONS ARE EdECTIVE FOR THIS PURPOSE BECAUSE

THEY ARE AGREEMENTS TO BUY AND SELL AT A FUTURE DATE� /PTIONS CAN BE PARTICULARLY USEFUL

BECAUSE THEY INCORPORATE INFORMATION ABOUT THE ENTIRE PROBABILITY DISTRIBUTION OF FUTURE

EVENTS�

.UMEROUS PAPERS HAVE LOOKED AT WHETHER THIS FAITH IN THE MARKET IS JUSTIçED� 4HE

LITERATURE ON MARKET EbCIENCY IS VAST� AND THE EVIDENCE� THOUGH OFTEN NOT SUPPORTIVE OF

PURELY RATIONAL EXPECTATIONS� HAS NOT SHAKEN BELIEF IN THE BASIC INSIGHT�

/N OCCASION� EVENTS OF UNUSUAL MAGNITUDE TAKE PLACE THAT PROVIDE A SHORTLIVED LABORATORY

FOR TESTING INFORMATIONAL EbCIENCY� 4HE GLOBAL STOCK MARKET CRASH OF /CTOBER ���� IS ONE

SUCH EXAMPLE� "ATES �����	 USES OPTION PRICES TO EXAMINE WHETHER THE MARKET ANTICIPATED

THE EXTREME DECLINE IN STOCK PRICES�

4HIS PAPER EXAMINES CURRENCY OPTION PRICES PRIOR TO THE EXCHANGE RATE CRISES OF 3EPTEMBER

���� AND *ULY!UGUST ����� )N THE çRST EPISODE� THE "RITISH 0OUND �"0	 AND )TALIAN ,IRA

WITHDREW FROM THE %XCHANGE 2ATE -ECHANISM �%2-	 OF THE %UROPEAN -ONETARY 3YSTEM�

4HE 0OUND HAD TRADED IN A NARROW RANGE AGAINST THE 'ERMAN $EUTSCHEMARK �$-	 FOR ALMOST

TWO YEARS AND THE ,IRA FOR MORE THAN çVE� 4HE CRISIS THREW THE ENTIRE PLAN FOR %UROPEAN

ECONOMIC AND çNANCIAL INTEGRATION INTO TURMOIL� 4HE &RENCH &RANC �&&	 REMAINED IN THE

MECHANISM� BUT SPECULATIVE PRESSURES AGAINST IT REMAINED STRONG� )N THE SECOND CRISIS )

EXAMINE� THE &RANC� IN !UGUST ����� HAD TO ABANDON ITS VERY CLOSE LINK WITH THE $- �THE

Ý&RANC FORT�Þ	

) UTILIZE A NEW METHOD FOR ANALYZING THE OPTIONS DATA� SIMPLE PRICING MODELS LIKE THE

"LACK3CHOLES REQUIRE INAPPROPRIATE DISTRIBUTIONAL ASSUMPTIONS� 4HE LEPTOKURTOSIS IS EX

CHANGE RATES IS WELL DOCUMENTED �SEE E�G� (SIEH �����		� AND THE POSSIBILITY OF DEVALUATIONS

MIGHT IMPLY SOME ASYMMETRY� ) USE A MIXTURE OF LOGNORMALS DENSITY THAT CAN CAPTURE BOTH

OF THESE FEATURES�

�



) CANNOT OBTAIN CLOSED FORM SOLUTIONS FOR THIS DENSITY� SO ) SIMULATE OPTION VALUES WITH

-ONTE #ARLO METHODS� 4HE OPTIONS ARE FUNCTIONS OF THE POPULATION MOMENTS� AND ) CAN ESTI

MATE THE PARAMETERS OF THE DENSITY USING $UbE AND 3INGLETONÚS �����	 SIMULATED MOMENTS

ESTIMATOR�

4HE ESTIMATION PROCEDURE PROVIDES A COMPLETE CHARACTERIZATION OF THE IMPLIED PROBABILITY

DENSITY FOR THE EXCHANGE RATE AT ANY POINT IN THE FUTURE� ) EXAMINE THE PROBABILITY OF

DEPRECIATION IN THE "0 AND && PRIOR TO THE %2- CRISES� 4HE MODEL ESTIMATES REVEAL THAT

THE MARKET ANTICIPATED BOTH EVENTS� 4HE DEVALUATION RISK WITH THE 0OUND BECOMES SIGNIçCANT

ONLY ONE DAY BEFORE IT WITHDREW FROM THE MECHANISM� 7ITH THE &RANC� THE MODEL SIGNALS A

SIGNIçCANT RISK �� DAYS IN ADVANCE OF THE CRISIS�

4HE PAPER BEGINS WITH SOME DISCUSSION OF THE %2-� 3ECTION � DESCRIBES SOME STYLIZED

FEATURES OF THE CURRENCY OPTIONS� AND THE DEVIATIONS OF THE DATA FROM THE STANDARD MODELS�

3ECTION � DEVELOPS THE SIMULATED MOMENTS ESTIMATION PROCEDURE� )N 3ECTION �� ) PRESENT

ESTIMATES OF THE IMPLIED DEVALUATION PROBABILITIES� 3ECTION � CONCLUDES AND SUGGESTS SOME

DIRECTIONS FOR FUTURE RESEARCH�

�� 4HE %2-

4HE %2- BEGAN IN ���� WITH SEVEN MEMBER COUNTRIES�� 4HE MECHANISM IS A GRID OF çXED

EXCHANGE RATES WITH %UROPEAN #URRENCY 5NIT �%#5	 CENTRAL PARITIES AND âUCTUATION BANDS�

0RIOR TO THE CRISES� THE && HAD A TARGET ZONE OF f����� AND THE "0 f��� -AINTAINING THE
PARITIES REQUIRES POLICY COORDINATION WITH THE "UNDESBANK� AND WHEN NECESSARY� INTERVENTION�

"Y THE 3PRING OF ����� THE MOMENTA TOWARDS A SINGLE %UROPEAN CURRENCY SEEMED IRRE

VERSIBLE� 3PAIN HAD JOINED THE %2- IN *UNE OF ����� 'REAT "RITAIN çNALLY OVERCAME ITS

RESISTANCE IN /CTOBER ����� 0ORTUGAL JOINED IN !PRIL ���� BRINGING THE TOTAL MEMBERSHIP TO

TEN� )N ADDITION� &INLAND AND 3WEDEN HAD BEEN FOLLOWING INDICATIVE $- TARGETS� !LL THE

MAJOR %UROPEAN CURRENCIES� SAVE THE 3WISS &RANC� WERE INCORPORATED IN A SYSTEM OF STABLE

� "ELGIUM� $ENMARK� &RANCE� 'ERMANY� )TALY� )RELAND� AND THE .ETHERLANDS�

�



EXCHANGE RATE BANDS� !LMOST çVE YEARS HAD PASSED WITHOUT DEVALUATIONS�� 4HE çNANCIAL

SECTOR SEEMED POISED FOR INTEGRATION� THE NEXT LOGICAL STEP IN THE BLUEPRINT OF THE -AASTRICHT

TREATY SIGNED ON $ECEMBER ��� �����

! SWIFT SEQUENCE OF EVENTS LEFT THE IDEA OF CURRENCY UNION ALMOST IRRETRIEVABLY DAMAGED�

4HE $ANES REJECTED THE -AASTRICHT TREATY IN *UNE OF ����� 4HE &INNISH -ARKAA AND THE

3WEDISH +RONA FACED DEVALUATION PRESSURES IN !UGUST WHICH THE "ANK OF &INLAND AND THE

2IKSBANK ACTIVELY RESISTED� 4HE -ARKAA WAS ALLOWED TO âOAT ON 3EPTEMBER �TH� AND IT QUICKLY

DEVALUED ��� AGAINST THE $-� 4HE 2IKSBANK RAISED THEIR MARGINAL LENDING RATE TO ���� ON

3EPTEMBER ��TH�

4HEN SOME OF THE CORE %2- CURRENCIES CAME UNDER SPECULATIVE ATTACK� 4HE "ANK OF

%NGLAND BRIEâY RAISED THEIR BASE LENDING RATES� BUT THE "RITISH CHOSE TO WITHDRAW FROM THE

%2- ON 3EPTEMBER ��TH RATHER THAN EXPENDING ADDITIONAL RESERVES�� 4HE ,IRA DEVALUED BY

�� ON 3EPTEMBER ��TH AND WITHDREW FROM THE MECHANISM ON 3EPTEMBER ���

! NUMBER OF ADDITIONAL DEVALUATIONS FOLLOWED� 4HE +RONA WAS ALLOWED TO âOAT ON .OVEM

BER ��TH� 4HE 3PANISH 0ESETA �IN 3EPTEMBER AND .OVEMBER ����	� THE 0ORTUGUESE %SCUDO

�IN .OVEMBER ����	� AND THEN THE )RISH 0UNT �IN &EBRUARY ����	 SUBSEQUENTLY ADOPTED NEW

PARITIES� 4HE %2- REMAINED IN TURMOIL INTO THE SUMMER� &RANCE FACED CONTINUED PRESSURE

AND WENT THROUGH A DE FACTO DEVALUATION WHEN THE %2- BANDS WERE WIDENED TO f��� ON

!UGUST �� ������

)N RETROSPECT� THE ORIGINS OF THESE CRISES WERE EVIDENT� 4HE &INNISH AND 3WEDISH ECONOMIES

WERE WEAKENED BY RECESSION AND THE COLLAPSE OF THE 3OVIET 5NION� "RITAIN HAD PROBABLY

OVERVALUED THE 0OUND WHEN IT ENTERED THE %2-� 4HE ,IRA HAD APPRECIATED ��� IN REAL

TERMS AGAINST THE $- SINCE ����� 'ERMANY HAD RAISED INTEREST RATES TO çGHT Od INâATIONARY

PRESSURES FROM UNIçCATION� WEAKENING THE ENTIRE %UROPEAN ECONOMY IN THE PROCESS�

4HE FOLKLORE OF THIS PERIOD SUGGESTS THAT SOME MARKET PARTICIPANTS ANTICIPATED THE CRISIS�

AND MAY EVEN HAVE PRECIPITATED IT� 4HE HEDGE FUND TRADER 'EORGE 3OROS IS RUMORED TO HAVE
� 4HERE WAS A SMALL DEVALUATION OF THE )TALIAN ,IRA WHEN IT MOVED TO NARROW BANDS IN *ANUARY �����
� 4HE "UNDESBANK IS REPORTED TO HAVE SPENT $-��BN DEFENDING THE 0OUND AND ,IRA DURING THIS CRISIS�
� 4HE 'UILDER MAINTAINED THE NARROW BANDS�

�



MADE SOME 53�� BILLION SPECULATING AGAINST THE 0OUND AND THE ,IRA IN �����

4HE QUESTION ) ASK HERE THEN IS HOW WELL DIdUSED WAS THIS INFORMATION� $ID THE MARKET

ANTICIPATE THESE EVENTS AND WERE THE RISKS PRICED INTO EXCHANGE RATE OPTIONS� ) BEGIN TO

ADDRESS THESE ISSUES WITH SOME STYLIZED FACTS ABOUT OPTIONS MARKETS�

�� 4HE SMILE IN %2- EXCHANGE RATES

��� 4HE VOLATILITY SMILE

/PTION PRICES CAN PROVIDE A GREAT DEAL OF INFORMATION ABOUT THE MARKETÚS PERCEPTIONS OF

ASSET MOVEMENTS� 5NDER FAIRLY GENERAL ASSUMPTIONS� THE VARIATION OF AN OPTION PRICE WITH

THE STRIKE PROVIDES INFORMATION ABOUT THE CUMULATIVE DISTRIBUTION OF THE UNDERLYING ASSET� )N

THE "LACK3CHOLES FRAMEWORK� THE DISTRIBUTION FUNCTION IS ASSUMED TO BE LOG NORMAL WITH THE

MEAN CENTERED AT THE RISK FREE RATE� )MPLIED VOLATILITY IS A SUbCIENT STATISTIC� AND IT SHOULD

NOT VARY WITH THE STRIKE PRICE�

-ARKET DATA SEEMS TO BE INCONSISTENT WITH THE "LACK3CHOLES ASSUMPTIONS� )MPLIED

VOLATILITY TENDS TO CHANGE ACROSS STRIKE PRICES� "ECAUSE THIS VARIATION GENERALLY HAS A PARABOLIC

SHAPE� IT IS OFTEN CALLED THE VOLATILITY ÝSMILE�Þ "EGINNING WITH 3HASTRI AND 7ETHYAVIVORN

�����	� RESEARCHERS HAVE RECOGNIZED THAT NONNORMALITY IN ASSET RETURNS CAN CONTRIBUTE TO

THE SMILE� 4HE LITERATURE ON TIME VARYING VOLATILITY� WHICH INCLUDES CONTRIBUTIONS BY 7IGGINS

�����	� (ULL AND 7HITE �����	� 3TEIN AND 3TEIN �����	 AND (ESTON �����	� HAS ALSO BEEN MO

TIVATED BY THIS ANOMALY� 4HIS LINE OF RESEARCH HAS ALSO BEEN PURSUED BY 2UBINSTEIN �����	 IN

HIS PRESIDENTIAL ADDRESS TO THE !MERICAN &INANCE !SSOCIATION� AND BY NUMEROUS PRACTITIONERS

INCLUDING 3HIMKO �����	 AND $ERMAN AND +ANI �����	�

4HE APPROACH TAKEN BY "ATES �����	� THOUGH VERY DIdERENT FROM MINE� IS THE MOST SIMILAR

IN SPIRIT� "ATES USES A VARIANT OF -ERTONÚS �����	 JUMP DIdUSION MODEL TO DETECT A SKEWNESS

PREMIUM IN STOCK OPTIONS PRIOR TO THE ���� MARKET CRASH�

�



��� $ATA AND 3TYLIZED &ACTS

4HE MAJORITY OF THE INTRA%2- DERIVATIVES TRADING IS IN THE OVERTHECOUNTER MARKETS� AND

THE DATA IS NOT AVAILABLE TO NONTRADERS� 4HE BEST PUBLICLY AVAILABLE DATA IS FOR 53 DOLLAR

�53�	 EXCHANGE RATES WHICH ARE TRADED IN 0HILADELPHIA� ) FOCUS ON THE 53 $OLLAR�"RITISH

0OUND �53��"0	 AND $OLLAR�&RENCH &RANC �53��&&	 CONTRACTS� ) HAVE DATA FOR THE YEARS

���� AND ����� WHICH ENCOMPASS BOTH MAJOR %2- REALIGNMENTS�

4HE 53� APPEARS TO BE AN ADEQUATE PROXY FOR THE $-� $URING 3EPTEMBER ����� THE $-

DEPRECIATED BY ����� AGAINST THE 53�� WHILE THE "0 DEPRECIATED ������� &ROM *ULY � TO

!UGUST �� ����� THE $- WAS SIMILARLY STABLE� DEPRECIATING ������ WHILE THE &RANC DEVALUED

BY ����� AGAINST THE 53��

"OTH !MERICAN AND %UROPEAN OPTIONS ARE TRADED� 4HE "0 OPTIONS ARE FOR ������ 0OUNDS

AND THE && OPTIONS ARE FOR ������� &RANCS� ) USE DAILY CLOSING OPTION PRICES THAT ARE QUOTED

IN CENTS� 3POT EXCHANGE RATES ARE EXPRESSED AS 53� PER UNIT FOREIGN AND ARE RECORDED CONTEM

PORANEOUS WITH THE CLOSING TRADE� &OREIGN CURRENCY APPRECIATION �DEPRECIATION	 WILL INCREASE

THE MONEYNESS OF A CALL �PUT	 OPTION�

) UTILIZE THE MORE FREQUENTLY TRADED !MERICAN STYLE OPTIONS�� ) TRANSFORM THE DATA INTO

CALLS USING PUTCALL PARITY� )NTEREST RATES ARE THE %URODEPOSIT RATES CLOSEST IN MATURITY TO THE

TERM OF THE OPTION�

4O OBTAIN A ROUGH IDEA ABOUT THE IMPLIED VOLATILITY PATTERN IN THE CURRENCY OPTIONS� ) LOOK

AT SAMPLE AVERAGES� &OR SCALING� ) SORT THE DATA INTO BINS ACCORDING TO HOW MUCH THEY WERE

IN OR OUT OF THE MONEY� ,ET 2 DENOTE THE SPOT PRICE AND * THE STRIKE PRICE� THEN MONEYNESS

IS GIVEN BY

�, � ���b �2 `*��2�

)N &IGURES � AND �� ) PLOT THE DATA FOR ALL OF ���� AND ����� FOR THE "0 AND &&� RESPECTIVELY�

� #URRENCY OPTIONS MAY BE THOUGHT OF AS OPTIONS ON A DIVIDEND PAYING STOCK WHERE THE DIVIDEND IS EQUAL TO THE
FOREIGN RISK FREE RATE� %ARLY EXERCISE IS RELEVANT FOR CALL OPTIONS WHERE THE FOREIGN RISK FREE RATE IS HIGH BECAUSE THIS
INDICATES THAT THE CURRENCY IS LIKELY TO DEVALUE� 4HE RISK OF DEVALUATION WILL THEN BE PRICED INTO !MERICAN OPTIONS OF
ALL MATURITIES� &OR EMPIRICAL COMPARISONS ON USING %UROPEAN PRICING FORMULAS ON !MERICAN OPTIONS� SEE 3HASTRI AND
4ANDON �����	�

�



"OTH APPEAR TO DISPLAY THE CHARACTERISTIC PATTERN� WITH THE MINIMA OF THE IMPLIED VOLATILITY

AT THE MONEY� AND WITH HIGHER IMPLIED VOLATILITIES IN THE TWO TAILS�

&OR ESTIMATION PURPOSES� ) EXCLUDED OPTIONS THAT WERE MORE THAN ��� IN OR OUT OF THE

MONEY AND WITH VOLUMES LESS THAN � CONTRACTS� 4HIS SEEMED TO ELIMINATE MOST DATA POINTS

WITH UNREASONABLY HIGH IMPLIED VOLATILITIES� &OR THE 0OUND� ) LOOKED AT OPTIONS FROM � TO

�� DAYS TO MATURITY� "ECAUSE THE DATA WERE THINNER WITH THE &RANC� ) UTILIZED ALL MATURITIES

GREATER THAN � DAYS�

'IVEN THAT THE VOLATILITY SMILE IS PRESENT IN THE DATA SAMPLE� ) MUST TURN TO METHODS

MORE GENERAL THAN THE "LACK3CHOLES FOR INFERENCE ABOUT THE ��%2- OPTIONS� ) WILL ALSO TRY

TO INFER WHETHER CHANGES IN THE SMILE SIGNALLED AN IMPENDING CRISIS IN THE %2-�

�� )MPLIED PROBABILITY DISTRIBUTIONS

��� 2ISK NEUTRAL PRICING

)T IS A WELLKNOWN RESULT THAT OPTIONS CAN BE PRICED AS IF INVESTORS WERE RISK NEUTRAL� ! CALL

OPTION IS JUST A FUNCTION OF HOW LIKELY THE SPOT PRICE WILL EXCEED THE STRIKE PRICE AT THE TIME

OF EXERCISE� ,ET "�S�*� BE THE VALUE OF A %UROPEAN CALL AT TIME S STRUCK AT *� 4HE VALUE OF

THE CALL IS GIVEN BY

"�S�*� � D`Q~
2
�

*
�E23 `*�E�S� E23 �CE23 � ����	

WHERE E�S� E23 � IS THE PROBABILITY DENSITY OF THE TERMINAL SPOT PROCESS� 23 � 4HE TILDE DENOTES
THAT THIS DISTRIBUTION IS WITH RESPECT TO THE RISK NEUTRAL MEASURE� &OR CURRENCY OPTIONS� THIS

IMPLIES THAT THE MEAN OF THE UNDERLYING DISTRIBUTION HAS BEEN RECENTERED AT THE RISK FREE

INTEREST DIdERENTIAL�

"REEDEN AND ,ITZENBERGER �����	 çRST SHOWED THAT THE PARTIAL DERIVATIVES OF " WITH

RESPECT TO THE STRIKE PRICE REVEAL IMPORTANT INFORMATION ABOUT THE UNDERLYING DISTRIBUTION�

4HE çRST DERIVATIVE IS A FUNCTION OF THE CUMULATIVE DISTRIBUTION�

�"�S�*���* � `D`Q~
r
�` % �S� E23 � *�

s
� ����	

�



WHERE ~ IS THE TIME TO EXPIRATION� Q IS THE RISK FREE RATE OF INTEREST� AND % �S� E23 � *� �2
�

*
�E23 `*�E�S� E23 �CE23 � 4HE SECOND DERIVATIVE THEN EXTRACTS THE DENSITY�

��"�S�*���*� � `D`Q~E�S� E23 �� ����	

)F YOU COULD OBSERVE A CONTINUOUS RANGE OF STRIKE PRICES� IT WOULD BE STRAIGHTFORWARD TO

TRACE OUT THE UNDERLYING DISTRIBUTION� )N MOST MARKETS THOUGH� THE RANGE OF STRIKES IS TOO

COARSE� ! NUMBER OF TECHNIQUES HAVE EMERGED FOR OVERCOMING THIS� 3HIMKO �����	 çTS A

PARABOLA TO THE DATA SCATTER ON IMPLIED VOLATILITY� 2UBINSTEIN �����	 AND $ERMAN AND +ANI

�����	 USE BINOMIAL TREES� %ACH OF THESE METHODS HAS LIMITATIONS THAT ARE DISCUSSED AT GREATER

LENGTH IN A COMPANION PIECE TO THIS PAPER� -IZRACH �����A	�

4HE APPROACH ) TAKE HERE HAS THREE PARTS� ) çRST PARAMETERIZE A DATA GENERATING MECHA

NISM FOR THE EXCHANGE RATE SERIES� ) THEN PRICE OPTIONS USING -ONTE #ARLO METHODS� 3IMULATED

METHOD OF MOMENTS ESTIMATION IS USED TO çT THE OBSERVED DATA� ) DISCUSS EACH OF THESE STEPS

IN TURN�

��� 4HE DATA GENERATING MECHANISM

) ASSUME THAT THE EXCHANGE RATE PROCESS IS A DRAW A DIdUSION PROCESS�

C2 � x2CS
 }2CY ����	

WHERE x IS THE MEAN� } IS THE STANDARD DEVIATION� AND Y IS A STANDARD "ROWNIAN MOTION� )T

FOLLOWS FROM )TOÚS LEMMA THAT THE LOGGED EXCHANGE RATE PROCESS IS

C KM2 � �x` }����CS
 }CY� ����	

&OR A %UROPEAN CALL� THE SPOT RATE AT THE TIME OF EXPIRATION� 23 � DETERMINES THE VALUE� ����	

IMPLIES THAT THE TERMINAL VALUE IS DISTRIBUTED LOG NORMALLY�

E�KM23 � � -�KM2 
 �x` }����~ � }
P
~�� ����	

WITH ~ � 3 ` S� &OR DISCUSSION PURPOSES� ) WILL IGNORE THE )TO TERMS AND SIMPLY CALL THIS AN

-�x� }� DISTRIBUTION�

4HE "LACK3CHOLES ANALYSIS ASSUMES A SINGLE DIdUSION WITH x EQUAL TO THE RISK FREE INTEREST

�



DIdERENTIAL� 4HIS DIdUSION IS CALLED THE PSEUDO PRICE PROCESS� +ARATZAS AND 3HREVE �����	

SHOW THAT WE OBTAIN THE IDENTICAL CALL VALUES USING ����	 OR BY EVALUATING THE OPTION IN THE

RISK NEUTRAL MEASURE ����	� ) SUPPRESS THE TILDE IN THE REMAINING DISCUSSION AND WORK WITH

THE PSEUDO PRICE PROCESS�

) UTILIZE THREE LOG NORMAL DISTRIBUTIONS WITH FOUR FREE PARAMETERS� 4WO ADDITIONAL PARA

METERS DEçNE THE PROBABILITIES OF DRAWING FROM EACH LOG NORMAL� FOR A TOTAL OF SIX PARAMETERS

A�� � � � � A�� 4HE çRST DISTRIBUTION� -�x� A��� HAS ONLY THE STANDARD DEVIATION AS A FREE PARAME

TER� 4HE MEAN IS TIED TO THE INTEREST DIdERENTIAL� THE 5�3� RATE LESS THE FOREIGN RATE� Q ` QE �

#OVERED INTEREST PARITY IMPLIES THAT THE ~ PERIOD AHEAD FORWARD RATE� % �~�� IS GIVEN BY

% �~� � 2 DWOx~ � ����	

4HE TWO OTHER LOG NORMAL DISTRIBUTIONS HAVE SYMMETRIC MEANS� A� � � � `A�� CENTERED
AROUND x� BUT BOTH HAVE THEIR OWN STANDARD DEVIATIONS� A� AND A�� 4HE NEXT PARAMETER A� IS

THE PROBABILITY OF DRAWING FROM THE LEFT TAIL OF THE MIXTURE� -�x` A�� A��� 4HE EXCHANGE RATE

IS EXPRESSED AS 53� PER UNIT FOREIGN SO AN INCREASE IN A� REPRESENTS AN INCREASED PROBABILITY

OF 0OUND OR &RANC DEPRECIATION� 4HE PROBABILITY OF DRAWING FROM THE RIGHT TAIL DISTRIBUTION�

-�x
 A�� A��� IS A��

)N THE BASELINE SIMULATIONS� ) SHOW THAT THIS DATA GENERATING MECHANISM CAN MATCH A

WIDE RANGE OF SHAPES FOR THE VOLATILITY SMILE� ) TURN NEXT TO -ONTE #ARLO PROCEDURES THAT

WILL ENABLE ME TO PRICE OPTIONS FROM THIS PROCESS�

��� -ONTE #ARLO PRICING

)N THE CASE OF A %UROPEAN CALL� WE ARE CONCERNED WITH ONLY A SINGLE REALIZATION� THE TERMINAL

SPOT PRICE�

"�S�*� � D`Q~$G�2
3
`*�� ����	

WHERE G � L@W:�� 2
3
` *<� 7ITH SOME EXOTIC OPTIONS� THE CALL PRICE MAY DEPEND ON THE

ENTIRE TIME PATH�

"�S�*� � D`Q~$G�2
�
� � � � � 2

3
� *��

�



)N THE CASE OF AN !SIAN OPTION� FOR EXAMPLE� G WOULD BE THE L@W OVER THE AVERAGE OF THE 2 �R�

! -ONTE #ARLO ESTIMATE B" REPLACES THIS EXPECTATION WITH A SAMPLE AVERAGE� 7E USE

- REPLICATIONS FOR A PRICE PROCESS OF SAMPLE SIZE M�

="�S�*� � D`Q~

�

-

0
-

H��

0
M

I��
G�2H

I�3
� ����	

WHERE
h
2H

��3
� � � � � 2H

M�3

i
IS THE HTH SET OF TERMINAL REALIZATIONS FOR THE EXCHANGE RATE� )N THE

SIMULATIONS� ) SET - � ��� AND M � ����

��� "ASELINE EXAMPLES

4O CALIBRATE OUR -ONTE #ARLO ESTIMATES� ) BEGIN WITH A BASELINE NORMAL EXAMPLE WITH A

STANDARD DEVIATION OF ���� A� � ����� AND THE OTHER PARAMETERS SET EQUAL TO ZERO� )F ) FORM

-ONTE #ARLO ESTIMATES OF %UROPEAN CALL OPTIONS WITH THE SPOT RATE LOG NORMALLY DISTRIBUTED�

) SIMPLY RECOVER THE âAT "LACK3CHOLES PROçLE �NOT SHOWN	�

) THEN USE A MIXTURE OF LOG NORMALS MODEL TO GENERATE BOTH A SMILE AND THE LEFT AND RIGHT

ÝSMIRKSÞ� )N THE LEFT �RIGHT	 SMIRK� ONLY THE LEFT �RIGHT	 TAILS SHOWS AN INCREASE IN IMPLIED

VOLATILITY�

4HE SMILE IN &IGURE � REQUIRES LEPTOKURTOSIS� ) SET THE STANDARD DEVIATIONS OF THE TWO

TAIL DENSITIES TO ��� PER ANNUM� A� � A� � ���� AND LOWER THE CENTRAL STANDARD DEVIATION TO

���� A� � ���� ) ASSUME A BALANCED SWITCHING PROBABILITY� A� � A� � ��� WHICH MAKES THE

TAIL MIXTURE MEAN A� � ��� ESSENTIALLY IRRELEVANT�

4HE SMIRKS REQUIRE ASYMMETRY� ) GENERATE THE LEFT SMIRK IN &IGURE � BY ASSUMING A LARGER

PROBABILITY OF FOREIGN CURRENCY APPRECIATION� A� � ���� AND A� � ���� WITH A JUMP OF ����

A� � ���� 4HE STANDARD DEVIATIONS DONÚT PLAY A ROLE HERE� !LL ARE SET EQUAL TO THE BASELINE�

A� � A� � A� � ����� 4HE POSSIBILITY OF APPRECIATION RAISES THE VALUE OF ALL THE CALLS ABOVE

THE BASELINE ��� REPRESENTED BY THE DASHED LINE� 4HE OPTIONS ALREADY IN THE MONEY GAIN THE

MOST� AND LEAD TO AN EVEN LARGER INCREASE IN IMPLIED VOLATILITY IN THAT TAIL�

4HE RIGHT SMIRK IN &IGURE � REPRESENTS A SCENARIO IN WHICH THE FOREIGN CURRENCY IS MORE

LIKELY TO DEPRECIATE� A� � ���� AND A� � ���� !LL THE OTHER PARAMETERS ARE THE SAME AS IN THE

��



LEFT SMIRK� 4HESE EVENTS LOWER THE VALUE OF THE IN THE MONEY OPTIONS TO THE GREATEST EXTENT�

4HE IMPLIED VOLATILITY FALLS BELOW THE BASELINE FOR ALL OPTIONS� BUT THE IN THE MONEY CALLS ARE

HURT DISPROPORTIONATELY�

4HESE SHAPES ARE OF COURSE ONLY OF SECONDARY INTEREST TO THIS EXERCISE� 4HE SIX PARAMETERS

FULLY DESCRIBE THE UNDERLYING DISTRIBUTION AND WILL ENABLE ME TO EVALUATE HOW LIKELY THE

FOREIGN CURRENCY IS TO DEPRECIATE AGAINST THE 53� AND THE $-� ) TURN TO ESTIMATION OF THESE

PARAMETERS NEXT�

��� 3IMULATED METHOD OF MOMENTS ESTIMATION

$UbE AND 3INGLETON �����	 HAVE PROVIDED A FRAMEWORK FOR USING THE METHOD OF MOMENTS

ESTIMATOR IN THE CONTEXT WHERE NO POPULATION MOMENTS ARE KNOWN� 4HIS WILL PROVE HIGHLY

VALUABLE TO US IN TRYING TO çT DENSITIES TO OBSERVED OPTIONS PRICES�

E�S� 23 � IS THE OBJECT ) AM TRYING TO ESTIMATE� AND ) HAVE ASSUMED IN SECTION ���� THAT IT

IS A MIXTURE OF LOG NORMALS�

E�S� 23 � �

��� -�x` A�� A��� WITH /Q�A��
-�x
 A�� A��� WITH /Q�A��
-�x� A��� WITH /Q��` A� ` A��

��� � �����	

x IS SET EQUAL TO THE RISK FREE INTEREST DIdERENTIAL�

4HE DENSITY IS NOT DIRECTLY OBSERVABLE� AND THE CALL OPTION IS A FUNCTION OF THE CUMU

LATIVE DISTRIBUTION� %VEN IN THE CASE OF THE NORMAL DENSITY� ANALYTIC EXPRESSIONS ARE QUITE

COMPLICATED� ) HAVE LITTLE CHOICE OTHER THAN TO SIMULATE A POPULATION�

)T MIGHT BE TEMPTING TO PROCEED BY MATCHING THE SIMULATED MOMENTS TO TIME SERIES DATA

ON EXCHANGE RATES� 4HIS APPROACH IS NOT SUITABLE BECAUSE E�S� 23 � IS THE RISK NEUTRAL DENSITY�

4HE ONLY SAMPLE ÝMOMENTSÞ ) OBSERVE ARE THE OPTION PRICES� ,ET B�S�*H� DENOTE DATA ON CALLS

STRUCK AT *H� H � �� ���� J� SORTED FROM LOWEST TO HIGHEST� *H � *H`�� "ECAUSE THE OPTIONS ARE

TRADED IN IMPLIED VOLATILITY UNITS� OUR INTUITION ABOUT THE SMILE IS IN THESE TERMS� ) TRANSFORM

ALL THE DATA INTO IMPLIED STANDARD DEVIATIONS USING THE "LACK3CHOLES FORMULA�

}�B�S�*H� �
h
} � 2D`QE ~-�C��`*HD

`Q~-�C�� � B�S�*H�
i
� �����	

��



WHERE -��� IS THE CUMULATIVE NORMAL DISTRIBUTION�

C� �
KM�2�*H� 
 �Q ` QE 
 }����~

}
P
~

AND C� � C� ` }
P
~ � ,ET }�"�S�*H� BE THE POPULATION ANALOG�

)N THE CASE WHERE THE POPULATION INCLUDES DRAWS FROM TWO DISTINCT TAILS� A� � A� �� ��

A� � �� THE CUMULATIVE DISTRIBUTION� % �S� 23 � *H� IS A FUNCTION OF ALL SIX PARAMETERS FOR ANY

*H�� /PTION PRICES WILL ALSO BE DEPENDENT� 4HE VALUE OF THE CALL AT THE HIGHEST STRIKE VALUE

"�S�*J� HELPS TO DETERMINE THE VALUE OF THE NEXT STRIKE�

"�S�*J`�� � D`Q~
2
*J

*J`�

�23 `*J`��E�S� 23 �C23 
 "�S�*J�� �����	

4HIS IMPLIES THAT A SINGLE CALL WILL JUST IDENTIFY THE MODEL� AND THAT ANY ADDITIONAL DATA WILL

REQUIRE SOME CRITERION FUNCTION FOR ESTIMATION�

) CHOSE THE PERCENTAGE DEVIATION BETWEEN THE STANDARD DEVIATIONS OF THE SIMULATED CALL

OPTIONS AND THE MARKET DATA�

FJ s �:}�"�S�*H�` }�B�S�*H��< �}�B�S�*H���
��� � �����	

-Y SIMULATED MOMENT ESTIMATOR �3-%	 CHOOSES BA � �BA�� � � � �BA�� SO AS TO MINIMIZE
0�A� FB�S�*H�GJH��

� � &J6J&
�

J �����	

WHERE

&J
��bJ�

� :F� F� a a a FJ<� �����	

AND 6J IS A �J b J� POSITIVE DEçNITE WEIGHTING MATRIX� "ECAUSE OF THE COMPUTATIONAL COM

PLEXITY OF THE PROBLEM�� ) HAVE NOT� AS OF YET� ATTEMPTED TO CHOOSE 6 OPTIMALLY� &OR THE

RESULTS REPORTED HERE� ) USE THE IDENTITY MATRIX WHICH WEIGHTS EACH OPTION PRICE EQUALLY�

$UbE AND 3INGLETON DEMONSTRATE THAT A DISCRETE APPROXIMATION TO A DIdUSION SATISçES

ALL THE TECHNICAL ASSUMPTIONS FOR CONSISTENCY AND ASYMPTOTIC NORMALITY OF THE 3-%� .OTHING

THAT ) HAVE ADDED TO THEIR FRAMEWORK VIOLATES THE REGULARITY CONDITIONS� )F THE ESTIMATED

DENSITY CONVERGES ALMOST SURELY AS THE SAMPLE SIZE AND NUMBER OF REPLICATIONS GROWS LARGE�

� 4HE SHAPE OF THE DENSITY TO THE LEFT OF *H DOES NOT ENTER THE CALL VALUE� .ONETHELESS� FOR OUR PROCESS ����	� THE
PROBABILITY MASS TO THE RIGHT OF ANY *H WILL DEPEND UPON DRAWS FROM EACH OF THE LOG NORMAL DENSITIES�
� %ACH DAYÚS ESTIMATION TAKES APPROXIMATELY FOUR HOURS ON A 0ENTIUM ����

��



E�S� 2H

I�3

�� E�S� 2
3

�� THEN THE -ONTE #ARLO ESTIMATES DO AS WELL� B"�S�*�� "�S�*�� "ECAUSE

THE IMPLIED VOLATILITY IS JUST A SMOOTH FUNCTION OF THE CALL PRICE� THE REMAINDER OF THE PROOF

APPLIES WITHOUT MODIçCATION�

�� 2ESULTS

4O OBTAIN STARTING VALUES FOR ESTIMATION� ) PERFORMED A GRID SEARCH OVER THE çRST çVE PA

RAMETERS� ) SET THE STANDARD DEVIATION OF THE CENTRAL LOG NORMAL DISTRIBUTION� A�� EQUAL TO

THE AVERAGE OF THE IMPLIED VOLATILITY FOR THAT DAY� ) THEN USED THE $AVIDON&LETCHER0OWELL

ALGORITHM TO OBTAIN çNAL PARAMETER ESTIMATES�

) LIMITED MY SAMPLE TO 3EPTEMBER � TO ��� ���� FOR THE "RITISH 0OUND AND FOR *ULY ���

TO !UGUST �� ���� FOR THE &RANC� 4HIS INTERVAL SEEMS TO BRACKET EACH CRISIS� ) SUMMARIZE

THE DEVALUATION RISK BY EVALUATING THE PROBABILITY OF A �� OR GREATER DEVALUATION AGAINST THE

53� �� DAYS FROM THE TRADING DATE� 4HIS IS PLOTTED IN &IGURES � AND ��

) MUST REEMPHASIZE THAT ) AM ESTIMATING THE RISK NEUTRAL DENSITY� 4HE �� DECLINE IS

RELATIVE TO THE FORWARD RATE�� 4HE OPTION PRICES WILL REâECT INFORMATION BEYOND THAT CONTAINED

IN THE INTEREST DIdERENTIALS�

4HREE THINGS WILL RAISE DEVALUATION RISK� A GENERAL INCREASE IN IMPLIED VOLATILITY A�� A�� A� ��
AN INCREASE IN THE PROBABILITY OF FOREIGN CURRENCY DEPRECIATION� A� �� A� �� AND AN INCREASE IN
THE EXPECTED DEVALUATION SIZE� A� ��
4O DETERMINE CONçDENCE BANDS� ) TOOK THE UPPER AND LOWER ���� FRACTILES OF IMPLIED

VOLATILITY FOR THE THREE MONTHS PRECEDING EACH CRISIS� ) THEN SIMULATED A STANDARD LOG NORMAL

DISTRIBUTION WITH THIS IMPLIED VOLATILITY AND EVALUATED THE RISK OF A �� OR LARGER DEVALUATION�

&OR THE 0OUND� THE IMPLIED VOLATILITY INTERVAL WAS :������ ������< AND THE PROBABILITY RANGE

WAS :������� ������<� 4HE &RANC TRADED IN A WIDER PROBABILITY ZONE� 4HE IMPLIED VOLATILITY

INTERVAL WAS :������ ������< WITH A PROBABILITY RANGE OF :������ ������<�

4HE 0OUND BEGINS THE MONTH OF 3EPTEMBER ���� AT A SLIGHTLY BELOW AVERAGE RISK OF

� 4HE &RENCH53 ONEMONTH INTEREST DIdERENTIAL IS ������ ON *ULY ��� 4HIS IMPLIES A JUMP OF ROUGHLY �� { �� 

�������� RELATIVE TO THE SPOT RATE�

��



������� )T BEGINS TO TREND UPWARD ON 3EPTEMBER �� BUT IT DOES NOT EXCEED THE ��� INTERVAL

UNTIL 3EPTEMBER �� WHEN IT HIT ������� ONLY ONE DAY BEFORE IT WITHDREW FROM THE %2-� 4HE

SPOT RATE WAS FALLING DURING THIS PERIOD� /N 3EPTEMBER ��� THE "0 DEPRECIATED BY `������
AND TWO DAYS LATER� IT FELL ANOTHER `������ /N 3EPTEMBER ��� THE DAY THE ,IRA WITHDREW

FROM THE %2-� THE RISK PEAKED AT ������� 4HE DEVALUATION RISK REMAINS SIGNIçCANT UNTIL

3EPTEMBER �� WHEN IT FALLS TO �������

"Y THE TIME OF THE *ULY!UGUST ���� DEVALUATION� THE &RANC HAD BEEN SUBJECTED TO

PERIODIC SPECULATIVE ATTACKS FOR ALMOST A YEAR� 4HE AVERAGE VOLATILITY OF && OPTIONS WAS AS

HIGH IN *ANUARY ���� AS IN *ULY!UGUST� .ONETHELESS� THE SITUATION SEEMED TO HAVE QUIETED

BY EARLY SUMMER� !T THE BEGINNING OF *ULY� THE "ANK OF &RANCE WAS ABLE TO LOWER INTEREST

RATES CLOSER TO 'ERMAN LEVELS� AND &RENCH COMMENTATORS DECLARED THE && TO BE AN ÝANCHORÞ

CURRENCY OF THE %2-�

/N *ULY ��� THE &RANC RISK WAS AT ONLY ������� /VER THE NEXT THREE DAYS THOUGH� THE RISK

ROSE ������ AND EXCEEDED THE UPPER CONçDENCE BAND ON *ULY ��� 4HIS WAS A FULL �� DAYS

BEFORE THE CRISIS� 4HE RISK BECOMES SIGNIçCANT AGAIN ON *ULY �� AT ������ AS THE CRISIS WAS

UNDERWAY� /N !UGUST �� THE MONETARY AUTHORITIES DID NOT ObCIALLY DEVALUE THE &RANC� 4HEY

WEAKENED THE LINK TO THE $- BY WIDENING THE âUCTUATION BANDS TO f���� 3URPRISINGLY� AFTER

FALLING `����� IN *ULY� THE &RANC ACTUALLY APPRECIATED SLIGHTLY AGAINST THE $OLLAR BY THE END

OF THE YEAR�

�� #ONCLUSION

5SING SIMULATED MOMENTS ESTIMATION� ) HAVE EXTRACTED IMPLIED DEVALUATION PROBABILITIES

FOR 53��"0 AND 53��&& EXCHANGE RATES� ) WAS ABLE TO RELAX THE RESTRICTIVE "LACK3CHOLES

ASSUMPTIONS AND USE A MIXTURE OF LOGNORMALS DENSITY TO DESCRIBE THE DEVALUATION RISK� 7HILE

THIS DENSITY IS QUITE GENERAL AND CAPTURES BOTH SKEWNESS AND LEPTOKURTOSIS� VIRTUALLY ANY

DATA GENERATING PROCESS COULD BE USED� 4HE METHODS DESCRIBED IN THIS PAPER SHOULD ENABLE

ESTIMATION OF A BROAD CLASS OF OPTION PRICING MODELS�

��



)N PREVIOUS WORK� -IZRACH �����	� ) çT A -ARKOV SWITCHING SPECIçCATION WITH PROBIT

TRANSITION PROBABILITIES TO A "ERTOLA3VENSSON �����	 TARGET ZONE MODEL� 4HAT MODEL DEMON

STRATED THAT INTEREST DIdERENTIALS COULD HELP PREDICT REALIGNMENTS� 4HIS PAPER SHOWED THAT

OPTION PRICES CONTAIN INFORMATION NOT INCORPORATED INTO THE FORWARD RATE� 4HE && OPTIONS

ALSO SIGNAL A REALIGNMENT THREE DAYS BEFORE THE INTEREST DIdERENTIALS�

4HE MOST IMPORTANT EXTENSION FROM A TECHNICAL POINT OF VIEW IS TO MODEL THE EARLY

EXERCISE PROVISION� 4HAT WILL REQUIRE USING TREE METHODS ALONG THE LINES OF 2UBINSTEIN �����	

AND $ERMAN AND +ANI �����	�

!DVANCE NOTICE ABOUT IMPENDING CRISES MAY SOMETIMES HELP PREVENT THEM� /PTION PRICES

ARE INFORMATIVE ABOUT THE ENTIRE PROBABILITY DENSITY� AND MAY PROVIDE MORE SENSITIVE INPUTS

TO POLICY MAKERS� #ENTRAL BANKERS MAY TOLERATE A FAIRLY HIGH RATE OF FALSE SIGNALS AS LONG AS

NO ACTUAL CRISES ARE MISSED�� &URTHER RESEARCH IS NEEDED TO EVALUATE ERROR RATES FROM THIS

MODEL� 4HE SINGLE DAYÚS WARNING FOR THE 3EPTEMBER ���� EPISODE SHOULD ALSO REMIND US THAT

THERE ARE LIMITS TO MARKET WISDOM�

� 3OME THOUGHTS ALONG THESE LINES ARE DEVELOPED IN -IZRACH �����B	�

��
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