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Abstract

This paper examines the cfficiency of the French options market (MONEP)
using transaction data on CAC 40 index options duting the period January 02,
1997 through December 30, 1999, In terms of contract volume, CAC 40
options are the most heavily traded index options in the world. We test several
no arbitrage conditions (lower boundary, put-call parity, box spread, call
spread, put spread, call convexity and put convexity) taking transaction costs
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However, the size of the profit potential for low cost instituttonal traders in
some strategics 1s a concern. While the shift to the Furo and the associated
changes in the option contract specification improved volume, we do not find
any clear evidence of c¢nhanced cfficiency. There s some evidence that
arbitrage condition violations coincide with brisk trading and exhibit systematc
patterns opposite to those found 1 che US.
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1. Introduction

|!fficient financial markets are important for capital aliocation, price discovery and risk
management. Growth of the financial markets may also depend on whether the markets are
operating efficienty. While efficiency ot the mature and large tinancial markets naturally
continues to draw significant attention from rescarchers, ironically it 13 the new and smaller
markers that are more likely ro lack efficiency. lor onc thing, the arbitrageurs whose profit
secking activitics enforce proper alignment of the prices are ot as numerous in the new and

smaller markers as they are in the large and established markets.

The purpose of this paper is to empirically test the efficiency of a relatvely new but
imporrant and growing market, namely the IPrench options market MONED (Mearte der Optrons
Neocrabier e Pari). More specifically, we study the etficiency of the market for options on the
well known French stock index CAC 40 (Caarron -Airiasé en Contnn 40y using intra-day dara during
January 2, 1997 through December 30, 1999, Trading in CAC 40 options started in 1991, Since
the switch o the Furo and the associated contract modifications in 1999, CAC 40 options have
surpassed S&P 300 and DAX in terms of volume {(number of contracts) and are now the most

actively traded index aptions in the world.

Our papet joins the small body of research on options markets in continental Turope
(Puttonen {1993, innish, Index), T.cfoll (1994, Swiss, Iquity), DeRoon, Veld and Wei (1995,
Durch, Tiquity), Chesnay, Gibson and Loubergé (1995, Switzerland, Index), Berg, Brevik and
Sacttem (1996, Norwegian, Liquity), Cavallo and Mammola (2000, ltalian, Index) and Mittnik and
Ricken (2000, German, Index). Given the popularity of CAC 40, our study provides potentially
important evidence to the market participants in France and beyond. Further, the switch to Fuaro
offers a valuable opportunity to understand how major structural changes affect the cfficiency of

derivattves markets.

In this paper, we accept the absence of arbitrage opportunities as the operational
definition of market cfficiency. Oune clear benefit of this definition is that our tests are not
dependent on the validity of any option valuation model. We examine the validity of seven
theoretical conditions on arbitrage-free pricing of options. L'he tests of lower boundary and put-

call parity (PCP} provide evidence on the jolnt or cross-market efficiency ot the underlying



marker for CAC 40 stocks and the index options. The tests involving call {put) spread and call
(put) convexity are meant 1o test efticiency of the index eall (put) options market alone while the
box spread test allows us 1o test the relative pricing of index call and put options. Together the
spread and convexity tests offer evidence regarding the internal etticiency of the index options
market. One advantage of these internal cfficiency tests is that the feasibility of arbitrage
transactions using only options is better than when both options and the underlying asser(s) are
used. This is specially so for index options where there 15 1o tracking security for the index,
which is the case 1 our sample.1 Possibly stale nature of the index is not a factor cither in spread

fests.

A small group of previous studies (c.g., Galai (1979), Bhattacharya (1983), Billingsley and
Chance {1985), Ronn and Ronn (1989), Ackert and Tian (2000, 2001)) tests options market
cfficiency using the spreads.” Using intra-day data and spreads should improve efficiency tests In
emaller markers where the stock and option quotes are more likely to be non-synchronous and
exccution of inter-market arbitrage may be more time consuming and costly. We also take into
account dividends on the underlying component stocks, transaction costs and short sale
constraints. The CAC 40 options are Furopean and hence our test results are not affected by the
complications in arbitrage conditions that arise duc to the carly exercise fearure of American

options (Kamara and Miller (1995)).

In general, our empizical results for the CAC 40 index oprions are in line with previous
findings for index options in the US (lvnine and Rudd (1985, US, S&P* 100), Chance (1987, US,
S&P 100, Kamara and Miller (1995, US, 8&1” 500, Ackert and Tian (2000, 2001, Us, S&P 500))
and elsewhere (Ackert and Tian (1998, Canada, "I'TP 35), Puttonen (1993, Finland, FOX),
Chesnay, Gibson and Loubergé (1995, Switzerland, SM1), Cavallo and Mammola (2000, Ltaly,
MIB30) and Mirtnik and Rieken (2000, German, DAX)). Over the sample pertod January 1997
though December 1999, we find many violations of the arbitrage conditions as applied to the
CAC 40 index and options. But the frequency of violations diminishes considerably as we factor

in various market frictions (bid-ask spread, exchange fees, brokerage commissions, and short

VA tracker (Finidonge Vi Prod om CAC H0 index, named Master Share CAC 40, was introduced on Nextlrack,
thie Furonexr market segment dedicated ro trackers, on January 22, 2001 Euronest was created by the merger of the
exchanges in Amsterdam, Brussels and Paris. With the completion of luronext's planned infegration process, it will
be the first fully inregrated, cross border, Furopean marker for equires, bonds, derivanves and commodities.

Luronest currently operares through Huronest Amsterdam, Huronext Brussels and Euronexr Paris.

2 Aq alternaiive approach (eg., Black and Scholes {1972), Galai (1977), DeRoon, Veld and Wei (1993)) use hedge
strategics to cxamine arbitrage opportunities. These strategies reguire positions in multiple oprions s the spreads do.

[Towever, the Greek-neutral strategies are model dependent.



sale constraint). Therefore, considering the incidence of profiable arbitrage opportunitics, out
study supports the cfficiency of dhe rench index options market, the MONED. In fact, the
arbitrage conditions involving options alone indicate a higher level of efficiency for the CAC 40
index options market compared 1o the S&P 500 index option market, the most mature and the

largest (in terms of rraded contract value) in the world.

However, the size of the profit potential for low cost institutional traders in some
strategies ndicate some incfficiency comparable to that tound 1n Ttaly Cavallo and Mammola
(2000, another relatively new Luropean options market. While the shift 1o the Furo and the
associated changes in the option contract specification improved volume significancly, we do not
find any clear evidence of enhanced ctficiency. Ta facr, efficiency scems to have diminished in
some instances. There is also some evidence rthat arbitrage opportunitics are mote common
during periods of brisk trading. However, we do not attempt to establish any causality in this
regard. Lasty, we find that the systematic patterns of Put-Call Parity violations in the CAC 40
options market are different from those observed in the S&P 500 options market. This could be

due to possible cultural /institutional differences benween the two markets.

The remainder of this paper is organized as follows. In section 2, we discuss the arbirrage
pricing relations under study. Scerton 3 describes the French institutional framework and the data
that we use. The empirical results are presented in Section 4 and a summary of our findings and

concluding comments follow in Section 5.
2. Arbitrage pricing relationships
‘T'here are three ways to test the efficiency of the options market. The first Is to compare

the actual market prices of options and the estimated option prices generated from a theoretical

- .. 1 . - . ~ a0 - .
(')Ptl(}]'l Pl‘lClllg lﬂ()(_l(_‘l. \ SQfC()l'ld ﬂppl’()ﬂch COMSISLE 1IN tCStll]g th protltﬂblht_\-’ ot a tfﬂdlflg rule

¥ For an analysis of the empirica) performance of alternative option pricing models for the CAC 40 Tndex options,
see Capelie-Blancard (2001). Farly on, Black and Scholes (1972), Black {1975}, Galai (1977), and Finnerry (1978) used
the celebrared Black and Scheles (1973) nprion pricing model to jdentify mispoiced equiry options in rhe Unired
States. Lor US index options, Livaine and Rudd (1985, 8&P 500) and Cotner and Horrell (1989, 5&01 100} find the
constant variance Black-Scholes model to exhibir pricing biases that are m part explained by stochaste volatiliy
madels according ro Sheikh (1991, 8&0 100). Chance (1986, Sé&l 100} also coneluded thar the Black-Scholes model
cannor be used 1o gencrate abnormal rerurns from trading index options. Galat (1V83) surveys catly srudies on the
Black-Scholes model and options market efficiency while Bates (1996) provides a recent survey that includes findings
about more general oprion pricing models. Also, see Chaudhury (1985 for a cririque of the cmpirieal methods used
in resting the validity of the Black-Scholes option pricing model.



based on the rime serics predictability of implied volarility. 'T'his approach has the advantage of
not requiting exogenous volatility forccasts of the underlying assct returns.” Such tests are,
however, joint tests of the validity of the theoretical option pricing model, the level of
synchronization between the spot and options markets and the efficiency of the optioas market.
The third approach wkes the stock and option market prices as given and simply looks at
possible violations of no-arbitrage relationships among the prices. In this paper, we usc this last

npprnﬂch.

'The tundamental premise behind the no-arbitrage price relafions is that investment
strategies with identical future cash flows should be priced the same. The main advantage of the
no-arbitrage approach to testing cfficiency is that ir does not rely on assumptions about traders’
risk preferences and market price dynamics. Indeed, it only assumes that “free lunch” can not
exist in cfficient markets and investors prefer more to less. Since the no-arbitrage tests use only
the observed market prices or quotes to initiate trades, the tests can be considered as tests of the

weak form of market efficiency.
I the remainder of the paper, we will use the tollowlng notation:

¢ price of a Huropean call opton;

P price of a Liuropean put option;

—

" price of rhe underlying asset;

K strike price;

T: lime to matugity of the opnon;

rorisk free rate of interest;

7 dividends paid on the CAC 40 index during the remaining life of the option,
discounted at the risk free rate of interest;’

A is the percent of proceeds av -ailable to CAC 40 short sellers 1n the stock market.”

For evidence on 1S equity options, see, g, Latane and Rendleman (1976), Chiras and Manaster (1978), and
Whaley (1982}, For 3&1 100 Index oprions, Day and Lew is (1992) find option prices to be informative about furure
realized volarlity while Caninz and Figlewski (1993} find the opposite result. On the DANX marker, Schmiit and
Fachler (1996) find that an autoregressive medel for the implicd volatility index (V1. AN} generares lower profit than
the hisrorical volanlity or the GARCIT model from delra neurral volatlity trading,

5 1n a similar way, Poon and Pope (2000) suggest testing the joun etficiency of options written on financial assers
that are close substitutes. Such tests do nor require foreeasts of volanlity of the undetlying asset rerurns since they
focus on the relarive pricing efficiency.

6 \We assume thar rraders have perfect knowledge abour furure dividend payments.

T Ax in Kamara and dMiller (1995), it represents the additional costs of shorr selling 1n the stock marketr. We assume
also thar there is no additional cost of short selling in the oprion market {Figlewski and Webb (1993)),



The ask and bid prices of the sceurities are denoted by the superscripts # and 4 while 7, 7
=g pou 4 represents the transacton costs other than the bid-ask sprcﬁd for onc-way trading of
the call and put options, replicating the index and lending or borrowing at the risk-free rate

rcspectivcly.

The remainder of this scction describes the arbitrage conditions that we test in this paper.
The lower boundary condifions (7o and /74 for the call and put options are in secion 2.1,
followed by the Put-Call Parity (Zoand 22 in scction 2.2, Thus the conditions in sections 2.1 and
2.2 concern arbitrage across the stock and the options markets and are intended to cxplore the
relative cfficiency of the options market. Arbitrage conditions involving options alone are
described next. The call and put spread (Azand 374 conditions in section 2.3 and the call and put
convesity (Jw and 34) conditions in scetion 2.5 are meant to test the relative pricing cfficiency of
cali options alone or put options alone. The box spread conditions (% and #4) in secton 2.4, on
the other hand, enforce pricing efficiency across call and put options. We deseribe the box spread
condidons immediately after the call and put spread conditions but before the convexity

conditions as the box spreads combine the call and put spreads.

2.1 Call & Put Lower Boundary Conditions

To preclude arbitrage across the options market and their undetlying asset market, the

following inequalitics must hold for every call and put option:

C" + - Max [ A1) - K exp(-T) (4,42, ), 072 0 {Ta)
P s, - Max /K epfrt) - (8°-12) (1 +71, S 0/20 (76)

Tt essence, condition (7a/ dicrates that a call option must be worth at least its intrinsic
value, namely the dividend adjusted price of the underlying asset net of the preseat value of the
strike price for an in-the-moeney option, zero otherwise. n a similar fashion, condition 74/
dictates that a put option must be worth at least its intrinsic value, namely the present value of
the strike price net of the dividend adjusted price of the underlying asset net for an in-the-money

option, zero otherwise.

6



Suppose condition (7z/1s violated. One can set up an arbitrage strategy of short selling
ihe stock, using part of the proceeds to buy the call option and lending the present value of the
strike price (buving risk-free asset with face value K). This strategy would leave the arbitrageur
with positive cashflow now and non-negative cashilow at maturity. It 74/ s violated, an
arbitrageur would borrow the present value of the strike price and use part of the proceeds to
buy the underlying asset and the put option. Theretore, it cither /7a) ot (74) 1= violated, the

OPTIONs matket is undervaluing the options relative to the value of the underlving asset.

2.2 Put-Call Patity (PCP)

The put-call parity was first established by Stoll (1969) and then extended and modified
by Merton (19734, 1973b)." When there are no dividend payments, transaction costs or short-

selling constraints, the basic put-call parity condition is the following:

C+ K expfot) =P +.8

If the PCP is violated, one can make risk-free arbitrage profit by pursuing a /gy or a sbort
arbitrage stratcgy. The o7 strategy involves sclling the put option and short selling the stock
portfolio that replicates the index at their bid prices and simultancously buying the call opton at
the ask price and lending at the risk-free rate. The /g stategy involves buying the stock portfolio
that replicates the index and the put option at their ask prices and simultaneously selling the call
option at its bid price and borrowing at the risk-free rate. The name ot or e means to Indicate

the arbittage position in the underlying assct.

Consideting transaction costs and short-sclling restrictons, the PCP restrictions that

prevent the protitability of the e and the /gy arbitrage strategics respectively are as follows:

SO+ Keplo)i—/ P+ MS"-D)) + (44,4 442,)20 (2]
PP DY O+ K ety (A 4 ) 20 24)

8 Pui-call parity is also used ro proxy rhe implied index level or the risk free interest rare. For example, see Finucane
{19913 wha rests lead-lag relationships between the S&DP 100 index and the QLY oprions by using the implied indes
level derived From the POPR relation, Shimbko (1993 esiimates the risk free interest rate from rhe PCP ro recover the

risk neurral probabiliey density funerion.



If the inequality /s violated, put option is overvalued relative to the call option given
the value of the underlying stock index. Hence an arbitrageur can profit by pursuing the +hor?
strategy  that involves sclling the overvalued put option and simultancously buying the
undervalued call option. One can also think of this arbitrage as creating a synthetic shors position
in the risk-free asset and lending direetly. This is because the w7 positions in the undetlying
assct and the put option combined with the g position in the call option leads to a terminal

payoff of =K.

Similarly, if the inequality /2/is violated, call option is overvalued relatve to the put
option given the value of the underlying stock index. Hence an arbitrageur can profit by pursuing
the Jme strategy that involves seiling the overvalued call option and simultancously buying the
undervalued pur option. One can also think of this strategy as creating a synthetic Zzg position in
the risk-free asser and horrowing directly. This is because the Agg positions 1n the underlying
asset and the put option combined with the w7 position in the call option leads to a terminal

payoft ot K.

As the underlying asset is an index, arbitrageurs however face several problems when they
(rade in the cash market. /737 if some of the stocks in the index do not have liquidity and depth,
it is often difficult to simultancously buy or sell a stock portfolio replicating the index at a set of
specified prices. Jwond, short sclling of stocks is, in general, subject to many Institutional
restrictions. 774##, dividends may affect arbitrage performance. Fourth, arbitrage operations may

involve high trading costs.

Given that the index futures prices are related to their underlying cash index values 2z the
cost of carry relationship, arbitrageurs might preter to combine index futures with index options
without taking any position in the cash index replicating porttolio. While a liquid index futures
market should facilitate arbicrage, using futures instead of a stock portfolio replicating the index
creates possible basis risk. A liquid wacking security, if it exists, should alleviate these problems
and enhance efficiency (absence of inter-market arbitrage) as argued by Ackert and Tian (1998,

2001).



2.3 Call & Put Spreads

A call (put) spread is a combination of two calls (puts) with different strike prices but
identical marurity. A bullish (bearish) call (pug) spread involves purchasing {selling) a call (pur)
with strike price A, zud simultaneously selling (purchasing) a call (put) with strike price A, where
A, < K. The terminal payoff from the bullish (bearish) call (put) spread strategy Is zero when the
index is lower (higher) than A (A7, strictly positive otherwise. In the absence of arbitrage and

when all transaction costs are taker into account, the following incqualities should hold:

(Ci=C )+ (K= K exp(rt) + (21+0) 2 0 {74/
e Py )+ (K, — K) expfrt) + (2,; )20 (36)

Supposc the arbitrage condition (3z/is violated. [t means that the lower strike (K) call
option is overvalued relative o the higher strike (A7) call option. An arbitrageur would then sell
the bullish call spread, Le., sell the overvalued lower strike call option and buy the undervalued
higher strike call option and lend (K ~A7) exprr 7y This would leave the arbitrageur with a posttive
cashflow (the remainder of net proceeds from options after lending) now and a non-negative

'
casliflow at matarity.

Now suppose the arbitrage condition /34 is violated. It means that the higher strike (A7)
put option is overvahued relative to the lower sirike (A7) put opton. An arbitrageur would then
sell the bearish put spread, ic., sell the overvalued higher strike put option and buy the
undervalucd lower strike put option and lend &K ~A/ exp/T) This would leave the arbitrageur
with a positive eashflow (the remainder of net proceeds from options after lending) now and a

non-negative cashflow at maturity.

Y The maximum pavment obligation of the arbiragear ai marueiry due ro selling the bullish call spread alone 1s A~A,
This happens when the rerminal stock price is above the higher srrike price A% and both oprions expire in-the-money.
When the rerminal stock price is below the lower strike price A, and both ophions expire our of-the-money, the ner
options payment ebligation for the arbirrageur 15 zero. In berween, the net options payment obligation ts the terminal
stock price net of the lower strike price due (o the option sold. This is, however, less than the difference hetween the
rwaor strtke prices.

9



2.4 Box Spreads

A box spread combines a bullish call spread and a bearish put spread. It create a risk-free
position by purchasing call and put options with strike prices A, and A, respectively and selling
call and put options with strike prices Anand A respeetively. The werminal payoft of this portfolio
is cqual to K. — A, whatever the index may be at maturity and is positive since K, < A,

Accounting for all transaction costs involved. the tollowing no arbitrage inequalitics must hold:

(C7-CL)— (PP = P) )+ (K, = K axp(r T) + (21420 42)20 (4]
(Ci= CF )= (P = P )+ (Ko= K oxprT) + (21420,41) 20 (4]

The arbitrage inequality 4/ corresponds to buving a bullish call spread and a bearish put
spread and borrowing the amount (K=K )enpf—T)h The total net cost of options including
ransaction costs is (& — € )= (P/=P7 J+ (27427, The net proceeds from borrowing is (K ~A)
epf-rT—7.. Since the future payoft from options (K—A) ) is exactly the amount needed to pay off
the loan, it is necessary to have the total net cost of options including transaction costs to be aft
least as high as the amount of borrowing net of the rransaction cost. Otherwise, there 1s an
arbitrage opportunity. The arbitrage incquality 44/ imposes a similar restriction on selling a
bullish call spread and a bearish put spread and lending the amount K~K)a\p—=T) Since the
strategy in /#s/ requites net investment tor the options while #4) generates nct proceeds from

options, we shall reter o #e/as the g hox spread and to /#4)as the sarr box spread.
2.5 Call & Put Convexities (Butterfly Spreads)

Call (put) convexity, also referred to as a butterfly spread, requires purchase of calls (puts)
with strike prices A, and £, and sale of calls {puts) with strike price &, where K, < £, < K, The
terminal pavoff of this swategy is zero it the index is lower than A, or greater than K, strictly
positive otherwise. The no arbitrage call and put convexity conditons, when transaction costs are
taken into account, are expressed as:

wC A (T)C = CF+ 320 (Ba)
wP; + (TP — P+ 7,2 0 (34

10



with w = /K, — K} 7/ (K, — K If the strikes are cqually spaced (w=1/2), convexiry invaolves

purchasing one each of the two end serike options for every two middle strike options sold.

Supposc the arbitrage condition is /5a/ violated. This means that the middle strike call
option is overvalued relative to a portiolio of lower and higher strike call options. In other words,
the obscrved option prices as a funcdon of the strike price are not convex enough. Assuming
#=1/2, an arbitrageur would then sell two middle strike call options for every pair of end options
bought. Bevond the end strike prices, the rerminal payment obligation for the arbitrageur s nil. Tn
between the end strikes, the arbirrageur would enjoy a positive pavolf with the highest payoft

occurting when the terminal asset price (index value) is equal to the middle strike.

3. The database and the transaction costs

Our study focuses on the CAC 40 index options (X1 contracts}, The CAC 40 Index is
calculated as the capitalization-weighted arithmetic average of the prices for the component
stocks." Somme representative information about the components of the CAC 40 Index 13
presented in Appendix A 'The index has a December 31, 1987 base value of 1,000 and the index
value is disseminated every thirty seconds by Fimmiens Paris. As of Seprember 20, 1999, Prance
Telecom was the largest component of the CAC ) Index and accounted for 10% of the index.
'ive other stocks (0115 Aquitaine, Total FINA, AXA, Vivendi, 1.°Oreal) had a weighting of more
than 5% cach and 1ogether with I'rance "I'elecom accounted for about one-third of the CAC 40
index. As of August 31, 1999, the total market capitalization of the forty stocks in the CAC 40
Index was more than FUR 700 billion and they accounted for over §0% of trading volume on
Premicr Marché of Fwmrens Paris. The shares are traded in an order-driven market on a screen-

based electronic system called NSC-Super(CAC.

Liquity and index futures and options are readed on the et dev Options Negoctubiles de

Lz (MONEDPY Since 1998, trading in CAC 40 index derivatives has become fully automated.

10 e selection of CAC 40 component stocks is made in accordance wirly several requirements such as capitalization
and liquidiry.

1 Tnterest rare and commodity contracrs are rraded on the Jhwede' o Terme Firtessuiivonal de Prewee (NMATIE)L Tee,
Gleason et Mathur (2000) examine the efficiency of four financial contracts rraded on the MATIF mcluding the
CAC 30 index futures (before moving reo the MONET). They test for serial correlations, unit roots and varance
patior, and show that the random walk hyporhesis cannot be rejecred from the inceprinn of trading to Apnl 30, 1997,



Previously traded by a combined clectronic/open outery process, the option and future contracts
were switched 1o NSC-VO (verion option) and NSC-N U (version futnre) systems in March, 1998 and
April, 1998 rcspcctivcl_\?.“ Unlike the stock market, the MONIZP is a quote-driven market and
there are designated market makers for actively waded derivatives, including the CAC ) index
options. [lowever, there is no discrepancy berween the stock and the options markets in terms of
trading hours. 'T'he stock and options markets opened at 10:00 AM and closed at 17:00 PM

. . 13
dUl‘ll'léJjr our SIllll])lL‘ ]')Cl'l(ld.

Trading in CAC 40 options started in 1991 and they are now the most popular options on
the MONLEDP.” The excercise stvle of CAC 40 options is Luropean, Le., the options can be
exercised only al maturity time. Some features of these option contracts have changed with the
shift 10 the Turo. Betore January 1999, options were available for rwo halt-yearly expiration dates
(March and September) and consecutive strike prices were separated by 150 index points. The
contract size was FRIY 50 times the CAC 40 index and the minimum price fluctuation, namely the
tick size, was 0,01 index point.”” At expiration, the cash serdement was equal to the difference

between the exercise price and the expiration sertlement index times FREF50.

Starting in January 1999, options arc available tor eight expiration dates 3 monthly, 3
quarterly and 2 half-vearly). The consceutive strike prices are now separated by 50 index points
for monthly expirations, 100 index points for quarterly expirations and 200 index ponts for half-
vearly expirations. The conrract size has changed ro LLUR 1 times the CAC 40 index and the tick
size is now 0.10 index point.'® The cash settlement at expiration 1s the differcnee betwecen the
exercise price and the expiration settiement index time LLUR 1." For each option series (calls and
puts), at any given time, there are at least three strike prices available: one around the CAC 40
index value and two out-of-the-money strikes closest to the index value, In-the-money options

: . o - : "
are exercised automatically at expiraton, unless specitied otherwise by the buyer.

12 Thix rrading system will be replaced in 2002 by a new environment called Ny Desdvvitives Sysfesr (NSDY which will
be shared by all Furonext markets.

3 Since April 2, 2000 markets opea ar 9200 am and close ar 17:30 pm.

H Oprions on many of the CAC 40 component stocks aze also readed on the MONLEP. Eguity options for more than
80 stocks are avatlable for rrading on the MONTT.

5 Similar to Ap Gwilyny, Clare and Thomas (1998), for instunce, the disrribution of the transacrion prices (see in
Appendis Y is not uniform. Berween 60%0 1o 809 of the contracts are readed ar full index poinr while 10-20% of the
contracts are traded ar half index poinr.

16 1 fact, traders are sl allowed 1o use 2,01 index poine when they pass “link orders”, such as spreads.

71T HUR = 6.55957 FRI.

1 5ee Appendix DL Aore information is available at the wely site wwa o, /o

12



For the sake of comparison, some summary statistics about trading in various index
options from around the globe are reported 1nTable 1. The downsizing of the CAC 40 options
contracts i1 1999 has propelled them to the distinction of most actively traded (in terms of
volume or number of contracts) index options in the world. Tn 2000, more than 84 million CAC
40 options contracts were traded on the MONEDP. Duting the same year, S&I 500 options 1n the
Upited States had a volume of 23.5 million contracts and the volume tor the DAX options in
Germany was 31.9 million. In rerms of contract value, however, the CAC 40 options marker 1

much smaller and rank fifth in the world behind S&I? 500, IXAX, NASIDAQ 100 and 1¥TSE 100.

T'he data for the CAC 40 index options for the January 1997 to December 1999 period
were extracted from the Fimmweny Parde database BDAD. The database includes a ome-stamped
record of every trade that occurred on the MONEP, the dividends on the underying stocks and
the transaction volume tor all call and put options. It also contains the CAC 40 index value
caught cvery 30 scconds.” We use the PIBOR until December 1998 and the FEURIBOR
afterwards as a proxy for the risk-free rate of interest. The interest rate data is from Dasestrean”
These interest rates are also used ro caleulare the present value of the dividends paid on the index

pricr to the expiration date of the option.

The availability of high frequency prices cnsures a high level of synchronisation between
the option prices and the index. This allows us 1o overcome a key problem related to tests of no-
arbitrage opportunity. I‘urther, in our sample, we require all prices in a given arbitrage condition
(o be within one minute of cach other.™ As usual, we use exclusion criteria to remove unreliable
or likely uninformative (for our purpose) option records from the database. Options transactions
with a reported price less than 1 index point, options with maruriry less than two days or higher
than 180 days are excluded from the sample. After the filters, our sample contains 77,927 call

option and 80,320 put option cransacions,

While it is important (o take transaction costs {bid-ask spread, commissions, trading fees,

settlement fees, &) into account, an accurate estimation of the actual costs for the various

BOf the 80,672,344 CAC J0 index contracts traded berween 1997 and 1999, our darabase conrains 80,522,073
contracts (99.81%). Number of missing contracts is nil in 1997, 11,081 (0.40%) in 1998 and 13,910 (0.18%) in 1999
These missing observations are due to the failure of the marching process with the CAC 40 spor index. Oug sample
contains 50,627 transactions on 250 business days in 1997, 36,466 rransactions on 248 business davs in 1998 and
144 502 transactions on 256 business days in 1999, Sce Appuendix C

2 We ipnore the difference berween the lending and borrowing rates,

20 Iy apeder to increase our sample, we construcred other samples where prices are required ro be within five minutes
of cach other. They Jead approximartely ro the same results.
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strategies 1s quite challenging (Shiciffer and Vishny (1997)). Not only the transaction costs tend o
vary over time (Berkman (1992)), they may also depend on the particular strategy and the size of
the transacdon.” As bid and ask prices are not readily available for the I'rench derivatives
markets, we have to consider proxies™ A common approach is to assume that the bid-ask spread
is consmnt. Then, it could be estimated based oa a sample of bid-ask quorations (Phillips and
Smith (19807 or derived from the moments of the transaction prices (Roll (1984), Stoll (1989),

Smith and Whaley (1994)).

In addition to the bid-ask spread, the overall transaction costs also include brokerage
commissions and exchange fees. As of April 2000, for index options transactions on the
MONIP, crading fee is equal to 0.02 Buro e contract and the clearing fee varies with the price
of the option from 0.025 % of the contract value if it is less than 150,000 Huros 10 (.15 % of the
contract value if it is more than 1,500,000 luros. In additon, there are taxes cqual to 19.6 % of

the fecs.

In this study, we entertain four different scenarios for the overall transaction costs and
. 3¢ . . . i +

short sale constraints.” In Sreswrzo 1 we assume a zero bid-ask spread and rese the arbitrage
relations with the fransaction prices. We assume here 2ll other ransaction costs to be zero and no
short selling constraint is imposed cither. Prequency and size of arbitrage opportunity 1s
overestimated in this scepario. In Sawwrie 2, the opton bid-ask spread is assumed to be equal to
1 % of the reported transaction price and the index bid-ask spread is assumed to be cqual to
0.1 % of the reported index level. However, as before we assume away other transaction costs

and no short-selling constraint is imposed either,

In Szewarso 3, the bid-ask spreads are the same as in Srewrro 2. However, we add exchange
(MONILDP) fee of 0.025 index points plus 0.2% of contract value for options and a brokerage
commission of 5.0 index points (as in Cavallo and Mammola (2000)) for replicating the CAC 40

index. Further, as in prior studies {c.g., Kamara and Miller (1995), Ackertand Tian 2000, 2001)

2 Lispecially in the Trench marker, fees varied with the shift to the Hure and the re-definition of the contracr
features.

25 Ihe observed bid-ask spread generally overestmares nsaction costs since trades also occur inside the spread
rather than ar the quotes as the traders are sometimes able to bargain for berter prices. Thus, rests based on bid-ask
spreads would be biased in favour of marker efficiency. owever, transacrions insde the gquoted spread are not as
common in rhe eprions macker as they are in the stock market (Cho and Lingle (1999)).

2 [hese measures are based on privare discussion with traders. In reality, the bid-ask spreads on the MONLED very
likely varied over ime and it was ant possible on our part 1o estimare the ime varving spreads accurarcly. ITowever,
we will see that this is not a serious limitation of our analysis since small spreads are enough o nullify arbitrage

violations.



we allow 99% of the sale proceeds 1o be available to the index short seller. The purpose here 15 o
estimate ihe frequency of arbitrage opportunity for institutional arbitrageurs on the MONLP. In
Seewarso 4, the option bid-ask spread 1s assumed to be cqual to 2.5 % of the reported transaction
price and the index bid-ask spread Is assumed to be cqual to .25 % of the reported index level.
The exchange (MONIEP) fee here is 1.0 index point plus 1% of contract value for aptions. As a7
Svenario 3, the brokerage commission is 5.0} index points for replicating the CAC 40 index and
999, of the sale proceeds are available to the index short seller, Scenario 4 s the case of a retal
investor who faces large bid-ask spreads, higher transaction costs as well as short-selling

CONSCraints.

The four scenarios about the transaction costs and short-selling constraint

Transacliion costs Sevmmin 1 Seeweerva 2 Swvsrvo 3 Seewarre

[}
J
=

Option Bid-Ask Spread 0,00 1.00 1.00
% of Transacton Price

Option Trading Tixchange Lee (7, 4 ): 0.00+0.00  0L.004+0.00  0.025+0.20 1.00+1.00
Iixed Index Pomnis + %% of Contract Vahe

Index Bid-Ask Spread 0,00 0.10 0.10 .25
%o of Index Tevel

Index Replication Cost (4) 0.00) .00 5.00 5.00
In Index Points

Short-Sale Proceeds % (A) 00 100 99 99
Only for put-call paricy

It is to be noted that i general the transaction costs in our four scenarlos appear less

prohibitive compared to the evidence in various studies™ As such we are more likely to find

% Bor instance, for the Turch equity call options mrker from January 23 rhrough April 21 1989, Berkiman (1992)
shows that the bid ask spread 15, on average, berween 11.6% and 16.2%, depending on rthe rime of the day, with a
minimum of 1.6% and a maximum of 82.5%. George and Longstaff (1993) examine the S&P 100 index oplion prices
during 1989 Derween 1400pm and 14:15pm. "The bid ask spread there 1, o1 average, cqual to 18,5 (15.6) cenrs for
call (put) options and it increases wirh the option price. For out-of-the money call (pur) options with a rime to
marurity of less than 30 days, the average bid-ask spread Is 6.7 (6.9) cents onan average price of USD 0.982 (0.93%),
while for in-the-money ¢all (put) oprions with o tfime to mararity more than 60 days, the average bid-ask spread is
563 (41.6) cents on an average price off USDY 20751 {12.846). [n percentage terms, the bid-ask spread is berween
271 (3.23%) and 6.82% (7.34%) for call (put) oprions. These resulis confirm the CBOTE findings by Phillips and
Smith (1980 and Vijh (1990) and are similar 1o those observed for the 5&P300 index options Rubinstein (1994),
Bakshi, Cao and Chen (1997)), Lefoll {1994) show that bid-ask spread of the equity options rraded on the SOFTEX
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evidence against CAC 40 options market efficiency. However, as will be reported later, precise
estimarion of the transaction costs 1s not a key Issue for the validity of our results since very low
transaction costs are sufficient to remove most of the arbitrage ()ppormnirics thar we deteer

without transaction costs.

4. Empirical Results

In this section, we discuss the empirieal results regarding the efficiency of the CAC 40
index options market that arc reported in Tables 2 rhrough 8. All the results are ex-post except
those for the Put-Call Parity where we also report tindings of e experiments. In Appendix B,
we describe the design of our exspar (and exwanse tests tor the PCP) tests for the arbitrage
conditions under study. L'est results for the lower boundary conditions (/¢ and 74 arc reported in
scction 4.1, followed by the Put-Call Parity (2 and 2 results in section 4.2, These results in
sections 4.1 and 4.2 thus concern cfficicney in terms of absence of arbitrage across the stock and
the options markets. Results about the internal efficiency of the CAC 40 index optons market
are discussed in the sections 4.3 through 4.5, The call and put spread (Fa and 74 results are in
section 4.3, the box spread {(#7 and 44) results are in sectton 4.4, and rhe convexity or butterfly

spread (J and 54 results follow in section 4.5,

In each scction, as we report the I'rench market evidence, we also compare them to the
US markel evidence reported in prior studics. The main statistics in our discussions 1s the

frequency (or perceatage or incidence) of violations of the arbitrage condirons defined as:

Frequeney (Percentage or Incidence) of Violation =

Number of Violations [deatificd / Number of Observations xamined

Lixcept for the lower boundary condition, we then report the size of violation as measured by the
mean deviation in index poiats (referred to as Adesw in the tables). The tables also report the

standard deviation (in index points) of the deviations (referred 1o as J#71n the rables).

berween Orcraber 1989 and May 1990 15, on average, about 30% {compared o 0.35%) for the underlving equitics),
and i is seldom less than 10%. cven when the marker scems very active. Pinally, on the MONIDP, Sahur (1998)
shows that the eyuine options bid-ask spread 15 abour 16.70% {19.49% for out-of-the-money options, 9.19% for ar-
the money oprions and 7.11% for in-the-money eptons) with a minmmum of 2.93%.



4.1 Lower Boundary Condition

The first set of results L(p()rtcd in Table 2 corresponds to the test of the lower boundary
conditions /7«/and 74/ using the transaction prices. Prices that violate these atbitrage conditions
will aot be considered in the remainder as thev can be considered as outliers. T'o be quite

conservative, we assume here that there are 1o (ransaction costs or consrraints.

OFf the 138,253 obscrvations that remained after sereening, the lower boundary condition
appears to have been violated in only 807 (0.51%) option transactions. Of these, 682 (0.88% out
of 77,927) are call option and 125 {0.16% out of 80.326) arc put Option transactions.™ These
incidences compare quite favorably with those in the US and clsewhere. For example, Ackert and
Fian (2001) report frequency of violations for the S&P 500 index options ai more than 5% for
call options and at more than 2% for put options during the Pebruary 1992 to January 1994
period. [n the much smaller i Tnnish Options Index market during May 2, 1985 December 21,
1990, Puttonen (1993) tind about 7% violation for at-the-monev call options with in-the-money

options exhibiting a significantly greater incidence.”

The shift to the Duro and the associated changes 1n the CAC 40 options contract
specification appears to have made a clear improvement in reducing the incidence of lower

(

boundary violation from 1.82% to 0.41% for call options and from 0.29% te 0.10% for purt
options. The Z-statistics for the change in the percentage of violations, 16.03 (call), 5.10 {put) and
16.99 {combined), are all significant even at 1% significance Jevel. These improvements are quite
impressive compared to the effcet of introducing tracking sccurity SPDR for the &I 500 and
the trend in other markets. As reported by Ackert and Tian (2001), the introduction of SPDRs
barley changed the frequency of call option lower boundary violations and in fact led to a
deterioration for put optons from 2.04% violation before o 2.64% after the introduction of
SPDRs. Similatly and contrary to conventional wisdom, Puttonen (1993, linnish Options Index),
Halpern and Turnbull (1985, Canadian Vquity Options), and Bhattacharya (1983, CBOF. Fquity
Options) find the incidence of luropean call lower boundary violation to increase over fme as

the options markets attracted more volume.

% Nore thar we do not observe any negarive price or price higher than the spot indes.

F Based on CBOE equity options transactions data for 196 rading davs ending in June 2, 1977, Bhattacharya (1983)
find the frequency of ex-post violation ar 8% This compuares w ath Galai (1978) frequency of 2.95% for equity
options during the fiest six monrhs of CBOHS operation in 1973 Using transactions dara for the Canadian equity
options markes, Halpern and Turnbull (1985) report an ex-post \mlmnm incidence of around 10% during 1978 and
1979 "They also find some inefficiency i ex ante tsrs after considering bid-ask spread and transaction cosrs.



Therefore, at least on the basis of the most fundamental arbitrage relationship for stock
index and option prices, the Freach options market appears quite cfficient, specially considering
its smaller size (in terms of traded value of the underlying index) and age. Also, as the options
market activity increased over tune, the lower boundary violation became less frequent suggesting

that traders perhaps became more familiar with the CAC 40 index opdons.

4.2 Put-call patity (PCP)

Fmpirical tests of the put-call parity for the US markets have been widely reported in the
lirerature albeit with mixed ﬂndiﬂgsfx While the PCP holds on average, there are Frequent
violations of the PCP in ex-post tests that indicate some inethiciency. However, N aveainfe Tests,

the arbitrage profits are wiped away by the transaction costs.

Fix-post tests assume ability to simultaneously execute all Tegs of the arbitrage at the prices
that to start with indicate 4 potential arbitrage opportunity. “ In practice, this scems unrcalistic,
especially so for multi-market arbitrage and for smaller traders. Henee, in addition to anypass test,
we undertake evazse test to see whether traders can profit from orders executed with a time lag
after the identification of violation of the PCP no arbitrage conditions. ‘The details of these tests

are given in ;\ppcndix B.

To investigate how the pereentage of violations evolved with the shift to the Furo, we use

the following Z-statistics for the difference between two proportions:

Z=pp /N pAT-p )N, FpiT-p N

% Klemkosky and Resnick (1979) and Nisbet (1992) find general comphance. Some incfliciency is reported by Stoll
(1969), Gould and Galar (1974), livome and Rudd (1985, S&D 1003, Borhurda and Courtadnn (19806, PHTX), and
Chance (1987, S&P 100). Bur their tests concern only American options Further, Finueane (1991, S&P 100} repozts
that deviations from the PCP are related to future spot returns, A number of studies have also examined the jotnt
murker cificiency of index options and furures coneracts (Lee and Navar (19933, Tung, Cheng and Chan (1997), Bae,
Chan and Cheuag (1998).

2o emphasive the waportance of synchronoas prices, two sers of results have been computed. The first set of
results was obined with svachronous option and index prices, The seeond sel of results was denved from options
rraded within five miautes of cach ofher, Since rhere are no major differences berween the rwo samples we provide
only results obrained with the first set.



where gy and g, are the percentage of violations (sample proportions) and /V, and N, are the
number of obscrvations (sample sizes corresponding to the proportions) betore (1997-1998) and
after (1999) the shift to the Turo. This test is especially informative when the samples are large
and the frequencies far from zetro. The asymprotic distribution of the 7 statistic 1s standard
normal under the null hypothesis of no change in the frequency of violations due to the shift to

the Furo and the associated changes in the options contracts.

In addition to the above, we also examine if arbitrage violations oceur when the volume
of transaction is abnormal. To do o, we use the following 7 statistics for the difference berween

WO Means:

T=(vrn)/ V6 /N # a5 /N

where A and 5 are the mean and the standard deviation of the volume over all cases, and &y and
&, are the mean volume and the standard deviation of the volume when a violation occurs. The
asymptotic distribution of the 77 statistic is standard normal under the null hypothesis of no

. . - : - SRR T
relation benween arbitrage violations and the volume of transaction. '

Pasede A and B of Table 3 contain the ex-post test results for the PCP condidons 22/ and
(2/4) that prevent the a7 (short index and pur, long call and risk-free asset) and the 4z (long
stock and put, short call and risk-free asset) arbitrage strategics respectively. As shown in Pawe/
A8 when there are no transaction costs (Jawarrs ), the frequency of whes (ang) PCP violation is
58% (42%) over the whole sample (1997-1999). As shown by the Ae statistics, the size of the
PCP violations is also substantial. The average deviation from the o7 (/ang) PCP condition is
17.13 (5.89) index points. With modest transaction costs (Swware 2), the wort thorgg) PCL violation
frequency drops to 32% (17%). The violation frequency drops further to 8% (4°%4) in Sowaro 3
that better represents institutional traders” sicuation. rom a retail trader’s point of view 10 Swwars
4. the chances of a wes? (fong) arbitrage opportunity are very small at 1.26% ((L04%1). While the
size of deviation from the PCD conditions exhibit some tendency to decline as the transaction
costs increase, non-negligible profits still appear to exist for the fow remaining arbitrage
opportunitics. For example, an insticional arbitrageur (oo A could still expect to net 13.19

(3.02) index points by arbitraging the s (44g) PCD.
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For the S&P 100 Index (American) options, vnine and Rudd (1985} report 32% (doit
arbitrage) and 22% (g arbitrage) incidences of violation while according to Chance (1987) the
violaton frequencies are ar 43% and 38% respectively. For the S&P 500 index (Lluropcean)
options, Kamara and Miller (1993} report ex-post violation frequencies at 23% (shary arbitrage)
and 10% Yone arbitrage) with no short-sclling constraint. When only 99% of the short sale
proceeds are available, the violation frequencies drop to 3% and 5% respectively, Tn a more
recent study of the S&P 500 index options, Ackert and Tian (2001) find the s and the mory
arbitrage conditions violared in 52% (38%) and 37% (30%) of the cases before (after) the
introduction of the tracking security SPDR. Transaction costs and 99% short selling constraint
effectively eliminate the PCP violations.” For the smaller and newer Tralian index options market,
Cavallo and Mammola (2000} report a 49% violation frequency tor the serr as well as the sy
ﬂrbitmgc.gz Considering the bid-ask spread and orher transaction costs, they find the violarion

ﬁ'cqucncv to dmp to 2%.

Thus the ex-post PCP efficiency in the CAC 4 index options market scems similar to
thar in the S&D index options market in rerms of frequency of violations. One further interesting
aspect is that for both S&P and CAC 40, o7 PCD violations are more common than Zzg PCY
violations.™ [nn the Talian marker, there is no such difference. This evidence is somewhat puzzling
given thai establishing a short position in the underlying index or trading in the CAC 40 futures
should be no more difficult than doing so for the MIB 30 index in Traly. Thete is, however, one
arca where the options markers of Ttaly and France have similar PCP experiences, namely the size
of the PCP deviations. Unlike the US matket, the size of the PCP deviations doces not show

marked improvement when allowing for higher transaction costs.

Linepass PCD violations only indicate the possibility of arbitrage across the stock market

and the index options. fiv-au# tests should show to what cxtent capturing profits from such

W Ag volimes increase with rhe shiff to the luro, we do not report global sraristic about the significance of the
volume spread with and wirhout violations.

M RKamara and iller (1995) as well as Ackert and Tian (1999) creare duily bid and ask prices from their respective
clostng prices by adding or subtracting cither 1/32 ora 1/16 of a point,

2 For the Swiss equiry options (American style) market, Lefoll {1994) wndermkes avypors and ex-awfetests of put-call
paciry for thirreen stocks from October 1989 to June 1990, Considering oaly the Bid-ask spread component of
transaction costs, he reports 11% (0.8%) and 0.5% {0.3%) avppen (cnv-uwly violanion of the whes and the fowg PCP
arbitrage conditions respecrively. The bid-ask spread is, however, quite large for these contracrs. Berg, Brevik and
Saettem (1996) studv Oslo Srock Jixchange equity options {(American style) on four stocks from May 1990 to July
1991, Taking transaction costs mto account, but using datly closmy prices, they report a 54.5% frequency of violation
ol the ex-post put-call pariry on 1,209 observarions. OFf the 63% violations, there are 503 (156} viclations of the shoer
{long) arbitrage strategies for an average profit of NOK 095 (0.97).

¥ Tar instance, Wlembosky and Resnick (1980) and Nisher (1992) report a greater incidence of short PCP violarion
than long PCP violanon for CBOT and Lendon CUity options.



atbirrage possibilities is possible. Two key statistics in this context are Peszensages (a)and (%) of

Table 4:

Pereestaee (uf=

100% (Number of Fove A PCP Violations/ Total Number of PCP Observations)

Perventave (0=

100%0 (Number ot /2w 4z PCP Violatons/Numbcer of PCP Obscrvations Avalable Zas-7a7)
Considering Perrensgee fu) the incidence of PCP violations drop significantly to under 6%

on an en-ware basis even without considering transaction costs and short selling constraint and

virtually disappears when these frictions are factored in. Ackerr and Tian (2001} report similar ex-

uete tesules for the S&P 500 index options although the incidence of PCP violation remains at

above 10% before considering the 99% short sale procecds limitation. This 1s perhaps due to

their use of daily data.

Prrcentaze (b} however, reveals a potential concern for e¢fficiency of the Irench markets.
The frequency of violaton scems quite high considering the number of put-call parity
observations that are available ev-asse Tor example, the 155 (Table 4) cases ot ex-ante PCP
violations of arbirrage conditon (Zz) under Scenario 1 represent ouly 5.58% (Percenrage (), Iable
1) of the total pool of 2,780 (Table 3) PP observations for 1997-1999. But these 1535 cases
coustitute 87.08% ( Purentage (5} Table 4) of the 178 (Table 4) instances of ey PCP arbitrage that
were available av-zz/¢ given our fiffeen minutes exccution window. Morcover, this percentage
remmains high (Scenario 2: 85.14%,. Scenario 3 91.43%, and Scenario 4 100%) even after
considering (ransaction costs. I'herefore, one interpretation of our evidence is that the MONEDP
pricing of CAC ) options 1s quite efficient most of the times in preventing arbitrage across the
cash and options markets. Occasionally, however, when a PCP arbifrage opportunity is identified,

it is quite likely thar a profitable arbitrage can be implemented.

I1n rerms of the size of deviaton from the PCP conditions, the ex-anse evidence indicates
profitability tor an institutional but not a refail arbitrageur. After taking into account bid-ask
spread, fees, commissions and short sclling constraint, an institutional arbitrageur (Scenarto 3)

could expect ro make 19.13 (6.32) index points by detecting a wbesy (dong) PCP violation and then




exceuting the arbitrage over the next fifteen minutes. Thus, while the likelihood of a profitable
PCP arbirrage diminishes on an exvawse basis, any remaining opportunity appears quite lucrative

from an institutional arbirrageur’s point of vicw.

Based on the 1997-199% and 1999 results in Tables 3 and 4 and the associated Z-statistic,
the shift to the luro and the contract changes that took place starting in 1999 do not show any
clear impact on PCP cfficiency. In Pane/ 1 of Tables 3 and 4, there is some evidence of

improvement in ctficiency with respect to the w7 arbitrage strategy after the shift o the Furo.

The mean volume spread figures in Tables 3 and 4 show the ditference between the
average volume of all transactions net of the average volume of transactions in violation of the
PCP. A negative mean volume spread shows coincidence of PCP violation with a brisk market
situation. As the exwwse resuilts in this context are perhaps not as meaningful, we only discuss the
en-poit vesults in Table 3. A comparison of the mean volume spreads in Paredr A (shart strategy)
and B (/g sivategy) of Table 3 reveals that wer? (o arbitrage PCP violation 1s more prevalent
when the options marker is relatively busy (calm) especially following the shift to the Furo. In
general, the T-statistics show that this options volume pattern is significant, more so for the &g

strategy PCP vickation.

In this paper we do not investigate the determinants of arbitrage condition vielations.
However, it is worthwhile to briefly explore if the PCI violations reported here are systematically
related to factors previously cited in the literature, For the S&P? 500 Index options both Kamara
and Miller (1995) and Ackert and Tian (2001) that the exzpars PCP violations are greater when
options are away from the money, the market is more volatle, index volume is low, and option’s
open interest is low. For the post-1987 crash period when the longer maturity options volume
declined, Kamara and Miller find PCP violations to increasce with time to expiration. Ackert and
Tian, on the other hand, find opposite effects of time to expiration for the violations of the short
(synthetic borrowing) and long (syntheric lending) strategy arbitrage conditions. For the short
(ong) strategy condition 2a (2b), they find the violations to decrease (inerease) with tme to

explration.

As argued by Kamara and Miller, most of the factors that appear to affect the PCP
violations can be considered as proxies for the risk of not being able to execute all legs of the

arbitrage in time and at favorable prices following the identification of an arbitrage opportunity.



Options that are away from the money and have long maturity usually do not attract as much
trading activitv. ‘There is also some evidence Jameson and Wilhelm (1992)) that the bid-ask
spread increases as the option moves further from at-the-money. {lence the execution risk is
usually greater for these options. The exceution risk is magnified when the equilibrium price
volatiity for the underlying asset is higher and any delay in exccution can wipe out or cven
teverse the potential arbitrage profits. Low volume in the undetlying asset and the oplions market
also enhances execution risk by increasing the expected rime for the orders to be filled, especially
for large scale arbitrage TFANSACIONS,

Whatever 1s the reason, if the execution risk s higher, arbitrageurs would cngage n
arbitrage transactions only if the profits are sufficiently higher as well. 'This means for the short
(long) strategy, the put option bid (ask) price needs to be higher (lower) and the call option ask
(bid) needs to be lower (higher). Stated differently, the synthetic borrowing (lending) rare needs
to be lower (higher) relative to the tisk-tfree rate. Interestingly, the existence of and increase in
exceution risk premium require that the bid-ask spread of all call and put options be reduced,
more so where the execution risk is higher, To the extent the acrual bid-ask spreads behave in
this fashion, PCP violations would agpesr 10 be more severe, although the apparent arbitrage

profit likely reflects the execution risk premium,

To sce if the PCP vielations are related to prnxies for ihe execution risk, we present mn
Table 5 the number and frequency of PCP violations and the mean and standard deviation of
absolute PCP deviations (arbitrage profits) under Siwmerz 7 (no frictions) for nine groups of
options. For this grouping, options are classitied as at-the-money (N'I'M) if the index value is
within 5% of the strike. Ortherwise, they are considered out-ot-the-moncey OIM) or in-the-
money (ITM) depending on whether the index value is Tower or higher than the strike.” The time
to expiration for the three maturity classifications are 2 to 90 days for short-term, 91 to 120 days
for medium-term and 121 1o 180 days for long-term options. Since the evypes/ and av-ese results

are similar in spirit, we only discuss below the exspar results in Table 5.

Naturally the number of evppar violations is the highest /829 Jor the skt and 837 for the tong
arbitrge conditon) for short-term at-the-money options as they arc typically the most actively
traded options. For the e arbitrage condition (2a), the frequency (percentage or incidence) and

the size and dispersion of PCP deviations (atbitrage profit) all seem to Increase as the tme to

2
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cxpiration increases. An opposite patiern of frequeney and a U-shaped pattern of the size of PCP
vielations are obscrved for the Jae arbitrage condition (2b). Tn terms of the execution risk
explanation, the dwy arbitrage evidence indicares that it is perhaps more difficult for the
arbitrageurs (0 execute the strategy of short selling the index, selling the put option and buying
the call oprion as maturity gets longer. This may result from a shortage of put buyers (requiring
pur bid price to be higher) and call selless (requiring call ask price ro be lower), ie., a shortage of
investors who prefer to trade in longer-term options in secking pottfolio insurance or betting
against a rally of the CAC 40, The flip side, based on the iz arbitrage violations, 1s thar perhaps
there are more speculators who prefer to use the medium-term options (scll put and/or buy call)
1o bet o a CAC 40 rally, Lo summarize, the time to expiration effect in the CAC 40 options
market scems consistent with a preference of short-term (medium-term) options by the portfolio

insurers and bearish speculators (bullish speculators).

Considering the frequency of PCP violations by moneyness of the options, unlike the US
evidence, we do not find any consistent pattern of the frequency increasing for options moving
away from at-the-money. In terms of the size of the PCP deviation (arbitrage profit), there is
rather strong cvidence that the deviation is the highest for ar-the-money options and tends to go
down for in-the-money and out-of the-money options. For example, for the short-term options
where rthe frequency of the e arbitrage violation is the lowest, the mean PCDP deviations 1n
Pune/ A of Table 5 arc 6.02 (OTM: out-ot-the-money calls, in-the-money puts), 8.45 (A'I'M: at-
the-money calls, at-the-money puts), and 6.534 FTM: in-of-the-money calls, out-of-the-moncey
puts) index points. In Pare/ B of Table 5, the mean deviations from the /zrg arbitrage condition
using short-term options are 4.22, 6.16 and 5.30 index points respectively for the OTM, ATM

and TTM groups,

Based on the group results in Table 3, it scems that the systematic patterns of PCP
violations in the CAC 40 options marker are a bit different from those observed in the S&P 500
options market. Therefore, the execution risk cxplanation could apply to both markets if
institutional and cultural factors lead 1o differential preferences for options maturity and strike by
investors in the two markets. Or perhaps there are other explanations behind the PCP violations.
One caveat is that our exploration of the systematic parrern in CAC 40 PCP violations 1s quite

limited in scope and differs from the more rigorous regression methodologies used by Kamara

W Thas, our definiton of moncvness indicares the moneyness of call opnons. Our in-the-moncey options group, for

example, comprises of in-the money call options and our-of the-money pur options.
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and Miller (1995 and Ackert and Tian (2001) for the S&P 500 options market, Tt remains to be

scen if the differences in methodology could explain the differences in tindings.

4.3 Call & Put Spreads

Using daily closing data for the S&P 500 index oprions during the 1986-1996 period,
Ackert and Tian (2000) find 2.05% {0.40%) frequency of ex-post violation of the call (put) spread
condition. As an indication of m-wse violation, they find 8.04% (6.72%) of the call (put) spread
violations to persist into the next trading day. Moreover, they tind no discernible improvement in
efficiency of the S&P 500 options matket in terms of call and put spreads over the cleven-year

period.

Pancl A (B3) of Table 6 presents our ex-post call (put) spread test resulrs for the CAC 40
index options. When there are no transaction costs (Sawarin A, the frequency of call (put) spread
violation Is 0.34% (0.01%) over the whole sample (1997-1999). fiven with modest transaction
costs (Seemarin 2), the call (pur) spread violation frequency changes to 0.02% (0.01%). The
violation frequency drops further to 0.01% (0.01%) for call (put) options in Sewars Fand
virtually disappears in Seezarzo 4. 'T'hus, considering transaction Costs, our ex-post spread results
confirm a high level of options market cfficiency (in terms of frequency of violations) in relative

pricing of options of a given type (call or put) in the French index options market ™

In contrast Lo the frequency of violatons, the size of the deviations docs not show any
improvement (except Sevario 4 and in fact deteriorates in many instances as the bid-ask spread,
exchange fees, commissions and short-selling constraint are considered. The average deviation
from the call (put) spread condition is 2.11 (9.98) index points under Seewarie 7 whete none of
these market frictions are taken into account. According to Jeewarre 3 during the 1997-1999
period, an institutional arbitrageur could expect to net 11.84 (16.17) index points from the call
(put) spread afrer taking into account all the market frictions. Ilowever, this cvidence of
incfficiency is mitigated by the fact char profitable spread arbitrage opportunities are rather rare.

There are only three (two) Instances of call (put) spread violation from an instimtional trader’s

33 W e could nor conduct ex-anre tesis for the spreads as the number of ex-post violations was too small. For the

same reason, we did nor underrake the mean volume spread test for the call and put spreads.
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perspective (Seenarve 3 during a three-year period. In other words, as the arbirrage opporrunitics

become rare, any remaining ones could potentially generate sizeable arbitrage protit.

[Fixcept for Scenario 1 {no bid-ask spr wad, no commissions or constraints), the shift to the
Liuro and the contract changes that rook place starting inn 1999 had no impact on the efficiency of

the call and put options in terms of spread.

4.4 Box Spread

Limpirical evidence on the box spread and spreads in general 1s not as extensive as that on
the put-call pariry. Darlier Ronn and Ronn (1989) studied ev-azese profitability of box spreads for a
number of stocks using CBOTS options data on cight different days during the 1976-1984 period.
They find that non-negligible arbitrage profirs arc available only if the transaction costs are low
and the arbitrage transactions can be implemented within a few minutes of detecting the
possibility. Ackert and Tian (2000, 2001} report box spread evidence for the 5&I 500 index
options during the 1986-1996 period using daily closiag data. ‘T'aking into account the bid-ask
spread and the various transaction costs, they find evspar percentage of violations around 20%
and in 4% (1986) to 12% (1990) of the cases a box spread violation persisted into the next day, a
situation Ackert and Tian define as an ex-zwe violation. There was a0 discernible improvement in

the box spread efficiency of the S&I 500 options market over the cleven-year petiod.™

Our cx-post box spread results for the CAC 4G index options are presented in Table 7.
As shown in Zuwe/ -1 when there are no transaction costs (Szware /), the frequency of /gy box
spread violation ix 43% over the whole sample (1 997-1999). Howcever, even with modest
transaction costs (Samanin 2), the fong box spread violation frequency drops to 13%. The violation
frequency drops further to 10% in Seewario Zthat better represents institutional traders” situation.
From a retail trader’s point of view in Sexarve #, there 1s no atbitrage opportunity at all. The Pawed
A results for the w7 box spread are fairly similar. ‘Thus, considering transaction costs as n
Ackert and Tian (2000, 2001), our box spread results indicate a greater level of internal options
market efficicncy {in terms of frequency of violation) in the French index options market than in

the LS,

% See also Billingsley and Chanee (1983) for evidence on American ophons.



In contrast 1o the frequency of violations, the size of the deviations does not show any
improvement (except Sawaze 4 and in fact deteriorates in some instances as the bid-ask spread,
exchange tees, commissions and short-selling constraint are considered. The average deviation
from the e (o box spread condition is 2.65 (2.98) index points under Seerarrs 7 where none
ot these market frictions are taken into account. According to Srewarvs 7, during the 1997-1999
period, an institutional arbitragenr could expect to net 2.07 (3.64) index points from the /g
fitars) box spread after taking into account all the market frictions. This evidence of incfficiency 1s
somewhat unsettling given thar profitable box spread arbitrage opportunities arc not as
uncommon as it is in the case of call and put spreads. There were 21 (16) instances of Awe (hory)
box spread violation {rom an mstututional tader’s perspective (beewarve J during a three-vear

period.

Tronically, the shift to the Fure and the contract changes that ook place starting in 1999
had a negative impact on box spread efficiency. The trequency ot box spread violations increased
following the shift and the increase is statistically signiticant as shown by the £ statistics. In fact,

from an institutional rradet’s point of view in Srewarzz 3, while there is no apportunity of box

spread arbitrage before the shift, there s 9% (o) to 12% Yong) chance ol a profitable box
spread arbitrage after the shift. This result is somewhat puzzling given that, for short-term CAC
40 options, more strike prices have become available and the strike prices have become closer

(separated by 50 index points instead of 150 index points) since 1999,

It would have been informative to see if the arbitrage opportunitics persist in ex-aase tests.
Unfortunately, the number of ex-per/ violations is too small in our study to make the exans tests
informative. Besides, when the ev-aws tests are conducted, the frequency of simultaneous
observations is too low to have another set of simultancous observations in the 15-minutes
interval used in our study. The main reason tor this ditficulty is that the box spreads require

simultancous trading of four options as opposed to two for the call or put spreads and the PCP.

It is interesting to note that the mean volume spread between all box spread observations
and the ones where there is a violation of the arbitrage condition is mostly negative, although not
statistically significant. "Thus, there is some indication that the CAC 40 box spread arbitrage
opportunities are more likely 1o occur when the markets are busicr. This evidence appears
consistent with the cffect of the shift to the Liuro that led to more volume in the options market

but a higher frequency ot violations too.
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4.5 Call & Put Convexities (Butterfly Spreads)

Empirical evidence on option convexities 1s rather shallow. Galai (1979) tests convexity
condition on CBOIY call oprons during April 26, 1973 to October 30, 1973, Using closing prices,
he finds 2.4% incidence of violation of the call convesity condition.” | lowever, the trequency of
violations greatly diminishes when intra-day transactions are used instead.” Using daily closing
data for the S&P 500 index options during the 1986-1996 period, Ackert and ‘Lian (2000} find
3.08% (0.91%) frequency of ex-post violation of the call (put) convexity condition when they
rake the bid-ask spread and transaction costs into account. As an indication of evwse violation,
Ackert and Tian find 6.1% (4.13%) of the call (put) convexity violations to persist into the next
trading day. Once again, Ackert and Fian find no discernible improvement in efficiency of the

S&I 500 options market in terms of convexiry over the cleven-year period.

Panel A (13} of Table 8 presents our ex-post call (put) convexity test resules for the CAC
40 index opdons. When there are no transaction costs (Jazarre 4, the frequency ot call (pur)
convexity violation 1s 1.34% (2.47%) over the whole sample (1997-1999). Tlowever, cven with
modest transaction costs {Seewarze 2, the call (put) convexity violation frequency drops to 0.46%
(1.16%). The violation frequency drops further to 0.23% (0.52%) for call (put) options i Seenarzo
7 and literally disappears in Srewarzz 4. there is no arbitrage opportunity at all. The Pawe/ B resules
for the wfeor7 box spread are fairly similar. Thus, considering transaction costs as in Ackert and
Tian (2000), our convexity results reconfirm a greater level of internal options market efficiency

(in terms of the frequency of violations) in the French index options market than w the LS.

In contrast to the frequency of violations, the size of the deviations does not show any
improvement (except Sevarrs 4 and in fact deteriorates in some nstances as the bid-ask spread,
exchange fees, commissions and short-selling constraint are considered. The average deviation
from the call (put) convexity condidon is 1.54 (2.16} index points under Seewaro / where none of
these marker frictions are taken into account. According to Sewewarze § during the 1997-1999
period, an institutional arbitrageur could expect to net 140 (4.05) index points arbitraging the call
(put) convexity after taking into account all the market frictions. This evidence of inefficiency 18

unsettiing given that profitable convexity arbitrage opportunities are much more comimon than

37 The violations took place for six of the thirreen stocks and all the oprions involved were in-rhe-money OPHONS,
# Bhattacharva (1983) reports the strongest support for call e svexity in his transactions data sample of CBOL
oprions on 58 stocks during August 24, 1976 to June 12, 1977,
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in the case of call and put or box spreads. There were 52 (161) instances of call (pur) convexity

violation rom an institutional trader’s perspective (Serwarzo 3 during a three-year pertod.

The shift to the Furo and the contract changes that took place starting in 1999 had
differential impacts on the ctficiency of the call and put options in terms of convexity.
Considering transaction costs, the frequency of call convexity violations increased following the
shift while the frequency of put convexity violations decreased. The changes are statistically
significant as shown by the 2 statistics although the magnitude of change is rather small. Like the
box spreads, we could not conduct evtan tests of the convexity conditions due to the paucity of

data.

Since the number of convexity violations is gencrally low, we could meaningfully conduct
the mean volume spread test in a limited number of situations ouly. Most of these cases,
however, show a statistically significant difference in volume between an average situation and an
incidence of convexity violation. In contrast to the box spread evidence, opportunities to
arbitrage the CAC 40 convexities are more likely to occur when trading activity in the market i3

on the lighter side.

5. Summary and Conclusion

This paper examined the cfficiency of the I'rench options market MONEP using intra-
day data on CAC 40 index options during the January 1997 through 1December 1999 period. The
empirical results that we presented are not dependent on the validity of any theoretical option
pricing model. This is because we only investigate violations of some well-known general
arbitrage pricing relations between the underlying asset (CAC 40) and the options, namely, lower
boundary condition, put-call parity (PCP), call and put spreads, box spreads and call and put
convexities or buttertly spreads. ‘The spreads allow us o examine the internal efficiency of the
French options market regardless of its efficiency relative to the cash marker for the stocks
underlying the CAC 40 index. Further, we incorporate various market frictions (bid-ask spread,
exchange fees, brokerage commissions, and short sale constraint) into our tests. Studies of newer
and smaller opiions markets cspecially using spreads and high frequency dara and including

various market frictions are rather sparse,
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The most fundamental of all the arbitrage relatons is the lower boundary or intrinsic
value condition for options. We find below one percent incidence of lower boundary violation in
the CAC 40 index options market. This evidence compares quite favorably with the above one

percent incidence in the S&P 500 index options marker (Ackertand Tian (2001)).

With respect to the put-call parity, the ev-gay PCP efticiency in the CAC 40 index optons
market scems similar to that in the S&I? index options market in terms of trequency of violations.
With the market frictions taken into account, mpar profitable PCP arbitage opportunity
diminishes signiticantly and is virtually non-existent for rerail traders. Our results show that on an
en=esize Dasis, the incidence of PCP violations drop significantly even without considering
transaction costs and short selling constraint and virtually disappears when these frictions are

factored in. Ackert and Tian {2001 report similar ex-ante results for the S&P 500 index options.

One interesting aspeet is that similar to the case of the S&P index options, wbar? PCP
violations are more common than /g PCP violatdons for the CAC 40 index options. In the
Italian market, there is no such difference. There is, however, one area where the smaller markets
of Ttaly and France have similar PCP experiences, namely the size of the PCP deviations. Unlike
the 1S market, the size of the PCP deviations does nol show marked improvement if at all when
allowing for higher transaction costs. The insurutional traders with low transaction costs could
expeer to undertake profitable arbitrage involving the index and the options in the instances

when such opportunities arise.

We also find the systematic parterns in CAC 40 PCP violations to be different from those
observed in the S&P 500 options market. Opposite o the S&P 500 market (Ackert and Tian
(20013}, the sy arbitrage PCY violations become more severe as the CAC 40 options maturity
oets longer and the severity of /g arbitrage PCP violations exhibits a U-shaped pattern with
respect to marutity. Also, in contrast to the S&17 500 market ([Kamara and Miller (1995) and
Ackert and Tian (2001)), the frequency of PCP violatons does not show any clear link to
moneyness of the CAC 40 options while the size of the violations 1s lower for options that are
awav from at-the-money. Lo the extent moneyness and time to maturity are proxies for the risks
of implementing arbitrage transactions and the premium for this risk causes PCP violations,
institutional and cultural differences in the rench and the US index options markers are perhaps

in play. Since we do not examine the systematic parrerns of PCP violations in as much details and
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methodological rigor as Kamara and Miller {1995} and Ackert and Tian (2001}, it remains to be

seen if the methodological differences would explain the difterences in findings.

Considering transaction costs, our exypar/ results for the various spreads confirm a high
level of internal options market efficiency {(in terms of frequency of violations) in the French
index options market. The number of violations was so low that we could not meaningtully
conduct any evase test for the spreads. The internal ctticiency of the CAC 40 options matket
scems cither comparable (call and put spreads) to the S&P 500 or better (box spreads and

convexitics).

Counteracting this surprisingly positive aspect of the I'rench options market, the size of
the deviations does not show any improvement (except for the highest cost retail traders) and in
fact deteriorates in many instances as the bid-ask spread, exchange fees, commissions and shore-
selling constraint are considered. In the wotst case of violation, an institutional agbitrageur could
expect to net 11.84 (16.17) index points from the call (put) spread after taking into account all the
market frictions. However, this evidence of inefficiency is mitigated by the fact that there were
only three such (two) instances of call (pugy spread violation during the three-year period.
Although the instances of box spread and convexity violations are relatively more common, the

arbitrage profits are much smaller.

Considering the incidence {frequency/percentage) of violation for the call and put
spreads, the box spreads and rhe call and put convexities, it scems that the markers for the CAC
40 call and pur options are somewhat segmented. Efficient relative pricing of options of ditferent
strikes within a type (call or pur) oceur with greater frequency than efticient relative pricing of
options of different types, Moreover, cfficient relative pricing of put options of different strikes
scems to take place more frequently than the call options of different strikes. Ottsetting this is
the evidence that when arbitrage violations occur the pur options arbirrage strategies scem 10

offer higher profit potential.

1a this paper we also had an opportunity to study how major structural changes affect
the efficiency of the options marker. With the shift to the Furo, there were some major changes
in the specification of the CAC 40 index options starting in 1999, We, therefore, examned the
post-liuro period (1999) separately trom the pre-Huro period (1997-1998). While the optons

market volume improved significantly following the structural change, we do not find any clear



evidence of enhanced cfficiency. In fact, cfficiency was adversely affected in some instances.
One possible factor behind this result is that the contract changes following the switch to Furo
diminished the index options contract’s cash value to about one-seventh ot the pre-Furo value.
llowever, the minimum tick size increased from about FRE 0.50 to I'RIT 0.656. Thus, in the
post-liuro period, the tick size represents a larger ratio to the level of index option prices. Since
the larger tick does not allow smaller adjustments in option prices in the post-luro period, the
option transaction prices would appear to be misaligned more otten and the deviations are likely

to be larger as well.

As the options volume increased manitold in the post-tiuro period, we further examined
if there is any association between brisk trading in the options market and the availability of
arbitrage oppormunitics. We find some  evidence although not conclusive that arbitrage
oppottunitics are more common during periods of brisk index options trading. However, we do

not attempt to establish any causality in this regard.

The empitical evidence in this paper raises several issuces. IFirst, structural and contract
changes that increase options volume certainly enhance the income and thus the chances of
survival and growth for the sponsoring exchange and the brokers/market makers. Tt is, however,
not clear whether the investors are better off as we did not find any clear evidence of improved
pricing cfticiency following such changes in the French opiions market. Sccond, trading in the
spot instruments and the options is more automated and integrated in rance than in the US. We
found that the Prench index oprions market is as cfficient as (if not better than) the US index
options market although the latter is much larger (in contract value) and more mature. Thus, our
evidence scems to support the view that automation and integration promote market cfﬁcicncy.y‘)
Third, although the frequency of arbitrage conditions violation is sitmilar in the Irench and US
index options markets, the systemaric patterns of these violations appear different. This indicares
that the cultural/instmtional factors could be important in the context of dervatives market
microstructure.  Therefore,  rescarchers  in this  area  should  consider  control  for
cultural/institutional differences in inter-country studies and for structural changes in rime series

studics.

¥ 11 a recent paper, \'enkataraman (20017 reporrs thar the execurion costs for similar stocks are higher on the Parts
Bourse than on the NYSE and atiribures this to the benefiss of human miermediation on the NYSI In the
discussion of Venkataraman’s paper, Madhavan (2001} suggests thar Venkataruman’s conclusinn may be premarure
as there are many other differences (cg., avallability of alrernanve trading syseems, msider trading rules, macro sisk
factors, overall level of markes activity, ef cetera) between the two markers thar could conrribute o differences in

execution costs.
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Table 2: Violation of European Options Lower Boundary Condition

Table 2 reports the number and the percentage of violations of the following lower houndary conditions for the

sample period exrending from January 2, 1997 through December 30, 1999
R I VA VAR D L N R R R = i)
Pt e Kenprr T - TSP RN A Nl ilét

The analysis uses inrra-day fransaction prices for the CAC 4 index Huropean options (PXIL conrracts) and the inrra-

dav reported quotes of the CAC 40 inclex level The 158.253 obscervations resuled after serecning out procedures

options transacrions with a reported price less than 1 dex point and aptions with maruzity less than rwo days or

higher than 180 days.

The sratistical significance of the change in the percenrage of violations with the shift to the Hore s assessed using a

Yostatistic for the difference berween two proportions.

Call Option:s Put ()pti(ms T'otal

1997 1099 I'otal  1997- 1999 Total  1997- 1999 Total

1998 1998 1998
Number of - . o c " e
T 467 215 682 70 55 125 337 270 807
violanons
Violation 182 041 088 029 010 016 108 025 0.51
Percentage
| Z-statistic | 16.03" - 51077 - 16.99™ —
T'otal
Nurmber of 25,695 52232 77927 23836 56,490 80326 49,331 108,722 158,253

Observations

a4t

Asterisks "7, 7 denote significance at the 10%, 5%, 1% fevels respectively.



Table 3: Violations of Put-call Parity

Table 3 LLP()II‘\ the number and the percentage of violation of the pur-call parity, as well as the mean and the srandard
deviation of arbirrage profir (in index points}, before (1997-1993) and afrer (1999) the shift 1o the Furo. The sample
period extends from January 2, 1997 through December 30, 1999, The analvais uses intra-day transaction prices for the
CAC 40 index Huropean oprions (PXL contracts) and the taza-day reported quotes of the CAC 40 index level, Options
transactions with a reporred price less than L index point and optiens with marturity less than two days or higher than 180
days are sereencd our. Further, the prices are required 1o be sithin one minute of cach other.

The sratistical significance of the change in rhe percentage of violanons with the shifr 1o the Furo is assessed using a 7
statistic For the difference herween two proporrions. When the aumber of violations s large, the statistical significance of the
Jilference in volume whea violations occur is assessed ustng o T-staristie for the difference berween two means. Mean

volume spread Is computed as the overall mean v lume minus fhe mean volume when a violaton occurs,

Poaned -1 documents the results obrined with equation 2w) while Pased/ B uses cquation (284

Ot Koo T =71+ AWD) et s 2 ) 20 et/
A O R S AV O "B N (S N SR {20

The four sewarer differ in rerms of assumprions about the transaction costs and short selling constraing.

Seewr  Oprion Bid-Ask  Option Trading Index Bid Ask  Index Replication Short-Sale
e Apread as %ol Pxchange Uee (2, 7,1 spread as Yo of - Cost (7)) Proceeds™
Transaction Fixed Index Poines + Tndex Tevel (in Tndex Poinrs) {A
Price Y of Contrace Value
/ 0.0 0.000+0. 0 0.00 0.0 100
z 1o 0.000+0.0 (.10 0.0 100
7 1.0 0.025+0.2 0.10 5.0 99
# 25 L.O00+ 1.0 0.25 5.0 99
Nevteiire / Seenire 2 Seewario 5 Sevnarin
1997~ 1999 Toral 1997 1999 Toral 1997 1999 Total  1997- 1999 Total
1998 HI98 1998 1998
Fozeed
No. violarions 693 917 1,610 393 487 480 139 Bl 220 35 0 35
Percentage 5690 3871 5790 3227 0 3LI8 3165 1141 5.19 7.9 287 0.00 1.26
AL sbatistic| 0.9586 - 0.6124 - 581307 : 39901 -
Mean 1882 1543 17.13 2499 1950 2195 1679 1246 1519 457 0.00 4.57
Std 220100 2070 20320 22160 2181 22120 104 1040 1064 462 0.00 4.62
Mean vol Spread -0.09 76.16 — 7 1914 - 4.88 -754.9 - 6.32 - -
| T-statistc | 0.94 1.40 2247 - 0,52 3557 - (.40 - -
Na. obs. 1218 1562 2780 1218 1a62 2780 1,238 1562 2780 1,218 1,562 2780
Prasied B
No. violarions 525 045 1,170 195 267 462 35 79 114 0 1 |
Percenrage 4310 4129 4209 16.01 17.09 1662 287 5.05 4.10 0.04 0.06 0.04
| 7 -sratistic| 11.9586 - 07616 - 29781 - 0.9684 -
Mean 5.04 6,30 5.89 37 5.05 +.49 4.51 324 502 0.00 7.37 737
Srd 449 5.74 527 4.36 5.32 498 6.12 614 6.l 0.00 .00 0.00
Aean vol Spread 1200 10829 - 1716 13584 - 2491 14417 - - - -
| 'T-sratisoc .79 291 1.og" 393" - 159 264" - : - -
No. obs. 1,218 1,562 2780 1218 1562 2,780 1,218 1,562 2780 1218 1,562 2,780

Asrerisks ©, 7,7 denote sienificance ar the 109, 5%, 1% levels respectively.
N R . { )
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The Fout wmevardiffer i rerms of assumptions about the transaction costs and short-selling consrraint,

Table 4: Fx-ante Violations of Put-call Parity

Table 4 reports the number and the percentage of ex-ante violation of put-call parity, as well as the mean and rthe
standard deviation of atbitrage profir {in index points), before (1997-1998) and alier (1999) the shift ro the Buro. The
sample period extends from January 2, 1997 through December 30, 1999 The analvsis uses intra-day transaction prices

for the CAC 90 index Huropean oprions (PN1. contracts) and the intra-day reported quotes of the CAC 40 index level.

Options transactions wirth a reporred price less than Tindex point and opticns with muarurity less than nwo davs of higher

than 180 days are sereened our. Further, the prices are required to be within one minute of each orher.

Finegmse rests are conducted as follows: First, 4 violation is identilied; second, a shorr or a long hedge w construcred wirh

the next available transaction prces in an interval thar does not cxeced 15 minutes from the time of identification of the

violation, Pezrasaoe i is the ratio of the number of exserse violations ro the roral number of observations, Peovemdgee (4] 15
S <

the rario of the number of mv-eadeviolations to the number of obscervations available exewsse

The sranstical significance of the change in the percentage of violatons with the shift o the uro is assessed using a 7-
statistic for the difference belween rwe proportions. When the number of violanons is lurge, the sratistical significance of
the differcaee in volume when violations oceur is assessed using a ‘Tsratistic for the difference between two means. Mean

volume spread is compured as the overall mean volume minus the mean volume when 4 violarion nccurs.

e -f documents the resules obtained with equation e/ while Pose/ B uses equation (2510
SO K e 0 AT e A ) =0
SE s (80T K s L A 2

(Ll
/20

Seewr Oprion Bid Ask  Opuon Trading [ndex Bid-Ask Index Replication short-Sale
iy Spread as Y of  Exchange Fee (2, /7, ): Spread as %o of  Cost (£) ProceedsYn
Transaction Fixed Index Points+ Index Level {in Tndex Poins) (A
Price Yo of Conrract Value

/ [ARA 0.000+0. 0 .00 0.0 100

Iy 1.0 (0004 (.0 1) (.0 100

) 1.G 00234102 0.10 h.a 99

A 25 1.OO0+1.0 0.25 5.0 99

Newwerve £ Seewerin 2 Sevareern 3 Sevwerva
1997- 1999 T'otal 1997- 1999 Total 1997- 1999 Total 1997 199% Total
1998 1998 1998 1998
P 1
No. violations 80 75 133 53 33 36 22 10 32 11 0 11
Percentage () 6.37 4.80 5.58 4.35 211 3.09 1.81 0.64 1.13 0.90 0.00 0.40
| Z.-statsnic | F.05832" — 3254077 - 27083 - — -
Percentage (b) 88.89 85.23 R7.08 86.88 82.50 85.14 38.00 100.00 92143 100.00 (.00 100.00
Nean 2413 17.99 2116 29.34 2779 2875 19.21 18.94 1913 4.39 0.00 4.39
st 2399 2395 2507 22.67 28.95 25311 1250 1074 11.80 2.39 0.00 239
Mean vol. Spread -4.03 10.22 -6.49 121.1 - -12.07 - — - 0.00 -
S sratistic | 0.22 .07 — 024 154 - .23 - — - 0.00 —
Na. obs. 90 88 178 61l 40 101 25 10 35 11 0] il
Sied 3

No. violations 33 43 %1 3 22 25 0 4 4 Q 0 0
Percentage {a) 271 3.07 291 (.25 141 190 (.{K) .26 0.14 .00 0.00 0.00
| 7. statistic| 056453 — 35060 20179
Pereenrage (I 66 7385 T0.43 17.64 6111 4717 0.060 33,33 3057 0030 0.00 (.00
Mean 503 7.00 6.73 .14 7.02 640 (.00 632 6.32 0.00 (.00 0.00
srd 3.30 0.22 5.41 4,49 4.99 489 0.00 8.33 8.53 0.00 (.00 0.00
Mean vol. Spread 829 4285 - 125 - (00 - 0.00 0.00 0.00
| T-statistic 0.69 0.54 - 0.91 - - — - - - —
No. ol S0 63 115 17 30 33 1 12 13 0 0 0

Asterisks ',

42

" denote sienificance at the 10%, 5%, 1% levels respectively.



Table 5: Violations of Put-call Parity by Moneyness and Time to Maturity

Table 3 reports the number and the percenrape (in parentheses) of violation ol the pur-call pariry, as well as the mean (in
bracket) and the standard deviation (in curly bracker) of arbitrage profin {in index points) for options of different moneyness
and rimie to marurire. The resules presented here are for Scenario L where bad-ask spread, exchange fees and short sale
constraint are ignored. The sample peniod extends from January 2. 1997 through December 30, 1999, The analysis uses infra.
day transaction prices for the CAC 40 index Huropean oprions (PXL contracts) and the inftra-day reported quotes of the CAC
40 index level. Opnons transacnons with a reported price less than | index point and options with marurity less than rwo days

or higher than 180 days are screened our. Further, the prices are required ro be within one minure ot ¢ach other.

Pames -1 documents the resules obrained with equation @2 while P/ uses equation (25

T KT = B ML) (R b 2 ‘g
PR AT+ K el (A A 2 2
Short-rerm AMedium.term Long-term
2 < Days-to-expiration < 90 9% < Dava-to-expiration = 120 1200 < Days-to-expiration < 180
Seerario fiv-Poid Lot FinePosr fine Fute FinPort finAwte

Puaed T

Outfhe. 31 2 5 0 21 .
) o 59.62 50.00 7142 - 70.00 100,00
money (M) 229 13.95 i 35.18 9778
R 451 1.31 12.98 . 30166 .
/K <095
At-the-money 829 (]3__ ﬁ245 3 _ Lo4 30
A 49.94 80.77 76,08 97.05 91.11 100.00
8.45 712 19.25 1186 32,48 5701
o 0.19 6.70 214 19.87 2377 18.21
0.93< 5/A
<1.05
Tn-the-money v0 > 12.1 > 57 12
ann 4109 4333 62.03 5555 91 58 L0000
654 413 1738 12.80 46.61 42.04
o 983 307 13.26 10.96 21.05 17.13
SR =105
Pl B
] 21 0 2 0 9 0
Out-ofrhe- 4038 ) 28,57 . 30.00
money (OTM) 422 : L18 : 9.78 :
BT 5 C
k095 349 ; 125 . 14.19 .
831 66 77 3 16 0
Atthemoney e e 75,86 23.91 37.50 8.80
(TR 6.16 686 182 258 8.3 ]
o 5.32 5.64 373 201 9.47 :
0.95< (/A
<105
TI-the-money _12() > H - 2 8 L
Ay 5890 7143 3703 S0.00 847 100.00
: 330 8.90 478 517 6.00 07
447 4.8 427 6.93 465

SR =105
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Table 6: Violations of Call and Put Spreads

Table 6 veports the number and the percenrage of violations of call and pur spread, as well as the mean and rhe standard
deviarion of arbirrage profit (in index poinrs), before (1997-1998) and afrer (1999) the shitt to the Lure, The xample period
extends from January 2, 1997 through December 3¢, 1999, The analysis uses mtra-day transaction prices for the CAC 40
index Furopean oprions (PX1. conrracts) and rhe intra-day reported quores of the CAC 40 index level. Options transactions
with a reporred price less than 1 index point and options with maturity less than two days or higher than 180 days are

screened out. Purrher, the prices are required ro be within one minue of cach other.

The statistical significance of the change in the pevcenrage of vielatons with the shifr to rhe Furo is assexssed using a Z-siatistic

for ehe difference berween rwo proportions.

The resudts are obtained from equation 7! for call options and (rom equarion (7 for put options:
=0 G+ (R = K enplr g ¥ (20 +7) 20
(P P+ R K e T 2 2

Zer)
(34

The four seaersar differ in rerms of assumprions about the transactdon costs and short-selling consrraint.

S Option Bid-Ask - Oprion T'rachng Index Bid-Ask Index Replication short-Sale
g Spread as Yo of  Fxchunge Fee (7, 7.0 sSpread as Yool Cost{7,) Procecds®
Transaction Frxed Tndex Points+ Index Tewvel {1n Index Points) (A
Price 2 of Contract Value
/ (L0 0.000-0. 0 0,00 0.0 100
2 1.0 0.000+0.0) 010 0.0 100}
7 1.0 0.025-+0).2 (.10 5.0 99
# 25 1000+ 1.0 1.25 3.0 99
Seesteriio / Nevwctrin 2 Ry Sevseario
1997 1994 Toral 1997- 1999 Toal 1997- 1999 Tonal 1997- 1999 Toral
1998 1998 1998 1998
Caid
No. violations 37 27 54 3 i 4 2 ] : 0 0 0
Percentage 0.60 0.10 0.34 (103 001 0.02 0.02 0.01 0.01 0.00 0.00 0.00
Vi statisne| 538647 - (1.9869 - 0.5829 - -
NMean 220 193 211 3.92 16.09 10,71 1109 1333 11.84 0.00 0.00 0.00
~rd 4.50 5.21 471 1129 .00 9.90 1146 0.00 8.20 (.00 (.00 0.00
No. obs. 8589 16,248 24,837 8,380 16,248 24837 B8589 16248 24837 8589 16,248 24837
Por
No. violations 1 3 4 0 2 2 0 2 2 U} 1 1
Pereenrage (.01 (3.01 0.01 0,00 0.01 0.01 .00 0.01 .01 0.00 (.00 0.00
| 7, -starisric | 0.0000 - 0.8804 - (.880+4 - -
Mbean (.09 13.27 9.98 000 17.20 17.20 (.00 10.17 1617 0.00 9.99 0.99
sStd 000 1904 16.88 (.00 19 85 19.85 0.4 1952 14.52 0.00 .00 0.00
No. ols. 7051 20,157 27908 7,751 20,157 27,908 7351 20,157 27908 7751 20,137 27908

PR

Asterisks 7,

“denote significance at the 10%,

5%, L% levels respecrively.



Table 7: Violations of Box Spread

Table 7 reports the number and the percentage of violations of box spread, as well as the mean and the standard deviation
of arbirrage profit (i index points), before (1997-1998) and after (1999 the shift to the Luro. The sample period extends
from January 2, 1997 through December 50, 1999, The analvsis uses intra-day gansaction prices for the CAC 40 index

Furopean options (PX1 contracrs) and the intra-day reporied quotes of the CAC 30 index level, Oprions transactions with

a repartad price less than 1 index point and oprions with maruriry less than rwo davs or higher than 180 days are screened

out. Further, the prices are required to he within one minute of cach orher.

The results ate obtained using equation &) in Posd -fand using equation @4) i Hewd/ 3
(OO = P = PF ) F (K = K enpf-r T+ (A F20,F20) 20 (o
JCT— ) = (PE— P )+ (K= K jonpfr T+ (2042047 ) 20 ()

The statistieal sienificance of the ehange in (the percentage of violattions with the shifr ro the Furo s assessed using a Z-starisric
tal al o &

for the difference between two proportions. When the number of vielations s large, the statistical significance of the difference

in volunie when violations occur is assessed using a 'Ustatistie for the difference berween two means. Mean volume spread is

compuied as the overall mean volume minus the mean velume when a violation oceurs.

The four wewaszes Qiffer 1 1erms of assumprions ahout the fransaction coses and short-selling consrraint,

Seer Oprion Bid-Ask Optieon Trading [ndex Bid-Ask  Index Replication Short-sale
were Spread as "o of - Hxchange Pee (7, £y Spread as e ol Cosr (7)) Proceeds®e
Transaction Fixed Indes Poins+ Index Level {in [ndex Ponts) (A
PPrice % of Conrract Value
/ (.0 0.000+0.0 {100 0.0 100)
7 1.0 0.000+0.0 010 0.0 100
5 1.0 0.025+0.2 0.1 5.0 99
# 25 LOOO+ 10 0.25 5.0 99
Sevsirza [ Sevaerie 2 Sewiearin 3 Seewaria
1997- 1999 Toral 1997 1999 Total 1997 1999 Teoral  1997- 1999 Total
1998 1998 1998 1998
et -1
No_violarions 17 70 93 2 26 28 ) 21 21 0 0 0
Percentage 4048 4393 4320 +.76 15.03  13.02 (.04 12,14 D.76 (.00 0.00 0.00
LA -statistic] 0.4077 - 24089 - 4.8892 - - -
Nean 233 273 2.65 1.33 3.00 2.89 (.00 207 2.07 0.00 0.00 0.00
Std 30 287 2.88 .33 241 230 (.00 224 224 0.00 0.00 .00
Mean vol. Spread 7217 18.5 - -53.29 0.00 -64.63 - (.00 .00 (.00
| T-statistc| 0.61 047 - 1.35 - 172 — - -
Na, obs 42 173 215 42 173 213 42 173 215 42 173 215
St B
No. violations 25 a7 122 2 2z 24 0 16 16 0 0 0
Pereentage 3052 5607 5674 476 1272 1116 0.00 9.25 744 0.00 0.00 0.00
| 2, stanstic! 0.4077 — Lo1g7 — 41992 - - -
MNean 230 316 298 1.51 4.32 .08 (.00 3064 304 .06} .00 (.00
s 227 4.27 305 .00 4.57 4.45 (L0 487 4.87 0.00 0.00 0.00
Mean vol. spread 4874 1449 - - 1324 - 0.00 -125.1 - 0.00 0.00 0.00
| T-statistic | .41 (.46 - 2 - 1.03 - - -
No. ols, 42 173 215 42 73 215 42 173 215 42 173 215

Asterisks 7|

[EEET]

denote significance at the 1%, 5%,

1% levels respeetively



T'able 8: Violations of Call and Put Convexity

Table 8 reporrs the number and the percenrage of violations of call and put convexiry, as well as the mean and the standard
deviation of arbitrage profit (in index points), before (1997-1998) and afrer (1999} the shitt to the Buro. The sample period
extends from January 2, 1997 through December 34, 1999, The analysis uses nrra-day fransaction prices for the CAC 40

index Furopean options (PX1L conrracts) and the intra-day reported quores ol the CAC 40 index level. Options transactions

with a reported price less than | index poinr and options with maturity fess than two days or higher than 180 days are

screened out. Further, the prices are required to e wirhin one minure of cach other.

The results are obtained from equation /5 tor call options and from cquarion /34 for pul oprions:

a ) O A2l
w7l = P A 20

with w = (A — R ) /K — K

et
5%

The statistical significance of the change m the percentage of violations with the shift to the Foro is assessed using a Z-statistie

for the difference between two proportions. When the number of viclations s large, the stanstical sipnificance of the difference

in volume when violations oceur is assessed using a T -staristic for the difference 1

compured as the overall mean vohume minus the mean volume when a violation occars.

The Tour wemeser differ inerms of assumpoons about the Fransacion costs and shart-selling constraint,

wiween fwo means. dean volume spread is

Seer Oprion Bid-Ask - Option Trading Index Bid-Ask  Index Replicarion Short-Sale
wove Spread as %o of  FExchange Bee (4, 71 Spread as o of - Cost (/) Proceeds%o
Transacnon Fixed Index Points + Index Leved (in Index Points) (A
Price “a of Conrract Value
/ (1.0 0.000+0. 0 00K} 0.0 100
z 1.0 0.000+0.0 0.10 [8X1] 100
s 1.0 1.025+0.2 010 2.0 99
£ 2.5 1.OGO+1.0 (123 3.4 99
Sevweiin 7 Sersreerva 2 R Sewararrzo
1997- 1999 Toral 1997~ 1999 Total 1997- 1999 Toal 1997 1999 Total
1998 1993 1998 1998
Cull
No. violations 13 283 296 3 96 101 3 49 52 0 0 0
Percentage .37 1.51 1.34 0.14 (.51 046 (109 0.26 {123 0.00 (.00 0.00
| Z.-statisnic | 83060 - 45071 269617 - - —
Aean 218 1.51 1.54 3.37 147 1.57 4.35 1.23 1.40 0.00 0.00 0.00
Sed 2.60 1.9¢ 200 317 1.93 2403 224 2.01 213 0.00 0.00 0.00
Mean vol. Spread 2522 4199 -1.64 — 14,19 — 0.0 0.00 (.00
|"l'fst;lti.\‘ric| 4577 1.76' — 0.0 - - 0.20 — _ _ _
No. obs, 3474 18,690 22164 3474 18690 22164 3474 1RG0 22004 3474 18,690 22 164
P
No. violanons 77 095 Tz ¢ 299 363 50 111 161 17 1 18
Pereentage 214 252 247 1.74 1.08 116 1.39 0.40 .52 0.47 0.00 0.06
| Z.-statistic | 146067 - 305857 - 497817 - 121477 -
MMean 9.43 1.36 216 9.03 118 2.56 v.94 1.39 4.05 TA3 5.09 7.33
Std 10,17 1.63 4.29 9.53 1.55 317 941 1.82 6.72 268 0.0 263
Meanvol Spread 3355 4049 - 3708 7197 - 3481 5338 — 59.18 - -
i l-sratisuce | 3667 2397 - 3.520 3092 26677 L.6YT - 169" - -
N obs, 3,597 27597 31,194 3,597 27597 31,194 3597 27597 3LI194 35397 27597 31,194
Asrerisks 7, L denore significance at the 10%, 5%, 1% levels respectively.
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