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This article examines whether mean reversion in stock index basis changesis
actually induced by arbitrage trading, using intra-day arbitrage trade data. The
empirical evidence suggests that arbitrage trading a one cannot account for all
of the mean reversion in basis changes, even when infrequent trading is
controlled for. This general mean reversion is consistent with mean reversion
in liquidity and partia adjustment in the cash market. The behavior of
arbitrageurs appears highly competitive. We find that on average the net
arbitrage profit is at the competitive level of zero. Furthermore, it is suggested
that some mispricing persistence may be related to time-varying liquidity.
Accordingly, the results indicate that arbitrageurs pay attention to the depth of
the market and value the early unwinding option (JEL: G13, G14).
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|. Introduction

Themean reversion in stock index futures basis changesis documented
in a number of studies (see for example MacKinlay and Ramaswamy
[1988] for the U.S., Yadav and Pope [1990], Y adav and Pope [1994]
and Strickland and Xu [1993] for the U.K. and Lim [1992] for Japan).
Thismean reversion istraditionally viewed as a consequence of active
arbitrage trading and appears as a by-product of efficient futures
pricing. Recent papers on thistopic makethisanalysis more precise and
provide new indirect evidence—based on price data—of arbitrage
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effectiveness. For example, Yadav and Pope (1998) suggests that the
mean-reversion characterizeschangesinthebasiswhenthefuturesprice
hit some trigger points only, due to transaction costs. Then, Y adav and
Pope (1998) describes the behavior of the basis as a threshold
autoregressive process. Following Kawaller (1991), Tse (2001) argues
that transaction costs differ among arbitrageurs and suggests that the
arbitrage sector should not be reduced to a representative arbitrageur.
He shows that the observed mean reversion in mispricing changes is
induced by heterogeneous arbitrageurs and shows that a smooth
transition autoregressive process provides a better description of the
mispricing behavior than the traditional threshold process. The same
arguments are presented in Dwyer, Locke and Yu (1996). Likewise,
Kempf (1998) examinestheimpact of short selling restriction and early
unwinding opportunities on the dynamics of the mispricing.

Miller, Muthuswamy and Whaley (1994), however, challengesthis
traditional view of arbitrage trading and argues that infrequent trading
inthe stock market isasufficient condition for the basisto exhibit some
meanreversion. Morerecently, Theobald and Y alup (2001) arguesthat
partial adjustment to new information leadsto negative autocorrel ations
in basis innovation series. Lead-lag relationships between futures and
spot prices constitutes a natural support for this partial adjustment.
Finally, Neal (1996) showsthat thetraditional determinantsof arbitrage
trading (mispricing level and mispricing sign, time to expiration, early
liquidation option) explain only a very low proportion of actua
arbitrage trades. That is, arbitrage trading may not be as predictable as
suggested intheworks cited above.? Thus, the prominent rol e attributed
to arbitrage trading may in fact be driven by a misleading proxy for
actual arbitrage trading and by indirect inference about arbitrage
effectiveness. One way to cope with thisdifficulty isto basetheresults
concerning the relationship between arbitrage trading and mean
reversion in basis changes on actual arbitrage trades. This direct
inference is the subject of this paper where the mean reversion in
mispricing changes is examined using actual data on arbitrage trading
on Euronext Exchange.

More precisely the paper makes two contributions to the existing
literature on arbitrage trading and mispricing behavior.

2. Tothebest of our knowledge, the reasons explaining why arbitrage models behave
so poorly are not well understood. Perhaps that the level of competition in the arbitrage
sector, as modeled for example by Holden (1990), Lambrecht (2000) and in a more general
setting by Spatt & Sterbenz (1985), is underestimated.
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First, the results indicate that mispricing is not persistent because
arbitrage opportunitiesarerapidly exploited by stock index arbitrageurs
but also because of some general, non-arbitrage mean reversion in
mispricing changes. This result is not evidence of some statistical
illusion of thetypedefined by Miller, Muthuswamy and Whal ey (1994)
because we use quotes instead of transaction prices to compute the
index. As a result the index value is not biased by some stale price
effect induced by infrequent trading.?

It issuggested that this non-arbitrage mean reversion may bedriven
by (non-informational) liquidity shock, by partial quote adjustment in
the cash market and by the lead-lag relationships between the futures
and the stocks. Theliquidity shock explanation isreminiscent to Kraus
and Stoll (1972) who shows that large trades cause price reversals
(reflected herein reversion in the basis) and is also consistent with the
overbidding/undercutting strategies documented in Biais, Hillion and
Spatt (1995).

The partial quote adjustment in the cash market may be induced by
limit order traders that do not always respond to changes in
fundamental sby instantaneously adj usting the quotes. Thisisconsistent
with observed stale quotes in the cash market and with the partial
adjustment model of Theobald and Y allup (2001). Finally, according to
the lead-lag explanation, it is possible that new information is
impounded in one market first, say the futures market, causing an
increase in the mispricing, and that stock market traders observing the
futures price adjust their quotes, which decreases the value of the
mispricing.* Thus, one would naturally expect some mean reversion to
take place without arbitrage trading.

The existence of non-arbitrage mean reversion in the basis changes
departs from the recent results of Kempf (1998) or Tse (2001). This
result may comefromthefact that arbitrage trading is actually found to
be far less frequent and predictable that it would be found by applying
some mechanical trading rules. These data characteristics are not
specific to our sample (seefor example the description of the arbitrage
datain Harris, Sofianos and Shapiro [1994]) and then must be related

3. It doesnot mean that all of the serial dependance is removed from the index series.
It suggest that if theindex series still exhibit some serial dependancy, then it must be related
to information dissimination across the stocks and to price adjustments (e.g., Chan [1993]),
not to cross sectional differences in trading frequency across the stocks.

4, Seeinarelated context the analysisin Cheung and Fung (1997).
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to some determinants of arbitrage trading.

Second, the results indicate that the liquidity of the market, and
especially the depth is a key determinant of arbitrage trading. To the
best of our knowledge, thisisthe first time that the depth (in addition
to the spread) is used as adeterminant of arbitrage trading. Neal (1996)
documents time variation is spread and suggests that it is related to
arbitrage trading. Nevertheless, it should be the case that arbitrageurs
are aware of the quantity of sharesthey can trade for agiven price, the
depth of the market. This is consistent with the arbitrage models of
Kumar and Seppi (1994), Holden (1990, 1995) and Fremault (1991). It
is also shown that in establishing an arbitrage position an arbitrageur
takes into account the possibility to reverse rapidly the trade. We
providenew evidenceconsi stent with the early-liquidation option model
of Brennan and Schwartz (1990). Finally, our resultsare consistent with
what one would expect theoretically if arbitrageurs were 100% certain
being able to unwind their position prior to the maturity date and
competition among arbitrageurshad eliminated all excessrents. That is,
we find that on average, the net arbitrage profit is at the competitive
level of zero. Liquidity and time-variation in mispricing series may
explain part of the dispersion observed in arbitrage trigger points.

The present paper isclosely related to the papers dueto Neal (1996)
and Harris, Sofianos and Shapiro (1994) in that the three papers
document and characterize a set of arbitrage orders. Nevertheless the
analysis presented in this paper differs from these previous studies in
several ways. First, a new and more recent dataset related to a
screen-based, order-driven market inwhichthesupply of liquidity relies
on limit order traders only is used. The comparison with the U.S. case
isinteresting and may contribute to the debate on the ability of different
trading systemsto provide some heterogeneousclasses of investorswith
liquidity (e.g., Venkataraman [2001]).

Second, the rules governing short sale constraints are also different
inthe U.S. and France. Asshown in numerous papers, these rules affect
the opportunity cost of funds (Kawaller [1991], Kempf [1998]), and
then the arbitrage decision. In particular, we discuss the impact of the
account settlement mechanism.

Thesize of theindex isathird difference between the present study
and the two others that use arbitrage data (Neal [1996] and Harris,
Sofianos and Shapiro [1994]). The CAC 40 index is based on 40 stocks
versus the 500 stocks of the S&P. This difference may induce less
infrequent trading, mimicking strategiesand tracking errorsso arbitrage
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in the French case may be less risky and the data more homogeneous
thanin the U.S. With respect to the size of the index, this paper ismore
related to Tse (2001), but using arbitrage data.

Fourth, asin Neal (1996) and Harris, Sofianos and Shapiro (1994),
evidence of mean reversion induced by arbitrage trading is presented.
However, the hypothesis that mean reversion in stock index basis
changesisnot induced by arbitrage trading only isalso examined. This
isaparticularly important issue of this paper because, to the best of our
knowledge, none of the papers that deals with this latter question
(Kempf [1998], Tse [2001]) uses (arbitrage) trade data. As previously
stated, this would be without consequences if arbitrage trading was a
perfectly deterministic function of the mispricing, but it is not.

Fifth, the analysis of the determinants of arbitrage trading
emphasizestherole of the liquidity, especially the depth of the market,
and computes variables related to the arbitrage order imbalance and to
the (expected) reversion in the basisin order to address the hypothesis
of the early liquidation option.

The rest of the paper is organized as follows. The methodology is
presentedin section Il. Thedataand the marketsare describedin section
Il. Section IV provides an analysis of the arbitrage order flow.
Regression results are presented in section V. Section VI concludes.

I1. Research Methods

The fair value of the futures is obtained by applying the traditional
cost-of-carry model adapted for the specificities of the French stock
market, the fixed-date settlement and the dividend tax credit systems.®
Mispricing is defined asin Mackinlay and Ramaswamy (1988) by the
difference between the actua (F,;) and theoretical prices (F;) of a
futureswith maturity T priced at timet and divided by the current index
value (S):
F.—F"
MIS. =—4T &7 1
S 3 (1)

Mispricingisalso defined and measured with respect to deviationsfrom

5. For ananalysis of these features and their impacts on stock index futures valuation,
see McDonald (2001) and Theobald and Y allup (1996).
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an arbitrage-free range defined from bid and ask quotes. Let F g+ and
Faiacr be the theoretical prices of a futures contract with maturity T
evaluated at timet with the bid and ask stock quotes. The position of the
actual price of afutures with maturity T in this arbitrage-free range is
measured at timet by the variable 6, defined as:

*
Ft.T B FBid,t,T

9t,T = 2

FAsk,t,T - FBid,t,T

If the actual futurespriceisat timet between thetheoretical bid and ask
values of the futures, then 0<6,;<1, whereas long (cash and carry)
arbitrages should be associated with 6, ;<1 and short (reverse cash and
carry arbitrages) with 6,;<0.

Nevertheless, we may note that, while the standard arbitrage
condition impliesthat no arbitrage order should be submitted when the
price of the futures stands in this price range, the presence of arbitrage
orderswithin thisrangeisconsistent with arbitrageur valuing an option
to unwinding their position before the maturity date. As stated by
Brennan and Schwartz (1990), “it may be optimal to open a new
arbitrage position even when the simple arbitrage profit isless than the
cost of executing the simple arbitrage. The reason for this is that a
simple arbitrage position carrieswith it an option to close out early and
thereby make an additional arbitrage profit”.° The empirical analysesin
Sofianos (1993) and Neal (1996) support thisview for the U.S. markets.

Furthermore, one may expect all the arbitrage positionsto happenin
cluster at some unique trigger point lessthan 6, = 1 for cash and carry
arbitrage (and at some unique trigger point greater than 6, = O for
reverse cash and carry arbitrage) only if all the arbitrageurs value the
unwinding option in the same way. On the contrary, difference in the
valuation of the unwinding option should result in some dispersion of
the arbitrage position inside the traditional “establish and hold to
maturity” arbitrage trigger points (6, = 1 and 6, = 0). Differencesin
the valuation of the unwinding option may come from differencesin
position limits (Brennan and Schwartz [1990]), differences in
transaction costs(Kawaller [1991] and Tse[2001]) or strategic behavior
in an oligopolistic arbitrage sector (Lambrecht [2000]).

In order to assess the effective role of arbitrage trading in the mean

6. Brennan and Schwartz (1990), page 18.
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reverting process of the basis we have estimated the following
Augmented Dickey-Fuller type regression :’

AMIS = o+ BTTM, +i%DiM|a,l+Zp:@AM|a,j +e (3
i=1 j=1

where TTM denotes the time-to-maturity in days, MISisthe mispricing
value and AMIS is the first difference in MIS. The time-to-maturity
variable is included to account for the possibility of mean reversion
around a time-dependent value.

The effectiverole of arbitrage trading istested allowing for dummy
variables D, in the regression. More specifically, if a long arbitrage
position is established at time t then D, = land if a short arbitrage
position is established then D, = 1. If there is no arbitrage trading at
time t then D, = 1 for positive mispricing and D, = 1 for negative
mispricing. Hence at each timet there is only one dummy that is equal
to one and the other dummies are zero. We have also included p lagged
mispricing changes in the regression equation in order to correct for
autocorrelation in mispricing changes.

Finally, alogit model isestimatedin order totest for the significance
variablesthat may berelated to arbitragetrading models. First of all, the
absolute value of the mispricing at time t is retained as the main
traditional determinant of arbitrage behavior (ABSMIS). As suggested
by numerous papers, it may be the case that the required mispricing in
establishing an arbitrage position is larger in case of reverse cash and
carry than in cash and carry. The rule governing short sale constraints
in France which are presented in the next section suggeststhat it would
also be case in France. To test this hypothesis a dummy for negative
mispricing (NEGMIS) is included. A positive relationship between
arbitrage trading and these two variables is expected.

In order to take into account the influence of the persistence of
mispricing on arbitrage trading, a time-stamped measurement of the
duration of the mispricing (DURATION) isincluded in the model. The
construction of thisvariable is explained below.

Data are sampled and the mispricings are indexed by their ranksin
some sequences of successive positive, negative or zero mispricings.

7. Seealso Kempf (1998) for the use of the ADF type regression in an analysis of the
mispricing behavior.
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Thus, each mispricing isthe n,, mispricing of atypical period of over-,
under- or fair valuation of the futures. The duration of a mispricing at
time t is then defined as its rank at that time in a given mispricing
period.

The hypothesis tested is that arbitrage trading is positively
associated with this duration. Theintuition isthat it may take time for
amispricing value to become large enough to induce arbitrage trading.
Thisdelay may be caused for example by the conjunction of afineprice
grid (a small tick size) and a price continuity rule between prices.
Arbitrageurs may also look at mispricing persistence in order to gauge
the probability of reversal inthebasis (e.g., Chung [1991]) and thusthe
feasability of arbitrage.

The opportunity of establishing an arbitrage position may well be
related to the liquidity of the market too. In fact, the amount of money
earned in arbitragetrading should berel ated to the number of sharesand
contracts that may be traded in establishing the position. Therefore the
depth of the market rather than the spread may be positively associated
with arbitrage trading. This conjecture is test in considering
simultaneously the bid-ask spread (SPREAD) and the depth (DEPTH)
in the model. 1t may be noted that we use a directional measure of the
depth in that we consider only the market side associated with the sign
of the mispricing (depth at the ask for positive mispricing and depth at
the bid for negative mispricing). A positive sign for DEPTH and a
negative sign for SPREAD are expected.

Finally, and following Brennan and Schwartz (1990), we
hypothesize that in establishing a new position, an arbitrageur is
concerned with the option to liquidate the trade early. Investigations by
Sofianos (1993) and Neal (1996) indicatethat early liquidationisinfact
the rule. To test for the presence of such an option value, three
additional variables are considered: a forward-looking measure of
reversal in the basis (REVERSAL), the time-to-maturity of the futures
contract (TTM) and a measure of arbitrage order imbalance (AOIMB).

The reversal variable is defined as the percentage of reverse
mi spricing over thenext seventrading hours.? For exampleif thecurrent
mispricing valueispositive, then the variableisequal to the percentage
of negative mispricing values observed over the next seven trading

8. Thereisno guideline for the choice of this duration. We chose seven trading hours
becauseit isthe duration of atrading day. Alternatives have been tested and showed that the
results are not dependent on this particular choice.
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hours. Thisvariable may be seen asthe arbitrageurs’ expectation about
afuture mispricing reversal. Thisvariable is expected to be positively
associated with arbitrage trading. The time to maturity of the contract
isthe number of days before expiration. It should capture at |east some
part of the time-varying component of the early liquidation option and
is expected to be positively associated with arbitrage trading. The
arbitrage order imbalance is measured by adummy variable. The latter
takes the value of 1 if the arbitrage that would be associated with the
current mispricing valuereducesthearbitrage order imbalanceresulting
from previous arbitrage trades, and 0 otherwise. The intuition is that
arbitrageursmay bemorefavorablein establishing an arbitrage position
if it reduces current arbitrage order imbalance, that is, if they liquidate
their position early.

[1l. The Market and the Data
A. The CAC 40 Cash and Futures Markets

The analysis reported in this paper is related to the French stock and
stock index futures markets. Until recently, the Paris stock exchange
operated a system of account settlement, the Réglement Mensuel, or in
English, the Monthly Settlement.® Each year wasdivided up into twelve
accounts. Accountswere of one-month duration, running from thefifth
trading day preceding the last trading day of the month to the sixth
trading day preceding the last trading day of the following month.
Settlement of thetrades during an account took place on the account day
which is the last business day of the month following an account.
Hence, normal settlement of trade took place between six days and one
month and six days after a trade date.

The account settlement system has numerous implications for
futures pricing (for a general treatment see Theobald and Yallup
[1996]). One of them concerns short sales. Since al trades during an
account are settled on the same account day, it gives arbitrageurs an
incentive to open and close reverse arbitrage positions in the same

9. Thissituation has changed in September 2001 and all the trades are now settled on
aday + 3 basis. Brokers, however, offer investors the possibility to trade on the basis of the
SRD (for Systeme de Reglement Différé) which isadevicethat mimicsthefunctioning of the
old monthly settlement.
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account. In that case, arbitrageurs sell the stocks short and buy them
back later in the same account, with no need to pay afeefor borrowing
the stocks. Nevertheless, when arbitrage positions are closed on the
maturity of the futures, arbitrageursin short position who buy stockson
that date will not receive the stocks until the relevant account day, that
isabout onemonth later. Thus, they haveto borrow the stocksthey sold
short for aone- month period. Therefore, while the account settlement
system facilitates short sales, it does not eliminate the borrowing cost
of stocks for most of the reverse arbitrage positions. Furthermore, it
introduces some uncertainty in the return of short arbitrage positions
because the borrowing cost is not known at the time the reverse
arbitrage positions are opened.

Thefutures market isatraditional open outcry market and the stock
market is a screen-based, order-driven market.*® This electronic market
operateswithout designated market makersso publiclimit ordersarethe
only source of market liquidity. The five best bidsand offersaswell as
their associated depths, except for the hidden limit orders, are
continuously displayed to traders.

This transparency can affect the strategies of market participants.
For example, limit order traders who are the most exposed to
asymmetric information may protect themselves by cancelling their
ordersand |eaving the market, | eading to temporary market breakdowns
or to high and uncertain transaction costs for arbitrageurs. In this
context, the level of available liquidity may affect the timing of
arbitrage trading and the persistence of mispricing. Furthermore, Biais,
Hillion and Spatt(1995) indicate that most of the depth is concentrated
on the best quotes.

B. The Data

Intra-day arbitrage trading data (which are not publicly available) have
been obtained from EuroNext for the first quarter of 1995. While we
had expected to access datarelated to amore recent period, the data set
we obtained and worked on allows us to look at the actual trading
behavior of arbitrageurs, not their supposed behavior implied by the cost
of carry model, and then deserves further analysis.
Thesedataindicatethetime of thearbitrage order initiation, the side

10. This situation changed in spring 1998 and the stock index futures market is now an
electronic market managed by the Liffe.
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of the market (cash and carry arbitrage versus reverse cash and carry
arbitrage), the number of different stocksin each arbitrage order and the
money value of each arbitrage order.™*

A first characterization of these datais provided in section 111. We
use time stamped transaction prices for the CAC 40 futures and intra-
day stock quotesfor the period from January 3rd, 1995 to March 31st,
1995 to compute the theoretical fair value of the futures. The intra-day
data are extracted from the Historical Market Database of EuroNext.
Theinterest rates used to eval uate the cost-of -carry of thefuturesarethe
French one day lending rate and several PIBOR with maturity ranging
fromoneto three months. Theseratesarefrom Thomson Financial. The
daily number of sharesissued by each firm and the dividend data are
extracted from the Historical Market Database of EuroNext.

In order to avoid measurement errors due to the stale price effect
induced by infrequent trading, we do not use the index value computed
and displayed each 30 seconds by Euronext because it is based on the
last recorded transaction prices.? Instead, an index value based on
mid-quote pointsis computed and sampled on a30-second interval grid.
This choiceisnot just cosmetic because it has been suggested that the
mean reversionthat traditionally characterizesthemispricing seriesmay
bedueto astale priceeffect related to theindex construction rather than
arbitrage trading (Miller, Muthuswamy and Whaley [1994]).

There are some advantages using a quote-based index versus a
trade-based index. First, a quote-based index should reflect the true
value of the stocks more accurately than a trade-based index because
guotes adjust more frequently than prices (see for the French case the
analysisin Biais, Hillion and Spatt [1995]). Second, quotes reflect the
true cost of liquidity and indicate the price at which stocks can be
traded. This allows us to take into account the possibility of time
variation in the cost of liquidity. Third, a quote-based index is by
definition not affected by infrequent trading.

Despite these advantages, there are still some drawbacks using
guotes versus prices. In short, a quote-based index is essentially a
“virtual” index. In particular, thereisno reason for the (true) stock value

11. It dso appears that the number of active arbitrageurs is limited. Inspection of the
arbitrageur data|D showsthat about 90% of the orders are submitted by only 15 arbitrageurs
and the first three of them submit slightly more than one third of the total number of orders.

12. Stalepriceeffectsand index autocorrel ation shoul d appear assoon asthestockshave
different trading frequency.
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to be half way between the bid and ask quotes. This assumption
introduces noisein the measurement of the value of the stocks. Further,
market makersadjust their quoteswhenthey up-tradetheir beliefsabout
the value of the asset they trade in, but they also adjust their quotesin
order to managetheir inventory. Therefore, one may observe variations
in a quote-based index although no information arrival motivates such
variations. Again, thisphenomenonintroducesnoiseinthemeasurement
of the value of the stocks. Finally, quotes may not adjust immediately
to new information. This partial quote adjustment should create some
stale-quote effectsand finally autocorrel ationintheindex pricechanges
series. Thus, deciding which of the index metrics is the best appears
very difficult because each metricshasitsadvantagesand itsdrawbacks.
In this paper, wefollow the analysis of Froot and Perold (1995) and use
a quote-based index.

Two other indexes are computed in the same way with al the
available bid and ask quotes in order to compute the value of the
variable 6, ;.

Finally, datareferring to the first and last five minutes of trading as
well as overnight measures are ignored because of the opening and
closing specific procedures and behaviors. Data concerning expiration
days are also discarded.

V. TheArbitrage Trading Activity

The main results of this paper are based on intra-day arbitrage data
provided to us by Euronext. Arbitrage orders are extracted by the
exchange from its historical trading database. This database appears
much richer than the files marketed by the exchange. In particular it
allows the exchange to track some particular type of orders and trades,
especially index arbitrage ordersandtrades. Neverthel ess, theexchange
isessentially concerned by theevolution of general statisticsconcerning
arbitragetrading (e.g., the net open interest related to arbitrage trading).
By contrast, our research concerns the intra-day behavior of index
arbitrageur.

For the three months considered in this study, and after the
elimination of the opening, closing and expiration-day data, 1,880
arbitrage orders were retained. The number of sell orders is dightly
larger than the number of buy orders and accounts for about 56% of the
sample. Under the assumption of auniform distribution of these orders
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over time, thiscorrespondsto an average of 29 arbitrage orders per day.
The average number of different stocks by basket order is 39.3. It
suggeststhat arbitrageurs do not enter into index tracking strategy with
a reduced number of stocks. The average size of an order is equal to
13.96 millions of French francs, which isequivalent for an index level
of 2000 points to 35 futures contracts.

Time series with the recorded program trades expressed in units of
ten millions of French francsasavariableare set up. Thelength of each
interval of time is fixed at 30 seconds, that is, orders are aggregated
with respect to thistime scale. When no arbitrage order occursthen the
variable takes the value of zero. The independence of the submissions
isthen characterized by the distribution of orders per interval and by a
transition matrix. The distribution of ordersis presented in table 1.

The first row in table 1 shows the frequency distribution of
30-second intervals conditional on the number of arbitrage order
submitted in just one 30-second interval and is expressed as a
percentage of the total number of intervals. It appearsthat arbitrageurs
trade very infrequently. The number of 30-second intervals concerned
with arbitrage orders represents less than 2% of the total number of
periods. Furthermore, arbitrage order submissions appear to be highly
concentrated. The second row of the table shows the frequency
distribution of arbitrage orders. In onethird of the cases, thereare more
than one order submission per period of 30 seconds. This clustering
effect isreinforced by the autocorrelation of the order submission as
suggested by the conditional probabilities of the transition matrix
presented in table 2.

The conditional probahility that a buy (sell) order follows another
buy (sell) order appears significantly greater than the unconditional
probability of abuy(sell) order occurrence. Thisphenomenon indicates
that basket orders of a same side of the market arrive in clusters. This
evidenceis consistent with the related findings of Harris, Sofianos and
Shapiro (1994) for the U.S. market. It suggeststhat more than one order
is needed to induce mean revertion in basis changes but also that
arbitrageurs react roughly simultaneously in some “jumping the gun”
competition, as analyzed for example by Spatt and Sterbenz (1985).
Nevertheless, resultsof Biais, Hillion and Spatt (1995) suggest that this
order flow autocorrel ation doesnot characterizethearbitrage order flow
specifically.

One can expect that on average the cash and carry arbitrage
(associated with buy basket orders) isrelated to a positive mispricing
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value and that on average the reverse arbitrage (associated with sell
basket orders) are related to a negative mispricing value. The results
presented in table 3 show that it is actually the case.

The first row of table 3 gives the number of events considered. As
aresult of the clustering effect noted above, the number of arbitrage
eventsthat appears hereisslightly lower than previously stated because
orders are aggregated with respect to 30-second intervals. Over the
sample period the futures more often appears underpriced (67.2 percent
of the time) than overpriced which is consistent with the asymmetry
observed between the number of cash and carry and reverse cash and
carry trades.

The average mispricing value is reported in the second row of the
table conditional on a cash and carry event, a reverse cash and carry
event, an arbitrage trading event and for the full sample. The average
values for the positive and negative mispricings are also provided. It
appears that on average cash and carry (reverse cash and carry)
arbitrages are associated with a positive (negative) value of the
mispricing, which is consistent with the traditional cost of carry
argument.

Neverthel essthese average boundsarenot symmetrically distributed
around the theoretical futures value. The absolute value of the average
mispricing for reverse cash and carry arbitrages is about twice aslarge
as the value of the average mispricing for cash and carry trades. This
asymmetry al so appearsintheaverageval ueof themispricing computed
for the full sample and indicates that the value of the futures computed
from the cost of carry formula may be systematically too large.
Therefore it may be the case that the asymmetry observed in the
arbitrage bound just reflects the undervaluation of the futures relative
tothetheoretical pricewe computed. Finally it appearsthat the discount
relativeto the cost of carry priceissmall with an average value of 0.043
percent of theindex wherethe average bid-ask spread on aportfolio that
duplicates the index equals 0.25 percent of the index over the period.

The average value of #isdisplayed inthethird row of thetable. The
mean value computed from the total sample (0.4226) indicates that the
actual futures value is lower than the average value of the theoretical
futures computed with the bid and ask stock quotes and confirms the
previous finding. More importantly, the mean value of the variable 6
associated with cash and carry (say 6,,,) or reverse cash and carry (say
O arbitrages suggests that the size of the mispricing that triggers
arbitrage is significantly reduced vis-a-vis the size of the mispricing
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FIGURE 1.—Theta against Time-to-Maturity — January 1995 Contract
This figure displays the variable theta against time-to-maturity for the
January 1995 contract. Observationson the sameday formvertical lines
and days are counted to maturity.

associated with “ simple arbitrage opportunity” (Brennan and Schwartz
[1990]), that is mispricing associated with arbitrage position held until
maturity. The reported means are 0.6525 and 0.1500 for 6, and O,
respectively. Corresponding “simple arbitrage opportunity” bounds
would have been 1 and O for 6, and 6, respectively.

Thisfinding is consistent with the early liquidation option model of
Brennan and Schwartz (1990) — establishing an arbitrage position can
be viewed as making the arbitrage and simultaneously acquiring an
option to unwind the position when there are arbitrage profits from
unwinding it — and isin accordance with previous empirical evidence
provided by Sofianos (1993) and Neal (1996) for the U.S. market.*?

Finally, we note that 6, — 0 = 0.5, which is exactly what one
could expect theoretically if arbitrageur were 100% certain of being
ableto unwind their position prior to the maturity date and competition
among arbitrageur had eliminated all excessrents. That is, if the gross
profitishalf the spread when establishing aposition plus half the spread

13. Unfortunately we cannot provide statistics based on a distinction between the
establishing and liquidating trades because our database provides no information on such a
distinction. Neverthelessin the next section wetest for theinfluence of variablesthat may be
related to the early liquidation option model.
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FIGURE 2— Thetaagainst Time-to-Maturity —February 1995 Contract
This figure displays the variable theta against time-to-maturity for
February 1995 contract. Observations on the same day form vertical
lines and days are counted to maturity.

when unwinding the position (with certainty), then the net arbitrage
profit is at the competitive-level of zero.**

In this context, it would be interesting to gauge how frequently and
consistently one is able to unwind a position early. With thisin mind,
we made simple plots of the evolution of § against time-to-maturity for
each of the 3 contracts maturing during our sample period. These plots
are very similar to the plots A1-A16 in Brennan and Schwartz (1990)
and are presented in figures 1 to 3. Observations on the same day form
vertical lines and days are counted down to maturity.

Asdiscussed in Brennan and Schwartz (1980), maximum arbitrage
profit are realized when 6 passes from one extremum to another.
Assuming that no arbitrage is possible inside a band equal to one half
of the spread, it seemsthat theintra-day evolution of § makesit possible
for arbitrageur to trade in cash and carry and in reverse cash and carry
each day, and that for the most part of the days of the sample. Therefore
it may bethe casethat arbitrageurs can enter into new positionsor close
existing ones almost each day, trading mainly on a daily basis.
However, the 2-dimensional view of these plots may be misleading,

14. We thanks an anonymous referee for pointing out this fact.
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FIGURE 3.— Theta against Time-to-Maturity — March 1995 Contract

This figure displays the variable theta against time-to-maturity for the
March 1995 contract. Observations on the same day form vertical lines
and days are counted to maturity.

making usto overestimatetheweight of larger and smaller observations.
Figure 4 presents a simple histogram of the observations against
time-to-maturity and shows that the observations are indeed much less
dispersed. Thisfigure al so suggests possible time-variation in the mean
value of 4. The analysis of some possible trigger points deserve further
comments.

Consider first the trigger points associated with the ” establish and
hold to maturity” arbitrage. The number of arbitrage orders submitted
when the mispricing exceeds the bounds ¢ = 1 or 6 = 0 appears limited,
about 13.3 percent of all arbitrage trades as shown in rows 4 and 5 of
table 3. In other words, arbitrageurs expect most of the time to unwind
their position before maturity and price the futures accordingly.
However, if the futures becomes too cheap/expensive vis-avis the
stocks, then they trade heavily. For example, while the futures appears
overpriced lessthan 1 hour over the 3 month covered in the study (111
observations of 30-second intervals, that is0.22 percent of the calendar
time analyzed), it concentrates during that 1-hour period more than 2
percent of the arbitrage orders. One should also note that the number of
violationsis also limited, representing less than 3.8 percent of the
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FIGURE 4— Mispricing Distribution
This figure displays the distribution of mispricing against
time-to-maturity for the period from January 1995 through March 1995.
Data are aggregated by increments of theta of 0.1.

number of intervals, this percentage being probably overestimated due
to the small undervaluation of the futures we discussed previously. All
in all, this suggests that on average the futuresis well priced, but also
that arbitragetrading will bedifficult to predict with thetraditional cost
of carry argument alone.

Consider now the trigger points associated with competitive
arbitrageurstrading in anticipation of (nearly always) unwinding early.
These are obtained by adding and subtracting on-quarter of the spread
to the average mispricing which is about ¢ = 0.4, yielding to triggers
points 6, and O, equal to 0.65 and 0.15, respectively. Note that these
trigger points are exactly what we see on average, i.e. the mean value
reported in the third row of the table and discussed previously. The
number of buy(sell) arbitrage orders above(below) these points are
reported in table 3, raws 6 and 7. As expected, a large proportion of
arbitrage orders are submitted at and above the value 6,,,, = 0.65 and at
and below 6, = 0.15. The reported evidence indicates that 50 percent
of the arbitrage orders are concentrated on 25 percent of the trading
time. However, this also means that about 50 percent of arbitrage
trading is still not well explained. Figures 5 and 6 provide a more
precise picture of when arbitrage positions are established. Each
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FIGURE 5.— Cash and Carry Arbitrage Distribution
Thisfigure displaysthe distribution of cash and carry arbitrage against
time-to-maturity for the period from January 1995 through March 1995.
Arbitrage data are aggregated by increments of theta of 0.1.

histogram reports the repartition of the arbitrage trades by 0.1
increments of 6.

Thesefiguresconfirmthat thereisstill alot of dispersion around the
triggers points 6, = 0.65 and 0y, = 0.15. Furthermore, they show that
there is some time-variation in the trigger points. One possible reason
for these behaviors may be found in an argument initially devel oped by
Kawaller (1991). She argues that “no single break-even price is
universally appropriate, but rather that the break-even pricefor agiven
institution depends on the motivation of that firm as well as on its
marginal funding and investing yield alternatives’ (Kawaller [1991, p.
453]). Thethreshold models devel oped by Tse (2001), Y adav and Pope
(2000) and Dwyer, Locke and Yu (1996) are built on the same
hypothesis of heterogeneous arbitrage.

The bid-ask spread associated with buy and sell orders is not
significantly different fromitsfull sample mean (t-stat for thedifference
equals —1.2437). Accordingly, it suggests that there is no systematic
pattern in the arbitrage bounds associated with arbitrage orders that
would berelated to variationsin the bid-ask spread. Put another way, it
means that arbitrage trading is not related to large mispricing values
induced by some liquidity shocks affecting the bid-ask spread in the
stock market.

Nevertheless, thedataindicatethat aliquidity patternisfoundinthe
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FIGURE 6. — Reverse Cash and Carry Arbitrage Distribution
Thisfigure displaysthe distribution of reverse cash and carry arbitrage
against and time-to-maturity for the period from January 1995 through
March 1995. Arbitrage data are aggregated by increments of theta of
0.1

number of shares available at the best quotes (i.e., the depth). At the
time of arbitrage trading the depth at the best quotes appears
significantly larger than the average depth (t-stat for the difference
equals 7.20). This suggeststhat the submission of arbitrage orders may
sometimes be constrained by a lack of liquidity in the market.
Furthermore, it suggests that some mispricing persistence may be
induced by thislack of liquidity.

In order to illustrate this point further, we computed the average
depth over the sub-sample where all mispricing values inside some
transaction boundswerediscarded and compared it to the average depth
corresponding to arbitrage orders submitted in this sub-sample of data.
Taking for exampl e the average mispricing val ues associated with buy
and sell orders as some (arbitrary) transaction bounds, we find that the
average depth over the sub-sampleisequal to 1880.89 shareswherethe
average depth associated with buy and sell orders over the sub-sample
equals 1983.66 shareswith at-stat for the difference of 4.10 and highly
significant.’®

15. The same computation for the spread gives the value of 0.273 percent and 0.268
percent for the sub- sample and for the orders over this sub-sample, respectively, with at-stat
for the difference of 2.01.



146 Multinational Finance Journal

0,02

S D 2
I 2 3 4 5 6 7 9 10 1T ¥ I3 14 15 16 17389 20

0,02 |
0,04 |

-0,06 +

Autocorrelation

-0,08 +
0,1+

-0,12 +

-0,14 Lag

FIGURE 7. — Basis Changes Autocorrelation Function
This figure displays the autocorrelation function of the CAC40 basis
changesfor theperiod from January 1995 through March 1995. Dataare
sampled on 30-second intervals. Confidence intervals of +/- 2 standard
deviations(Bartlett formul a) are al so reported to test the null hypothesis
of zero autocorrelation.

This is consistent with the view that arbitrage is not undertaken
when the supply of liquidity appearstoo low, even when themispricing
value exceeds some thresholds. We present atest of this hypothesisin
the next section.

V. Regression Results

Before we turn to the estimates of the regressions, we consider the
autocorrelation function of the mispricing changes series. This
autocorrelation function isof interest because first and higher orders of
autocorrelation coefficients show the persistence of mispricing (e.g.,
Mackinlay and Ramaswamy [1988]). The estimated autocorrrelation
function is presented in figure 7.

We note that the mispricing changes series exhibit significant
negative autocorrelationwhichisinaccordancewith themeanreverting
behavior one could expect for the basis. We also observe that the value
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of the autocorrelation coefficients drops significantly after thefirst lag
and becomes insignificant after eight lags, that is after four minutes.
Indeed, thislatter observation suggeststhat mispricingisnot persistent.
Table 4 presents the estimation of the impact of arbitrage trading on
mean reversion. '

Thecoefficientson D, and D, are statistically significantly different
from zero. Thisresult shows that mean reversion in basis changesis at
least in part induced by arbitrage trading. The estimated coefficientson
D, and D, are also significantly different from zero. This finding
suggeststhat some general mean reversion exists even in the absence of
arbitrage trading. However, we should also note that in terms of
magnitude, the coefficients on D, and D, are much larger than the
coefficientson D, and D,. In other words, arbitrage trading explainsfar
more of the mean reversion than other non-arbitrage forces.

Where does this mean reversion come from? The statistical illusion
hypothesis (Miller, Muthuswamy and Whaley [1994]) is not relevant
here because we use a mid-quote index to compute the basis and
therefore eliminate the stale price effect associated with transaction
price. We next consider other possible explanations for non-arbitrage
mean reversion.

One hypothesisisrelated to time-variation in the supply of liquidity
in the stock market. Suppose for examplethat the ask priceincreasesas
a consequence of a non-informational liquidity shock. In that case the
basis, whether it is computed with the transaction prices or the
mid-quote points drops and a mispricing appears. Nevertheless no
arbitrage will take place because neither the bid quotes for the stocks,
nor the quotes of the futures have changed. At the sametime, limit order
traders may undercut on the large ask quotes to gain time-priority and
thus provide liquidity at a better price. In doing this they force the
mid-quote price to come back to its equilibrium (pre-trade) level and
then they eliminate the mispricing. In that case, the mispricing should
exhibit amean reversion pattern without arbitrage trading. Evidence of
limit order traders over-bidding/undercutting on large spreads and the
low level of depth out of the best quotes (e.g., Biais, Hillion and Spatt
[1995]) is consistent with this explanation.

16. In order to correct for autocorrelation in mispricing changes, 29 lagged mispricing
changes are used. As a consequence, and in order to avoid inter-day effects when estimating
mean-reversion coefficients, the first 30 observations of each day are discarded. The total
sample reduces to 48,190.
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TABLE 4. Mean Reversion and Arbitrage Trading

a TT™ D, D, D, D,

Coefficient 00008 -0.0001 -02754 -0.1412 -0.0761 -0.0163

t-stat (187)  (-211) (—2214) (-21.95) (-12.17) (-5.5986)
# Obs. = 48160 R® = 0.0865 Q(36) = 42.3443

Note: Thistablecontainstheresults of the mean reversion equation for the mispricing:

4 p
AMI§ =+ STTM, +Z7iDiMIS{-1+Z¢IAMIS‘j Té
=) =

where TTM denotesthetime-to-maturity in days, M1 Sisthevalue of themispricingand AMIS
isthefirst differencein MIS. If along arbitrage position is established at timet then D, = 1
and if ashort arbitrage position is established then D, = 1. If thereis no arbitrage trading at
timet then D, = 1 for positive mispricing and D, = 1 for negative mispricing. Whenever the
dummies are not equal to 1, they are zero.

Thus, it may be the casethat thisliquidity effect resultsin abid-ask
bounce effect which in turn produces a moving average component in
the index dynamics (e.g., Stoll and Whaley [1990]).* Then, following
Miller, Muthuswamy and Whaley (1994), we conjecture that the
liquidity effectinducesat least some part of the negativeautocorrel ation
in mispricing changes. Finally, the observed mean reversion due to a
liquidity shock must be economically small and the results support that.

An aternative explanation for non-arbitrage mean reversion relies
on the lead-lag rel ationships between the futures and the stocks.® It is
possible that new information is impounded in one market first (say
stock index futures), causing an increase in mispricing, and then traders
observethe changein futures price, and make corresponding changesin
limit order (by canceling and resubmitting at new limit order prices) in
the underlying stocks, which decreases mispricing. Thus, one would
naturally expect some mean reversion to take place without arbitrage
trading. Evidence of stale quotes, not prices, in the cash market is
consistent with this hypothesis. The first order autocorrelation for the
mid-quoteindex return seriesis0.184 andissignificantly different from
zero.

17. Additional results available upon request indicate that the index return dynamicsis
best modeled as an ARMA(2,1).

18. We thanks an anonymous referee for pointing out this explanation.
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Finally, one can also consider the partial adjustment model of
Theobald and Y allup (2001) and the information dissemination model
of Chan (1993) aspossible candidates. These model sproposerationales
for stale pricesand index autocorrel ation that differ fromtheinfrequent
trading hypothesis.

The results concerning the determinants of arbitrage trading are
presented in table 5.%°
The results indicate that the probability for an arbitrageur to trade is
positively associated with the size of the price discrepancy but al so that
thissize effect is more pronounced for negative mispricing. Thisresult
isin accordancewith the descriptive stati stics presented above and with
numerous papers that indicate that arbitrage bounds are not
symmetrically distributed around the theoretical futures price. Thisis
consistent with the cost and uncertainty that characterize short salesin
reverse arbitrage.

Assuggested previously the results show that arbitrageurstakeinto
account the depth of the market when establishing a position.
Furthermore, it seemsthat arbitrageursal so focus on the bid-ask spread.
Thislatter resultisprobably induced by thelarger mispricingsfor which
the size of the spread matters.

Thenegative and significant coefficient for the DURATION variable
ispuzzling because our hypothesiswasthat thelonger thefutures stayed
over-priced or under-priced, the higher would be the probability for an
arbitrageur to establish aposition. Thisisin fact not the case, perhaps
because the futures may stay over-priced or under-priced for a long
period of time but at alevel that makes arbitrage unattractive. We may
also consider that arbitrage trading reduces large mispricings but does
not eliminate them instantaneously. In order to take into account these
possibilities we re-estimated the model with the DURATION variable
defined over various threshold but the estimated coefficient of the
variable DURATION was still negative and significant. Wealso plotted
the average value of the cumulative changes in the mispricing value
from 10 minutes before the trade to 10 minutes after the trade. The
resulting pattern for cash and carry and reverse cash and carry arbitrages
is presented in figure 8.

Inspection of the figure indicates that on average mispricing rises

19. It is not clear whether the explanatory variables should be measured at time't or at
timet— 1. Fortunately the results are not affected by this choice and we decided to report the
results based on variables measured at timet.
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FIGURE 8.— Cumulative Basis Changes around Arbitrage Trading
Thisfigure displays the behavior of the basis surrounding buy and sell
basket order submissions for the period from January 1995 through
March 1995. The estimates plotted are obtained from time series
regressions of the basis changes on leads and lags of buy and sell order
submissions. Thisprocedureistaken from Harris, Sofianosand Shapiro
(1994) and allows us to account for the clustering effect observed in
arbitrage order submissions.

sharply just one or two minutes before the order submission and then
dropsquickly after thearbitragetradeiscompleted. Thisprovidesdirect
evidence on the mean reversion induced by arbitrage trading and also
indicates that the mispricing is not persistent around such events. It
suggests that true arbitrage opportunities may be due to sudden price
jumpsinduced by information arrivals that are quicky exploited by the
arbitrageurs. This is consistent with models of informed arbitrage
trading (e.g., Kumar and Seppi [1994]) and with the evidence that the
futures price leads the index price around arbitrage trading. Figures 9
and 10 below present the plots of the cumulative changes in the index
cash and futures value from 10 minutes before the trade to 10 minutes
after the trade for cash and carry and reverse arbitrages.

The variables related to the option to liquidate the position early
support the hypothesisthat this option isof somevaluefor arbitrageurs.
Thelikelihood of establishing an arbitrage position is a positive
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FIGURE 9.— The Price Impact of Cash and Carry Arbitrage
Thisfigure displays the cumulative returns of the mid-quote index and
the cumulative price changes of the futures surrounding buy basket
order submissions for the period from January 1995 through March
1995. Theestimates plotted are obtai ned from time seriesregressions of
the basis changes on leads and lags of buy and sell order submissions.
This procedure is taken from Harris, Sofianos and Shapiro (1994) and
allowsusto account for the clustering effect observed in arbitrage order
submissions.

function of theexpected reversal inthebasi sindicating that arbitrageurs
take into account the possibility to liquidate a position early when they
arelooking for arbitrage opportunities. The positive coefficient for the
time to maturity is also consistent with arbitrageurs valuing the option
toreversetheir positionsearly. Curiously, arbitrageorder imbalancehas
an impact on the likelihood of establishing a new arbitrage position
opposite to the one we expected. Neverthelessthejoint effect of alarge
number of dataand alow critical value may indicatethat arbitrage order
imbalance has in fact no impact on the likelihood of establishing an
arbitrage position. These results are consistent with the fact that
arbitrageurs are forward-looking when establishing a position (as
suggested by the coefficient of the REVERSAL variable), not
backward-looking.
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FIGURE 10.— The Price Impact of Reverse Cash and Carry Arbitrage
Thisfigure displays the cumulative returns of the mid-quote index and
the cumulative price changes of the futures surrounding buy basket
order submissions for the period from January 1995 through March
1995. Theestimates plotted are obtai ned from time seriesregressions of
the basis changes on leads and lags of buy and sell order submissions.
This procedure is taken from Harris, Sofianos and Shapiro (1994) and
allowsusto account for the clustering effect observed in arbitrage order
submissions.

Finally, while the model provides new results concerning the
determinantsof arbitragetrading, itsability to predict when an arbitrage
position will be established is very low. The likelihood ratio index
equals 0.088 and the R-squared from a similar OLS regression equals
0.058. This is significantly better than the goodness of fit statistics
reported in previous studies, a fact probably due to the new variables
included in the model, but it is still very low.? This suggeststhat while
theliquidity of the market and the opportunity to reverse aposition are
important determinants in the arbitrage decision, a great deal of
heterogeneity among arbitrageurs still remains. It al so suggeststhat the
actual mechanism of arbitrage trading may be far more complex than
captured by the traditional threshold models.

20. Neal (1996), page 558, finds a value of 0.03.
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V1. Summary and Conclusions

This paper focuses on the behavior of arbitrageurs in stock index cash
and futures markets. Relying on a dataset of intra-day arbitrage orders
in the French market, the persistence of mispricing and the arbitrage
trading decision are analyzed.

Controlling for the statistical illusioninduced by infrequent trading,
we show that mispricing is not persistent because arbitrage
opportunitiesarerapidly eliminated by stock index arbitrageursbut also
because of some general mean reversion in mispricing changes.

We suggest that this result, which is reminiscent to the work by
Miller, Muthuswamy and Whaley (1994), may berelated to thefact that
arbitrage trading is far less frequent and predictable that it would be
found by applying some mechanical trading rules based on the
mispricing value.

We suggest that the non-arbitrage mean reversion may berelated to
the behavior of limit order traders facing liquidity shocks and aso to
stale quotesin the cash market. Thefirst explanation is consistent with
evidence of limit order traders over-bidding/undercutting on large
spreads and al so with the low level of depth out of the best quotes (e.g.
Biais, Hillion and Spatt [ 1995]). The second explanation may berelated
to lead-1ag rel ationships between the futures and the stocks and is also
consistent with the partial adjustment model of Theobald and Yallup
(2001).

In this context, the behavior of arbitrageurs appears highly
competitive. The results are consistent with what one would expect
theoretically if arbitrageurs were 100% certain being able to unwind
their position prior to the maturity date and competition among
arbitrageurs had eliminated all excess rents. That is, we find that on
average the net arbitrage profit is at the competitive level of zero.
Finally we show that the depth of the market affect significantly
arbitrage trading.

Additional researchisneeded to increase our ability to predict when
anarbitragepositionisestablished. Futurework may examinetheextent
to which arbitrageurs act as an homogeneous set of investors using
actual arbitrage data. In the same vein, the aggressiveness of arbitrage
trading may be analyzed.
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