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Harris (1989), Stoll and Whaley (1990), and Chan (1992) report that
priee niovemetits in the futures markets consistently lead the stock index
movements, while there is weak evidenee that stoek index movements
lead to futures price changes. This lead-lag relationship between the fu-
tures and cash index markets can he attributed to lower transaction cosls
and less restrictive short selling in the futures market. Chan (1992) sug-
gests that the lead-lag pattern is not well explained hy nonsynchronous
trading, and that futures prices tend to he hetter at refleeting marketwide
information than cash index prices. Martikainen and Puttonen (1992)
suggest that informational interrelationships hetween lutures market re-
turns aeross countries can be stronger than those between stock mar-
kets.' Booth, Broussard, and Loisti (1994) and Grunhichier, Longstaff,
and Schwartz ( 1994) also conclude that the German futures market tends
to lead the cash tnarkct.

Most relevant studies employ transaction data to study tbe lead-lag
relationsbip between cash and futures markets. This creates nonsyn-
chronous trading problems heeause the transaction priee represents tbe
stale price of the last trade. Because stock index futures contracts are
more frequently traded than most individual stocks in the cash market,
one is more likely to find futures leading cash with the use of transaction
data, (^n the other hand, hid/ask quotes are executable prices if traders
want to buy or sell at the market. As a result, bid/ask priees represent
market conditions better than transaction prices. To study the price trans-
mission process between futures and eash. one should look into tbe lead-
lag relationship of hid/ask quotes between cash and futures markets. Bc-
catise the CMt! and CTiOT do not release bid/ask quotes, most studies
on US stock index futures cannot get around tbe stale-price problem.
This study uses a iuii(|Lie data set of French stock transaction prices and
bid/ask quotes from the lVIatir(futures market) and tbe Paris Bourse (easb
market) to ftirther investigate the lead-lag relationsbip hetween futures
market and cash market. Although the analysis on transaetion price data

In addilion t(i siuiiii's mi lidiirL's/Vasli rclaliiinships. Man;is[erand Ht'iidli'nian ( I'lS^I. !llia[l;ii.iiiir\ii
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conforms to previous findings that futures markets lead cash markets, the
results witb tbe use of French hid/ask quotc-mid-point data suggest that
the reverse intermarket price transmission is mueh stronger.

THE MATIF VERSUS THE BOURSE

It is well known that the French Bourse was originally hased on tbe Na-
poleonie Code, the outstanding feature of which was the notion that the
actual exchange of stocks takes plaee through intermediaries designated
hy the state with a monopoly power. This kind of system does littie to
enhance transparency in an auction market. Tbe Matif. on tbe otber
hand, which opened its doors in 1986, was from its inception based on
an Anglo-Saxon notion of a continuous open-outcry system with stan-
dardized contract orders being filled immediately as long as a counter-
party is found. Tbus, the presupposition would be greater transparency
in the Matif than in tbe Bourse, with as a consequence futures leading
the underlying casb. However, the monopolistic control of state-
designated brokers ended on January 1, 1992. From 1986 to 1992, tbe
Paris Bourse sbifted from a daily eall auction to a computerized limit
order market where trading takes place continuously from 10 A.M. to 5
P.M. This is documented by Biais, I lillon and Spatt (I 994);

The stHtus of thf security's book is updated (dlniost instantaneously) on
traders' screens, each time there is an order arrival, cancellation or exe-
cution. Brokers and the most active traders in the market can direetly route
their orders to the CAC system. Eleetronie transmission of the orders and
updating of the screen usually take less than one second.

In addition, the severe competition between London SEAQ International
and the Bourse on French stock trading also imposes pressure to enhance
the transparency and efficiency of the Bourse." A survey on European
equities traded on SEAQ by Davis (I 993) finds tbat market-making firms
accept customer business in London, but are more likely to elose out
those positions on a domestic stock exchange. This interlinking ensures
an efficient flow of information between the markets, reinforcing price
competition.

On the other hand, the Matif uses a traditional open-outcry trading

"All eomponenls in C'AC4(t are also traded nn St:,.Ay International in London, with approximately
one-lhird of the volume on the Paris Bourse. .Mthoiifih the Uourse operates an order-driven system
ior all stocks, SK.AQ [nlerniUional is a qui>le-dri\en market, with market makers quoting prices for
eiiih sloek. See Dc Jonji. Nijman, iinil Roell 1199.^) for a comparison ni the cosl of trading Ireneh
shares on iho Paris Bourse and on Sti.'XQ International.
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system during normal trading hours and reports bid/ask/transactlon price
for each contract appearing on the quotation screen. Bids and offers sent
to the trading floor are systematically reported by quote recorders in tbe
pits. In the same way. wben a transaetion is made, tbe priee of the trans-
action is displayed on the cjuotation screen. .\s doctimeiited by Sbyy and
Lee (1995). DTB (witb tbe use of an automated trading system) leads
LIFFE (using open outer)) in tbe price transmission of Bund futures
trading despite the tact that LIFFE bas greater trading volume. Similarly,
the Paris Botirse is likely to report price information faster than the Matii
due to differences in their trading mechanisms.

The rest of this section reviews the major operating differences be-
tween the Matif and the Bourse. The Matif contracts share several sim-
ilarities with the Botirse. Both exchanges titilize tnarket orders, limit or-
ders, fill and kill, and stop loss orders. Neither allows market makers.
e.\ccpt for the trading of certain kinds of options sueh as options on fu-
tures where the liquidity is not guaranteed by the market. As for tfie
trading of individual shares and futures contracts on CAC40, neither
exehange imposes short-sefling restrictions.

One should note also the following salient facts;

1. The Bourse employs an automated order-matching system similar to
tbe one used in Canada. The opening value of the CAC (the first fixing
ot tbe day) is determined by the acctimtilation of orders between 9
A.M. and 10 A.M. In tbis pre-opening bour, a sequence of call auctions
occurs to facilitate tbe |)rice discovery process. Tbe Matif operates a
24-hour trading system, employing an open-outcry system during nor-
mal trading hours. After-hours trading activity is handled on Globcx
with no trading recess between Globex and the Matif opeti-outcr\;

2. The Bourse has a computerized prioritization system for limit orders
based on price priority and time priority. For tbe Matif, limit orders
not serviced immediately are serviced at the next available opportunity
tbrougb opeti-outcr\ floor trading. It is difficult to obser\c time pri-
ority in a floor-trading environment.

3. Market orders on Bourse are executed against tbe best priee. Any ex-
cess of market orders on the Bourse that are not eompletely executed
are turned into limit orders at that best price, rather than by walking
up (down) tbe book. On the other hand, market orders on the Matif
that are not executed are executed by walking up (down) the book.

4. Tbe Paris Bourse allows for the possibility of placing block orders
(limit) tbat are not fully visible to other traders. Tbese orders are ealled
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hidden orders, with parts of them becoming visible, like a slowly re-
vealed iceberg, as tbey arc serviced. The invisible part of the order
retains price priority hut not time priority.^ Biais, Hillon, and Spatt
(1994) have estimated that one out of eight orders are hidden orders.
It is widely believed that hidden orders reduce market transparency,
and therefore, reduce the price discover)' efficiency of tbe Bourse.

5. As mentioned before, there is substantial trading of French stocks on
the London SEAQ International exchange. Although [..ondon has an
advantage in attracting larger-si/ed deals, the trading volume on SHAQ
International for tbe stocks that are components in the CAC40 index
is approximately one-third of that on tbe Paris Bourse. On the other
hand, a CAC40 index futures eontraet is not traded on offshore iu-
tures exchange. The competition hetween SFAQ International and tbe
Paris Bourse may enhance the information efficienc)' of the French
(cash) stock market.

6. For the Matif margin requirements are a minimum of 20,000 francs/
eontraet, revisable as a function of tbe variation of tbe index. Tbe
Bourse aiso allows one to spectilate on large sums of money by mar-
gining witb a deposit of approximately 20"̂ ^ of total size. If one eom-
pares tbe margin requirements on the Bourse and tbe Matif. the Matif
has a clear advantage for margin trading.

7. I here is ver) little difference in the taxation of profits on the Bourse
or Matif for active traders. Profits are taxed as income for hoth con-
tracts. For infrequent traders, the tax rate on the Matif is as lov\' as
\7% on net ineome at the end of the year.

8. Although normally the transaction tax ranges from 0.15 to 0,30'/f in
tbe Bourse, there is no transaction tax for transactions lower than
SO,000 francs. Commissions are usually about O,6S9ic in the Bourse.
On the Matif, the commissions are ver)' low, at abotit -̂ 00 francs per
contract.

REAE TIME QUOTES AND DATA COLLECTION

Minute-by-minute bid/ask (|uotes and transaction priees for the Septem-
ber 1994 CAC index futures contract, casb index, and the individual
stocks that arc components in the CAC4() index are collected from the
Reuter Terminal from August 1 through ^], 1994. Al! prices reflect the

*Thc hidden order works like the dela\ trade in ST.AQ that allots the market maker to delay the
report of lhe transaetion if the order is higger than a normal si/e.
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TABLE I
CAC40 Components (Weights for Stocks arc as of August I, 1994)

%

1.18
6.61
0.93
0.90
3.60
1.11
1.68
4.15
7.59
1.52
0.81
5.15
1.88
3.06
3.01
2.42
0.89
1.85
3.17
5.34

Stock Name

AC COR
ALCATEL ALSTBOM
BANCAIRE(CIE)
BOUYGUES
CARREFOUR
C.C.F.
CR. LOCAL FRANCE
DANONE
ELF-AOUITAINE
HAVAS
LAGARDEREGROUPE
L.VM H
MICHELIN
PARIBAS
PEUGEOT S.A
RHONE-POULENCA
SAINT-LOUIS
SCHNEIDER
TOTAL B
SUEZ

'}

3.35
2.79
3.32
1.34
0.62
0 84
0 53
4.71
0 16
2 37
0.92
2.18
4.85
1.36
1.17
3.95
0.89
3.56
1 34
3.10

Slock Name

AIR LIQUIDE
AXA
B NP
CANAL PLUS
CASINO
CR. FONCIERFRCE
C.GI.P
EAUX (GLE DES)
EURO DISNEY SCA
LAFARGE COPPEE
LEGRAND
LYONNAISE EAUX
OREAL
PERNOD RICARD
PROMODES
SAINT-GOBAIN
SANCFI
SOCIETE GENERALE
TEOMSON-CSF
U.A.P

end of the trading minute as trading activities are simultaneously reported
in botb tbe Matii and the Bourse.

Tbis study uses tbe reai-time quotations from tbe Beuter Terminaf
througii Excei Access, a software product deveioped jointly by Reuters
and Microsoft, which combines the timeliness of market data from the
Beuter Terminal with the fuli functionality of the Microsoft Excei spread-
sheet program. The component stocks of the CAC4() index as of August
i, i994, are shown iti Table I.

The foiiovving probietns incurred in tbe data-coiiection procedure
should be noted:

1. There were communication hreakdowns due to interruptions of tiic
direct communication phone iine. Whenever tbere is a transmission
breakdown in the Reuter Terminai. the terminai shows an "IDN
COMM FAULT" signal. The data during sueh periods are deicted from
the study.

2. In some (very rare) cases, there are some prices tbat arc completely
aberrant, due to human and technical errors. The validity of all data
series are checked by filtering out itnpossihle inarket conditions. For
example, the daily high/low prices that are clearly outside the range
of possible prices are deleted from our data set.
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To examine the consistency of the empirical results, two sample pe-
riods are used. The first sampie period is from August i. i 994 to August
18. 1994. There are .^816 oiiser\'ations for each bid/ask/iast-price series
during tbe first sample period. Tiie second sampie period is from August
19. i994 to August 23, i994. There are 3.^00 observations for each bid/
ask/iast-price series during the second sample period. Because tbe open-
outcry session of tbe CAC40 contract in tbe Matif bas the same trading
hours as tiie Bourse, the after-hour Globex trading is not included in the
sample period.

CAUSALITY TEST: ERROR-CORRECTION
MODEL

To investigate the intermarket reiationship between tbe Matif and tbe
Bourse, Granger causality tests are conducted. A time series. {.\,}, is said
to Granger cause another time series, {Y,}, if present Y can he predicted
better by using past values of X than by not doing so. The first step in the
empirical anaiysis is to exatnine the stationarity of the price series. Tbe
nonstationarity is tested with the use of the augmented Dickey-Fuiier
(ADF) test. The ADF test for ali iast-price series cannot reject the non-
stationar)- hypothesis at the 0.01 Ievei iiased on Fuiier (I 976 V On tbe
otber hand, aii first-differenced scries reject the nonstationary hypothesis
at the 0.01 Ievei. in addition, a test is conducted to determine whether
intermarket eomovement exits between each pair of market prices in tbe
Matif and the Bourse. As suggested by Engie and Granger (i987). it V,
and X, are co-integrated, then there exists a constant A such that /., = V,
— AA', is stationary. As a resuit.

V, - a + fix, + r., ( i )

where V, is the price series in the Matif; \ , is the price series in the Bourse.
The augmented Dickey—Fuifer (ADF) test is used to test the significance
of fi in the foiiowing regression:

I)

A;;, = a + fk,_i + '^ (i>i ^f., i + v, (2)
i= 1

where /:, is the error term from the eo-integration equation and i', is a
stationary random error term.

•'The It'sl rfsults an- nol sensili\c lo la^ li'nj;[h used.
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If eo-integration exists between two series of price data, an error-
correction term is added to the causality tests [see Engie and Granger
(1987)]. To avoid tiie probiem of heteroscedaticity. a generaiized metiiod
of moments (GMM) by Ilansen (1982) is empioyed to estimate the pa-
rameters in the foiiowing Granger causaiity regression:

s s
Av, = a + J, fi,; Av,_, + E fh A\,-, + y^; 1 + e, (3)

f - 1 U l

where A.\ is the differeneed iagged independent variables, AV is tbe dif-
ferenced lagged dependent variable, and i: is the error term. V cati be
aiieeted iiy X tbrough two different ehanneis. Tbe eonventionai way to
explain Granger eausaiity is to assert that the change in X,,i causes a
significant tnovc in Y,. Anotficr causal channei in tbe error-correction
modei is through the residuai term from the co-integration equation. Be-
cause the price series î etvveen tiie Matif and the Bourse are co-inte-
grated, a diverging .\, _ | from V, _ | (higher residual in the co-integration
equation) will pressure V,, moving it closer to X,. To test the information
causality, tbe Wald test with an asymptoticai / " distrii>ution is used to
test the nuil hypothesis: Coefficients for AX, |, AA, >, A,\, ^ . A.\',_4,
AX,_s are /.ero.

If the Granger causality equation is iurther expressed in the matrix
notation as X = Zy? -I- c, wiiere Z is tbe ohservatioti matrix for T obser-
vations of rcgressors; .\ is the corresponding dependent variaiiie. Hansen
(1982) proves that tbe estimator of/f based on OES is stili consistent,
but its variance-eovariance matrix needs to be modified. The asymptotic
distribution of fi is expressed by

/fifi - /}) - MO. L)

wbere

L = (AL, W"' A/,J"' (4)

and M,, - fim(Z'Z/T) and \V = lim(Z'c^'Z/T). W is unknown. However,
tbe asymptotie distrii)tition of it wouid remain iinafiected if VV'' is repiaeed
by a consistent estitnatc. It can be verified that, under plausibie reguiarity
conditions and assuming that w, has an iHth-order moving average rep-
resentation, Vi'' can be consistentiy estimated as

W - T' S S ^.il k~~,-k (5)
/ -= 1 I - - HI

where z, is the 1th row of Z and t;, is tiic consistent estitnate of t;,. VV is
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sometimes termed the matrix covariogram.^ A standard instrumental vari-
abies estimator can be empioyed so as to yieid consistent estimates of
tbe coefficients and thus of the stochastic disturbances. These distur-
bances are substituted into (S) to obtain a consistent estimate of VV.
whieh is then empioyed in (4). Restrictions on fi can be tested by the
eonventionai Waid test. In particuiur, the nuil hypothesis, H,): fi = fi().
can be tested by the statistic

Wald = (-A,)'Z'ZW-'Z'Z(-/yo)

which has a limiting/" distribution witb a degree of freedom equal to tiie
number of restrictions.

Empirical Results with the Use of the Last
Transaction Price

Before testing two time series for integration, it is important to ensure
that tbey eacb demonstrate the same order of nonstationarity. Tbe ADF
test is empioyed to test the nonstationarity hypothesis for tbe iast trans-
action price series traded on the Matif and the Bourse. It is found that
neither series can rejeet the nonstationarity hypothesis at the 0.01 icvcl.
However, by taking tbe difference of the price ievel, ail series rejeet the
nonstationarity b)pothesis at the 0.0i level.^ As a resuit. it is conciuded
that the price diiierenee series, not the price Ievei, is stationary. Aiter the
stationarity test, the co-integration reiationship between tiie price series
on tbe Matif and the Bourse is investigated. If the Matif series (CAC^)
is regressed against the Bourse series (CAC^ ), the estimate of tbe OES
co-integration regression yieids the foiiowing results:

(1) Sampie Period i: CACj = 0.0018 + 1.0002 CACp
(0.296) (1 198.31)

R^ - 0.997.

(2) Sample Period 2: CAC[ = 0.8216 + 0.892 ^
(62.i4) (Si5.0i

R^ - 0.987.

In practice, a liniiuilion may ;)risf bccausf no guarantee is available ihai llie malri\ cnvarioRram is
positive (Icfinilc. One remedy lies in wei^hinglhc matrix covarioj^ram with a lag window llial displays
somt- measure of decay at a successively higher iirder [Newey and West ( |487)|. The pimer ol' the
lag windows is selected lo he 0.9, which sulfices to yield a positive definite matrix covariogram.
"See Tables.5.2 in Fuller U 976).
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TABLE ll(a)
GMM Regression for Granger C'iiusaiity Tests on Transaction Prices of CAC
index hetween the Matif and the Paris Bourse from August 1, 1994 to August

18, 1994. Parameter Estimates for Lagged independent Variables (AX),
Lagged Dependent Variables (AV), and an Error lerm (i:) are Derived From

the Foiiovving Regressicm:

AY, = a + J, fi,; AY, .,• + S li. A.\- , + F , ,.
i I i ]

T Statistics are in Parentheses. /^(S) Is Used To Test the Nuli i lypothesis:
Coei'ficients for AX, i, AX,. ,• AX, ,̂ AX, 4, AX, ^ .\re Zero. ^"(6) Is Used to
Test the Nuii H)-pothesis: Coefficients ior A.\'f i. A.\', j , A,\, i, AX, 4, A.\', :;.

and Error 1 erm Are Zero

CAC^' GC CAC'

Py, - 0.0076
^^ -0.046
p^ - 0.033
p^ - 0.020
P.fi -0,025
/?^ • 0.044
p^ -0.015
P^ 0.021
^^ 0,0069
PA -0.016
)• - 0.029
r(5) = 6.50
(p value - 0.2600)
^ (̂6) = 20,77"
(p value = 0.0020)

(-0.34)
(-1.85)
(-1.62)
(- 0.98)
(-1.23)

(1.93)
(-0.66)

(1.03)
(0.32)

(-0.86)
(-3.39)

CACU^CCAC

IK<

li.'

li.
li.-.
/?,.4

;'
^^(5) = 125.21"
(p value = 0,0000)
/^(6) = 329.07"
(p value = 0,0000)

0.064
0,068
0.045
0.003
0.006
0.262
0.161
0.095
0,071
0,036
0,069

(-2.68)
(-3.25)
(-2.25)

(0.19)
(0.34)

(11 12)
(6.56)
(5.05)
(3,96)
(2.40)

(-3,73)

"Signiticanl at lhe 0,05 level
"Signiticant al the 0 01 level

With the use of the error terms from the previous equations, the t
statisties for the fi estimates i)ased on eq. (2) are found to he — ! 1.41
and —7.91. The results reject the non-co-integration hypothesis at the
0.01 ievei. Tabie II(a) and Tahle ll(h) show the resuits of Granger cau-
saiity tests using transaction price data. By testing two pairs of the last
price series for Matif/Bourse, the resuits support the hypothesis that price
tnovements of CAC futures in the Matif Granger cause the price move-
ments In the Bourse at the 0.01 ievei during iioth sampie periods. How-
ever, significant reverse causaiity irom the Bourse to the Matii through
first channei (previous cash price affecting futures price) is not significant
at the O.Oi ievei in both sampie periods. By adding the error-correction
term, the Matif tends to iiave a priee reversai after the spread iietween
cash and iutures widens.
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Empiricat Results with the Use of the Bid/Ask
Quote IVlidpoint

Staie transaction prices and nonsynchronous trading create probiems for
testing iead-iag relationships between casii and futures. To soive the proh-
iem. bid/ask prices are coiiected for the C'AG ftttures, and aii individuai
stoci<s that are components in tiie CAC'4O index. BeeaLise bid/ask priees
are mari<et quotes that are vaiid ior any minute in the sampie period,
tiiere is no nonsynchronous cjnoting probiem in the anaiysis of using
quote midpoint of bid/asii prices.

First, tiie iirst-ciiffcrcnced priee series are confirmed to be stationary.
Regressing bid/asi\ quote-midpoint on tiie Matif series agaitist the Bourse
series resuits iti the ioiiowing estimates for CAC:'

(1) Sampie Period i: CACf - 0.87i6 + i .087 CAGf
(66.54) (5i6.37)

R- = 0.986

(2) Sampie Period 2: CACf - l . 6 iS9 -h 0.966 CACf
(69.23) (257.00)

R- - 0.9S3

The ( statistics for fi estimates hased on et|. (2) are found to he
— i i.98 ior Sample Period I and —8.03 for Sampie Period 2. The non-
co-integration hypothesis is rejected at the O.OI ievei. Tabies ni(a) and
lll(b) show the results oi the Granger eausaiity test for both sampie pe-
riods using minute-by-minute bid/ask quote midpoint of G'AC iutures
traded on the Matif and cash index on the Bourse. Surprisingiy, the resuits
with the use of bid/ask priee series are ver\' different from the previous
findings with the use of the iast transaetion price series. Most importantiy,
the chi-squared vaiues for the first eausai channel from the Bourse to the
Matif iiecomc significant at the O.Oi ievei. On the other hand, the Chi-
squared vaiues of the first eausai chantiei for the Matii futures affecting
the Bourse become insignifieant at 0.05 ievel during both sampie periods.
(However, the second eausai channel of the error term is stiii significant
for the first sample period) During the second sampie period, both eausai
channei, from the Matii to the Bourse are not significant at the 0.05
ievei. It is aiso itnportant to note that at ieast one of the error-term factors

Ail prk'f sorit'S An- me^isiiroJ in ii:]iurHl logariihms.
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TABLE ll(b)
Regression for Ciranger Gausulity Tests on Trunsaction Prict-s of C'AĈ

Inde.v iutween the Matif and tiie Paris Bourse irom .August 19, 1994 to
August 31,1 994. Parameter Estimates for Lagged Independent Variables (AX),
Lagged Dependent Variabies (AV). and an Error Term [t:) are Derived from the

hoilovving Regression:

AV; = « + 2 fiu A>, i + ^ fi.:AX,., + yc, ,.
i I 1 -1

T Statisties are in Parentlieses. / " (5) Is Used 10 Test tiie Nuli Hyjjothesis:
Coefficients for A.\,. ,, AX, _2, AX,. ,i, AX, 4, A,\, ^, Arc Zero. /^(6) is Used to
l e s t the Nuil I-Iy|)othfsis: Goel'fieients ior AX,_ |, AX,_,, AX, ^. AX, 4, A \ , ^,

and Error Term /Vrc Zero

rv \c ' Gc: C.AC'

Py^
Pys

Py*
P)ii

AT

P^
Pa
P.
PA
y
^^(5) = 13.10'
(p value = 0 0224)
X-m = 22.74"
(p value = 0,0008)

0,056
0,346
0,047
0.025
0.005
0,039
0.020
0.025
0.022
0 0002
0,008

( - 2.69)
(-1.64)
(-2.10)
(-1.24)
(-0.28)

(1.79)
(-1.48)

(2,00)
(1.99)
(0.01)

(-1.93)

c:.\c;' GCGv\r'

li.^

li^i

PI
P^
fi..
li.A
li^
y

/:'(S) = 158.12"
(p value = 0.0000)
/-(6) = 268.15"
(p value = 0.0000)

0.024
0,010
0.003
0.028
0.011
0.265
0.142
0.080
0.007
0,017
0.039

(-0,86)
(-0,41)

(0 12)
(0 94)
(0,62)
(7 58)
(3.83)
(3 17)

(-0.16)
(0.52)

( - 1 60)

'Significant al the 0 05 level
"Signilicani at lheO,Ol level.

(price differentiai i>etween cash and futures) in aii cases affects the fu-
tures return at the 0.05 ievei. It shows tbat arbitrage activities wiii britig
the futures price down (up) by seiling (buying) futures and buying (seli-
ing} cash if the spread (futures-cash) is too high (iow). Figure 1 shows
that price differentials hetween cash and futures are not over 03% on
both sides, and there is no consistent arbitrage opportunity.

These findings show that previous resuits witii the use of U.S. trans-
action prices couid he misieading because of nonsynchronous trading and
the stale price probiem. Using the bid/ask quote midpoint as an indicator
of the current market situation produces totaliy different resuits. Another
reason that the resuits of this study show significant reverse causaiity is
that the Bourse empioys an automated order-matching system, whereas
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TABLE ll l(a)

GMM Regression For Granger C'ausaiity Tests on Bid/Ask Quote-Midpoint of
C:AC- Index Between the Matif and the Paris Bourse from August I. 1994 to

August 18, 1994. Parameter Estimates ior Lagged Independent Variables (AX).
Lagged Dependent Variabies (AV), and an Error Term {c) Are Derived from the

Eoiiovving Regression:

AV, = a + S A . A V , , + 2 A.^A.X,.; + )'£,.,
j - I i - \

T Statistics Are in Parentlieses. /"̂ (S) Is Used to Test the Nuli Hypothesis:
CJoefUcients for A.\, ,. AX, ,. AX, ,̂ AX, 4. A\, ^ .Are Zero. /"(6) is Used l o
Test the Nuii HyiJothesis: Coefficients ior AX, |, AX, j . AX, ,, AX, 4, AV, ,̂

and Error Term arc Zero

CAC^GCCAC'

IK'

fi,-i

p.'
p.
li.
p..
p^
y
X'(5] - 21,22"
(p value = 0.0007)
^•^(6) = 2 3 . 5 4 "
(p value = 0.0006)

-0.562
-0.434
-0.318
-0.204
-0.106

0.735
0,286
0,188

-0.013
0.006

-0.267

(-5,24)
(-4.13)
(-3.29)
(-2,67)
(-2.23)

(3.98)
(2,95)
(1.76)

(-0.15)
(0.08)

(-2.20)

CAC'GCCAC'

li.
IK"
ti..
li,.'.
p.,
IK,
IK,
fi..
li.-i
P..

f(5) = 3,354
(p value = 0,645)
/A6) = 18.51"
(p value - 0.005)

0 164
0,036
0,075
0.003
0,015

- 0.0002
0,0025
0 0017
0,0016
0.0012

-0,017

(6.56)
(1,45)
(3,18)
(0.16)
(0.67)

(-0.05)
(0,40)
(0.31)
(0 38)
(0.60)

(-3,50)

'Significant al Ihe 0,05 level
"Significant at lhe 0 0 ' level

the iVIatif uses open-outcry floor trading, in an open-outcry system, tiie
hid/asls. quotes are reported hy exchange ohservers on the trading floor by
watching the trading activities in the pit. Based on conversations with
major hroi^ers in London, it is very iikciy tiiat. in a iast market, tiie prices
reported by an observer are not as updated as the current tnarket. As a
resuit, previous findings in the U.S. (and Germany) that iutures lead cash
couid be due to either staie transaetion prices or to the dificrcnt trading
mechanisms employed.

CONCUJSIONS

This articie investigates the iead-iag reiationship î etweeti stock itidex iu-
tures traded on the Matif and the eash index traded on the Paris Bourse.
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TABLE lll(b)
CIMM Regression for Granger C^ausaiity Tests on BidMsit Quote-Midpoint of
CAC Index Between the Matif and the Paris Bourse from August 19, 1994 to

August i I. 1994. Parameter Hstimates for Lagged Indepencient Variabies (AX),
Lagged Dependent Variabies (AV), and an Error I erm (/;) Are Derived from the

Foiiowing Regression:

AV, = « + 2 Au AV,.i + 2 / ^ . A.\, i + )7;,_|
t I U(

T Statisties Are in Parentheses. /"(S) is Used to lest tbe Nuil Hypotiiesis:
C'oefficients for AX,_ ,, AX,.,, AX,.3, AX,..,, AX,_s Are Zero. /^(6) Is Used To
Test the Nuii Hypothesis: Coefficients for A\',. ], AX,_2, AV, _ ,̂ A.\, .4, AX, =;,

and Error 1 erm are Zero

CAC^GCCAC'

Py,

PA

PA

P.
P^
P.

PA
y
r'(5) = 30.64"
(p value = 0.0000)
/^(6) = 59,47"
(p value = 0.0000)

-0.380
-0.544
-0.402
- 0.266
-0.138

0.436
0.490
0.462

- 0.028
0.195

-0.168

'Sigtiilicanl at the 0 05 level
"Significant al lhe 0 01 level

( -841 )
(-5.55)
( - 3 95)
(-2.98)
( - 2.33)

(4,24)
(2.63)
(2,02)

(-0,15)
(0,68)

(-2.25)

CAC'G

IK,
li^i
P,^

p^
fi,,
li.,
P..
P^
P..
y
r'(5) =
(p value

(p value

co^c'

8 13
= 0,14)

8.93
= 0.17)

0,0685
-0,0007

0 0259
- 0.0004
- 0 024

0.0033
0,0067
0,0069
0.0063
0 0035

-0.0019

(2.12)
(-0.02)

(1.33)
(-0.01)
(-1.03)

(0.79)
(!46)
(1,30)
(1,66)
(1.82)

(-0.90)

By the application oi an error-Correction modei |Engie and Granger
(i987)] to the tniniite-i>y-minute transaetion price dala, it is found that
the C'AC, hittires price ieads the C'AC cash index. However, because the
transaction price represents the staie price of the iast trade, this test
cannot solve the nonsynchronous iratiing proiiicm. As a resuit, the mid-
quote points oi bid/asi< prices are used to repeat tbe test. It is iound tbat
the iead-iag reiationship FrtJin futures to cash vanishes, and reverse cau-
sality irom cash to iutures beeomes significant, i'iiese findings suggest
that previous results showing futures ieading cash tnay be primariiy due
to (a) maris.et nonsynchronous trading and staie price probiems and (b)
diiierences in trading meciianisms used in cash or iutures mari<ets.
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FIGURE 1

Arbitrage profu return Irom Imying cash and st-lling luturt's (August 27, 1994).
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