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[ . INTRODUCTION

This study examines the dynamics of the price transmissions across the stock index
futures contracts currently traded in the United States. The majority of prior studies on
stock index futures examine the temporal relationship between the futures and their
corresponding underlying cash markets [e.g., Kawaller, Koch, and Koch (1987), Stoll
and Whaley (1990), Chan (1992)]. The basis of these studies is that in perfectly efficient
futures and cash markets with no transactions costs, informed investors are indifferent
between trading in one market or the other. Thus, new information would be reflect-
ed in both markets simultaneously. Accordingly, contemporaneous returns of each mar-
ket would be perfectly correlated while non-contemporaneous returns would not be
correlated. In short, there would be no lead-lag relation between the prices of futures

and cash. Many empirical studies, however, have documented the mispricing between
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futures and cash markets from their theoretical price relationship. The consensus is that
the futures market generally leads the cash market.

 The infrequent trading of the component stocks in the index is one plausible reason
for this asymmetric relationship. When new information arrives in the market, the
futures contract, as a single claim, is able to update the new information immediately.
For the cash index price to reflect new information fully, every stock within the index
must be traded. This staleness in the index cash price may make cash prices lag behind
futures prices. Empirical findings, however, do not seem to support this line of reason-
ing as a source of the asymmetric relationship between the futures and cash prices.”
The nature of new information may also be related to the observed asymmetric rela-
tionship. Chan (1992) finds that when the market has information of a general nature,
futures prices lead cash prices to a greater extent. He argues that firm-specific informa-
tion, which is diversifiable, is mainly reflected in the cash index prices while the futures
market is the main source of market-wide information which is systematic.
Consequently, futures prices contain more information so that there exists a feedback
from futures to cash prices.

This paper differs from previous studies on the stock index market in that we exam-
ine possible mispricings across the index futures, rather than between futures and their
associated cash markets. Specifically, we examine the intraday price leadership among
the futures markets of the Standard & Poor's 500 index, the New York Stock Exchange
Composite index, and the Major Market index. If these markets are informationally
efficient and all information is fully reflected in the prices of these markets, then there
will be no systematic lead-lag pattern among the prices. If, however, for some reason,
one market is slow in reacting to a piece of new information, it will lag behind the
other markets, possibly showing price transmission channels from one market to the
other markets.

In addition to the market efficiency issue, studying the intradaily price relationship

among futures contracts is important to the arbitrage traders who take advantage of

1) For example, Stoll and Whaley (1990) use an ARMA (2,3) process on the Standard & Poor's 500 cash return series
to control for the infrequent trading effect. The results show that even after the infrequent trading effect is removed
the cash price still lags behind the future price. Moreover, Chan's (1992) study on the Major Market index shows
that the futures return even leads the returns of component stocks traded more heavily than the futures itself.
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extremely short-term price deviations between futures prices.” Particularly, this type of
short-term intermarket arbitrage activity is popular between the S&P 500 and NYSE
composite futures contracts because of their close correlation.” An arbitrager with
knowledge of the historical correlation between two futures contracts can simultane-
ously take a short position in the overvalued futures contract and a long position in the
undervalued futures. If the aberration is temporary and the price relationship returns
to normal, the arbitrager will realize a risk-less profit. This intermarket arbitrage cou-
pled with cash-future arbitrage will force the index future prices back into line.

To study the dynamics of the intradaily price transmission we utilize a vector autore-
gressive (VAR) model. Specifically, we calculate the impulse response functions to
examine how an innovation in one market transmits across different markets. Through
the variance decomposition, the VAR model also allows us to assess the relative weight
of each variable in the system in generating unexpected variations of its own and other
variables. In addition, we test possible cointegration relationships émong the prices of
futures markets by the multivariate procedures outlined by Johansen (1991) and
Johansen and Juselius (1992). The cointegrating constraints are explicitly considered in
the analysis of the impulse response functions to capture the long-as well as the short-

run price dynamics among the variables.

I . The Stock Index and Index Futures Markets.

There are three actively traded stock index futures contracts in the United States. They
are the Standard and Poor's 500 (S&P 500) of the Chicago Mercantile Exchange
(CME), the New York Stock Exchange (NYSE) Composite Index of the New York
Futures Exchanges (NYFE), and the Major Market Index (MMI) of the CME.Y -

2) This type of arbitrage is different from inter-market spreading, in which speculators usually take short or long posi-
tions in different futures markets over severai weeks or months.

3) Historically. there has been an extremely high correlation between the two futures contracts. During our sample
period from 1986 to 1991, the correlation was 99.53% on a daily basis and 65.62% on a five-minute interval. This is
because the S&P 500 index represents about 80 percent of the value of NYSE index, and they use the same method
to calculate the indices. According to Byrne (1987) about thirty-five percent of the trading activity on the NYSE
composite future contract is related to the short-term arbitrage against the S&P 500 contract.
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The S&P 500 index is most widely used as a basis of institutional investment manage-
ment. It is based on the market value of 500 blue-chip stocks including industrial, utili-
ty, transportation, and financial firms. Most of them are listed on the NYSE and the
market value of these stocks equals about 80 percent of the total value of securities
traded on the NYSE. The rest of the securities are from the American Stock Exchange
and the NASDAQ. To reflect a cross-section of industry groups, the firms are selected
on the basis that they represent a particular industry as well as on capitalization.
Therefore, the S&P 500 firms do not match the capitalization-based Fortune 500 firms,
and the stock prices of the component firms are sensitive to changes in their respective
industry. Each stock in the index is market-value weighted so that larger firm stocks
have greater importance on the value of index.

The NYSE Composite Index is also value weighted but is broader than the S&P 500
index because it is comprised of the market value of all outstanding stocks (1996 com- -
mon stocks as of August 1992) on the NYSE. The MMI is different from the above two
indices in that it is a price-weighted index of twenty blue chip stocks listed on the
NYSE. It is calculated by adding the price of each component stock and dividing the
sum by the MMI divisor. The divisor changes over time to represent stock splits, stock
dividends, mergers, and so on. The MMI has a near perfect correlation (98.86 % on a
daily basis for the period 1987 to 1991) with the Dow Jones Industrial Index because
they currently share seventeen blue-chip stocks and a similar method of calculating the
index.

The Kansas City Board of Trade introduced the first stock index futures contract in
the United State in February 1982. The contract is based on the Value Line Index.”
Two months later the CME initiated the S&P 500 futures contract. Since then it has
been the most actively traded, dominating other stock index futures contract in terms
of trading volume. (Table 1 shows the annual trading volume of the three index futures
contracts included in this study for the period of 1986-1991.) The NYSE Composite

4) The MMI traded on the Chicago Board of Trade (CBOT) until 1992. As our data period ends with July 1991, the
prices of the MMI we are using are the ones that traded on the CBOT

5) This contract traded actively in the early years. However, the trading volume has fallen drastically during the late
1980s. especially after the Crash of 1987. By 1990, average daily trading volume was a few hundred contracts. This
is the reason we do not include the Value Line Index futures contract in this study.
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Table 1
Annual Volumes of the Stock Index Futures Contracts(1986~1991)

Unit: 1,000 Contracts

Year
Futures Contracts
1986 1987 1988 1989 1990 1991
S & P00 19.306 18.983 11.353 10.560 12.134 12,330
NYSE Compostite | 3.132 2910 1.648 1,556 1,572 1,486
I
Major Market Index ! 1.736 2,625 1,174 1,085 948 702

Souree: Each annual volume is the sum of daily volume provided by Knight Ridder Financial Publishing, Inc.

Index futures contract was introduced by the NYFE in May 1982. The MMI futures
were introduced in July 1984 by the CBOT. The trading volume of MMI futures is
roughly equal to that of NYSE index futures.

Like most other futures contracts, stock index futures represent a legal commitment
to buy or sell the standardized units of the specific index at a fixed price at a pre-deter-
mined delivery date. The most considerable difference between traditional futures con-
tracts and stock index futures is the replacement of the traditional delivery mechanism
by cash settlement. When stock index futures contracts expire, they are settled in cash
by transferring funds into or out of the contract holder's margin account based on the
value of underlying index. This feature of cash settlement has made trading of stock
index futures more efficient and less costly because market participants do not need to
construct proxy portfolios for delivery at maturity. For the MMI futures the final cash
settlement price is the closing value of the spot MMI on the third Friday of the con-
tract month with maturities avaiiable every month. In contrast, the final settiement
price of the S&P 500 and NYSE futures is the opening value of the index on the third
Friday of the delivery month with quarterly maturities of March, June, September, and
December.

Another unique point of index futures is the contract multiplier which is used to cal-
culate the contract value. Each contract has a value equal to its quoted price times
respective dollar multiple. All the above futures contracts use $500 as a multiplier. On
October 11, 1991 the CBOT doubled the multiplier from $250 for its MMI futures con-

tract. The contract value, however, remained the same because the MMI index level
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was halved. The multiplier is important because it determines the contract size.
Typically, the MMI and the NYSE futures represent about 80 percent and 50 percent of
value af the S&P 500 futures, respectively.6)

Il . Literature Review
1. The Relationship Between Stock Index Futures and Index Cash

A number of empirical studies find an asymmetric relationship between prices of
futures and cash markets. Despite different markets and different methodologies used,
the general finding with the intradaily data is that the futures leads the cash by a few
minutes. For example, Kawaller, Koch, and Koch (1987, 1988) use Granger's (1969)
causality model to test leads and lags between the cash and futures prices for the S&P
500. They use minute-by-minute transactions prices over the period 1984 to 1985. They
find that contemporaneous prices are most significantly related although there is some
evidence of a twenty to forty-five minute leadership on the futures prices over the cash
prices. The influence of cash price movements on the futures hardly extends beyond
one minute. }

Using a simultaneous equations model of Garbade and Silber (1983), Laatsch and
Schwarz (1988) examine minute-to-minute as well as daily data for the MMI futures
and cash index from July 1984 to September 1986. They find that during the initiation
period of MMI futures markets the futures-cash relationship is unstable while the
futures clearly leads cash prices as the market has become mature. Cheung and Ng
(1990) utilize Pierce and Haugh (1977) test for Granger causality in the mean for the
fifteen-minute interval futures and cash prices of S&P 500 over the period of June 1983
to June 1987. They use a moving average process to purge autocorrelations in the index
cash price and the GARCH process to control the time-varying variance of residuals

for both the futures and cash prices. They then use the standardized residuals from the

6) For example. as of July 19. 1991 the S&P 500 futures was selling at 386.65. or a value of $193.400 (386.65 x 00). MM1
and NYSE futures priced at 633.70 and 211.70. respectively. Therefore the value of the MMI contract was $158.412
(633.70 x 50) and that of the NYSE futures was $105.800 (211.70 x 00).
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GARCH process to perform cross-correlations based test for causality in the mean.
They find that futures prices lead cash prices by about fifteen minutes while the evi-
-dence of causality from the cash to futures prices is rather weak.

Stoll and Whaley (1990) also find that the S&P 500 and the MMI futures over the
period of 1982 to 1987 tend to lead the cash index returns by about five minutes on
average even after the index returns are purged of infrequent trading and bid/ask price
effects by an ARMA model. The futures returns lead even the returns of highly active-
ly traded IBM stock. They argue that infrequent trading only partially explains the
asymmetric relations between futures and cash markets. They support the hypothesis
that the futures market plays a leading role in the price discovery process by reflecting
the new information faster than the cash market. Chan, Chan, and Karolyi (1991) use
five minute interval data for the S&P 500 for the period 1984 to 1989. Using a bivariate
GARCH model, they find futures returns leads the cash returns by about five minutes.

Chan (1992) examines the relationship not only between the MMI futures and cash -
but also between the MMI futures and all 20 component stocks within the index. He
uses five-minute interval data over two sample periods - August 1984 to June 1985, and
January to September 1987. The results show that futures prices consistently lead cash
prices. The MMI futures return even leads the returns of components stocks that are
traded more heavily than the futures itself. He also finds that when the market has
information of a general nature, futures prices lead cash prices to a greater extent. He
concludes that futures prices lead cash index prices because firm-specific information,
which is diversifiable, is mainly reflected in the index cash prices while the futures mar-
ket is the main source of market-wide information, which is systematic.

A group of studies has examined the impact of the Crash of 1987 on the futures-cash
relationships. For example, Harris (1989) analyses five-minute data for the S&P 500
index cash and futures prices over a ten-day period surrounding the Crash. He finds
that the degree of price leadership of the futures market significantly increases during
the week after the Crash, and that the large negative basis during the Crash period is
partly due to the nonsynchronous trading. Using minute-by-minute prices for the S&P
500 from August and December 1987, Kutner and Sweeney (1991) also find that after

the Crash the extent of price leadership on the futures over the cash index increases to
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about fourteen minutes from about seven minutes before the Crash period. In a study
of MMI futures and cash prices, Schwarz and Laatsch (1991) use a simultaneous equa-
tions model over different measurement intervals (one week, one day, five minutes,
and one minute) and different subperiods from September 1985 to March 1988. They
find that in the early years of MMI futures cash prices lead futures prices but the trend
is reversed as the market has evolved. They, however, find that the extent of leadership
of the futures market was reduced slightly after the Crash.

Empirical evidence from the FI-SE 100 by Abhyankar (1993) also supports the price
leadership of the futures market. With hourly data he performs cross-correlation-based
tests with an AR(2)-GARCH(1,1) filter as well as regression-based tests. He finds that
futures leads the cash index by an hour although there exists a strong contemporaneous
relationship between the two markets. He also finds that lower transactions costs in the
London cash market after the Big Bang have dampened the lead of futures significant-
ly while short sale restrictions in the equity market have increased the lead of futures.

Recently, some of studies have focused on a long-run equilibrium relationship
between the futures and cash prices by using Engle and Granger's (1987) concept of
cointegration and error correction mechanism.” For example, Ghosh (1993) finds that

fifteen-minute prices of the S&P 500 index futures and cash markets are cointegrat-
ed. His error correction specifications provide evidence that more information flows
from futures prices to cash index prices. In a more extensive study. Wahab and
Lashgari (1993) also find that the S&P 500 and the FI-SE 100 index futures and cash
prices are cointegrated.” Before testing different versions of error correction models.
they use an MA(1) process to purge serial correlations of the price series. They find
that futures and cash prices are mostly simultaneously related on a daily basis. They
also compare the mean absolute forecast errors from one of their error correction mod-
els with those from the standard vector autoregressive model (without the error correc-

tion term) to show that their error correction specification decreases forecast errors sig-

T) Engle and Granger's (1987) coinmtegration concept has been extensively utilized in other areas of finance and eco-
nomics: interest rates (Engle and Granger 1987. and Hall. Anderson. and Granger 1992): foreign exchange rates
(Hakkio and Rush 1989. and Barnhart and Szakmary 1991): equity markets of different countries (Tavlor and Tonks
1989. and Arshanapalli and Doukas 1993): live cattle futures (Bessler and Covey 1991): crude oit futures(Quan 1992,
and Schwarz and Szakmary 1994},

8) Unlike the above studics. however. they employ daily rather than intraday data.
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nificantly.

2. The Relationship Between Stock Indices.

Studies on the relationship between stock indices have focused on the lead-lag struc-
ture among international equity market indices. For example, Hilliard (1979) examines
daily data on stock indices from ten major world equity markets. His results show that
in general world indices move independently although there is evidence of some co-
movement of stock indices within the same geographical areas. Other than the New
York vs. Amsterdam, he finds no lead-lag relationship among the national indices.
Using ARIMA-based models, Khoury, Dodin, and Takada (1987) and Schollhammer
and Sand (1987), however, find some evidence of lead-lag relationships among national
stock indices. They also find that the U.S. stock indices generally lead indices of other
countries.

Utilizing a vector autoregressive (VAR) system, Eun and Shim (1989) also find a
substantial degree of interdependencies among national stock indices for the .period
1980 to 1985. In addition, they find that innovations in the U.S. equity market index
are transmitted to indices of other countries by one trading day. Koch and Koch (1991)
use a simultaneous equations model and generally confirm the findings of Eun and
Shim. They especially report a growing leadership of the Japanese equity market. In
contrast, recently Arshanapalli and Doukas (1993) find no linkages among national
stock indices during the period 1980 to September 1987. Their cointegration and error
correction models show that France, Germany, and UK stock indices are not related to
the U.S. market for the pre-Crash period. They, however, find a growing trend of inter-

national co-movement after the Crash.”""

9) Jeon and von Furstenberg (1990), and Le (1991), also report a growing trend of co-movement of international equity
indices after the Crash. Studies by Roll (1988). Aderhold, Cumming, and Harwood (1988), and Bennet and Kelleher
{1988) also provide evidence of strong international equity market linkages around the Crash period.

10) In a studv of the Scandinavian stock indices. Mathur and Subrahmanyam (1991) find that the causality runs from

Sweden 1o Denmark. Finland. and Norway. and from Norway to Sweden and Denmark.
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V. Hypotheses

Given .the empirical findings of an asymmetric relationship between the futures and
cash markets, especially for short time periods within a day, and that the source of the
mispricing is related to the information reflection process, we expect to find a similar
type of intradaily informational inefficiency among the index futures. Based on prior
theoretical as well as empirical studies we set up the following three hypotheses.

First, we hypothesize that price leadership is related to trading volume. A theoretical
link between the intensity of trading and information dissemination is provided by the
models of Admati and Pfleiderer (1988) and Foster and Viswanathan (1990). The mod-
els show that trading tends to concentrate in particular time periods within a trading
day or within a week, and that prices at these clustering periods contain more informa-
tion. Stephan and Whaley (1990) and Lamoureux and Lastrapes (1990) provide empiri-
cal evidence of a possible link between price discovery and trading intensity. Besides
the price discovery role of trading volume, arbitrage and the difference in trading vol-
ume among the futures contracts may cause a lead-lag pattern in the intraday futures
prices. Consider a situation where both market participants of the S&P 500 and the
NYSE composite futures are actively involved in short-term arbitrage between two
futures markets. The influence of this arbitrage on the price of the S&P 500 futures will
be minor due to its far higher volume, while the short-term price of the NYSE compos-
ite futures is relatively heavily influenced. This may cause the NYSE futures to lag
behind the S&P 500 futures [Byrne (1987)]. Thus, in this study, the first hypothesis is
that the S&P 500 futures, with a dominant trading volume over other index futures
contracts, would be a price leader.

The second hypothesis is derived from Chan's (1992) study. He argues that because
the futures market processes market-wide information more rapidly than the cash mar-
ket, futures prices tend to lead cash prices. He also argues that as the number of com-
ponent stocks within an index grows, market-wide information becomes more impor-
tant and the degree of price leadership from futures to cash becomes stronger. This is
because information specific to'a few firms is unsystematic while market-wide informa-

tion is systematic. Chan's argument implies that as the number of component stocks
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grows, an index futures contract will contain more market-wide ififormation and has a
better chance of reflecting the information in its price. Thus, it is possible that an
index futures contract with a larger number of component stocks shows a price leader-
ship over other futures contracts. Within the context of this study, the second hypothe-
sis is therefore that the NYSE futures (whose index has the largest number of underly-
ing component stocks) is the fastest in processing new information, and thus shows
price leadership over the other futures contracts.

The last hypothesis is derived from the studies of Lo and Mackinlay (1990) and
Conrad, Gultekin, and Kaul (1991). Lo and Mackinlay emphasize the cross-sectional
interaction among security returns in explaining positive expected profits from the con-
trarian strategy. They show that an asymmetric cross effect occurs when trading intensi-
ties differ among securities. By grouping the firms according to their size, they find that
the returns of larger stocks almost always lead those of smaller ones. Conrad, et. al.
also documented asymmetric volatility spillover effects. The return volatility of larger
firms significantly explains the future return volatility of smaller firms. In an effort to
identify sources of this lead-lag structure, Badrinath, Kale, and Noe (1992) find that
institutional ownership, rather than firm size, is the determining factor of the asymmet-
ric relationship. Chan (1993) assumes that the quality of signals from large firms are
better than those from small firms, and shows that this difference in quality induces the
lead-lag pattern-between large and small firms. One implication of these findings is that
new information (be it market-wide or firm-specific) is first impounded in prices of the
larger and/or institutionally-favored firms and then the shocks are transmitted to small-
er firms. Thus, the last hypothesis is that the Major Market Index futures (whose index
contains the largest and most institutionally-favored stocks) is the first to react to new

information, and thus leads the others.

V . Data.

The data set comprises transaction prices on the S&P 500, the NYSE composite, and
the MMI futures contracts from January, 1986 to July, 1991. Following Stoll and
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Whaley (1990) and Chan (1992) we use five-minute interval data for prices of all three
futures. Within each interval the first and the last prices are recorded. If there is no
price change during the five-minute interval, the last price from the previous interval is
substituted. The first differenced price is defined as [Pt-Pt-1] using the last transactions
price within each interval, expect for the overnight case where Pt is substituted by the
first price within the interval.

All futures prices used in this study are always those of nearby contracts. The
rollover within each contract is made 14 days before the last trading day to avoid any
expiration effects. During our sample period, the S&P 500 and NYSE index futures
market open at 8:30 AM and close at 3:15 PM (CST), while the MMI futures open fif-
teen minutes earlier. Thus, the first three five-minute interval observations are skipped
in the MMI futures. Also, if any one of the three markets is closed for a whole day or
has delayed openings and/or early closings, the observations of all three markets are
skipped for a proper comparison. The total observations are 114,048 for each of the

futures contracts.

V. Methodology.
1. Test of Stationarity

Given the time series nature of the data, an initial step in the analysis is to test whether
each price series is integrated or stationary. An integrated, or non-stationary, time
series is said to have a unit root and any shock to the series is permanent. This implies
that an integrated time series will not revert back to its mean after the shock while a
stationary series will revert to its preshock level. As shown by Sims, Stock, and Watson
(1990) and Balke (1991), any econometric model with a non-stationary time series will
be misspecified and potentially lead to a spurious inference about the estimated para-
meters. To identify the unit root of each series we apply the following Augmented
Dickey-Fuller (ADF) tests, i.e..

Ay,: 6! + nlyl-l + i (pl. 1A~\71»l + £, (18)
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Avi=&+ v+ 2:‘_ ¢r. Ayt e, (1b)

where v: is each index series, and A and A are the first and second difference operator,
respectively. A sufficient number of lagged differences is included so that the residual
series is approximately white noise. The null hypothesis for model (1a) is that each
index contains a unit root. A significant value on the t-statistic of m will reject the null
hypothesis in favor of the alternative that the variable is stationary. These “pseudo” t-
statistics do not have a t-distribution and the critical values of the test are tabulated by
Davidson and Mackinnon (1993). Similarly, a significant value on the t-statistic of 7 in
model (1b) will reject the null of two unit roots in favor of the alternative of one unit

root.

2. Test of Multivariate Cointegration

We expect to find that each variable is integrated of order one, denoted I(1), because
all previous studies of asset prices have obtained this result. Once we determine that
each variable is I(1), the next step would be to test for cointegration among the vari-
ables. As Kasa (1992) points out, most equity market studies have focused on equity
returns, rather than on equity prices. With returns one may easily obtain stationarity of
the time series data. However, returns data tends to ignore information about long-run
relationships by only taking first differences. The main idea of Engle and Granger's (E-
G) (1987) cointegration and error correction specification is to test a common long-run
trend and to incorporate the trend in the model building. If one or more cointegration
relations exist among the variables and they are not explicitly accounted for in the
model, the model could be misspecified and the parameter estimates could be ineffi-
cient [Engle and Yoo (1987)].

Suppose there exist some linear relations among the variables o, g, and y.

a=yn+yr+yrytw ()

The variables are said to be cointegrated of order (1,1) if they are all integrated of
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order one and the residual w has no unit roots. To test for the cointegration, one can
apply the ADF regression to the residuals from regression (2). This is the same regres-
sion used to test the unit roots of each series. This test is based on the cointegration
concept developed by E-G. The E-G type cointegration approach, however, has some
problems in dealing with more than two variables. In case of N non-stationary vari-
ables, there may exist at most N-1 distinct cointegrating relationships among the vari-
ables. Therefore, when N>2, a cointegrating vector from the E-G approach may not
be unique. That is, more than one cointegrating relationship may exist. In addition, the
estimated cointegration parameters may be sensitive to the choice of dependent vari-
ables.

An alternative test for the cointegration has been provided by Johansen (1988, 1991)
and Johansen and Juselius (1990, 1992). It is based on maximum-likelihood estimation,
and is designed to test for the number of linearly independent cointegrating vectors
existing among the variables. Consequently, in this study, we utilize the multivariate
Johansen procedure to test the cointegration among the variables." It is based on the

estimation of the foliowing vector autoregressive system of equations.
Y=H+ILYi+ - +IkY+U 3)

where H is a vector of constants, Y.=(yu, yz, yu)', a 3x1 column vector of the vari-
ables, the S&P 500 futures, the NYSE futures, and MMI futures, respectively. ITis a 3
x 3 vector of coefficients, and Ucis a 3 X1 column vector of error processes. By using

the first difference operator, A, we can rewrite equation (3) as

AY=DhAYu+ -+ TuAYua+ Y+ H+ U, (4)

where

11) Recently. a number of studies have utilized Johansen's procedure to test the long-run cointegrating relationships
among financial and economic variables: foreign exchange rates (Baillie and Bollerslev 1989, Sephton and Larsen
1991. and Diebold, Gardeazabal, and Yiimaz 1993); equity markets (Kasa 1992). purchasing power parity
(Johansen and Juselius 1992 and Fung and Lo 1992); money and output (Ahmed 1993); export pricing (Hung, Kim
and Obhno 1993): international bond market (Mills and Mills 1991).
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L=—(I-IL—IT), (i=1, -, k—1),
and

M=—(I-Ih—, -, IE).

Equation (4) is in the form of a traditional VAR model of Sims (1980) with first dif-
ferences except for the ITY.x term. The IT term determines whether or not, and to what
extent, the systems of equations is cointegrated, and is known as the cointegrating con-
straint in the VAR system. By imposing the cointegrating constraint in the first-differ-
enced VAR model, we can recapture long-run information, which is eliminated by tak-
ing first differences to achieve stationarity.

If the matrix IT is full rank, then any linear combination of Yt is stationary. If the
rank(f1) = 0, the matrix IT is a null matrix and the equation (4) collapses to the tradi-
tional VAR model with first differences. In the case of 0<[rank(IT)]=r<p, where r is -
the rank of the matrix and p is the number of variables in the system, there exist one
or more cointegrating relationships among the variables. Johansen's procedure is to
determine the rank of the IT matrix by testing whether the eigenvalues of IT , the esti-
mate of II, are significantly different from zero.

To test the null hypothesis that there are at most r cointegrating vectors in a set of p
variables, first we need to run the regressions of AY. and Y. on lagged AY. and con-
stant terms, yielding residuals of ROt and R1t, respectively, and then to compute the
canonical correlations between two residuals, denoting them as wi(wl > @2> -+ > wi).

The likelihood-ratio test of the null hypothesis is obtained by the trace test defined as

Trace Test=—T ﬁjl In(1—w?). (4a)

i=r+

where T is the number of time periods. We can also use the maximal eigenvalue test,
testing that there are r cointegrating vectors in a set of p variables against r+1. It is

defined as

Maximal Figen alue Test=—T In(1—«?). (4b)
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Johansen and Juselius (1990) provide the critical values for the above two tests.

3. The Estimation of Vector Autoregressive (VAR) Model.

After determining the cointegrating relationships among the variables, we calculate the
impulse response function (IRF) of the VAR system under the cointegrating con-
straints. The IRF traces the impact of a shock in a variable onto the system over a time
period. Thus, we can measure how rapidly information is transmitted across different
index futures markets. The IRF is derived from the moving average representation of
the autoregressive system. For example, in a moving average form Equation (4) can be

expressed as
AY= 3 AU (5)

where At is 3 X3 matrix of coefficients of the 3 variables in the system. Y. vector is
expressed in terms of accumulation of both current and past residuals, U's, which are
called innovations in that they represent the unexpected portion of the system. The
(i,j)th component of matrix A« represents the dynamic responses of ith variable in k
periods to an innovation in jth variable, Ujws.

By construction of the VAR equations, the error terms are serially uncorrelated but
they may be contemporaneously correlated. This implies that an innovation in one
variable may also work through the contemporaneous correlations of innovations of
different series. This also makes it ambiguous to decompose variance in the variables
into components attributable to each innovation. Thus, we need to make some trans-
formation of the error terms to make them contemporaneously uncorrelated. The
transformation is often done by orthogonalizing the innovations so that the orthogonal-
ized innovations form an identity covariance matrix and are uncorrelated both serially
and contemporaneously.

The orthogonalization is obtained from U=V x &, where V is a lower triangular

matrix. Equation (5) can be expressed as follows with the transformed error terms:
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AY,= fv_ BiEs (6)

where Bx=V x Ax. With (i,j)th component of Bx matrix, we now can single out the
impact of a shock in the jth variable in period t to the value of the ith variable because
the orthogonalized innovations in the & matrix are uncorrelated both serially and
contemporaneously. Specifically, by an unit shock in the jth variable in time t, the value
of ith variable changes by Bi..: in the next period and Biu.., and Bi«s and so on in the
subsequent future time periods.

The orthogonalization also lets us decompose the forecast error variance into two
parts: the forecast error variance accounted for by its own innovations and by the inno-

vations of other variables within the system. This can be expressed as

[§ Bl 5§ Bl 0

where m is the number of variables in the system. This shows the fraction of t time
period ahead forecast error variance of variable i explained by innovations in variable
j- In the context of this study, if ,for example, the MMI has a true price leadership over
other markets, MMI's own innovations will explain much of the future innovations in
the MMI market as well as substantial portions of the forecast error variances of the

other markets.

VI. Empirical Results.
1. Stationarity and Multivariate Cointegration Tests.

We estimate the stationarity property of each index series by the Augmented Dickey-
Fuller test described in equations (1a) and (1b). Table 2 summarizes the results. Each
number in the table denotes the t-statistic for the hypothesis that n=0 in the regression
equations. The lag length of the ADF tests is selected such that the Ljung-Box Q-statis-
tic at 36 lags indicates absence of autocorrelation in the residuals. The asymptotic criti-

cal values for the ADF tests are provided by Davidson and Mackinnon (1993). For the
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Table 2
Augmented Dickey-Fuller Unit Root Tests"

One Unit Root : Ayi=d+myu+ é ¢, Ay + e,

Two Unit Root : Ay:=&+my.+ EK; ¢, Ayt e,
=

Indices? One Unit Root Two Unit Root
SP -1.832 -21.133 %%
YX -2.197 -21.220%**
BC -1.701 -20.924%%*

1. Each number represents the t-statistics for the hypothesis that =0 in the regressions listed. Asymptotic critical val-

" ues are from Davidson and Mackinnon (1993). Lag length K is chosen such that the Q-statistic at 36 lags indicates
absence of autocorrelation in the residuals. We use 5-minute interval data from December, 1985 to July 1991 with
total observations of 114.048 for each of the index futures contracts.

2. Each entry represents the Standard & Poor 500 Index, the New York Stock Exchange Composite Index, and the

Major Market Index. respectively.

#+% indicates significance at the 1% level.

test to identify the presence of one unit root, we fail to reject the null hypothesis that
each index series is I(1). For the tests using the second difference as the dependent
variable to check for two unit roots, the null is rejected for all index series at the 1%
significance level. These results are fairly consistent with the findings of many previous
studies which have documented that in a reasonably efficient market ‘asset prices are
not mean-reverting. Given this finding we take the first difference of each index series
to obtain stationarity.

The next step is to check whether there are any cointegration relationships among
the three index futures series. This is to recapture any long-run trend, which might be
lost because of the first differencing of the variables. We perform Johansen multivari-
ate cointegration test, which is specified in equation (4). For this test, we use the daily
closing observations for each index series,” and a lag length of six is chosen by the
Sims likelihood method. Table 3 reports the results. Both the trace and maximal eigen-

value tests indicate there are no cointegration relationships among the stock index

12) Unfortunately, we are unable to run-the Johansen cointegration test with our S-minute interval data with more
than 100,000 observations for each index series. However, Hakkio and Rush (1991) argue and empirically show
that switching to high frequency data from low frequency adds little power to detect cointegration relationships

" among variables because basically cointegration is a long-run property of the data. Consequently, we assumethat
with daily data we can reasonably detect any cointegration relationship, if it exists.
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Table 3
Johansen Multivariate Cointegration Tests"

AY.=NAYu+ -+ LuAYua+ TV u+ H+ U,

Trace Test” Maximal Eigenvalue Test”
_ =0 <t n<2 =0 =1 =2
Futures 28.85 10.33 0.54 13.52 9.81 0.54

1. The cointegration- equation is based on three variables of SP, YX, and BC. The lag length K is chosen by the Sims
likelihood method and set to be six. For these cointegration tests, we take the daily closing observations from the
intradaily series. The estimation period is from December 1936 to July 1991.

2. The trace statistic is defined as

—T 3 In(1 — ).
il
where T is the number of time periods and «i is the correlations between residuals.

3. The maximal eigenvalue test statistic is defined as

— T In(1— @)

futures series of the S&P 500, NYSE index, and Major Market index. Consequently, we
estimate the VAR model with the first differenced five-minute interval data without

cointegration constraints.

2. Vector Autoregressive Model Estimation

Throughout the VAR estimation, we use the Sims likelihood method to choose the lag
length. The optimum lag length appears to be 12, which represents an hour; We fail to
reject the hypothesis that all coefficients of lags 13 through 18 are zero at the 5 percent
significance level. A lag length of 12 would be sufficient enough to capture any feed-
back from lagged prices in that the index futures are actively traded.

By construction, the orthogonalization of innovations from the VAR model makes
the innovation in the first variable influence all other variables in the system, the inno-
vation in the second variable influence all other variables save the first variable, and so
on. Ideally, one should order the variables based on a priori expectations of predictive
power. But in our study no clear a priori ordering exists. In addition, when the vari-
ables are highly correlated, the empirical results may depend on the ordering of the

variables. To some extent, this is the case in our sample. In the 5-minute interval
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futures sample, the correlation between variables are; SP vs YX: 0.656, SP vs. BC:
0.641, and YX vs. BC: 0.576.

The recommended procedure is to change the order of variables and check the rela-
tive differences in forecasting power [Doan (1991)]. Thus, we estimate three separate
VAR system of equations by putting each variable in the first place, assuming that
innovations from the first variable have the most explanatory power over those from
the other two variables. These three different orderings are also consistent with our
three hypotheses which provide plausible reasons that each one of the index futures
contracts would lead the other two contracts. Specifically, we use the following three
orderings: 1) SP—YX—BC, 2) YX—BC—SP, and 3) BC—SP—-YX such that the first
ordering is to test the price leadership for the S&P 500 index futures, the second for
NYSE index futures and the last for MMI futures.

Table 4 reports the decomposition of 1-hour ahead forecast error variance for the
three index futures contracts with the three different orderings described above. The
last rows of each panel denote the cumulative percentage of forecast error variance of
other two markets explained by the innovation in the variables on the top. The results
show that the S&P 500 index futures has the highest explanatory power over the other
two contracts. That is, 93.62% is the cumulative percentage of 1-hour ahead forecast
error variances of the NYSE and MMI futures explained by the S&P 500 index futures
(the second column of Panel A). The comparable percentages for the NYSE and Major
Market index futures are 85.87% and 79.48%, respectively. This is the case when each
variable is put in the first place. Regardless of ordering, the S&P 500 index futures
turns out to have highest explanatory power. For instance, when variables are put in
the second position, the cumulative percentages that the S&P 500 futures explains
other two variables are 19.18% while those of NYSE and MMI are 4.83% and 9.85%,
respectively. In the last position, they are 4.17%, 0.73%, and 1.00% for SP YX, and
BC, respectively. The results imply that in predicting unexpected future movements
among stock index futures contracts, the S&P 500 index futures has the highest predic-
tive power.

The analysis of impulse response functions provides additional insights by showing

the time path of these transmission channel from one market to the others. Table 5
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Table 4
Decomposition of 1-Hour Ahead forecast Error Variance®

Panel A: Ordering -- SP, YX, BC
Variables By Innovations in
EXplained SP YX BC
SP 96.76 0.78 0.79
YX 49.62 50.09 0.21
BC 44.00 4.05 51.95
Sum” 93.62 4.83 1.00

Panel B: Ordering -- YX, BC, SP
Variables By Innovations in
EXplained YX BC SP
Sp 94.72 1.03 2718
YX 36.41 62.19 1.39
BC 49.46 8.82 41.72
Sum” 85.87 9.85 4.17

Panel C: Ordering -- BC, SP, YX
Variables By Innovations in
EXplained BC SP YX
SP 94.47 1.86 0.34
YX 43.72 55.88 0.39
BC 35.76 17.32 46.88
Sum? 79.48 19.18 0.73

1. The number reported denote the percentage of 1-hour forecast error variance of the left-hand side variables (i)
explained by innovations in the variables'(j) on the top. They are

[ g Bis ] Z ‘lz‘“ Bix ] x100 .

where Bij.k is calculated from the orthogonalized moving average transformation of 3x3 vector. We use 5-minute
interval data from December, 1985 to July 1991 with total observations of 114,048 for each index futures.

2.'Sum’ represents the cumulative percentage of forecast error variance of other two markets explained by the innova-
tion in the variable on the top. For example, 93.62 is the cumulative percentage of 1-hour ahead forecast error vari-
ances of the NYSE and Major Market Index futures explained by the innovation in the S&P 500 index futures.

summarize the impulse responses for the index futures contracts. The orderings are the
same as before and the results are presented in each panel. We also plot the time path
of responses in Figure 1 based on the estimations in each panel of Table 5. Each

impulse response represents the moving average coefficient in equation (6), and is nor-
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Table 5
Impulse Responses of the Index Futures"

Panel A: Impulse Response to an Unit Innovation in SP
Responses Minutes after Shock

in 0 5 10 15 20 | 25 | 30 | 35 | 40 | 45 | S0 | 55
YX 0.71 | 0.14 | 0.01 | -0.03 | 0.01 [ -0.05 | -0.01 | -0.01 { 0.02 | -0.02 | -0.02 | -0.02
BC 0.66 | 0.10 | -0.05|-0.02 | 0.04 { 0.01 | 0.01 | -0.01 | 0.04 | 0.00 | -0.02 | 0.04
Panel B: Impulse Response to an Unit Innovation in YX
Responses Minutes after Shock
in 0 5 10 15 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55
BC 0.61 | 0.08 | 0.01 | -0.02 | 0.04 |-0.02| 0.01 | -0.01 | 0.03 | 0.01 | -0.01 | 0.03
Sp 0.71 | 0.05 | 0.03 | 0.03 | -0.00 | -0.00 | -0.01 | 0.02 | -0.02 | -0.00 | -0.01 | -0.03
Panel C: Impulse Response to an Unit Innovation in BC
Responses Minutes after Shock
in 0 5 10 15 20 | 25 ) 30 | 35 | 40 | 45 50 | 55
SP 0.66 | 0.07 { 0.04 |-0.01 | 0.01 | 0.02 | 0.06 | -0.00 | 0.03 | 0.00 | -0.02 | 0.01
YX 0.61 | 0.08 | -0.02 | -0.05 | 0.01 | -0.04 }-0.03| 0.01 | 0.02 | 0.00 | -0.01 | 0.00

1. The numbers reported are the normalized impulse responses of each variable on the kth minutes after shock. They
are represented by B in the orthogonalized moving average transformation of Y. :

AY=3 B

where Y. is a vector of three variables in the VAR system. Each Bij is divided by its standard error for proper com-
parison. We use S-minute interval data from December, 1985 to July 1991 with total observations of 114,048 for each
index futures.

malized by its standard error. This normalization is needed to compare the impulse
responses across variables which have different variations.

Panel A of the Table 5 and Figure 1 illustrates that any shocks given in the S&P 500
index futures are transmitted to the other two futures contracts, and each transmission
process is completed by about 10 minutes after the shocks. Panel B shows the influence
of NYSE index futures over other two contracts. Shocks from the NYSE futures are
transmitted to the other two, but do not seem to persist beyond 5 minutes after the
shocks. This is especially true .on the response of S&P 500 index futures. Response of
S&P 500 to the shocks from the MMI futures is also quite marginal after 5 minutes

since the shocks are given. In short, the impulse response analysis shows that shocks
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Figure 1. Impulse Responses"
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1. The graphs illustrates the time path of the normalized impulse responses and are based on the estimations in
Table 5.
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Panel B: Impulse Responses to an Unit Innovation in YX
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from any one market are rapidly transmitted to other markets, but the persistent of the
shocks differs depending on the origin of shocks. We find that the S&P 500 index
futures leads other two futures by about five minutes.

This finding confirms our first hypothesis which predicts that the S&P 500 index
futures, with a dominant trading volume over other index futures contracts, would have
price leadership. Therefore, information transfer may be related to the intensity of
trading. In this sense, the result in this paper is consistent with the theoretical models
of Admati and Pfleiderer (1988) and Foster Viswanathan (1990).

V. Conclusions

The focus of this paper is to examine possible mispricing across index futures as well as
across cash indices. We study intraday price leadership among the Standard & Poor
500, the New York Stock Exchange Composite, and the Major Market indices. If these
markets are informationally efficient and all information is fully reflected in the prices
of these markets, then there will be no systematic lead-lag pattern among the prices. If,
however, for some reason, one market is slow in reacting to a piece of new information,
it will lag behind the other markets, possibly showing price transmission channels from
one market to the other markets.

Our three hypotheses provide plausible reasons that each one of futures market
would have price leadership over the others. The first hypothesis predicts price leader-
ship by the S&P 500 index futures, which have dominant trading volume over the other
index futures. The second hypothesis argues that the NYSE futures (whose index has
the largest number of underlying component stocks) will be the fastest in processing
new information, and thus show price leadership. The last hypothesis maintains that
the Major Market index futures is the first to react to new information, and thus leads
the others because the MMI's underlying index contains the largest and most institu-
tionally-favored stocks.

Each one of these hypotheses is examined by the decomposition of forecast error

variance and impulse response functions from a vector autoregressive (VAR) model.
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Among the index futures contracts, we find that the S&P 500 index futures has the
highest power in explaining unexpected future movements of the other markets (as
well as its own). The impulse response analysis shows that shocks from any one market
are rapidly transmitted to other markets, but the persistence of the shocks differs
depending on their origin. Shocks from either the NYSE or the MMI futures are
reflected in prices of the other markets within five minutes, while shocks from the S&P
500 futures persist for ten minutes. In short, we find that the S&P 500 index futures
leads the other two futures by about five minutes. This finding is consistent with the

first hypothesis, which specifies that price leadership is related to the trading volume.
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