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INTRODUCTION

The existence of price discovery, market efficiency, and market stability
associated with spot and futures markets continues as a prominent dis-
cussion among academics, practitioners, and regulators. Numerous pa-
pers examine the role of price discovery in the futures markets for various
types of commodities and financial assets. Generally, the studies hy Gar-
hade and Silher (1983), Herhst, McCormack, and West (1987), Kawaller,
Koch, and Koch (1987), and Schroeder and Goodwin (1991) indicate
that price discovery occurs more significantly in the futures market com-
pared to the cash market.

The opinions expressed are those of the authors and do not necessarily reflect the views of the Board
of Governors of the Federal Reserve System.

• Michael A. Pizzi is a Research Assistant at the Board of Governors of the Federal
Reserve System.

• Andrew J. Econotnoyoulos is an Associate Professor of Economics and Business at
Ursinus College.

• Heather M. O'Neill is an Associate Professor of Economics and Business at Ursinus
College.

The Journal of Futures Markets, Vol. 18, No. 3, 297-305 (1998)

© 1998 by John Wiley & Sons, Inc. CCC 0270-7314/98/030297-09



298 Pizzi et ai.

Different econometric techniques, such as regression analysis and
spectral analysis, to test efficiency and price discovery have developed
over time. Since the topics deal with short-run and long-run deviations
from a presumed equiiihrium relationship hased on no arbitrage price
hounds, the introduction of cointegration analysis with error correction
models is fortuitous. The use of cointegration analysis and error correc-
tion models enables one to distinguish hetween short-run deviations from
equiiihrium indicative of price discovery and long-run deviations that ac-
count for efficiency and stahility.

This paper examines price discovery in the Standard and Poor's 500
(S&P 500) cash index and its three-month and six-month stock index
futures using intraday, minute-hy-minute data. Gointegration analysis is
used and several error correction models are developed. The data extend
over a three-month contract's expiration period. Antoniou and Garrett
(1993) used minute data and a cointegration model, hut examined only
two days of data. Stoll and Whaley (1990) used five-minute intervals for
price announcements over a longer time period, hut applied standard
econometric analysis that failed to distinguish hetween short-run and
long-run movements in indices. While Wahah and Lashgari (1993) intro-
duced the use of cointegration techniques with stock price data, they used
daily closing prices. By using the finer grid of per minute data, a more
robust examination of price discovery is offered. Nonsynchronous trading
issues are addressed similar to the testing procedures used hy Stoll and
Whaley (1990). Unlike other papers, this paper models two different con-
tract expirations, the three- and six-month contracts, with the cash mar-
ket to examine price discovery in each market. Lastly, this paper is unique
in that it incorporates a finer grid over an entire contract period using
cointegration techniques.

COINTEGRATION ANALYSIS AND ERROR
CORRECTION MODELS

Evidence of price changes in one market generating price changes in the
other market so as to hring ahout a long-run equilibrium relationship is
given in eq. (1):

Pt ~ Po ~ P\^t = fit (1)

where Sj and F̂  are contemporaneous cash and futures prices at time, t;
PQ and P] are parameters; and ê  is the deviation from parity. Ordinary
least squares (OLS) is inappropriate if Ŝ  and/or Fj are nonstationary he-
cause the standard errors are not consistent. The inconsistency disallows
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hypothesis testing of the cointegrating parameter, P]. According to Engle
and Granger (1987), if Ŝ  and F^ are nonstationary, which is suspected,
hut the deviations, ê , are stationary, Ŝ  and F^ are cointegrated. Thus, an
equiiihrium relationship exists hetween S( and Fj. If the deviations are
nonstationary, then either the markets are inefficient, in that an equilib-
rium relationship does not exist hetween them, or the two markets do not
represent the same underlying asset.

For S( and Fj to be cointegrated, they must he integrated of the same
order. The order of integration is the number of times the series needs to
be differenced to become stationary. Performing unit root tests on each
univariate price series determines the order of integration. If each series
is nonstationary in the levels, hut the first differences and the deviations,
ê , are stationary, the prices are cointegrated of order (1,1), denoted
GI(1,1), with P\ as the cointegrating coefficient.

An error correction model exists for each series, which is not subject
to spurious results, if the two series are GI(1,1). Wahah and Lashgari
(1993, p. 713) state that hecause "cointegration implies that each series
can be represented by an error correction model that includes last period's
equilibrium error as well as lagged values of the first differences of each
variahle, temporal causality can be assessed by examining the statistical
significance, and relative magnitudes, of the error correction coefficients
and the coefficients on the lagged variables." The first differences of the
cash and futures prices are AS{ and AF ,̂ respectively. Following Wahah
and Lashgari (1993), these are then used in the error correction models
of the form:

n n

(3)

Equations (2) and (3) represent a near vector autoregression (VAR) in
first differences; thus, all variahles are held jointly endogenous and OLS
is an appropriate method of estimation. Each equation is interpreted as
having two parts. The first part, e(_i, is the equiiihrium error. This mea-
sures how the left-hand-side variable adjusts to the previous period's de-
viation from long-run equiiihrium. The remaining portions of the equa-
tions are the lagged first differences, which represent short-run effects of
the previous period's changes in price on the current period's change in
price.
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The coefficients on the equiiihrium errors, ag and ap, are the speed
of adjustment coefficients. The speed of adjustment coefficients have im-
portant implications in an error correction model. At least one speed of
adjustment coefficients must be nonzero for the model to he an error
correction model. If the value of «§ in eq. (2) is zero, the current period
change in the index does not respond at all to the last period's deviation
from long-run equilibrium. If a^ is zero and all ai2 (i) are zero, then AF^
does not Granger cause AS(. Wahah and Lashgari (1993) state two pur-
poses for the speed of adjustment coefficients. They serve the role of
identifying the direction of the causal relationship and show the speed at
which departures from equiiihrium are corrected.

DATA AND ECONOMETRIC TESTING

Price data on the S&P 500 stock index, the three-month and six-month
S&P 500 index futures contract, are from the Ghicago Mercantile Ex-
change. The data are between January 1987 and March 1987. While the
S&P 500 index is recalculated and transmitted to Ghicago ahout every
15 seconds, futures contracts prices may not change as often, especially
for the six-month expiration contract.

Given the nonuniform time periods in which price changes can oc-
cur, the mean prices are calculated for one-minute intervals. The data
hegin after 8:40 AM (GST) and end at 3:00 PM (GST). Although the ex-
changes are open and record transactions prior to 8:40 AM and after 3:00
PM, those prices are not used to eliminate stale price effects.

As Wahah and Lashgari (1993) point out, the lagged differences for
the spot and futures prices, AŜ  and AF ,̂ must he purged of serial cor-
relation to eliminate the effects of infrequent trading and the hid—ask
price effect. The methodology that follows is similar to Stoll and Whaley's
(1990).

Taking the log of each variahle and its first difference, the instanta-
neous relative price changes (returns) are

St = \nSt - lnSt_i (4)

/ , = InF, - l n F , _ , (5)

Stoll and Whaley (1990) demonstrate that the effects of infrequent trad-
ing in the stock index can he modeled in terms of a pure autoregressive
(AR) process and that the hid—ask price effect can he modeled in terms
of a pure moving average (MA) process. The cash market, which is suhject
to infrequent trading, is purged of serial correlation with an AR(28). The
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three-month and six-month futures indices, which potentially suffer from
the hid-ask effects, require MA(25) and MA(30), respectively, to purge
the effects.

Tahle I summarizes the serial correlation of the innovations in the
transformed data. These innovations, s[ and/j, replace AŜ  and AF̂  in
the error correction model's eqs. (2) and (3).

To determine the order of integration of each price series, unit root
tests are computed for each day on the levels of each price series. Three
unit root tests are utilized: the augmented Dickey-Fuller T-test, the Phil-
lips-Perron z-test, and the weighted symmetric T-test. Performing all three
tests on each day on the first differences of each series shows that the
null hypothesis of a unit root is rejected for every day; thus, each series
is 1(1).

Since all three series are 1(1), tests for cointegration with the follow-
ing cointegrating regressions for the three-month and six-month futures,
respectively, are given:

F3, = po + PxSt + est (6)

F^, = y9o + y?iSt + e^t (7)

According to Enders (1995), for large sample sizes it is only necessary to
compute cointegrating equations in which either the spot index level or
the futures level is on the left-hand side; asymptotic theory states that in
large samples the position of the variahles in the cointegrating equation
does not matter.'

The Engle-Granger T-test is performed on the {e^^ and {e^J from
eqs. (6) and (7). The results reported in Tahle II show the spot price level
and three-month futures price level are GI(1,1) and the spot price level
and six-month futures price level are GI(1,1).

Since both residual sequences are stationary, the error correction
models for the three- and six-month futures, respectively, are estimated
using OLS regression:

30 30

s[ = ai -I- Q;3s',e3t_i + X «ii (i)Sf-i + 2 «i2 (i)/3t-i + ^s't (8)
t=l i=l

30 30

/^t = ai + ciif'ht-\ + 2 «ii ii-K-i + 2 "12 (»)/3t-i + e/'t (9)
i=\ j = i

'The sample size is over 18,000 observations. The models, however, are tested using both the spot
and futures as tbe left-hand-side variable. The results are identieal. Only one set of results is reported.
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TABLE I

Summary of Serial Correlations of Innovations of Transformed Data
(2 January 1987 to 20 March 1987)

(Transformed-Process)

Spot Index
AR (28)
3M future
MA(25)
6M future
MA (30)

Lag(6)

0.05
(1.00)
1.38

(0.97)
0.86

(0.99)

Lag(l2)

0.34
(1.00)
2.58

(1.00)
3.70

(0.99)

Ljung-Box

Lag(18)

3.04
(1.00)
5.37

(1.00)
6.45

(0.99)

Lag(24)

4.65
(1.00)
9.72

(1.00)
8.32

(1.00)

Lag(30)

18.3
(0.95)
30.31
(0.45)
13.53
(1.00)

Notes: The transformation process is applied to each day to avoid overnight effects. The test for serial correlation is appiied
to the residuals of the fuil series. Numbers in parentheses denote the probabiiity of accepting the nuil hypothesis of no
serial correlation.

TABLE II

Cointegration Tests between Spot and 3M and 6M Futures

Dependent
Variahle

With constant
Spot
3M future
Spot
6M future

Without constant
Spot
3M future
Spot
6M future

Coefficients on Independent Variahles

Spot iM Future 6M Future

-1.018
-1.019

-0.993
-0.995

-0.998
-0.998

-0.992
-0.992

E-G (Tau)
Test (Lags)

-6.79= (51)
-6.81" (51)
-6.04= (58)
-6.06" (58)

-5.40= (58)
-5.40" (58)
-6.02= (58)
-6.02= (58)

Notes: Cointegrating equations are bivariate models. E-G denotes the Engie-Granger test of the residuais of the cointegra-
tion equation. The nuil hypothesis: /-/„ = unit root.
"Significant at the 1% level.

30 30

s't = a, -I- a6s'At-i + 2 "u (iK'-i + E "12 ii)f'6t-i + ê 't (10)

30 30

f'et = «! + a6/',e6t-i + S "li (iK-i + E «i2 (iJf'et-i + Sft
i l i l

Table III displays the estimates of the speed of adjustment coeffieients.
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Equation 8

a
f-Statistic
I a,,
F-Statistic
I a,2
F-Statistic

1.67E-7
6.69"

195.97"

401.14"

TABLE III

Estimates of Coefficients

Equation 9 Equation

a^r, -9.53E-8 a^,,,
-1.43

8.44"

8.76"

JO

1.64E-7
6.85"

180.90"

385.45"

Equation 11

a^,., -1 •33E-7
-2.17=

7.70"

4.46"

"Significant at the 5% level.
"Significant at the 1% level.

For the three-month futures/eash index eqs. (8) and (9), the speed of
adjustment coefficients {a^^r^ and <x^f) indieate that the spot and three-
month futures contract hehave somewhat differently. The significance of
a^g,^ means the spot market responds to the previous period's deviation
from equilibrium. A one standard deviation shock in the equilihrium error
results in ahout a 2% change in the spot market innovation, indicating
that the response is fairly large in magnitude.^ The lack of significance

of a^J indicates that the current period three-month futures innovation
does not respond to the previous period's deviation from equilihrium.
Therefore, any adjustment in the current period's futures innovation is
caused hy the lagged futures and cash market innovations.

Both speed of adjustment coefficients are significant in the error
correction model using the six-month futures innovations. Both the cur-
rent period spot and futures innovations respond to the previous period's
deviation from equilihrium. Once again, a one standard deviation shock
in the equilihrium error results in approximately a 2% change in magni-
tude of either innovation.

The results of the error correction models do not support the theory
that there is unidirectional causation from either market. The insignifi-
cant speed of adjustment coefficient in eq. (9) does not mean that the
spot market is not leading the futures market. All a||(30) in eq. (10)
would have to he individually and jointly equal to zero to conclude that
the spot market never leads the three-month futures market. The F-sta-
tistic indicates the rejection of the null hypothesis that the coefficients

The speed of adjustment coefficient size appears small because the error correction term is calcu-
lated as a residual from a regression on price levels, expressed with five digits (e.g., an S&P 500 price
of 345 is 34500), and the innovations are residuals from an AR or MA model estimated on minute
returns.
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are jointly equal to zero. The first three lags of the index innovations
[aii(l), an(2), an(3)] are statistically signifieant in eq. (10), indicating
that the spot market leads the three-month futures by at least three min-
utes. The last statistically significant index innovation occurs at lag 23
in eq. (9), suggesting that the spot market leads the three-month futures
market hy at least three minutes and hy at most 23 minutes.

Equation (8) demonstrates the leadership effect of the three-month
futures contract. The three-month futures innovation shows a much
stronger tendency to lead wdth the first 20 lagged futures market inno-
vations heing significant. The last statistically significant coefficient ap-
pears at lag 29. Thus, the three-month futures market leads the spot
market hy at least 20 minutes and by at most 29 minutes.

Turning to the six-month futures contract, the evidence suggests that
hoth markets are adjusting to long-run equilihrium via the significance
of the speed of adjustment coefficients. Equation (10) shows that six-
month futures innovation is significant to lag 20, with the last significant
lag occurring at lag 29. This indicates that the six-month futures contract
tends to lead the spot market hy at least 20 minutes and by at most 29
minutes. It is rather striking that hoth the three-month futures and the
six-month futures have the same leadership characteristics relative to the
spot market."*

Equation (11) shows significant cash index innovations through lag
4, with the last significant coefficient occurring at lag 18. This implies
that the spot market leads the six-month futures market hy at least four
minutes and by at most 18 minutes.^

CONCLUSIONS

This paper examines the relationship hetween the S&P 500 stock index
and the three-month and six-month futures contracts' expiration over the
same time period. The unit root tests conclude that each price series is
nonstationary in the levels hut stationary after first differencing.

Both the spot index and three-month futures and the spot index and
six-month futures markets are tested for cointegration using the Engle-
Granger two-step procedure. The Engle-Granger analysis indicates that

^The full output from the estimation of the error correction models is availahle from the authors
upon request.
""The cross-maturity spread activities between the three-month and six-month futures, which are not
directly modeled in this paper, may account for the significant coefficients in eqs. (10) and (11).
This, however, is an area for future research.
'it should he noted that the residuals from eqs. (8)-(l 1) are examined via Yule-Walker methods for
the presence of serial correlation. No significant serial correlation coefficients are found.
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hoth the spot index and the three-month futures markets and the spot

index and the six-month futures markets are cointegrated, indicating mar-

ket efficiency. Thus, calculating the two appropriate error correction mod-

els is presented. The speed of adjustment coefficients indicates stahility.

The results of these models show that both the three- and six-month

futures markets lead the spot market by at least 20 minutes. The spot

market leads the three-month futures hy at least three minutes and the

six-month futures by at least four minutes. While the futures market does

tend to have a stronger lead effect, unidirectional causation of futures-

to-spot is refuted.
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