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Employing intraday data for Futures and cash values for tbe S&P 500 o\er
tbe 1993—1996 period, v\e attempt to cbaracterize tbe lead—lag relation-
ship between tbese two markets and tbeir basis behavior. Our findings
sbow evidence of pronounced futures leadership when markets are rising,
witb n(t feedback from the cash market. However, wben markets are
falling, futures leadersbip is less evident and significant feedback from tbe
casb market is noted. We also jirovide evidence of a positive relationship
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between the basis and return volatility. We offer an explanation, based on
trader selectivity, for the leadership-asymmetry and the basis-volatility
relationship. © 2002 Wiley Periodicals. Inc. Jrl Fut Mark 22:649-677,
2002

INTRODUCTION

Conventional wisdom suggests that the reason for the observed leader-
ship of stock index futures markets over the underlying equities is that
traders in stock index futures face lower transaction costs and reduced
liquidity constraints, and are more readily able to trade on new informa-
tion. We content) that stock index futures leadership ean arise in the
absence of such advantages. We suggest a framework in which large
traders, deriving value from holding customized stock portfolios, system-
atically select hetween index futures and spot markets when their portfo-
lios are highly tilted, that is, when their portfolios are very different from a
benchmark portlolio. Our framework has roots in the literature and can
be compared with models presented hy Subrahmanyam (199!) and Chen,
Cuny. and Haugen (I99S) in that a knife-edge equilibrium is proposed
where these traders suddenly might prefer transacting in futures con-
tracts over transacting in stocks or vice versa.

We employ intraday data for the S&P 500 futures and cash index
over the period January 1993 through Decemher 1996 to examine the
implied relationships hetween index futures and the underlying cash mar-
ket. Our e.xamination is motivated by two important ohjeetives. The first
is to examine if index futures leadership still can arise in the absence of
lower transaction costs and other well-known factors found to contribute
to futures leadership. The seeond is to determine the role portlolio tilt
plays in the hasis-volatility dynamic. Such an examination provides
important evidence to market participants and regulators as it determines
if factors—other than those already documented—play a role in index
futures leadership. Thus, our study is closely related to the literature that
examines the causes of index futures leadership (eg,, Chan, 1992; Stoll &
Whaley, 1990).

The results from our empirical investigation may be summarized as
follows:

;) index futures leadership is asymmetric; in rising markets, futures
returns lead spot returns, with no feedback from the cash market;
in contrast, there is less evidence of futures leadership in falling
markets, but strong evidence of feedback from the cash market;



Basis Behavior and TVader Seiectivity 651

ii} iilmost all ot the lead—la^ influence betueen luturt's and spot
markets is evidenced during periods of high volatility, which is
consistent with the notion that the leadership is information driven;

iii) leadership is weakest at the open and at the close of trading, periods
typically associated with high-frequency trading and large hid-ask
spreads;' and

iv) the difference between the futures and cash index prices, with
and without adjustments for interest rates, dividends, and time to
expiration, is related positively to market volatility over our sampling
interval.

This article is organized as follows. The next section reviews prior
arguments on index iutures leadership and introduces several new inter-
pretations. A theoretical motivation for the joint study of leadership and
basis behavior is presented in the following section. We then describe
the data and the results of diagnostic tests and follow up with a report of
the empirical results. We end with some concluding remarks.

BACKGROUND

Several studies have demonstrated that stock index futures price changes
systematically lead cash price changes {especially for the S&P 500 index)
by surprisingly large time intervals. For example, Kawaller, Koch, and
Koch (1987) presented evidence suggesting that the S&P 500 futures
contract leads the underlying cash index by twenty to forty-ti\e min.
Cheung and Ng (1990) and Chan, Chan, and Karoiyi (1991) provided
similar evidence. Two explanations—infrequent trading and transactions
costs—often are put forth to explain index futures leadership." While
these explanations provide excellent insight into futures leadership, they
fall short of completely describing the lead-lag phenomenon. Consider,
for instance, the fmdings related to infrequent trading. Stoll and Whaley

MciNish and Wood (I'J'->2) documcnit'd tlial llic bid-ask spreads lor M^ Sli slocks lollow J rfvcrsi'-]
|>atlfrn. The spreads nrv at ihi'ir hi};hfsl al ihc liL-ĵ innlnn of the trading day, dfclinin^ iinlil about
l;.-iO pm CS'l. iind flimbinj; llit'rcaitt'r.
-Milk'r, Mulhusuam\, iiiid Wliiilcy (1994) sujigcstod llial im|HTfcctions in llic rclaliodsliip bftwecn
I'Lilurcs Lind CLISII rclurns arise I'rom inrrequiTil Irading ol' ihf stocks in the cash intlcv. Ihc iiiillinrs
also sujyifslcd IIKII the widely diKumcnlcd pdltern ol nii-Lni rt'\ersi<in In the basis may be the result
ol delays in ihf tniding ol' some stoeks in ihf index. I leniinn, OsUiiek, and \\'luile\ ( 19961 focused
on ihc role ol traiisaclion costs in explaininj; et)uit\ liilurcs leadership. They examined the empirical
relationship hctuten the prices ol options on individual stocks, stocks, options on stock indexes, and
stock index futures, and documented ih^it ihe markel \^ilh ihc lower Iransaction cosi led the market
with the higher transaction cost.
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(1990) found that the S&P 500 futures contract tends to lead the cash
index even after adjusting the index price changes to account lor the
impact of infrequent trading. Similarly, Chan (1992) documented that
the MMI futures leads the underlying index despite the constituent
stocks heing traded more actively than the futures contract.

The evidence in this article suggests that the transaction costs argu-
ment also falls short of fully descrihing index futures leadership. We
demonstrate that the stock index futures leadership is asymmetric across
rising and falling markets. We uncover clear evidence of futures leader-
ship, uithout feedback Irom the cash market, only when markets are
rising. On the other hand, there is positive feedback from the cash mar-
ket when markets are falling. Thus, we can reasonably infer that futures
leadership is driven by factors other than differences in transaction costs
alone: intramarket transaction costs are fairly symmetric across rising
and falling markets.'

The trader-selectivity-based arguments we put forth to explain the
asymmetric-leadership patterns evolve from contemporary studies on
trader hehavior. as weli as from casual obser\'ation of commercial trading
in index futures. I or instance, Odean (1998) and Grinblatt and Keloharju
(2001) presented evidence that investors in the stock market suffer from
a disposition effect, a reluctance to realize their losses. Such behavior
would imjily that stock price changes display pronounced serial correla-
tion when prices are laUing. However, it should be noted that the findings
in Odean and Grinblatt and Keloharju relate primarily to individual
traders. Related more closely to institutional traders is the explanation
suggested by Chen et al. (1995). Chen et al. suggested that some traders
derive a value from holding customized stock portfolios rather than
indexes. To temporarily reduce exposure, these traders will sell index
futures contracts rather than stock.

It is noteworthy that the Odean and Chen et al. frameworks implicitly
predict an asymmetry in leadership between index futures and the under-
lying markets. In both frameworks, futures contract leadership should he
more evident in falling markets."^ For instance, the disposition effect in
stocks noted hy Odean should not he expected in futures markets heeause
futures contracts have a limited time horizon, arguably only one day. In

liasod on (Hjr rt'Siilts. it is imporliml to niiic tliiii llic subject nl niiirkot k'iuk'rsliip is helter cxiimini'd
usin^ disiif^j^rt'fiatfd dala (for inslancf, based on market direction). tiLislcy, O'llani, and Srinivas
(I99K) also noted lh;il an incomplete and even biased picture on leadership could emerge when
employing aggregate data,
•'A SLibllc yet important dirterence between Chen et al. and otir study is the nihon d'etre thai leads to
fiilling markets. In C'hen et al.. the driver is market volatility, whereas in ours, the driver is [he arrival
of negative news (diseussed later).
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the Chen et ai. framework, diseretionar>' traders seeking to preserve port-
folio customization will prefer trading futures contracts when markets
are falling. Chen et al. also predicted a negative relationship between the
hasis and volatility and provided supporting evidence for the period
of 1986 through 1990. These studies led us to suggest that the actions of
traders have substantial effects on index futures leadership. However,
our results are not consistent with some of their implications. We find
little support for index futures leadership in falling markets. Moreover,
the suggested negative basis—volalilit\ relationship is not supported for
our sample.

Our findings raise the obvious question: what explains the leadership
asymmetry and the changing basis-volatility relationship? As in Chen
et al., we suggest that trader selectivity and portfolio customization play
an important role in explaining these patterns. In our Iramework, the
commercial or institutional trader's reward/punishment is tied to the per-
formance of an endogenously determined portfolio against a benchmark
index. Under certain conditions, for instance, when the expected portfo-
lio tracking error is high, this trader will opt to reduce portfolio customiza-
tion by selling stock. At other times, the trader will prefer to maintain port-
folio customization and transact in futures markets. Thus, trading will be
concentrated in one or the other market. We propose that the
basis-volatility relationship and the lead-lag relationship across the two
markets is an artifact of this initial concentration of large, informed trad-
ing in either the futures contract or the stock portfolio. Ultimately, our
framework implies that the nature of the basis-volatility and lead—lag rela-
tionships will change depending on whether these traders have a predis-
position to trade in one market over the other.

Given our characterization of the institutional trader's role in price
behavior, it is important that we consider the patterns in the participa-
tion of this group. Figure I traces the open interest of commereial
traders (mainly large, institutional traders), small traders, and noncom-
mercial traders (large futures speculators) for tbe S&P 500 contract over
tbe April 1983-Deccmber 1996 period.^ It readily is apparent that

'Tlif C\\ C ilffincs ctuniiKTci^il Iratli-rs iis k)rg<.' bonalidu hed^crs ur tnidcrs wlio hold [losiliiins ri'p-
rcsfniin^a suhslilult- for transiittions lo ln' rn;Kk' at a lalt-r limf in tlic cash market, and vvhosi- posi-
tions fxcffd iho rc'porling levels fsiiiblishcd for ihat contracl. Noncommercial traders ;ire large
speculators whose holdings exceed the CFIC reporling levels. Small traders are Iraders whose hold-
ings do not exceed the reporting levels, and no distinclion is made regarding their motives, hedging,
or speculation. Spread traders, the fourth group of traders, take opposite positions on contracts with
different maturities. Given their ver> small representation in the lolal open interest, they are exclud-
ed Irom 1 igiire I, The sum of long contracts across the various trader types should be equal to the
sum ol short e<intraclN.



6 5 4 Chatrath et al.

200

150

100

{000s

TrmitirrirriiilijiiiiiiiiiliiiiTiiiTiiliii

4 4 4 4
TiTtrnnniNiiiuiiiiituii

4 4 4 4

FIGURE 1
Commilmcnt of traders in ihe H&P SOO I'utiircs fonlriitls. ihe plots represent the long and short
positions of three groups of Irjders in the S&P 500 futures contracts (over all expirations) over
the interval 4/l':)83-I2/! y96. Commereial traders are deiined hy the CFTC guidelines as large
bonafide hedgers or traders who hold positions representing a substitute for transactions to be

made at a later time in the cash market, and whose positions exeeed the reporting levels
established for that contract. Mainly, they represent institutional traders. Noncommercial

traders are large speculators ubose holding exceed the C'FFC reporting levels. Small traders
are traders v\bose portions do not exceed tbe reporting levels, and no distinction is

made regarding their motives, hedging, or speculation.

commercial traders are the largest group in this market. This dominance
of commercial trading is t\']5ic;il for futures markets, including those for
currencies, commodities, and other stock indices. However, unlike in
non-equity contracts, the commercial traders have heen net long the
S&P 500 contract throughout the 1990s, while other traders have heen
net short. Furthermore, this imhalance in commercial trading has risen
sharply since the period covered hy the Chen et al. study. This changing
imhalance may he an important clue in explaining differences hetween
our results and the evidence found hy Chen et al. For now, we underpin
differences in the characteristics between our sample and Chen et al. by
hriefiy noting the following statistics. The ratio (commercial long-
commercial short)/(commercial long + commercial short) is 0.056
over the period 1986-1990 (Chen et al.'s sample period), hut is higher,
0.092, for 1993-1996 (our sample period). Similarly, the ratio (commer-
cial long-commercial short)/(total open interest) is 0.066 over the
1986-1990 interval, hut almost douhle, 0.121, for ] 993-1996. We later
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contend thai the relatively high levels of long—short commercial imbal-
ances for 1993-1996 are symptomatic of highly tilted portfolios. In the
next section we pro\ide a hriei theoretical motivation for our study.''

THEORETICAL MOTIVATION

In this section we present a theoretical framework (hat draws on ihe
work of Chen et al. Ihe purpose of this exercise is lo highlight conditions
under which commercial traders will he especially predisposed to trade
in the index futures market, or alternately, in the spot market. In partic-
ular, we present a framework under which a pooliiig equilibrium, a mar-
ket where commercial traders will he divided among index futures and
custom stock portfolios, will be less likely to occur.

Assumptions

We make some general assumptions about the market, trader motivation,
and priee behavior. Because we only are interested in the index futures
market and the cash market (comprising the stock index), we limit our-
selves to these two markets. Ihe futures contract and the exogenous
stock index are considered perfect suhstitutes. There is no dlchotomiza-
tion of information into security specific and systematic components
(e.g., Gorton & Penaeci, 1993).

We introduce three types of traders into this rnmiework to capture
trading hehavior. The lype I trader is institutional-hased and is risk
averse (eommereial trader). This trader is rewarded or punished based
on performance against a stock index (the henchmark). A Type I
trader receives a constant endov\ment stream that is assigned to stocks
and/or the futures eontraet within each interval. Of particular impor-
tance is the propensity for lype I traders to hold customized stock port-
folios. Because the commercial trader is predisposed to keeping the
makeup of the underlying stock portfolio constant, rebalancing can be

''A carcliil reading of Figurt' I iilsn will hi^hli^lit tlif differences in the long positions across the
trader griiups. For example, in 04/41 the long positions al (.(unmereial traders were almiist dimlile
the lonji position of small trailers, Ciould ( I48S) niitod tliat it is Liimnion for fuiul managers to
use index futures as ;i stepping stone inti) etjuily miirkets in order to profit friim futures mispriting.
Some ol the iong commercial positions may reflect this niispricing. However, the pattern of sus-
tiiined inihalantes thut may be noted in Figure f suggest th;it factors other than the stepping-stone
argument are also in play,
'Thi- term "pooling equilibrium" is employed loosely here. In prior reseiirch, the term bas heen
employed to mean that traders employ different markets le,g,, stock, options, t'tc.) to trarisucl in the
itteitlical underlying asset.
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accomplished by engaging in two actions. Let 6^, 6.^, and 6, denote
weights pertaining to the holdings of the futures index, custom portfolio,
and cash, respectively. The trader can increase customization by raising
Oi^ (reducing (9, + Of^) via the purchase of stock, the sale of futures, or a
mix of these two trades. Similarly, the commercial trader can reduce cus-
tomization by lowering 6^^, hy selling stock, or by buying futures.

The Type II trader is assumed to trade for reasons that are exoge-
nous to the model. Each trader in this category trades in only one mar-
ket, either in the futures index or in the stock market. A Type II trader
has no discretion over order size, and Type II trades contain no informa-
tion. The aggregate stock holdings of Type I and Type II traders mimic
the stock index on which the futures contract is written.

We also introduce a Type III trader simply to maintain arbitrage-free
conditions. Ihe lype HI trader is the arbitrageur, trading on the rclati\c
valuation of the stock index and futures contracts. Arbitrageurs continu-
ally force the difference in a unit price in the futures market (Pf) and the
cash market (P^} to be within the bounds -A ^ [P, , - Ps,e"'^^'~"\ ^ B
at time (, where w represents the annualized borrowing rate minus the
dividend yield rate, 7 — ( represents years to contract maturity, A repre-
sents transaction costs associated with buying futures and shorting
stock, and B represents transaction costs associated with buying stock
and selling futures. F-ollowing Chen et al. (see their Appendix B). we
assume that the no-arbitrage bounds arc reasonably large so that the the-
oretical results on basis bebavior and market leadersbip can occur in the
presence of arbitrageurs.

A IVlultimarket Trading IVlodel for the
Commercial Trader

Let the feth security (fe — 1, 2 , . . . , K) in the custom portfolio ol the ith
informed trader bave a value at t — 0 given by S^(0). Assuming, like many
otbers, that prices in the next interval can be represented by a linear
pricing rule, tbe price of the feth security at f — I is:

SkO) = S,(0) + A.w, (1)

where (Oj^ is the rate at which the net trade is absorbed by the market
maker, and Â  is a pricing parameter that is an inverse measure of market
depth (see Kyle, 1985).

The theoretieal construct we adopt is similar to the model presented
by Chen et al. in many ways. There is a single trading period, two risky
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s e c u r i t i e s ( s t o c k s a n d i n d e x f u t u r e s ) , a n d a c o n t i n u u m of i = 1 , 2 ,N

traders. Futures and the stocks underlying the index have an uncertain
final payoff that is normally dislrihuted as J\'(/XT, (r''T), where a is the
underlying volatility and T is the investment horizon. An investors stock
portfolio can be tailored to generate a customization value (CV).
Therefore, the CV for the ith trader is distributed normally as {a'r,
y'j8"T), where a' represents the ith trader's preference for customization,
y' represents the traders risk aversion, and ^""T represents the risk
incurred from holding a portfolio unlike the benchmark. Chen et al.
used their model to examine the effects of volatility on basis and open
interest. Our focus is different. We use this model to examine market
leadership between the futures niarket and ihe underlying cash market.

Given the above assumptions, the question of the greatest interest is:
Upon the arrival of new information, in which market will the commer-
cial trader transact? (o answer this question, we solve for the commercial
trader's optimization problem in certainty equivalent form, much like in
Chen et al. The Type I traders (on aggregate) lace the optimization
problem

ax "s*")

y' (T^T y'0'T

- \Ps{ei^ - ei^) + Pi.{B\. - e\)] + re\ - kr (2)

subject to,

.̂s + ^\ + (̂ ', ^ I • (3)

where kr represents the cost ol entry (or the opportunity cost of active
trading), d[; and d\. represent trader i's initial weights in the stock portfo-
lio and futures contract, and P., and P, represent the aggregate price for
the custom stock portlolio and the futures index value, and r is the
return on cash holdings. The second term represents the net benefits
Irom customization, so that trader is marginal customization value is
given hy {a'r — y'^' rO'^). This value is decreasing in the weight B'^ and
can be negative or positive. Solving for the first order conditions, it is
fairly straightforward to show that:

P, = fJLT + tlf - y'(7^T{0', - 1 ) (4)

and

P.^ — /XT — y'a-T + CV'T — y' fi~TB\ + tp (5)
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Subtracting (5) from (4) yields the relationship for the hasis,

P,-Ps-r{y(i%-a-) (6)

Note that the right hand side of (6) is equal to -l*(marginal CV).

Thus, the hasis is related negatively to the marginal eustomization value,

positively related to the risk aversion of the trader, and negatively related

to the preferenee for eustomi/atlon. The marginal customization value

(MCV) and eq (6) can he used to interpret market leadership outcomes

and hasis hehavior.

Implications for Market Leadership and
Basis Behavior

The commercial trader faces two competing preferences. First, the trader

has a predisposition to maintain portlolio customization. Second, the

trader suffers the risk that the custom portfolio will underperform

the henchmark index. These competing preferences determine the choice

of trades following had news and good news.

Consider the commercial trader's MCV. Importantly, changes in

MCV are not symmetric for had news and good news, given the com-

mercial trader's risk aversion. We expect rates of decrease in MCV fol-

lowing had news to he larger than rates of inerease in MCV following

good news. In the face of had news, y' (the trader's risk aversion) v\ill

rise. Moreover, as ^^ {ihe risk of holding a portfolio unlike the hench-

mark index) is an increasing function of portfolio tilt, the holder of a

highly customized portfolio may find that changes in y'^^ will overwhelm

the preference for maintaining customization {a'). The need for the

trader to mimie more closely the benchmark index will result in the sale

ofthe custom portfolio, thus lowering <̂,. On the other hand, if the infor-

mation event is positive, the trader who derives utility from portfolio eus-

tomization will prefer to transaet in the futures market, raising 6y. tn the

face of good news, it is possihle that the commercial trader also might

desire an increase in the loadings o( favorite stocks. However, this may he

the less likely outcome, given diminishing MCV with factor loadings. In

summary, our model suggests that the highly customized eommercial

trader will prefer to trade in equity markets when the news is unfa\'or-

ahle, hut primarily in the futures market when the news is favorahle.

Ihus, we expect informed equity market (futures market) trading to he
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relatively more pronounced in failing (rising) markets. Our framework
suggests that in an environment of highly customized portfolios index
futures prices will lead the underlying market in rising markets, hut that
this leadership will he less evident in lalling markets. In the ahove frame-
work, it is trader selectivity, rather than inlormation disparities, that is
the source of leadership. Both markets have access to the same informa-
tion hecause markets share the same potential participants."

Ihese arguments also predict a role for portfolio tilt in the relation-
ship hetween hasis and volatility in the faee of had news and good news.
Equation (6) suggests that the hasis is positively related to the level of
risk aversion and to the risk inherent in holding a customized portfolio, a
factor that also arises in portfolio tilt. In other words, the hasis-volatility
relationship is expected lo he more positi\e when there is a higher level
of customization. Ihis relationship also follows from our discussion on
leadership. We expect a positive basis-volatility relationship in an envi-
ronment of highly customized portfolios because we expcet futures
prices to move firsf on market upturns, and cash prices to move^rsi on
market dov\nturns. Thus, the hasis will he related positively to the
volatility in the active market if the active market is defined as the market
that draws a rise in commercial trading.'

Commercial Imbahinces and
Portfolio Customization

Our framework suggests that portfolio customization (tilt) could play an
important role in market leadership and hasis hehavior. It is noteworthy
thai our arguments also predict imhaiances in the long—short futures
positions of commercial traders when their stock portfolios are tilted
highly. Here, we argue that in the absenee of portfolio tilt, such com-
mercial imbalances will be unlikely. In essence, one can argue that the
long-lasting eommercial imhalances of 1993—1996 are symptomatie of
highly customized or tilted portfolios.

()h\ idiisly. hiltircs markt'Is m;iy iciid tiish markt'ls liir reasons t'\i>^cn(uis l[> (lur niotifl. lor

insliincf. futures li'jdL'rslii|) niii\ ;irist' Inun dilliTtTiccs in iransiiclion cosls, lii|uiilily iimslrciints, or

snmc odior fiicKir nol considcrt'd litTf. In iiny event, our model \\\\\ pri'dicl ih.il lulurcs leadershijt

will be rclali\f l\ stronger in risinj; markets us limj; as traders hold cuslomi/ed |>i)r(l'oli(is.

"Ihe implied positive relationship bt'lwefn \ulatility iind basis dillers IVcim the arfiiinieiits in C hen

t'l al. In Chen ft al., ^'i, and (*) denote the stnek and futures positions rather ihan ucights (us in our

paper), and the mc;in o\er entering; Iraders is taken as \/N = fi'^ + (f,, where X is tbe supply of

stock, uhkh is always positive. The authors suhstituUd ibis equality in ibc optimal position lo yield

a basis that is decreasing in volatility. Here. 0'^ and flj represent tbe weights in the custom stock port-

folio and the futures index, respectively, so that the b^sis in vi\ (6) is different from the one derived

in Chen et al.
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In the absence ol tilt, the eommercial trader will take on a long
futures position only for liquidity reasons (traders may be liquidity con-
strained when new information arrives), and not to maintain o\erall cus-
tomization.'" Once this trader purchases the underlying stock (when
liquidity improves), one can expect the trader to unwind the futures
position fairly quickly. Not doing so will leverage the traders position,
resulting in the loss of commercial status. Preservation of commercial
status is important, as these traders have certain privileges such as
reduced margin requirements. Holding a long position in futures while
fully invested in the underlying asset will push the sum of Bi_ and B^;
over 1, so that the futures position can no longer be considered hedging.
Thus, it can be argued that, in the absence of tilt, any long-over-short
commereial imbalances are likely to be transitory.

On the other hand, when tilt is present, long lutures positions are
employed for more than just liquidity reasons. As discussed above, some
eommercial traders will be motivated to maintain B{- > 0 in the face of
positive information. Given that offsetting short positions may be
entered into only after a relatively long period of time when there is no
longer a need for reduced customization, long-over-short commercial
imbalances will be more likely. Moreover, these long-lived futures posi-
tions will continue to remain commercial as the futures positions repre-
sent near substitutes for futures long positions in the spot market.

DATA AND PRELIMINARY DIAGNOSTICS

We examine intraday price data for the S&P 500 futures and cash index
over the interval January 1993 through December 1996. The data span
an interval that offers an extension to the Chen et al. study on basis
behavior. Moreover, tbe sample selection allows us to raise and address
some interesting questions pertaining to the role ot commercial trading
in the relative price behavior in futures and spot markets. The period
under study witnessed some of the largest commercial imhalances in the
S&P 500 contract (as may be noted from I ig. 1). In contrast, the com-
mercial imbalances during the Chen et al. interval were relatively small.

The data eonsist of opening and closing prices for I S-min inter\als
between 8:30 am and 3:00 pm CST." Following common practice, tbe
nearby lutures contract is followed until the last day ol the expiration

"The advantages of employinj; luiurt's iis an inlfrnicdiiirv to (hf ['IMLII lr;insatlion in stocks is dis-
cussed in Gould (1988).
"The data (or ihf SK P SOO scries arc obtaini'd from lick D;ila Inforponilfd (TDII. The tkilii arc
prfscTfCiU'd by I 1)1 For jtiips and miss ticks.
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month, at which point the series switches to the next nearby contract.
Alternate returns definitions (or market j are given by the difference in log
of 15-min closing prices, Rj, — InP-, — lnP',_| , and the difference in the
log of 1 5-min c/osin^ and opeji prices, R'', — InPj, — In P-',. Ihe latter for-
mulation allows us to exclude overnight returns without losing the 8:.̂ 0 am
CST price information (also see Ederington & Lee, I99il). The basis is
computed as the difference in the futures and cash index values employing
interval-closing prices, and allernately, interval-opening prices. Similarly,
the adjusted basis is computed employing interval-closing values,
^^'i = Ph - Ps.,^"'"'"". and interval-opening values, D;' = P]', - Pl,ei^'^~'\
where T — t represents the contract's time to expiration In years, and ij is
the difference in the Treasur\' bill rate with maturity closest to the expira-
tion and the dividend yield on the S&P 500.'"

Table I presents summary statistics for the intraday S&P 500 futures
and cash returns. The spot and futures returns exhibit significant nonlin-
ear dependence, as indicated by the Ljung-Box Q statistics of squared
returns \Q-{24)] and the Brock, Dcchcrt, and Scheinkman (1987) (BDS>
statistic for the OLS (AR — 3) errors. We also find autoregressive condi-
tional heteroskedasticity (ARCH) from the .-VRCH test statistics (Engle,
1982). However, it is noteworthy thai a relatively simple Generalized
ARCH (1,1) model captures most of the nonlinear dependence in the
data. Ihis is evidenced by the relative size of the O"(24) and BDS statis-
tics of the generalized autoregressive conditional heteroskedasticity
(CARCH) (1,1) standardized errors; these statistics are substantially
reduced relative to their OLS counterparts. Finally, the cross-serial cor-
relations for the standard residuals provide preliminary indications of
futures leadership, with no feedback from the cash market.

EMPIRICAL RESULTS

Lead—Lag Dynamic and the Burden
of Convergence: VAR Estimates

We first evaluate leadership patterns and the hurden of convergence
between these two markets employing a VAR framework. While leader-
ship issues brought out via standard VAR methodology are interesting in
their own rights, the approach employed here also addresses the potential

' I he Treasury bill ralif lor sccurilies that mature closest to the expiration ol the neiirhy iulures
contrafi is ^alheretl from viirinus issues nf ihe Wall Street frmDial. The weekly dividend yield on the
S&P SOO is obtained Irom llie Piniiiicle Data t 'ompany l)i\ idcntls are assumed to be paid out
tonlinuouslv.
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Observations
Mean
SD
Skewness
Kurtosis
ARCH(6), /
0^(24) (OLS errors)
BDS (OLS errors)
0^(24) (GARCH standard errors)
BDS (GARCH standard errors)

Cross serial-correlations of standard

Lag
0
1

2
3
4
5
6

TABLE 1

Summary Statistics

Fiitjtres

26,804
9.71 X 10""
0,116

-0,372^
10.971^

2883.1 i r
9684.510^

18.728"
34,510=

1,391

residuals

0,670
-3.15 X 10"^
-0.005

0,016
0.003

0,013
0,006

Spot

26,804

1.89 X 10"^
0.115

-0,837^

21.890"
548,070"

1205.670"

15,991"
15.710
0.889

0.670
0.127

0.021
0.004

-0.002

0.003

0.003

Note. This table reports statistics for 15-mJn intraday returns and standardized residuals of returns lor the
S&P 500 index and SSP 500 index futures over the inten;ai January 1993-December 1996. Returns for each
15-min interval are given by (InPJ" - inPf), where Pf represents the dosing (last transacted) price in interval /,
and Pf represents the opening (first transacted) price in interval (. Overnight returns are excluded from the sam-
ple, ARCH (6) is the Lagrange Multiplier test statistic {\^ with 6 degrees of freedom) for ARCH errors (Engle.
1982) O''(24) is the Ljung-Box statistic lor the squared errors, where the errors are obtained from an OLS
autoregressive model with three lags. Standard residuals are from the GARCH (1,1) modei. BDS represents the
Brock et al. (1987) statistic for nonlinearity. The BDS statistic {r. - 2 standard deviations of the data, and dimen-
sion m = 3) is standard normal for the OLS error series. For GARCH standard errors, the BDS statistic is eval-
uated against critical values provided in Brack et al, (1993), The OLS and GARCH errors were obtained by
regressing returns on a constant, past returns (3 lags), and four day-ot-week dummies (Monday-Thursday),
a. b, and c represent significance levels of ,01, ,05, and ,10, respectively.

asymmetry in burden of convergence between tbe two markets. We
employ a model of tbe form

wbere )', denotes tbe 2 X ] vector of returns included in tbe VAR, z,_^ is
a vector of error-correction terms, e, is a vector of error terms, and ri~_. ^
is a dummy variable taking tbe value of I wben market returns at t — 1
are negative, and 0 otherwise. In tbe specification wbere returns are
measured by tbe log difference in closing and opening prices for
eacb lS-min interval, r,.., is tbe adjusted basis, D". Wben returns are
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measured by tbe log difference in closing prices for eacb interval, 2,_, is
given by D) .,. Witb the exception of tbe treatments of tbe error-correction
term, tbe above specification is similar to tbose widely employed in tbe
investigation of causal relationsbips in financial markets." For instance,
signilicant coefficients on lagged casb returns in tbe futures return equa-
tion would be interpreted as information flowing from tbe casb market
to tbe futures market. Furtbermore, tbe ^ coefficients, — ] < ^̂  < 0
and 1 ^ ^^^^ 0, witb strict inequality (or at least one coelHcient. indi-
cate tbe burden of convergence among tbe two markets. For instance,
if ^,, < 0 and ^^ — 0, tben, as tbe spread widens, tbe futures price falls
in tbe process of convergence; that is, the futures market Is said to
bear tbe burden of convergence. Tbe decomposition of tbe error-
correction term allows us to test for asymmetr\ in convergence across
non-negative and negative market periods. For example, ii tbe ^~ coef-
ficient is negative and significant in tbe futures return equation, ibe
result would imply tbat tbe futures contract bears a greater burden of
convergence to tbe spread wben markets are falling tban v\ben they are
rising.'"*

Table II reports tbe ^ and ^ coefficients from tbe decomposed
error-correction model. In tbe interest of brevity, tbe coefficients and sta-
tistics for tbe lagged returns are not provided. Tbe results for lagged
returns indicate bi-causality. altbougb the sums of coefficients suggest
tbat tbe influence flowing from tbe casb market to futures market is
weaker tban tbat from tbe futures market.'"" Tbe reported results indi-
cate a greater degree of convergence of tbe futures market to tbe casb
market w hen prices are falling. Specifically, ^~ is significant and negative
in tbe futures equation for botb return specifications (Models I and II)
and across tbe tbree criteria for establisbing market direction, change
in futures price (Panel A), change in spot price (Panel B), and cbange in
futures and spot prices (Pane! C). Moreover, ^~ is significant and nega-
tive in tbe spot equation, but indicates weaker convergence pressures for
the cash market when markets are falling. Thus, the evidence suggests

"Priin' studit's ihai fmployed VAK models tn twiimirif liilurfs—spot leadership emploved the tii
iiniidjustcd basis (the dilTercnce hetwcen iutures and spot prices) as the error correction term,
i heorelically, however, the true attraetor be[v\een futures and cash prices is the deviation From fair
futures value, which is the adjusted basis, D^. It liillows thai this is appropriate error correction in
ihe VAR model invtilvinji futures and underlying spot prices. [Nonetheless, our findings on leader-
ship and converfience are imehanjied when the unadjusted hasis is llie error eorreetion.
'•"An alternatf modei \^ilh no decomposition of tbe error correction idso was estimated, with lind-
itifis of leadersbip and convergence ^imilar to that in eq (7).
'""These results are available from the authors.
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that, in falling markets, the burden of convergence is relatively stronger
for the futures market.

It is possible that leadership is most apparent when trading is rela-
tively thin, and that the asymmetry in the patterns of convergence is
related to market liquidity. In resjjonse. we examine whether the patterns
in Table II are found throughout the trading day, only around the mar-
ket's open or close (when markets are the most liquid), or only for inter-
vals away from the market's open or close (when markets are relatively
thin). To do this, we estimate two sets of variations of eq (7) with
additional controls on the error-correction terms. Specifically, we esti-
mate the VAR model with the error-correction variahles decomposed into
z,_| and 2,_,T7|T7, where 17, — 1 if the return of a particular market is neg-
ative, and 0 otherwise, and 171 ~ I if^the time of day is the market's open-
ing or tbe markets closing, and 0 otherwise. An alternate set of estima-
tions is conducted where 17^"*-* '̂  ^^^' time of day is the market's
opening or the market's closing, and 1 otherwise. Ihe results from these
alternate estimations, not reported in the interests of brevity, show that
tbe results in Table II are robust to controls for time of day. That is, tbe
burden of convergence of futures market to tbe cash market is signifi-
cantly greater in declining markets, no matter tbe time of day.

The Temporal Relationship Between Cash
and Futures: Bivariate GARCH Results

Tbe statistics in Table I sbow tbat tbe price cbanges in botb markets
exbibit time-varying volatility. Moreover, it is highly likely that the time-
varying volatility is correlated across the two markets. It is well known
thai the failure to incorporate these effects can lead to invalid statistical
inferences. Thus, in this and subsequent sections, we turn our attention
to the results from models that allow for persistence and co-persistence
of volatility in the data. The results, intended to be more tban just
tests of robustness, provide additional insight into tbe futures—casb-
market relationship.

Consistent with Ross (1989), we employ volatility as a measure of
information flow. If information arrives first in the cash market, one
should see a volatility spillover from that market to the futures contract.
Chan et ak (1991), among others, employed extensions of Bollerslev's
(1986) GARCH model to document spillovers between the S&P 500
futures and the S&P 500 index. Furthermore, a bivariate (rather than
univariate) representation of the model is preferred when volatility
co-persistence is suspected (see Baillie & Bollerslev, 1990; Bollerslev,
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Engle, & Wooldridgc. 1988). The following bivariate GARCH model is
used:

' ' ; . , = (^f.o + 4>r.\^i.i-\ + ^Lif'-f., \Vr., i + " / . i ' ' ; , / - ! + '^i-Mj-i + ^ . J ^ S J - I T J / " , , - i + 'PfO, + u,_,

^Ks,/ = 4>is.u + <!>,s.i^i-.,-\f^yi-i + ^fs. ' f i i . i | e s , , - i ' ^ i \ , , - i + " fs . i ' i i s , , I + fisO, + " , s,, ( 8 )

The return shocks (e^, sf,) are from a standard VAR representation with
error correction;"' /ij , and h^, are the variance functions, and h[r^, is the
covariance function conditional on information at t — I;T7,~,_| is a
dummy variahle taking on the value of I if e,_i for the (th market is
negative, and 0 otherwise; and O, is a dummy variable taking on the
value of 1 if the interval represents the markets open, and 0 otherwise.
The allowance for asymmetry in the intramarket shock components
(pertaining to the (f)^ , and ({),:•, coefficients) is motivated in Glosten,
Jagannathan, and Runkle (1993) (GJR). There is prior evidence of a
strong negative relationship between the mean and volatility for individ-
ual stocks and stock indexes (e.g., Black, 1976; Christie, 1982; French,
Schwert, & Stamhaugh, 1987).'' The TT parameters capture intermarket
volatility and indicate whether market leadership is related to market
direction. If. for instance, hoth Tr̂  , and TT̂  ̂  are positive, the indication
would he that there is information flowing from spot markets, and that
this flow is asymmetric: stronger during market downturns than during
upturns.

In Tahle III we report the bivariate GARCH-GJR results for the vari-
ance and covariance functions. The diagnostics indicate that our hivari-
ate parameterization with time-dependent eovariance matrix provides a
good representation of the conditional second-moment properties of the
data. GARGH effects are suggested hy the significant coefficients on the
equations own lagged shocks {ej,_^) and own lagged variances (/i:,_|).
The <f)f:2 coefficient (—0.024 and significant) indicates an asymmetry
in the relationship between the futures variance and prior return shocks.

''Thf model h t'stimylcd while all<iv\ing for the v;iriance-covariance matrix lu he limf-dept'iideiit.
Thf bivariatf G.ARCiH rcsulls <iro nol SLibsUintinlly changed when, in the ri^ht-hand side of the mean
etiuation. ue emploi a iinivarialc auKiregressivf f'ormiilati<in {p = 61, or ihf la^ed adjusted hasis.
' A Idng-slandinjifxplii nation for this asymrnetn in ihc return-iotatility reialionship is ihal negative
shoL-ks in reiiirns dri\e up volalililv (HIaek, 1976) so thai the asymmclr\ will e\hihit ilself in iht- vari-
ance equations rather than in the return equations. No matter \\hat the origins of the asymmetry,
such an allouanee should pnnide further improvements in our model's ability to capture the (non-
linear) serial dependencies. Moreover, as noted by Glosten et al. (199i). not controlling for tbe pos-
sible asymmetry in the return-variance relationship may bias tbe parameter estimates (also see
Engle Si Nf.. 1993).
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TABLE III

Tbe Temporal Relationship Between Casb and Futures:
Bivariate GAHCH-GJR Model

Conditional Variance Eijtiations Futures Spot

Constant

Own Lagged Shock
Own Lagged Shock-TJ, ,

Lagged Conditional Variance
Intermarket Lagged Shock
Intermarket Lagged Shock • i?, ,
Market-Open Dummy

Conditional Covariance Eijuation

Constant
Product of Lagged Residuals
Product of Lagged Residuals • 77̂  ,
Lagged Conditional Covariance
Market-Open Dummy

Log Likelihood

liicigmistics

0(24)
0^(24}
Sign Bias (0
Positive Sign Bias {t)
Negative Sign Bias (t)
Joint Test (F)

0.005"
0.109'

0.024^

0.413"

0.026^

0.061"

0.003"

0.003'

0.156'

0.008"

0.373"

o.oor

(87,44)
(38,68)

(-4,99)

(80.54)

(13,85)

(16.97)

(27.45)

(95.53)

(62.17)

(2,57)

(103.48)

(7.56)

11.74

30.72

-0.03

-0,45

-0.75

1.97

0.003^

0.117"
0.001

0.335^

0.065'

0.007

0.008^

(90.86)

(33.71)

(0.20)

(79.34)

(27.14)

(1.16)
(70.11)

107513.50

10.44

14.95

-0.15

-0.17

-0.42

2.02

Note. The table reports the results for the variance and covariance equations trom the Bivariate GARCH-GJR model fitted
to 15-min (open to close) return data for ttie S&P 500 index and S&P 500 index futures. The dummy rj,, , takes on the value
of t if the respective lagged residual is negative and 0 otherwise. To obtain the f statistic in the Sign Bias test, the square of
the standardized residuals, (f:,,/VVi,,)^, are regressed on ij,,. The Negative Sign Bias and Positive Sign Bias test statistics
are obtained from the regressions ot {£,,/Vh^f on TJ,, X j:,,ar)d %; x s,,, respectively. The joint test statistic is the Fvalue
from the regression of (f:,,/V'rt,,)^on TJ,,, 17,, x p,,, and t?,; x *:,,{see Engleand Ng, 1993), Ostatistics (O^) are the Ljung-Box
statistics for autocorrelation in standard errors (square of standard errors), a, b, and c represent significance levels of .01,
.05, and .10, respectively.

The variance in the futures market is lower following negative shocks.
There is no asymmetry noted for the spot market.

The results are consistent with a stronger leadership role for the
futures contract. The intermarket voiatihty spillover from the futures mar-
ket to the cash market is greater; the x~ test rejects the null for equality of
the two intermarket spillover coefficients (.026 vs .065). However, there is
evidence that the spillover from the cash market to the futures market is
greater when the price movements are negative than when they are posi-
tive. The Gy, 117,", _ I coefficient (0.061 in the futures variance equation) is
positive and significant while the coefficient for e^ ,_ |77 ,̂_ , (0.007 in the
spot variance equation) is not statistically different from zero. These
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results are consistent with the notion that feedback from the cash market
is strongest during market declines. It also is notable that (77̂ : J/TTJ, ,) >
{TTS y/'^s 1)' suggesting that the relative volatility spillover during market
downturns is greater from the eash to the futures market. Tbe conditional
covariance results in lable III suggest tbat comovements are relatively
stronger during market declines, wbicb lurtber supports tbe evidence tbat
leadersbip is weaker wben prices are falling. Furtber, tbe positive coeffi-
cient on tbe O, (market-open dummy) suggests tbat tbe comovements are
bigber at tbe market's open. Similar results are obtained wben tbe dummy
is altered to represent tbe market s open as well as its elose.

Leadership^ Market Returns^ and
Time-of-Day Effects

The role of the market's opening and closing and the effects of tbin trad-
ing were noted briefly with respect to our preceding investigation of tbe
burden of eonvergence between tbe two markets. In tbis seetion, we
examine tbe role tbat market returns and time of day migbt play in lead-
ersbip and leadership asymmetry;

To motivate our tests, let x,., and x^^, represent, respectively, the
standardized residuals for the futures and casb returns from tbe above
GARCH model. Futures market leadersbip would imply

o, =^s,(%.(-! ^ ^r.i^s.i-\ -̂  ^ '")

wbere S can be thougbt of as a leadersbip statistie. ^ Asymmetry' in tbe

lead—lag relationship ean be evaluated by testing whether tbis relation-

sbip is consistent across rising and declining markets, that is, wbetber

U'.s,. ^r,)-i) > (̂ '.s,( ^r , f - i )^ ' O"* (^r,i ^.s.i-|)~ > (^F,, ^ S . I - I ) ^ - wbere the
superseripts — and + represent declining and rising markets, respeetively.

Leadership and Market Returns

In Table IV we present evidenee on leadership across samples sorted by
return percentiles. For comparative purposes, we report results from
the above technique employing botb residuals (cs r ^i-.i^ '-^^^ GARCH
standard residuals (x^,, x\,). The theoretical constructs presented in ear-

'"The term is ^ simple extension of the serial cross-covariance measures employed in Lo and
McKinlay (1990) and Mech (1993). U futures price ehanges lead cash priee changes, perhaps due
to more timely information Hows, we have Cov(AP^,AP, , ,) > Cov(AP^,APs, | ) . If we assume
conditional means ot AP^ and AP^ to be time invariant, this can be simplified to
AP^i^P, , j — APj i^fi;, I ^ ()• Without loss of generality, ihe relationship tan be captured as
^s.î i i-i ~ ^1 i^M-i -̂  "• "liith î  ihc nonslandardi/ed version ot cq (S).
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RetsPercentile

95-100
90-95
85-90
80-85
75-80
70-75
65-70
60-65
55-60
50-55
45-50
40^5
35-40
30-35
25-30
20-25
15-20
10-15
5-10
0-5

Full Sample
Positive Rets
Negative Rets

fif, X e

-4 .77 X
-1 .67 X

1.36 X
2.75 X

-2 .94 X
-8 .07 X
-1 .54 X
-1 .79 X
-1 .97 X
-2 .22 X
~ 2.89 X

1.95 X
3.76 X

-1-19 X
- 3 . 9 5 X

1.71 X
4.02 X
2.16 X
6.98 X
4.86 X

2.08 X
-5 .64 X

4.73 X

TABLE IV

Leadership and

Residuals-Based Tests

S.t- 1

10 '̂
10 ^
10 '
10 ^
10 ^
10 ^
10 ^
10 '
10 «
10 ^
.,0 7b

10 «
10 «
10 «
10 '
1 0 ^
10 ^
10 ^
10 Bb

10-6B

10 '
1 0 ^
lO"''^

3.82 X 10 ^
4,84 X 10 ^̂
9,69 X 10"^
8.56 X 10 ^

-7 ,26 X 10"
-1-03 X 10 '^
-1 .28 X 10 ^'

1,13 X 10 '"
-6 .33 X 10 "̂
-1-17 X 10 '"
-1 .72 X 10"'"
-7.21 X 10"^
-1 .18 X 10 '•̂
-1 .14 X 10 ^̂
-1 .36 X 10 '^
-1 .07 X 10"^''
-8 .56 X 10 ^
-1-09 X 10 ^

1.72 X 10 '"
1.20 X 10 "̂

7,53 X 10 "̂
3.69 X 10 '"
1.14 X 10 ^̂

Market

F

21,40
16,30
3,43
2,72
2,05
7,09
6,73
8,70
4,96
7,59
7,94
2,83

11,32
13,25
8.71

11,46
9,24
1,05
6.51

21.26

6.45
22,12
19.26

Returns

Standard

-0.011
-0,009
-0,044
-0,022
-0,032
-0,016
-0 ,028 '
- 0,045"
-0,047"
-̂ 0,027*=
-0,032"
-0,027=
- 0,024'
-0,037"=
-0.020
-0,010

0.008
0,018"
0,076"
0-357^

0.001
-0,028^

0.031^

Residuals-Based Tests

0-704^
0,321^
0,126^
0.096^
0,047
0.028
0.039^
0,053"

-0-076 '
-0.082^
-0.070^
-0.033"
-0.072^^
-0,039' '
-0,022"^

0-038^^
0,075"
0,203"
0,362"
0,988"

0,125'
0,107"
0,143"

F

92,70
51-86
24,99
16,71

5,69
4,42
0,64
0,36
3,65
9,76
7,79
0,85
5,18
0,02
0,10
3,21
5,76

17,02
23,89
38,81

325.13
227.78
117.09

Note, The table reports the products of nonsynchronous residuals, {r,, y f j , ,), and products of standard residuals.
x,,Xj,_, = (K/,(/v7i,,)(fi_,, J\'hj, i), for percentile-based samples of )5-min SSP 500 index returns (open to close inter-
vals). The residuals and standard residuals are from a bivariate GARCH (1,1) model with VAR mean equations. The F value
tests the null of equality ot the two variables, and a, b, and c represent significance levels of ,01, ,05, and .10, respectively.

lier sections imply that futures leadership should be stronger in rising
markets. The results show that when returns are very positive (i.e., for
returns in the higbest percentiles), futures leadersbip is strong and tbe
feedback from tbe spot market is weak. For instance, x^,, x,:,_^ is signifi-
cant and positive for returns above the 80th pereentile, and£^,e,.,_| is
positive for returns above the 90th percenlile. The corresponding spot
leadership statistics, A , , A \ ,_| and fi(,Ks( i- '^^^ consistently non-positive
and mostly insignificant during these periods.

On the other hand, there is much stronger evidence of feedback
I rom tbe spot market in periods of very negative returns. The spot lead-
ersbip statistics,Xf,;,, jiCj;,_I and e,,, e^,_,,are positive below tbe I5tb and
10th percentiles of returns, respectively. The lead—lag relationship
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between the futures contract and spot market is less clear for the inter-
mediate returns, with negative cross-serial correlation suggested when
employing residuals or standard residuals. The Fvalue for the signifi-
cance of 8 also suggests a relative absence of leadership during periods of
intermediate returns. In otber words, tbe majority of tbe leadersbip (and
feedback) in futures and spot markets seems is concentrated in tbe top
and bottom return percentiles. I bis finding is eonsistent witb tbe notion
tbat tbe leadersbip is associated witb information arrival. Finally, ibe sta-
tistics at tbe bottom ol lable I\̂  furtber bigbligbt tbe importance of con-
sidering market direction wben studying leadersbip. For tbe full sample,
tbe statistieXf,,X(, ,_| is not significantly different from zero (0.001). but is
significantly positive in falling markets (0.031), and is significantly nega-
tive in rising markets (—0.028).

Leadership and Time of Day

In Table V we report statistics forx^jX^j^, and A:,.,X(;,_| for rising and
falling markets across tbe 1 S-min intervals in tbe trading day. There is an
absence of leadersbip near tbe open and close of trading. Tbe statistics are
non-positive at 9:00 am and not statistically different at 3.00 pm. For the
remainder of tbe day, tbe evidence of leadersbip (or feedback) is very dif-
ferent across rising and falling markets. During rising markets, futures
leadersbip is indicated for most of tbe time intervals (A\,X^,_| is tx^picaily
positive) but tbere is a lack of positive feedback from tbe spot market
{x,:,Xi^,_^ is typically non-positive, and tbose coefficients tbat are positive
are not significant). On tbe otber band, during falling markets, there is sig-
nificant positive feedback from the spot to futures market during 12 of tbe
25 intraday intervals.

In summary, tbe results in Table V continue to suggest tbat tbe
lead—lag relationship between spot and futures is asymmetric. Tbe evi-
dence indicates tbat wbile tbe S&P 500 futures contract leads tbe cash
index, the feedback from casb markets is relatively weaker in rising
markets. We also find a diminisbcd role for futures in falling markets
wben tbere is a stronger feedback from the cash market. Finally, the
absenee of leadership at the market's open and close is consistent with
the notion that infrequent trading plays an important role in leader-
ship. This evidence also suggests tbat the leadership patterns are
unlikely to be the result of bid—ask spreads because leadership is weak-
est during tbe times of day tbat are associated witb tbe bigbest bid—ask
spreads.
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Basis Behavior and Market Volatility

We conclude our empirieal investigation by examining the relationship
hftween basis and volatility. The arguinenls in Theoretical Motivation
section point to a positive relationship between market volatility and the
basis and suggest that the basis will be related positively to the volatiUty
in the market that draws the commercial trader. To examine the evidence
on this relationship employing intraday data, we first obtain prc-
whitcned measures of basis by regressing the basis (PJ!, — P''^,) on past
levels (12 lags), time-to-maturity, and dummy variables representing the
market's open and close. Alternately, the adjusted basis (Pp, - P^,e'''^"")
is regressed on past levels. The pre-whitened basis and adjusted basis
then are regressed on past and contemporaneous levels of volatility.
Furthermore, to examine whether the relationship is asymmetric, the
pre-whitened basis is regressed against the conditional variance, and on
the product of the conditional variance and a market direction dummy.

Table VI presents the regression results, where Model I and II differ
by the variable that tests for asymmetry. The results show a positive rela-
tionship between the autocorrelation-corrected basis (adjusted basis)
and volatility. The coefficient on the contemporaneous and/or lagged
conditional variance is positive across the regressions involving cash
market volatility (Panel A) and those involving futures market volatility
(Panel B). We also find the expected asymmetry in the volatility-basis
relationship. The basis and adjusted basis react relatively more to spot
volatility when spot markets are falling (the ^5.1%,/ coefficient is positive
for the basis and adjusted basis). In contrast, the basis reacts to futures
market volatility more when this market is rising than when it is tailing
(the h[ iTfj^i coefficient is negative for the basis and adjusted basis). This
evidence reinforces prior evidence on futures leadership, that is, that
futures leadership is perverse in rising markets.

We argued earlier that the observed positive basis-volatility relation-
ship is not necessarily evidence against the results in the Chen et al. study.
We ascribe differences between our results and theirs primarily to pro-
nounced portfolio tilt evident in our sample compared with CCH's sample
(inferred from Fig. 1). We also note that we consider, unlike Chen et al..
the effects of changing market dynamics (rising and falling markets). If
our explanations on the differing results between Chen et al.'s study and
ours are robust, then we should detect a change in basis-volatility rela-
tionship when we compare Chen et al.'s sample with our sample.

We present in Table VII evidence of a changing basis-volatility
relationship between our sample and Chen et al. s sample. The results in
Table VII report the correlation coefficient between the basis and alternate
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TABLE VI

Basis and Volatility: Regression Results

Panel A: VnlalHity
Constant

R^
DW

P.iiH'l B: Vohililil}

Constant

^ F . f - 1

^F^nF.f

R^
DW

/

Defined /ri
- 0.007"

(-2.45)
0.303=
(1.93)
0.191
(1.21)

—

0.001
2.001

Dt'fiyied h\

-0.011"
(-3.19)

0.279'
(1.78)
0.441'

(2.82)
—

0.001
1.999

Basis

U

Coiuiitinnal Vanmice
-0.006'

(-2.16)
0.243^

(1 79)
—

0.389"
(2.19)

0.001
2.001

C'niidiliontil Vuriuiiee

-0.003
(-1.17)

5.652^
(37.80)

—

-11.763^
(-58.96)

0.116
2.001

Adjusted Basis

I

of Cash Iletums
-0.005^

(-1.89)
0.157

(1.61)
0.206"

(2.11)
—

0.001
2-000

of 1 iiliires Hcltinis

0.005"
(-1.79)

0.286"
(1.94)
0.424"
(2.88)

—

0.001
2.000

u

-0.004
(-1.57)

0.123
(0.94)

—

0.364"
(2.16)
0.001
2.000

0.005"
(1.74)
5.380^

(37.27)
—

-11.206'
(-59.58)

0.117
1.988

Note. The table reports the resulls from regressions of the prewhitened basis and the adjusted basis on
GARCH conditional variance and the product ot the conditional variance and a market-direction dummy. To
obtain the dependent variable in the unadjusted basis equation, the basis, P^, - P5,, is regressed on past
lags (12), time to maturity, and dummies for the market's open and close. The dependent variable in the
adjusted-basis equation is obtained by regressing the adjusted basis, P^, Pgje""^ ". on past lags (12), and
dummies for the market's open and close, rj,, represents a dummy variable equal to 1 it the 'th market's price
change is negative. 0 othenwise. DW is the Durbm Watson statistic. Values in () are (statistics, and the a, b, and
c designations represent significance levels of .10, .05, and .01. respectively.

measures of market volatility for daily data across the Chen et al. sample
(1/1986-5/1990) and our sample (I/I 99.^-'>/1996).'^'l he evidence clearly
shows that the hasis is related negatively to volatility in Chen ct al.'s sam-
ple, but not in ours. Collectively, the results related to basis and volatility
points to a changing relationship across the samples. As indicated earlier, a

' ' 'C'hfn cl al. (.•\;nnint'cl the rf l i i t ioi isl i ip l i f lwccn tin- adjusli-d l»;isis and ihc implied iind rcidi/cd
volatility in the cash indf \ . In their study, l l i f rcali/cti \(>huilil\ al lime ( is fiivcn h\ ihc return la r i -
iuiee mciisurcd iiver a 1 ()-d;iy v\indi)v\ iiround I. We c'ni|)li)y nii i l l iplc measures of \i>l;itilit\ Tor holh
ihe futures <ind ihe eash market. The vohililily measures, tr,, (r^ are the iibsolute values of returns of
ihe lulures and cash index, where returns ((I is computed as {In P , - In P ,) X 100; h,, Ji^are the
CJARCH ( t , 1) eonditional vtirianee of the futures and Ciish returns; and tr, is the inlradiiy voliitihiy
measure j^iven hy the difference helween ihe daily high and l(n\ values of the futures indes stiin-
dardi/ fd hy the a\er;ige of the hij>h and lou values.
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TABLE VII

The Changing S&P 500 Volatility-Basis Relationship: Daily Correlations

1/1986-5/1990

Volatility Measure Adjusted Basis

a-p, - . 5 3

(Tp, , - . 4 4

o-g, - . 5 1

ftp - . 4 2

hp, , - . 1 6

fts, -.36
fts, . --23
ff, - . 6 7

CT,,,, - . 4 7

-.53
-.43
-,50
-.42
-.42
-,15
-,37
-,24
-,67
-.46

I/i993-5//996

Adjusted Basis

.02

.06

.01

.06

.05

.05

.07

.07

.07

.15

Basis

.03

.07

.01

.03

.07

.08

.08

.08

.07

.13

Note. This table reports the correlation coefficient between the basis and alternate measures of market volatil-
ity across the Chen etal, sample (1/1986-5/1990) and this article's sample (1/1993-5/1996), Two measures of
basis are used. The adjusted basis is given by Pp, - Ps,!^''"^ "• where Pp, and Pg, represent futures and cash
prices at the close of day (, q represents the difference between the Treasury bill rate and the dividend yield on
the S&P 500, and T t represents the contract's time to expiration in years. The unadjusted basis is given by
PFI - Psj Ou'' measures of volatility are iTf, .rg and are the absolute values of returns ot the futures and cash
index, where return s, = (inP,, - InP,, ,) x 100; hp. hgare the GARCH (1,1) conditional variance of Ihe futures
and cash returns, and rr, is the intraday volatility measure given by the difference between the daily high and low
values of the futures index standardized by the average of the high and low values.

major difference across the two intervals is that there were relatively large
long-over-short imhalances in the commercial positions over our sampling
period.^"

To incorporate more directly the data in Figure I into the testing
structure, we e.xamine the relationship between commercial trading and
the adjusted basis. First we conduct a regression of the adjusted hasis,
averaged over himonthly periods, on the past and future (f + I) adjusted
hasis. and on the past, contemporaneous, and future commercial imhai-
ances."' Second, we conduct a similar regression of the close-to-close
daily return on the past and future close-to-close return and on the past,
contemporaneous, and future commercial imbalances. The results from
these tests generally indicate some causality from the imhalances to the
basis and returns. These results hold for the Chen et al. sample period,
the sample period of the present study, and for the period I/1986 to

""Since we use daily data over liolli samples in (iible V'll. any concern re^;»rdinji the role thai dala

frequency might exert on the evidenee of a changing btisis—volatility relalionship is unlounded.

^'These results are not reported in the interests of brevity hut arc available [rom the authors on

request. Commereial iml>alarices were computed as (commereial long — cnmnierciiil sliort)/(toni-

nieri'iiii long -I- eommereial shiirt).
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12/1996. Thus, the evidence supports our h\'polhesis that commercial
imbalances (and portfolio tilt) play a role in explaining the differences in
hasis-volatility relationship across the sampling intervals.

SUMMARY AND CONCLUSION

This study provides evidence that tilt in portfolios (i.e.. holdings in port-
folios unlike the components of the henchmark index) plays an impor-
tant role in index futures leadership over the underlying cash market.
We also find that tilt plays a role in the cash-futures basis-volatility
relationship.

Our tests employ intraday data on the S&P 500 futures contract and
underlying cash index from January 1993 through December 1996, a
period that witnessed a great deal of imhalances (tilt) in commercial
trading in the S&P SOO contract. We find evidence of undisputed futures
leadership when markets are rising with no feedback from the spot mar-
ket. In contrast, when markets are falling, futures leadership is less evi-
dent, but considerable feedback from the spot market is detected. We
also note that most oi the leadership asymmetry is evidenced during peri-
ods oi high volatility, and that there is a relative absence of leadership at
the market's open or close. A positive relationship between hasis and
volatility also is detected.

We offer the iollovving explanations and conclusions. We suggest
that the nature of index futures-spot leadership and the basis-volatility
relationship depend, at least partly, on the predisposition of commercial
traders to select index trading over trading in stock portfolios when mar-
kets are rising. Our theoretical framework specifically models the role of
this commercial trader who derives utility from holding a custom stock
portfolio. Ihis trader systematically selects between index futures and
spot markets when this trader's portiolio is tilted. We also propose that
portfolio tilt had important effects on the basis-volatility dynamic. These
hypotheses generally are supported by the data.

While the evidence irom the study will be of interest to market par-
ticipants and academics, the findings also should be of some import to
regulators. We believe our findings provide further insights into the
ongoing debate on whether or not futures on narrow-stock portfolios
should be reintroduced. Futures trading on stocks and narrow-based
stock indexes were banned in 1982 (via the Shad-Johnson Accord) when
the SEC and CFTC failed to agree on how these contracts should regu-
lated. The options and stock exchanges have contended that the listing
of futures on stocks or narrow-stock indexes would disrupt the stock and
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options markets, implying that futures trading on stocks or stock indexes
cause avoidable volatility, especially when the markets are vulnerahle.
The evidence in this study is not consistent with the contention that
such disruptive trading would ensue following the introduction of nar-
rower futures contracts, especially in an environment where portfolio
customization is popular. In our framework, large customized portfolio
traders are seen to avoid index futures in vulnerahle markets. It also is
important to note that the demand for futures contracts on narrower
indexes could lead to some custom portfolios heing hetter able to mimic
their benchmark index via any of several futures contracts, dispersing
trading activity across several futures contracts.
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