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INTRODUCTION

Tbe relationship between trading volume and price changes in futures
markets continues to be of interest mainly due to tbe inconclusive nature
of tbe results reported so far in tbe literature (Karpoff, 1987). One source
of controversy centers on tbe empirical distribution of futures price
changes (Stcrge, 1989).'
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A recent study by Najand and Yung (1991) concludes that price
changes in U.S. Treasury bond Futures markets are best characleri/ed by
a time series model that allows for generalized autocorrelation as well as
conditional heteroscedasticity (GARCH) in the second moments. Using
this CARCH framework, Najand and Yung (1991) document a positive
relationship between price variability and trading volume, consistent with
both the mixture of distributions hypothesis (Clark, 1973). several se-
quential equilibrium models of speculative markets (Copeland, 1976).
and certain newer classes of noisy rational expectations equilibria (Blume.
Easley. and O'Hara. 1994; Easley, Keifer. and O'Hara, 1994).

This paper extends Najand and Yung's (1991) study in two ways.
First, a cross-section of international futures markets is e.xamined. A
study of international futures markets is important because it provides
independent verification ofthe results obtained in domestic markets. Sec-
ond, a bivariate exponential GARCH(1 ,l)-in-mean model is used. In ad-
dition to allowing for autocorrelation in the first and second moments,
this model has the advantages of avoiding simultaneity bias witb regard
to the effect ot volume on price volatility, allowing for nonlinearities in
the second moments, as well as providing a means for estimating a risk
premium.

This study is relevant to finance for at least three reasons. First, such
a study yields insights into how information is disseminated in speculative
markets and the degree to which it is conveyed by prices. I bis knowledge
can be used to augment statistical power in tests of finance hypotheses.
The second area to which this study has relevance is the ongoing debate
about the distrihution of speculative prices, which involves the competing
stahle Paretian and normal-lognormal mi.\ture hypotheses, the latter de-
riving much ol its empirical content from price-volume studies such as
this one. Finally, it may be argued that this type of research has particular
relevance to the theory and practice of futures markets. In particular, to
the controversy over the effects of speculative activity in the creation and
expansion of futures markets upon price volatility." To the extent that
volume can serve as a proxy for an information flow variable, it may be
possible to improve the assessment of these effects, if better methods of
discerning this price-volume relationship can be implemented. Therefore,
the results of this paper will be relevant to technical analysis if trading
volume is found to play a role in providing information on the quality of
information contained in price statistics (LeBaron. 1992).

The results of this paper indicate that there is a positive relationship
between trading volume and price volatility, as measured by the condi-

^Tht' trealment of these issues goes back to Working (195.^.
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tional heteroscedasticity of price change, in international financial fu-
tures markets. Additionally, the paper documents new statistically signifi-
cant findings of positive contemporaneous and time varying correlation
between price changes and volume, negative time varying risk premia in
futures return, and a monotonically declining and asymmetric effect of
innovations on price volatility.

REVIEW OF THE LITERATURE

A positive relationship between trading volume and returns (or price
changes) is relatively well establisbed for equities. 1 he seminal work in
this area is Ying (1966). who applied cross-spectral methods to equity
prices and trading volume of the S&P 500 index and New York Stock
Exchange (NYSE). respectively, fie found a positive correlation between
volume on the one hand and hoth price changes and magnitudes on the
other. Harris (1983) studied 479 individual equities at daily intervals and
found that squared price changes generally vary directly with trading vol-
ume (although there was some nontrivial cross-security variation). Cor-
nell (1981) analyzed 17 commodity futures markets and found a positive
correlation between changes in both the average trading volume and the
standard deviation of log-relatives at two-month intervals. This was ex-
tended t() the then new market for futures on Treasury hills by Tauchen
and Pitts (1983), who found a similar relationship. Crammatikos and
Saunders (1986). in their study of five foreign currency contracts at daily
intervals with Granger-causality tests, documented significantly positive
results that reveal no maturity effect on price variahility. Lamoureux and
Lastrapes (1990) applied Bollerslev's (1986) GARCH methodology to test
for both second-order dependence and volume-price variability relation-
ships in spot equity markets. Ihey found that the GARCH effects dis-
appeared after volume was included in the model. Najand and Yung
(199!) applied univariate GARCH methodology, with volume as an ex-
planatory variable in the conditional variance, for futures on U.S. Irea-
sury bonds. They found both significant GARCH and volume effects in
the second moments of futures returns. The authors documented a posi-
tive volume-variability relationsbip, using only lagged volume in the con-
ditional variance due to the problem of simultaneity bias.

ECONOMETRIC METHODOLOGY

Tbis study employs a bivariate GARCH(l.l) extension of Bollerslev's
(1986) methodology. The equations describing the model are given as
follows:
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ln this notation,/, = ln{F,) is the natural logarithm of the near contract's
closing futures price F,; A/, = /, — f,_\ is the price log-relative; v, =
ln(V,) is the natural logarithm of the level ot trading volume. V,; and ii,
= (u{, uj)^ is the vector of random disturbance terms for log-relative
price and log volume at time, t, respectively, with zero mean vector. 0.
and conditional variance-covariance matrix. H,. with elements. vech(H,)
= (/i,. |/2{ |̂. ^j) , as the respective conditional variances and covariance.
Y,u are time series of observations and disturbances, respectively, and
L{.\.) is the log-likelihood ofthe parameter vector, 9, conditional on the
observations.

Equation (1) models the futures return as having a deterministic
component, a^ + a\^li,, the expected rate of price change given the
information set at time, t, and a stochastic component. H{. which is con-
ditionally heteroscedastic and correlated with volume, a^ is the uncon-
ditional expected rate of price change, and following Domowitz and Hak-
kio (1985) and ^ngie. Lilien. and Robbins (1987). tbe risk premium
component. o:]-^h-',, is modeled as being proportional to the conditional
heteroscedasticity of the futures return process. This is a proxy for the
systematic risk associated with unanticipated movements in interest
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rates. Greater systematic risk associated with unanticipated shifts in the
yield curve is reflected in innovations to the futures price change process,
which, in turn, directly influences conditional variance in the GARCH
equation. One can say that the conditional heteroscedasticity proxies for
systematic risk, and it is e.xpected that the estimated coefficient, a j . would
be negative.^ The law of motion for the logarithm of volume, eq. (2). has
deterministic and stochastic components as well. The normal volume
component is modeled as an ARIV1A(I,1) process'* with a time trend.^The
conditional standard deviation, ^/j). is included as a proxy for an infor-
mationally driven component. This is because trading activity is. by by-
pothesis. related to the level of volatility. The innovation,«[, is interpreted
as ahnormal volume, ln many asymmetric information models of trading
volume, it is expected that there is some persistence in ahnormal volume
following an information event (Karpoff. 1986). The use ofthe condi-
tional volatility in volume allows one to separate surges in volume due to
informed market participants from those due to the uninformed as well
as from surprises. To the extent that new information arrival associated
with increased asymmetry of information among traders results in an
increase in trading volume (Ivarpoff. 1987). and may be proxied for by
Jh], the estimated coefficient, f^^, is expected to be positive. Also, the
persistence of abnormal volume might have implications for the theo-
retical properties of technical trading rules. According to Rlume et al.
(1994). voiume is informative about tbe distribution of the price signal
received hy traders, so that one expects surges in volume due to inlormcd
trade to exhibit a degree of persistence, which is captured by the econo-
metric specification. In this regard, the autocorrelation coefficient /?] >
0. and the moving average coefficient fi, < ^' ^^ informed surges in vol-
ume persist and noisy innovations are subsequently discounted.

Equation (5) describes a bivariate exponential GARCH(l,]) struc-
ture for the second moments.'' The cross-equation restrictions constrain
the conditional moments to depend only upon their past levels, mean

*A [licorotical nitionalc lor ihis specification can be found in Lngic et al. (1987).
•"Sec Weiss (I4«4) for combininR the Bnx-Jfiikins style ARMA iind GARCH time scries model.
"•In i-x|)lnriUnn regressions vohjmt' is i'ound In have a hinKly si pn if leant, positive time (rend, similar
to that Found in Clrammatikns Lind Siiiinders ( lyHfi). This can be attributed to j>rowth in the cases
of the Sterling;, Bund, and turopt-Hn C urrcncy Unit (F.CU) markets. In the cases ol Treasury bond
and liurodoiliir, an cxplanatiun iVir the relatively weaker relationships is lhat ihf contraels were
dclistcd from London International Financial I'Uturc-s Exchange (LIFT'K) on June IS>y3 and March
1996, respectively.
''Vector Akaikc and Raycsian information criteria analyses (available upon request), as well as the
interests of parsimony and computational case, motivate this hig-U-ngth specification and functional
form.
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equation innovations, and lagged levels of the OI/I^T variable.' Estimation
focuses on four key terms. First, log-volume in the conditional variance
of the futures return models the effect of information flow upon price
change through the volatility of return, which is in traders' information
sets and, as such, is separate from the contemporaneous correlation of
the innovations. Consistent with botb the mixture of distributions hy-
pothesis (MDH) and several models of sequential information transmis-
sion and noisy rational expectations equilibrium, the coefficient, 74, is
predicted to have a positive sign. Second, the lagged return in the con-
ditional variance of volume models the informational impact of price on
volume. To the extent that price Increases signal lower systematic risk, so
that there is less hedging and/or speculative activity relative to informa-
tionaliy motivated trade, the expectation is that the coefficient estimate
o( S^ will he positive. Third, the contemporaneous correlation hetween
price change and volume is measured by thc coefficient. CQ. The MDH,
sequential information, and noisy rational expectations models suggest
that this coefficient should be positive. Although this coefficient is esti-
mated through a log-function, therefore implicitly restricted to be posi-
tive, a justification is that the weight of both the empirical and theoretical
literature favors a non-negative correlation. This study is constrained by
the requirements of the exponential class of GARCH econometric mod-
els. Finally, any asymmetries in the response of the conditional return
variance to innovations of differing signs are captured by including tbeir
absolute values as separate arguments to tbe conditional variance. Un-
fortunately, here there is no clear theoretical guidance. Nelson (1981)
found, for spot Treasury bills, that volatility increases more for negative
innovations than for positive innovations of equal magnitude.'* If it were
the case that yi > 0. y^ < 0, and l̂ :̂ ! < |;'2|. then this pattern would
obtain.

Asymptotically efficient estimators of these parameters are obtained
by the exact maximum likelihood method, which needs only the specifi-
cation of some arbitrary' initial conditions to perform the maximization.
If. in addition to the distributional assumption, tbe standard regularity

'Including contemporaneous vari;]blfs rosulls in difticulty uC inlcrpretiUton, more ciimpkw asymp-
totics, iiitd loss tractable t'stimation (Hamilton, I'J'M).
A constant correlation mod".-! witb no si^n restriction on this coofficicnt, in style similar to BoUerstev

(1990), was estimated as a cbeck. I he results, available upon request, were not qualitatively different.
Tests showed tbe correlation to exhibit time variation, so that the present model better captures the
dynamics of the data.
'^he leverage effect has been proposed as a reason for tbis phenomenon (see Black. 1976; Christie,
I9S2) in the context of equities. Negative price innovations lower the value of equity, increasing the
debt-equity ratio of the linn, and therefore increase the riskiness of its cash flows as measured by
the conditional volatility. It is not clear if this is applicable to interest rate futures.
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conditions hold, tben tbese estimators are also asymptotically normal,
and the classical inference procedures are valid (Hamilton. 1994).'" The
log-likelihood for this model is given hy eq. (6). The convergence algo-
rithm employed is the method of Berndt. Mall. Hall, and Hausman
(1974). which relies on the gradient vector to compute the asymptotic
variance-covariance matrix.

DATA DESCRIPTION

The data set consists of daily observations on opening price, high and low
price, closing price, trading volume, and open interest for sLx futures con-
tracts, all traded for three-month cycles, on the London International
Financial Futures Exchange (LIFFE). The underlying are all interest rate
assets representing investments in various international money and bond
markets: Sterling. Eurodollar. U.S. Treasury bond. German Government
bond (Bund), .-i-month European Currency Unit (ECU), and the Euro-
mark. The beginning trading days on the contracts are 11/5/82. 10/1/82.
10/27/84. 9/29/88. 10/27/89. and 4/21/89. respectively. All ofthe series
end on the trading day 6/27/94. except U.S. Treasury' bond ending 6/27/
9 3 . " to yield series lengths of2935. 2967. 2104. 1452, 1178, and 1302.
respectively. The time series are formed by using the nearest-to-expire
contract on each trading day. except in the month of expiration of the
contract, where elosing prices of the next near contract are used. The
priee change variable is calculated as the log-relative of the daily closing
price, which is matched with the logarithm of trading volume for the
trading day.

ESTIIVIATION RESULTS

Distributional and diagnostic statistics are presented in Tables I and II
for the log-relatives of the near contract closing price and the logarithm
of trading volume, respectively. In Table I. various measures show that
all series exhihit substantial deviations irom normality. There is statisti-
cally significant positive skewness in five oi six cases. Kurtosis is far in
excess of three in all cases. Consequently, the Berra-JarqueJ-statistics for

"ir conditional normality fails to hold. I) til tbc lirsl two conditional monifnts are correctly specified,
it can be shown that thc {|uasitna.\in)uin likelibood estimators tbat obtain will still be consistent and
asymptotically normal, under suitable technical! conditions tind an adjustment of thc standard errors
{Bollerslev and Woi.klridge, 1989). Tbe KOBUSTFiRRORS opti.m in HATS is employed to acci>unl
[or the latter.

The Ireasury bond contract was delisted Irom IJFFFi that month. Subsequent tu the sample period,
in March 1^96, the Eurodollar was delisted as well.
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normality are well into the critical regions for the y^ distribution with 2
degrees of freedom. Kolmogorov-Smirnov D-statistics, constructed from
prewhitened ARMA residuals, lead to a rejection of unconditional nor-
mality as well. These findings of Icptokurtosis and non-normality results
are typical for empirical distributions of many speculative price series and
are necessary to the MDH hypothesis (Westerfield, 1977). Ljung-BoxQ-
statistics for the test of white noise, performed on the same prewhitened
residuals for 64 lags, reject the null hypothesis of uncorrelated incre-
ments for all contracts. This may be consistent with second-order depen-
dence, which often leads to a spurious rejection ofthe random walk after
controlling for first-order dependence. Q-statistics for the tests of
Granger causality, constructed from cross-correlations with thc volume
series at ± 20 lags, reveal that in four of six cases the null hypothesis of
no Granger feedhack between tbese series (i.e., at least one series im-
proves forecasts of tbe otber) can be rejected, wbicb supports tbe joint
modeling of price change and volume. It should be noted tbat tbe series
wbicb exbibit tbe least Granger causality are tbe contracts wbich have
generated the smallest volume (see Tahle II). As mentioned earlier, the
Treasury hond and Eurodollar contracts have heen delisted; investors pre-
fer to trade these contracts in Ghicago, where there is much more li-
quidity. Both Treasury bond and Eurodollar display relatively small daily
logaritbmic volume for tbe period. Low volume and lack of interest from
market participants migbt explain tbe lack of Granger causality. Tbe pro-
cess is found to satisf)' tbe necessar\' condition For stationarity in ail cases,
by an examination of Dickey-Fuller and beteroscedasticity consistent
Pbillips-Perron Z-statistics, wbicb strongly reject a unit root. Finally, tbe
Engle T X R̂  statistics (Engle, 1982) for the presence of ARCH effects,
computed trom VAR(5) regressions of squared prewhitened residuals,
strongly reject tbe hyjiothesis of no second-order dependence in all cases.
The results for the natural logarithm of trading volume, reported in Table
n, are similar. There is significant excess skewness and kurtosis in all
cases, although the former is more consistently positive, and the latter is
much less compared to the price change scries. J-statistics strongly reject
normality in all cases, although D-statistics reject at better than tbe 10%
significance level in only balf the cases. In every contract, tbe Qj Z, and
T X K^ tests strongly reject wbite noise, a unit root, as well as no ARCH
effects, respectively.

Tbe results of tbe fijll-maximum likelihood estimation ofthe bivar-
iate GARCH model are presented in Table III. Most coefficients are in-
dividually significant by asymptotic t-statistics, and jointly significant by
thc Lagrange multiplier statistic for tbe full model. Important findings
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include the significant GARCH found in ail series, with statistically sig-
nificant estimates of magnitudes suggestive of stability and stationarity in
the second moments. Particularly important is the positive and statisti-
cally significant scale coefficient, to. on the conditional covariance in all
six cases. Thc GARCH coefficients (;'j. Sj, and Cj for i = 1, . . . , 4) are
statistically significant as well, implying that the covariance exhibits lime
variation. This result is at odds with the typically insignificant correlations
that have been found in futures market data between price changes and
level of trading activity (Karpoff, 1987). This can be interpreted as more
favorable to the MDH than certain transactions cost models (Copeland,
1976) that attribute the lack of correlation in derivatives markets to the
absence of frictions such as short sale restrictions, [he results of this
study can be explained also by noisy rational expectations equilibrium
models, where volume is informative about the price signal distribution
(Blume et al., 1994; Easley et al., 1994), as well as the price pressure
arguments of technical analysts (Murphy, 1986; Kaufman, 1987) that are
consistent with these models. Note that the coefficients, EJ, on the lagged
conditional covariance are negative, implying mean reversion toward a
level of unconditional mean covariance. Looking at the terms, £2 '̂n*̂  ^ t̂
for the innovation cross-product, it is evident that the conditional covar-
iance is higher for innovations of opposite sign. This means that one
variable becomes a better forecasting tool for the other when it is at
relatively more abnormal levels than the other (e.g., it is easier to forecast
the price using volume in a period of moderate prices but bigh trading
activity).

Considering the effect of volume on the conditional variance of price
change, it is found that trading volume positively influences the condi-
tional heteroscedasticty of return, in that the coefficient estimates of ;'4
are positive and statistically significant in all si.x cases. These results are
similar to the findings of Najand and Yung (1991), who found lagged
volume to have explanatory power for price volatility in Treasur)' hond
futures, hut differ from the results of Lamoureux and Lastrapes (1990),
who found that ARCH effects disap|)ear when vokmie is added as a re-
gressor for equity indices. This can be interpreted, consistent with the
MDH, as information flow about interest rate movements being reflected
in a volume pro.vy tbat is positively related to the futures price conditional
variance. A relaled result concerns volume conditional variance, which is
found to he increasing in price change, by ihe statistical significance of
S^ in all cases. Tbis can be interpreted as consistent with Karpoff's {1987)
asymmetry hypothesis for volume, in v\hich its volatility and expected
level should he higher on price up-ticks than on price do\\ n-ticks.
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Examining the dynamics of the conditional second moments of re-
turn, all contracts are found to have positive and significant coefficients
on the lagged conditional heteroscedasticity of return. In terms of per-
sistence in volatility, this implies that a shock to the conditional variance
has a half-life of appro.ximately 22.75 trading days.'^ The only cause for
concern is that the magnitudes are all on the order of 0.9, which could
say that there is too much persistence in this component ofthe variance
for stability. However, note that in all cases one would reject thc h\'poth-
esis that the parameters y\ = 1. Second, the Regression Analysis of Time
Series (RATS) software has built-in checks on the magnitude of the
GARCH parameters for stability and stationarity of the coefficient esti-
mates (Doan, 1992).''* Finally, the unit root tests for the squared process
suggest that a unit root is not present here.^**

The coefficient estimate of « ] , which measures the sensitivity of
price change to time variation in the risk premium, is negative and sig-
nificant in five of six contracts (the exception being ECU). Tbis is fully
consistent with the findings in studies of various markets such as equities
(French, Schwert, and Stambaugh, 1987), interest rates (Engle et al.,
1987), currencies (Hsieh, 1989), as well as for commodity futures (Du-
sak, 1973). These results can be interpreted as a relationship between
unanticipated changes in interest rates (a measure of systematic risk) and
expected futures prices changes as specified in eq. (1).

The next result concerns asymmetry in conditional price cbange var-
iance to innovations. In five of six contracts, ^^ '^ 0, yi, > 0, and \y:^\ <
}'2|, at significant probability values. This means that volatility is mono-
tonically declining in price innovations, with negative futures price sur-
prises increasing volatility by a greater amount in absolute terms than
positive innovations of equal magnitude. Only in the case of Bund is \y^\
> \y2\-, which means that voiatility increases in positive innovations. Ex-
cept for thc latter case, these results are at variance with Nelson's (1991)
finding, for equity index spot returns, of an asymmetric V-pattern for the
plot of volatility against price surprise. Unlike the positive covariance

This is ihe number, / i , such lhat />' - 1/2, where p is the firsl-order autocorrelation eoelfieienton
y,. This is onlv meant to be suggestive. The precise dynamics tn a bivariate case arc beyond the stope
of this paper.

However, these checks arc suHicicnt neither to insure that the unconditional variance will be well
defined, nor that the conditions tor the e.xislenie of higher-order moments are satislied. The former
is one reason why e.vponential GARC'H is employed (Nelson, 1991}, while the latter is not a concern
in maximum likelihood estimation (Hsieh. 1989). The exact conditions for stahility and stationarity
in this context are beyond the scope of this paper.

Cai (I 994) argues that the appearance of a unit root in the varianee may he a result of not ae-
counting I'nr regime shifts in the cciinometrie model, which is a possibility in these data given the
length ol some of the series.
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between price changes and volume, these results differ from this V-shape
stylized fact of equity markets. This raises several questions, the principal
being how tbis negative relationship between innovations and conditional
variance for it} > 0 can be explained. Since the le\erage effect explanation
of Black (1976) and Christie (! 982) is clearly inapplicable to interest rate
futures, the findings of this study may lend support For their rationale.
On the other hand, this finding calls for an explanation in the context of
interest rate futures.

Estimation results for the dynamics of mean log-volume and log-
conditional \ariance ot \olume reveal persistence at both levels. I he au-
tocorrelation coelficient in tbe mean equation oi volume, ^ [ . is signifi-
cantly different from zero and positive for all contracts. The estimates are
very precise, and in all cases, the unit root hypothesis is rejected. Nev-
ertheless, there is still much persistence in volume, in lhat for j ^ | = 0.5,
abnormal surges in volume persist for about 35 trading days, wbich is
only about 1/40 times the length of the average sample. A potentially
more serious problem that could make one question these point estimates
is the magnitude of the moving average coefficients. For five of six cases
they are significantly negative and close to unity (the /7-\alue is between
S% and 10% for Eurodollar), even tbough the null hypothesis o fa unit
root can be rejected in all cases. However, inverse autocorrelations of
volume decay rapidly, wbich is favorable to tbe invertibility of the pro-
cess. The time trend coefficients are significantly positive, as expected,
given tbe growth of these markets during the period under study. Finally,
for tbe mean equation, ibe GARCH-in-mean coefficients are significantly
positive in all cases. This finding, along with the significant GARCH ef-
fects, is consistent with the simulation result of l^rpoff (1986). However,
the level of persistence in the volatility of volume, as measured by the
coefficient S\, is much lower than that of the volatility of returns. The
coefficients are significantly positive in all cases, yet on the order of 1/
100th to 1/lOth, implying shock half-lives of about one third ofa trading
day.

The results show a peculiar type of innovation asymmetry in the
conditional variance of volume, in that it is conditionally rising in positive
innovations, but affected by those of negative sign. Tbis can be seen by
examining the coefficients, f52 and S^, on nj and |«J|, respectively, and
noting that in four of six cases they are statistically indistinguishable. An
e.xplanation is tbat it is only excess volume tbat is tbe proper proxy for the
directing variable lor the subordinated joint distribution of volume and

'"'Not reported here but availalilf upnn request.
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price. This is clearly related to the prediction of positive skewness in the
empirical distribution of volume predicted by the MDH (Clark, 1973), in
that if positive errors are associated with augmented volatility, then the
persistence in volatility gives rise to such a distril>ution.

Residual diagnostics for the standardized GARCH errors (using a
Cholesky decomposition with the conditional moments) are presented in
the final rows of Table HI. They consist of Koimogorov-Smirnov D-sta-
tistics for normality, Ejung-Box Q-statistics (64 lags) for white noise, Phil-
lips-Perron (heteroscedasticity consistent) Z-statistics fora unit root, and
Engle T X R^ tests (at S lags) for ARCH effects. The null hypothesis of
normality is not rejected at greater than 10% p-values in five of six cases
(for U.S. Treasury bond the p-value is between 10% and 5%). The stan-
dardized residuals are found to be uncorrelated in ail cases at p-values
greater tban 10%, except for a rejection at this level for ECU volume
residuals. In all cases the hypothesis that the errors have a unit root is
rejected. Finally, with the exception of Eurodollar price change residuals,
no ARCH effects are found in these whitened series. The conclusion is
that this bivariate GARCH(l.l) model adequately captures the dynamics
of these data.

CONCLUSIONS

The findings of this study can be summarized as follows. First, tbere is
strong evidence of second-order dependence in the joint futures return
and trading volume process for various international financial futures
markets. The estimation also reveals significantly positive, contempora-
neous time varying covariance between tbese series. Tbe latter result is
new to tbe price-volume literature, insofar as futures data are concerned
(Karpoff, 1987). Second, the study has shown evidence that the level of
trading volume positively influences the conditional variance of the fu-
tures price change. This is in line with Najand and Yung's (1991) finding,
with the dilferenee being that they examined Treasury bond futures trad-
ing domestically on CBOT, while this study looked at a cross-section of
financial futures trading on LIFFE. In addition, it is shown that the con-
ditional return on holding several international futures contracts exhibits
an inverse relationship to a measure of systematic risk, as proxied hy its
conditional variance. This result is similar to thc finding of Kroner and
Eastrapes (1 993) for exchange rate data. Finally, the paper records a sig-
nificant asymmetric response of return volatility to innovations in return,
although this pattern is monotonically decreasing, in contrast to the V-
shape documented for equity return data (Nelson. 199 I).
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The findings of this study are relevant to the study of interest rate
futures, in particular, and speculative markets, in general. There are mar-
ket efficiency implications arising from these results suggesting that these
futures prices exhibit second-order dependence, witb tbe variance a lunc-
tion of trading volume, in support of the MDH. If volume is taken to he
a proxy for, or a function of, a latent information variable, tben the MDH
is at odds with market efficiency in the sense that there exists a fositive
expected price response to information arrival for these contracts. The
fact that trading frictions are low in futures markets relative to spot mar-
kets makes this all the more surprising. The second area of importance
is to those who are concerned with how agents in speculative markets
construct optimal forecasts, as well as those who use variance estimates
for academic exercises. This research presents evidence that optimal vol-
atiiity forecasts are necessarv' to forecast futures prices and that these are
botb time varying and connected to trading volume, which may lead to a
reconsideration of past methodologies utilizing volatility measures. Inter-
estingly, these results have the implication that popular volume-based
technical analysis rules used in futures markets (Murphy, 1986; Kauf-
man, 1987) might not be ill defined. In particular, the notion that volume
is a measure of price pressure and can therefore forecast changes in the
direction of price trends, is supported by our results (Murpby, 1986). '
The third contribution of this research lies in the domain of price dis-
covery. The way in which these prices evolve and agents construct fore-
casts has a direct bearing upon the price formation process in spot mar-
kets. This allows researchers to pose questions of relevance to policy, such
as the influence of futures market activity upon price volatility in the spot
markets. Finally, it should be noted tbat, in general, the issue of time
varying volatility is of importance to option pricing. The implication of
these findings that futures price changes and volume are not only jointly
distributed, but that volume influences price volatility, can guide theorists
and practitioners alike in rethinking the pricing relationships for financial
futures.
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