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INTRODUCTION

Closing price and volume of trading are two statistics that are routinely
released in the media to report on the status of financial markets and are
closely monitored by investors. This in turn implies that market partici-
pants believe that intrinsic knowledge of price changes and trading vol-
ume will enhance their understanding of the market dynamics and thus
their financial success.

In the financial literature it is widely acknowledged that trading in
asset markets is mainly induced by the arrival of new information and
subsequent revisions of expectations by investors.! The trading volume,
therefore, can be thought to reflect information about changes and agree-
ment in investors’ expectations (Harris and Raviv, 1993). Its relationship
with price changes, however, is interpreted differently depending on
whether returns are signed or unsigned, and if the relationship is simul-
taneous. Thus, a thorough empirical examination of contemporaneous
and intertemporal relationships between volume and (signed and un-
signed) returns reveals valuable information on different aspects of the
dynamics and informational efficiency in futures markets.
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The volume-absolute return relationship is understood to reveal par-
ticulars about information dissemination and processing procedures in
the market (Clark, 1973; Copeland, 1976; Epps 1975, 1977; Epps and
Epps, 1976; Jennings, Starks and Fellingham, 1981; Tauchen and Pitts,
1983; Karpoff, 1987, 1988; Smirlock and Starks, 1988; McCarthy and
Najand, 1993; Najand and Yung, 1991). Two competing hypotheses ex-
plain the information arrival process in financial markets: the mixture of
distributions hypothesis and the sequential information arrival hypothe-
sis. According to the mixture of distributions hypothesis, information dis-
semination is contemporaneous (Clark, 1973; Epps and Epps, 1976;
Tauchen and Pitts, 1983; Harris, 1986, 1987). The sequential informa-
tion arrival hypothesis, however, allows for intermediate informational
equilibria in the market (Copeland, 1976; Jennings, et al., 1981). More-
over, it is argued that information asymmetry and investor heterogeneity
also may affect the relationship between volume and returns; accordingly,
trading volume is always positively correlated with absolute price changes
and the correlation increases with information asymmetry (Wang, 1993,
1994). Karpoff (1987) claims that the mixture of distributions hypothesis
is consistent with the empirical distribution of price changes and the
difference in the correlation between volume-absolute returns over dif-
ferent frequencies. However, the evidence presented by Smirlock and
Starks (1988) on stock markets and McCarthy and Najand (1993) on
currency futures markets supports the sequential information arrival hy-
pothesis. Nevertheless, the existing literature on information flow is based
primarily on equity and bond markets, with the only exceptions of Karpoff
(1988) and McCarthy and Najand (1993). Therefore, this article broad-
ens the understanding of futures markets dynamics.

A volume-signed return relationship at the contemporaneous level,
on the other hand, reveals information about symmetry of trading volume
in up and down markets. Karpoff (1988) and Suominen (1996) suggest
that in equity markets the observed positive correlation between volume
and returns can be explained by the presence of differential costs in ac-
quiring short and long positions. Accordingly, one should not observe any
asymmetry in futures markets since the costs of taking short and long
positions in such markets are symmetric. This can be verified by calcu-
lating the contemporaneous correlation coefficients between the two vari-
ables (Karpoff, 1988).

In turn, an analysis of the intertemporal causality relationship be-
tween volume and rate of return, e.g., checking for a causality which runs
from past values of volume to the actual rate of return, sheds light on the
informational efficiency of the market. Clearly, such a finding is not con-
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sistent with Fama’s well-known definition of weak-form market efficiency
and can be interpreted as evidence of informational inefficiency in the
market. The implication is that efficiency, and thus abnormal profit op-
portunities, are in question, which justifies investors’ interest in the price
and volume statistics. Recently, McCarthy and Najand (1993) checked
and verified the efficiency of currency futures markets. However, they
excluded agricultural, metal, energy, interest rate, and index contracts
from their analysis.

This study, by examining the contemporaneous and intertemporal
(causality) relationships between trading volume and (signed and un-
signed) returns in the case of 16 major U.S. futures markets, aims to
enhance the understanding of the dynamics in futures markets by pro-
viding empirical answers for a number of questions related to information
flow, trading, and efficiency in futures markets, namely:

1. Is the dissemination and processing of information in futures markets
consistent with the sequential or simultaneous information arrival hy-
potheses? Is newly arrived information completely reflected in the
contemporaneous price level, or does it also affect subsequent trading
periods?

2. Is the volume-return (per se) relationship symmetric as Karpoff (1988)
and Suominen (1996) predict, or does the volume behave differently
depending on the direction of price moves?

3. Are futures markets efficient in processing new information or do past
values of trading enhance the forecastability of prices?

4. How does the presence of information asymmetry affect market effi-
ciency in futures markets?

The results reveal that, while the contemporaneous evidence on the
volume-absolute return relationship is consistent with both the mixture
of distributions hypothesis and the sequential information arrival hypoth-
esis, as well as Wang's (1994) heterogeneous investors model, the inter-
temporal analysis results reject the mixture of distributions hypothesis
and provides support for the sequential information arrival hypothesis.
This finding is consistent with Smirlock and Starks (1988), and McCarthy
and Najand (1993). Furthermore, in line with the absence of a short-
selling constraint argument (Karpoff, 1988; Suominen, 1996), no signifi-
cant contemporaneous relationship between trading volume and price
changes is found, thus confirming symmetry of trading in futures
markets.

Granger causality tests and variance decompositions reveal that, in
general, past observations of trading volume do not increase the ability
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to forecast returns in futures markets. This outcome is in line with Fama’s
definition of weak-form market efficiency. Moreover, consistent with the
conclusions of Campbell et al. (1993), the results illustrate that infor-
mational efficiency is more likely to be observed in markets with higher
liquidity and market participation. Finally, following Wang (1994), it is
found that the symmetry in information and market efficiency are posi-
tively correlated.

RETURN-VOLUME RELATIONSHIP

This section is divided into three parts. The first segment addresses the
relationship between volume and absolute returns, which has implica-
tions on the information flow in futures markets. The second discusses
the volume-return per se relationship, which is related to trading sym-
metry and informational efficiency in the markets. The last subsection
briefly outlines and discusses the hypotheses tested in this study.

Volume-Absolute Return Relationship

As documented extensively by Karpoff’s (1987) survey on the subject,
and later confirmed by Karpoff (1988), there is overwhelming empirical
evidence that absolute rates of return and trading volume are positively
correlated. According to one view, this observation may be due to a joint
dependence on a common event or variable and is referred to as the
mixture of distributions hypothesis (Clark, 1973; Epps and Epps, 1976;
Tauchen and Pitts, 1983; Harris, 1986, 1987). Accordingly, starting from
an initial equilibrium position, a change in demand will induce a move
in the price level. While the process of adjustment is underway, trans-
actions are executed in response to the change in demand condition until
equilibrium is reestablished at a new price. In this scenario, the volume
of trade will rise with a change in demand (and hence, prices) irrespective
of the direction of change. However, Clark (1973) does not imply any-
thing about causality in either direction. Epps and Epps (1976) argue
that price changes “are mixtures of distributions with volume as the mix-
ing variable.” Harris (1986, 1987) suggests that the common directing
variable is the daily rate of information flow. Thus, both the price and
trading volume change simultaneously when new, unexpected informa-
tion arrives in the market. In other words, the mixture of distributions
hypothesis suggests that there is a contemporaneous impact.

An alternative hypothesis, the sequential information arrival model,
introduced by Copeland (1976), asserts that information is disseminated
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to a single trader at a time. The information causes a one-time upward
shift in each “optimist's” demand curve by a fixed amount, J, and a down-
ward shift of d in each “pessimist’s” demand curve. As a result of the short
sales prohibition in the model, volume generated by a pessimist is gen-
erally less than that generated by an optimist and the model simulation
supports a positive correlation between the volume of trade and absolute
price changes. Jennings et al. (1981) incorporate margin requirements
into the model and also find that the relationship is affected by the num-
ber of investors and the mix between optimists and pessimists.

Finally, according to Wang (1994), in a framework in which investors
are heterogeneous in their information and private investment opportu-
nities and as the asymmetry in information increases, the uninformed
investors demand a higher discount in price when they buy the contract
from the informed investors to cover the risk of trading against private
information. Therefore, trading volume is always positively correlated with
absolute price changes. As it is shown in Wang (1994), different levels of
heterogeneity among investors give rise to different return-volume dy-
namics. In particular, trading volume is always positively correlated with
absolute price changes and the correlation increases with information
asymmetry.

The outlined hypotheses on the information arrival process can be
pictured as two extremes. On one hand, all investors receive the infor-
mation simultaneously, process it, and perform their trades, where the
complete information equilibrium is obtained in a single trading round
with no intermediate equilibria. On the other hand, investors receive the
information one at a time and trading occurs after each reception. In this
case, there are a number of intermediate equilibria before the final com-
plete information equilibrium. In other words, in the sequential infor-
mation arrival model there are intermediate equilibria, whereas in the
simultaneous information arrival model the adjustment is contempora-
neous. Accordingly, with simultaneous information arrival, there is no
information in past observations of absolute returns that can be used in
forecasting future volume that is not already contained in past lags of
volume.

In the sequential information arrival model, however, past values of
absolute returns provide information that may improve volume forecasts,
vis-a-vis forecasts based on lagged values of volume alone. Similar impli-
cations hold for the relationship between past values of volume and future
returns. Therefore, despite the fact that both theories imply a positive
contemporaneous relationship between absolute returns and volume, the
dynamic response predicted is different. Granger causality tests can be
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employed to examine the empirical validity of the sequential information
arrival model versus the simultaneous information arrival model, i.e., mix-
ture of distributions hypothesis. Accordingly, the sequential arrival of in-
formation implies a positive causal relationship in both directions (Smir-
lock and Starks, 1988; Hiemstra and Jones, 1994). However, the mixture
of distributions model of Epps and Epps (1976) suggests only a positive
contemporaneous causal relationship running from trading volume to ab-
solute stock returns. Clark’s (1973) model, however, which treats trading
volume as a proxy for the speed of information flow, implies no causal
relationship between absolute returns and volume.

Volume-Return Per Se Relationship

The majority of empirical evidence on volume-return (per se) relationship
is based on bond and stock market studies (Granger and Morgenstern,
1963; Morgan, 1976; Epps, 1975, 1977; Westerfield, 1977; Rogalski,
1978; Jennings et al., 1981; Harris, 1986), with two exceptions: Karpoff
(1988) and McCarthy and Najand (1993). As the survey by Karpoff
(1987) points out, the majority of studies conducted on stock markets
note a positive contemporaneous correlation between volume and return
per se.

From a theoretical point of view, the price-volume relationship has
been the basis for the modeling of prices in the mixture of distributions
hypothesis framework (Epps and Epps, 1976; Clark, 1973; Tauchen and
Pitts, 1983; Harris, 1986, 1987, 1989; Eitan and Harris, 1986), as well
as the outcome of the sequential information arrival models (Copeland,
1976; Jennings et al., 1981). Epps’s (1975) testable hypothesis is that
bulls consider assets to be riskier than bears do, and thus, a bull’s demand
function is steeper than that of a bear. This implies that the ratio of
volume to a positive price change would be greater than that of the ratio
of volume to a negative price change: correspondingly, the overall corre-
lation ought to be positive. Copeland (1976) and Jennings et al. (1981)
show that the volume that results when a previously uninformed trader
reacts pessimistically to new information is less than when the trader
responds optimistically. Therefore, the authors also conclude that volume
expands with increases in prices, whereas it falls with declining prices.

The absence of documentation of a positive correlation between vol-
ume and returns in futures markets (Karpoff, 1988; McCarthy and Na-
jand, 1993), in contrast to stock markets where the costs of taking long
and short positions are symmetric, indicates that the differential cost of
short sales is crucial in determining the volume-return relationship. This
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view is supported by Suominen (1996), who illustrates that the introduc-
tion of a short sales constraint leads to a positive correlation between
returns and trading volume.

Several studies illustrate that past values of trading volume and re-
alized returns can forecast future returns in stock markets (Morse, 1980;
Gallant, Rossi, and Tauchen, 1992; LeBaron, 1992; Campbell et al.,
1993). In addition, Campbell et al. (1993) demonstrate that the first-
order daily return autocorrelation tends to decline with trading volume.
This finding implies that in markets with a high volume of trading, the
return series should not exhibit any significant autocorrelation. Thus, it
will follow a random walk process, the hallmark of market efficiency. The
causality and ability to forecast can be tested with the help of an inter-
temporal causality test, e.g., the Granger causality test, between volume
and returns to shed some light on the relationship between informational
efficiency and liquidity in the market. According to the findings of Camp-
bell et al. (1993), one should expect to find no statistical causation in the
case of heavily traded commodities. Such a relationship is more likely in
a “thin” market.

Tested Hypotheses

In this study, the volume-return (per se and absolute value) relationship
is investigated first in a contemporaneous framework. According to asym-
metric information models (e.g., Wang, 1994), as well as the mixture of
distributions and sequential information arrival theories, one would ex-
pect to find a significant, positive contemporaneous correlation between
absolute returns and volume of trade. On the other hand, the contem-
poraneous correlation between the signed returns and volume is expected
to be either positive, as in the case of stock market studies, or indistin-
guishable from zero. The latter outcome is consistent with Karpoff
(1988), who claims that absence of asymmetry of costs for taking long
and short positions in futures markets leads to symmetry of trading in up
and down markets.

As argued by Gallant et al. (1992), an examination of the joint dy-
namics of prices and volume provides a more complete and comprehen-
sive view of markets in general. Therefore, a vector autoregression (VAR)
framework is applied to capture the intertemporal dynamics in the be-
havior of trading volume and return series. Campbell (1991) and Camp-
bell and Ammer (1993) illustrate an alternative method of identifying
determinants of variation in a given variable: variance decomposition in
a VAR context. Thus, the joint dynamics of contract prices and volume
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are subjected to a variance decomposition analysis to complement the
VAR causality tests.

As discussed in the previous subsection, a bidirectional causality re-
lationship between volume and absolute returns is implied by the se-
quential information arrival hypothesis (Smirlock and Starks, 1988;
Hiemstra and Jones, 1994). The mixture of distributions hypothesis, how-
ever, predicts no significant intertemporal causality in either direction
(Clark, 1973; Epps and Epps, 1976).

The intertemporal causality test between volume and return per se
can be viewed as a standard informational market efficiency test (Majnoni
and Massa, 1996), where an indication of causality from past values of
volume to returns violates assumptions of the weak-form efficiency hy-
pothesis. In light of Campbell et al. (1993), one would expect that com-
modity markets with high volumes of trading and liquidity should be more
efficient than markets with low trading. Thus, in futures markets with a
high daily volume of trading, such as S&P 500, Treasury bond, crude oil,
heating oil markets, etc., one is more likely to observe informational ef-
ficiency, and vice versa.

Finally, in the framework of Wang (1994), which shows that a rise
in the asymmetry of information leads to an increase in the correlation
between contemporaneous volume and absolute returns, the correlation
coefficients (which are unitless measures) can be used to rank the mar-
kets in terms of informational asymmetry. Consequently, by inspecting
how the top and bottom five markets fare in efficiency tests, one can
deduce the nature of the information asymmetry-market efficiency rela-
tionship in the context of futures markets.

The study includes real (agricultural, metal, and energy) and financial
(index and interest rate) futures contracts: Daily data for 16 U.S. futures
markets are obtained from Knight-Ridder—CRB InfoTech Commodity
Database for the period between 2 January 1980 and 31 October 1995.
In particular, the following commodities are included in the sample: cop-
per, corn, crude oil, gasoline, gold, heating oil, live cattle, orange juice,
palladium, platinum, silver, soybeans, sugar (world), wheat, S&P 500 in-
dex and Treasury bond. Three of the futures contracts commenced trad-
ing later than January 1980. They are crude oil, which began to trade on
30 March 1983; gasoline, which started on 3 December 1984; and S&P
500 index contracts, which commenced trading on 21 April 1982. Table
I presents the exchanges where the futures contracts are traded.
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TABLE |

List of Included Futures Contracts and Places Traded

Commodity Market Traded

Copper Commodity Exchange—New York (COMEX)

Corn Chicago Board of Trade (CBT)

Crude oil New York Mercantile Exchange (NYMEX)

Gasoline New York Mercantile Exchange (NYMEX)

Gold Commodity Exchange—New York (COMEX)

Heating oil New York Mercantile Exchange (NYMEX)

Live cattle Chicago Mercantile Exchange (CME)

Orange juice New York Cotton Exchange (NYCE)

Palladium New York Mercantile Exchange (NYMEX)

Platinum New York Mercantile Exchange (NYMEX)

Silver Commodity Exchange—New York (COMEX)

Soybeans Mid-America Commodity Exchange—Chicago (MIDAM)
S&P 500 Chicago Mercantile Exchange (CME)

Sugar Coffee, Sugar, and Cocoa Exchange—New York (CSCE)
Treasury bond Chicago Board of Trade (CBT)

Wheat Kansas City Board of Trade (KBT)

It is known that in futures markets the bulk of positions are rolled
over so that the volume of trade increases until the month of delivery and
then shifts to the next nearby contract. Therefore, trades on the first two
nearby contracts account for a major portion of the trading volume in
futures markets (McCarthy and Najand, 1993); thus, in the analysis, only
near-month contracts are employed.

The rate of return series is calculated by taking the natural log of the
ratio of two consecutive prices, i.e., ROR, = In(P/P,_,), where P, is the
price at time, ¢, and P,_ is the price in the previous period. Both Phillips-
Perron and augmented Dickey-Fuller (ADF) tests are applied to ROR, its
absolute value (AROR), and trading volume (VOL) series, for all contracts
in the sample to check for the presence of a unit root.” The test results
presented in Table II show that none of the series contains a unit root.>

METHODOLOGY

To check the symmetry of the volume-return (per se) relationship as pre-
dicted by Karpoff (1988) and to confirm the positive correlation between

2The lag structures in Phillips-Perron tests are determined by the method suggested in Newey and
West (1992). The sensitivity of ADF tests with respect to the number of lags is checked by estimating
the ADF tests with three alternative lag structures, i.e., 1, 5, and 10 lags.

3The only exception is the ADF(10) test result for the (gasoline) volume of trade variable. Neverthe-
less, since the existence of a unit root is strongly rejected by the Phillips-Perron test, as well as the
ADF tests for 1 and 5 lags for the same variable, the (gasoline) volume is not treated as difference
stationary in the rest of the paper.
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TABLE 1l

Unit Root Tests

Commodity Phillips-Perron ADF(1) ADF(5) ADF(10)

Copper ROR —-62.631° —44,949° —26.496¢ —-18.402¢
AROR —57.302¢ —34.671¢ —16.134¢ —-10.171¢

Volume —38.265¢ —25.549¢ —14.668¢° -10.718¢°

Corn ROR —60.524¢ —44.633° —25.756¢ -19.310°
AROR —58.176¢ —35.209¢ —16.348¢ —10.745¢

Volume —31.142° ~19.959¢ —11.547¢ —-8.251¢

Crude oil ROR —57.191¢ —42.244¢ —25.442¢ —-17.318¢
AROR —43.947¢ —25.993¢ —13.502¢ —8.157¢

Volume —10.874¢ -10.169° -6.776° —4.385¢

Gasoline ROR —50.265¢ —35.514¢ —22.880¢ —15.358¢
AROR —45.250° —26.913¢ —13.915¢ —9.566¢

Volume —-10.252¢ —8.862¢ —4.151¢ —2.800

Gold ROR —65.245¢ —43.306° —27.730° —21.159¢
AROR —56.309° —33.304¢ - 16.251¢ -12.109°

Volume —39.994¢ —25.465¢ —14.992¢ —10.951¢

Heating oil ROR —63.706¢ —43.711¢ —29.579° —19.376¢
AROR —56.372¢ —31.064¢ —16.006¢ -10.048¢

Volume —17.846° —14.295¢ ~7.225¢ —4.967¢

Live cattle ROR —61.301° —44.388¢ —26.446¢ —20.351¢
AROR —60.689° —41.315¢ -21.511 —13.911¢

Volume —38.725¢ —26.942¢ —13.694¢ —10.364¢°

Orange juice ROR —63.143¢ —45.316¢° —24.598¢ —18.572¢
AROR —55.725¢ —34.892¢ —19.900° -13.700¢°

Volume —32.044¢ —22.352¢ —12.062¢ —-8.260°

Palladium ROR —63.440° —42.679° —25.854¢ - 18.775¢
AROR ~52.513¢ —33.129¢ —18.768¢ —14.105¢

Volume —34.103¢ —-20.581¢ —11.653¢ —9.479°

Platinum ROR -63.541¢ —42.393¢ —27.683¢ —20.079°
AROR -57.101¢ —35.333¢ -17.316° —-11.282¢

Volume —32.784¢ —21.169° —11.087¢ —8.047¢

Silver ROR —-62.451¢ —43.805¢ —-25.672¢ ~-19.915¢
AROR —-52.779° - 33.583¢ —16.638¢ —12.053¢

Volume —26.693¢ ~17.679° -9.853¢° —6.955¢

Soybeans ROR - 63.095¢ —46.045¢ —27.202¢ —19.092¢
AROR —58.836¢ —34.337¢ —14.981¢ —9.553¢

Volume —31.413¢ -18.861¢ -10.164¢° —7.443¢

S&P 500 ROR —60.955¢ —46.769° —24.836° —18.971¢
AROR —50.099¢ —28.683° -15.916¢ -12.617°

Volume - 18.965¢ —15.539¢ —-10.823¢ —8.517¢

Sugar ROR —65.857¢ —48.334¢ —25.809¢ -19.216°
AROR —56.307° —39.368¢ —19.492¢ —13.420°

Volume - 39.046¢° —24.568¢ —13.043¢ —9.521¢

Treasury bond ROR ~62.095¢ —43.957¢ —25.941¢ —18.703¢
AROR —62.730° —41.531¢ —18.422¢ -12.789¢

Volume —37.653¢ —21.329¢ —10.688¢ —7.691¢

Wheat ROR —63.562¢ —47.238¢° —27.857¢ —19.583¢
AROR —57.458¢ —39.838¢° —21.724¢ —14.754¢

Volume —34.536¢ ~21.009¢ —-11.168¢ ~7.908¢°

=Significance is at the 10% level (not shown).
eSignificance is at the 5% leve! (not shown).
<Significance is at the 1% level.
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volume and absolute returns, contemporaneous correlation coefficients
are estimated for all contracts. The results are reported in the following
section (see Table III).

Expectational revisions play an important role in the dynamics of
financial markets; however, they are unobservable. Cutler, Poterba, and
Summers (1989), Fama (1990), and Stambaugh (1990) used contem-
poraneous regressions to deal with this problem. The contemporaneous
regression approach uses a vector of explanatory variables that proxies for
the unobserved component. Nevertheless, there are well-documented
problems with this approach. Due to the difficulties with contempora-
neous regressions, VARs are preferred by many studies which address this
issue. (Campbell and Shiller, 1987, 1988a, 1988b; Kandel and Stam-
baugh, 1988; Fama and French, 1988a, 1988b; Richardson and Stock,
1989; Campbell, 1991; Hodrick, 1992). The VAR approach postulates
that the unobserved components of returns can be written as linear com-
binations of innovations to observable variables, thereby adequately cap-
turing the dynamics of the data.

To check for causality and feedback relationships among the vari-
ables, a VAR-based econometric model is implemented where the re-
sponses of return and trading volume to movements in either volume or
return can be identified for each commodity. The model is presented in
two sets of equations: the first set, eqs. (1a) and (1b), models the rela-
tionship between the rate of return, ROR, and volume traded, VOL. The
second set, egs. (2a) and (2b), models the relationship between the ab-
solute value of the rate of return, AROR, and volume traded. Employing
the rate of returns and volume trade data, one can statistically determine
whether there are causal relationships running from rate of return (or its
absolute value) to volume, volume to rate of return (or its absolute value),
or in both directions for a given futures market (Smirlock and Starks,
1988; McCarthy and Najand, 1993).

M N
ROR, = X, aROR,_; + X2 bVOL,_ + &1a (1a)
j=1 j=1
Q P
VOL, = 2, ¢;ROR,_; + >, 4VOL, | + €11, (1b)
k=1 I=1
Q R
AROR, = 2, ¢,AROR,_, + X, f;,VOL,_; + &3, (2a)
y=1 5=1
S \'%
VOL, = 2, g, AROR,_, + X h,VOL,_, + &y, (2b)
n=1 =1
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Two alternative tests are performed for choosing the optimal lag length
in estimated models: the first is based on the Schwarz information cri-
terion (Schwarz, 1978) and the second is Sims’ VAR lag-length test (Sims,
1980). In the original Schwarz information criterion, no lags of the de-
pendent variable are included on the right-hand side of the equation. In
the modified version, both the dependent and independent variables can
have 1-36 lags. Thus, in eq. (1a), both M and N are set equal to 36. The
same parameters are applied to eqs. (1b), (2a), and (2b).

The Schwarz criterion uses a function of the residual sum of squares
together with a penalty for large numbers of parameters. The selection
of the lag length is based on minimizing the criterion function over dif-
ferent alternatives for the lag length. Specifically, the Schwarz informa-
tion criterion minimizes the expression: T X log(RSS) + K X (log T),
where T is the number of observations, RSS is the sum of squared resid-
uals, and K is the number of regressors.

In a VAR system, the hypotheses to be tested include more than one
equation. The test recommended in this case is based on the likelihood
ratio test as (I' — C) X (log | X, — X,|), where T is the number of
observations, C is the correction suggested by Sims (1980, p. 17) to im-
prove small sample properties, and X, and Z, are the restricted and un-
restricted covariance matrices, respectively. The correction, C, is equal
to the number of variables in each unrestricted equation in the system.
The above expression is asymptotically distributed as a y* with degrees of
freedom equal to the number of restrictions. The Sims (1980) test de-
termines the optimal lag length in a VAR context, capturing the cross
impacts of lags of all variables in the model.

Subsequently, two sets of Granger causality tests are performed: one
for each set of lag structures estimated in the previous section, i.e., ac-
cording to the Schwarz and Sims criteria. The causality tests indicate
whether movements in contract prices, or the rate of return, forecast
movements in volume traded and vice versa. The tests are also conducted
to verify whether the absolute value of changes in the rate of return helps
predict movements in volume traded and vice versa. An inherent potential
problem of causality tests is that the magnitude and significance of the
results may depend on the method of selecting the lag lengths in the
model. In that respect, estimation of two different sets of causality tests
serves as an indirect test of the robustness of the coefficient estimates.

The Granger causality test results are complemented with a decom-
position of variance analysis. It is known that in a two-step forecasting
procedure, the prediction error depends not only upon the second period’s
innovation, but on the first period’s innovation as well. In general, using
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the standard econometric notation, the moving average representation
can be written as

Ye = Xb + E Ay _g (3)
s=0

Thus, the error in the k-step ahead forecast is

k-1 k-1
2 Asut—s - 2 ASth—S (4)
s=0 s=0

where GG' is a factorization of the covariance matrix of u, and the v’s are
orthogonalized innovations. The decomposition of variance is the appor-
tionment of the variance of the error among the components of v. Forecast
variance decomposition analysis results capture the dynamic linkages be-
tween rate of return and volume at various points in time: The error
variances are decomposed at 10, 20, 25, and 90 steps (trading days) ahead
to capture movements at different points in the futures contract’s ma-
turity. Thus, they offer an understanding about the magnitude of causa-
tion at different points in time (Campbell and Ammer, 1993).

EMPIRICAL RESULTS

This section details the results of the study and is divided into four parts.
The first segment addresses the contemporaneous correlation between
volume and (signed and unsigned) returns. The second part discusses the
model selection, i.e., lag-length tests. The third outlines the results of the
Granger causality tests. The final subsection presents the outcome of
forecast variance decompositions.

Contemporaneous Correlations

To verify the short-selling constraint hypothesis (Karpoff, 1988; Suomi-
nen, 1996) and to confirm the predictions of the mixture of distributions
and sequential information arrival hypotheses, as well as Wang’s (1994)
heterogeneous investor model, the contemporaneous correlation between
absolute returns (AROR) and volume (VOL) is computed. The corre-
sponding correlation coefficients are estimated and reported in Table III.

As expected, almost all values under the absolute return-volume cor-
relation column are found to be significant and positive.* On the other

“Gasoline and Treasury bond contracts also yield significant positive correlation coefficients if the
whole sample is divided into two subsamples for estimation. In both cases, the more recent subsample
yields positive correlation coefficients which are significant at that 1% level: 0.094 for gasoline and
0.358 for Treasury bonds.
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TABLE Il

Contemporaneous Correlation Coefficients

Commodity AROR—VOL ROR—VOL
0.361¢ -0.010
0.238° -0.006
0.235¢ 0.005
—-0.022 -0.018
0.386¢° -0.011
Heating oil 0.195¢ 0.000
Live cattle 0.217¢ 0.025
Orange juice 0.371¢ -0.033°
0.197¢ -0.012
0.2320 -0.022
0.125¢ -0.010
0.372¢ -0.016
0.056° -0.020
0.243¢° 0.000
Treasury bond -0.153¢ 0.017
0.237¢ 0.002

Significance at the 10% level (not shown).
oSignificance at the 5% level.
°Significance at the 1% level.

hand, the volume-return per se (ROR) correlations support Karpoff’s
(1988) hypothesis that absence of trading cost asymmetry assures sym-
metric trading volume in futures markets and, thus, a zero correlation
between contemporaneous volume of trade and return. The only excep-
tion is orange juice, which exhibits a negative correlation which is signifi-
cant at the 5% level.’

Lag-Length Tests

The optimal lag lengths for the VAR systems are tested in two alternative
ways: the Schwarz criterion and the Sims test. The results of both tests
are tabulated in Table IV. The first row of Table IV e.g., reveals that for
copper, when volume is the dependent variable and the rate of return
(absolute rate of return) is the independent variable, the optimal lag
length is 5(3). Similarly, when the rate of return (absolute rate of return)
and volume are the dependent and independent variables respectively,
the optimal lag length for the model is 1(11).

Note that the Sims test (1980), by its structure, calculates a sym-
metric lag length for a given set of variables: One does not have to dis-

*It is documented that orange juice, unlike the other contracts in the study, exhibits certain peculi-
arities that are unique to the citrus industry (McPhee, 1967; Roll, 1984).
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TABLE IV

Lag-Length Tests

Schwarz Test Sims Test

Commodity VOLRR VOLAR RRVOL ARVOL ROR and Volume AROR and Volume

Copper 5 3 1 11 10 15
Corn 5 3 1 8 10 15
Crude oil 20 2 1 11 20 20
Gasoline 10 1 1 5 15 15
Gold 4 1 1 10 10 15
Heating oil 14 3 3 8 20 20
Live cattle 6 1 1 4 10 15
Orange juice 10 1 1 3 15 15
Palladium 6 4 1 5 10 10
Platinum 10 4 1 10 15 15
Silver 10 4 1 8 10 10
Soybeans 5 1 1 11 10 15
S&P 500 4 3 2 6 15 20
Sugar 8 3 2 5 15 15
Treasury bond 15 2 1 6 10 15
Wheat 5 2 1 1 10 15

Notes: VOLRR (VOLAR) indicates that the volume is the dependent variable and the rate of return (absolute rate of return)
is the independent variable. RRVOL (ARVOL) indicates that the rate of return (absolute rate of return) is the dependent
variable and volume is the independent variable.

tinguish between cases when a variable is dependent or independent as
in the former test. Therefore, in the case of copper, e.g., the optimal lag
length for a model with volume and rate of return is 10, whereas the
model with volume and the absolute rate of return calls for an optimal
lag length of 15.

Table IV shows that certain relationships exist between the lag
lengths: The optimal lag lengths for VOLRR (VOL: dependent variable;
ROR: independent variable) are always larger than VOLAR (VOL: de-
pendent variable; AROR: independent variable) models. In other words,
models explaining variations in volume need a much longer memory span
in terms of rate of return as opposed to absolute rate of return. Changes
in absolute prices account for volume of trade variations with much
shorter memory. On the other hand, RRVOL (ROR: dependent variable;
VOL: independent variable) models call for fewer number of lags (or at
most equal, as in the case of wheat) than the ARVOL (AROR: dependent
variable; VOL: independent variable) models. The Sims test results illus-
trate that econometric systems that model absolute return-volume rela-
tionships require longer lags than volume-return (per se) models.
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TABLE V

Granger Causality Test Results According to Schwarz Lag Structure

Commodity Relationship AROR and Volume ROR and Volume
Copper Volume — Return No (0.793) No (0.0681)
Return — Volume Yes (0.000) Yes (0.042)
Corn Volume — Return Yes (0.000) No (0.851)
Return — Volume Yes (0.000) Yes (0.001)
Crude oi Volume — Return Yes (0.001) No (0.987)
Return - Volume Yes (0.000) No (0.734)
Gasoline Volume — Return No (0.106) No (0.681)
Return — Volume No (0.236) No (0.117)
Gold Volume — Return Yes (0.028) No (0.516)
Return — Volume Yes (0.004) Yes (0.032)
Heating oil Volume — Return Yes (0.011) No (0.939)
Return — Volume Yes (0.000) No (0.415)
Live cattle Volume — Return Yes (0.000) No (0.815)
Return — Volume Yes (0.002) Yes (0.045)
Orange juice Volume — Return Yes (0.000) Yes (0.003)
Return — Volume No (0.575) Yes (0.000)
Palladium Volume — Return No (0.860) No (0.664)
Return — Volume Yes (0.000) Yes (0.007)
Platinum Volume — Return No (0.162) No (0.990)
Return — Volume Yes (0.000) Yes (0.000)
Silver Volume — Return Yes (0.000) No (0.573)
Return — Volume Yes (0.000) Yes (0.000)
Soybeans Volume — Return Yes (0.000) No (0.784)
Return — Volume Yes (0.002) Yes (0.000)
S&P 500 Volume — Return Yes (0.000) No (0.585)
Return — Volume Yes (0.000) No (0.093)
Sugar Volume — Return Yes (0.011) No (0.084)
Return —» Volume Yes (0.000) Yes (0.002)
Treasury bond Volume — Return Yes (0.000) No (0.674)
Return — Volume Yes (0.000) No (0.806)
Wheat Volume — Return Yes (0.029) No (0.836)
Return — Volume Yes (0.000) No (0.096)

Notes: p-values for significance of causality relationships are reported in parentheses. “Yes (No)” indicates presence
(absence) of causality with a p-value of equal or less than 0.05.

Granger Causality Tests

The causality tests are performed with both Schwarz and Sims lag struc-
tures and the results are reported in Tables V and VI, respectively.® Both
tables demonstrate that there is a statistically significant causality flowing
from absolute rate of return to volume, for all commodities, except gas-
oline and orange juice. The reverse causality, i.e., from volume to absolute

®In both tables the second column indicates the direction of causation, All entries marked “Yes” in
the third and fourth columns imply that there is presence of Granger causality at the 1-5% signifi-
cance level.
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TABLE VI

Granger Causality Test Results According to Sims Lag Structure

Commodity Relationship AROR and Volume ROR and Volume
Copper Volume — Return No (0.888) No (0.630)
Return — Volume Yes (0.000) Yes (0.038)
Corn Volume — Return Yes (0.001) No (0.318)
Return — Volume Yes (0.000) Yes (0.000)
Crude ol Volume — Return Yes (0.001) No (0.320)
Return — Volume Yes (0.008) No (0.737)
Gasoline Volume — Return No (0.174) No (0.883)
Return — Volume No (0.140) No (0.240)
Gold Volume — Return Yes (0.019) No (0.072)
Return — Volume Yes (0.000) Yes (0.004)
Heating oil Volume —» Return Yes (0.050) No (0.547)
Volume —» Return Yes (0.000) No (0.541)
Live cattle Volume — Return Yes (0.001) No (0.597)
Return — Volume Yes {0.000) Yes (0.045)
Orange juice Volume — Return Yes (0.000) Yes (0.000)
Return — Volume No (0.305) Yes (0.000)
Palladium Volume — Return No (0.479) No (0.693)
Return — Volume Yes (0.000) Yes (0.002)
Platinum Volume — Return No (0.283) No (0.668)
Return — Volume Yes (0.000) Yes (0.000)
Silver Volume — Return Yes (0.002) No (0.595)
Return — Volume Yes (0.000) Yes (0.000)
Soybeans Volume — Return Yes (0.000) Yes (0.041)
Return — Volume Yes (0.000) Yes (0.000)
S&P 500 Volume — Return Yes (0.000) No (0.713)
Return — Volume Yes (0.000) No (0.270)
Sugar Volume — Return Yes (0.002) No (0.683)
Return — Volume Yes (0.000) Yes (0.000)
Treasury bond Volume — Return Yes (0.009) No (0.666)
Return — Volume Yes (0.044) No (0.816)
Wheat Volume — Return Yes (0.044) No (0.453)
Return — Volume Yes (0.000) No (0.057)

Notes: p-Values for significance of causality relationships are reported in parentheses. “Yes (No)” Indicates présence
(absence) of causality with a p-value of equal or less than 0.05.

returns, also holds for all commodities, except copper, gasoline, palla-
dium, platinum, and orange juice. Accordingly, the majority of contracts,
i.e., corn, crude oil, gold, heating oil, live cattle, silver, soybeans, S&P
500, sugar, wheat, and Treasury bond futures contracts, exhibit a bidi-
rectional causality between absolute returns and trading volume. As dis-
cussed earlier, the evidence of a significant Granger causality relationship
between absolute returns and volume contradicts the mixture of distri-
butions hypothesis and supports the sequential information arrival hy-
pothesis (Hiemstra and Jones, 1994). Moreover, it is also consistent with
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the findings of Smirlock and Starks (1988), McCarthy and Najand
(1993), and Moosa and Al-Loughani (1995).

Despite the finding of zero contemporaneous correlation between
volume and return per se in all markets (Table III), Tables V and VI
illustrate that there is significant positive intertemporal causality running
from past values of returns to volume in all commodities, except crude
oil, gasoline, heating oil, S&P 500 index, Treasury bond, and wheat con-
tracts, all heavily traded futures markets. The causality from returns to
volume is consistent with the conclusions of Hiemstra and Jones (1994)
and Moosa and Al-Loughani (1995). The finding of no causality relation-
ship in either direction for high volume markets supports the hypothesis
that markets with high volumes of trade tend to be more efficient (James
and Edmister, 1983; Wood, Mclnish, and Ord, 1985; Campbell et al.,
1993). On the other hand, the presence of a causality running from past
values of trading volume to actual returns is rejected by overwhelming
evidence in Tables V and VI: The only statistically significant causality
running in that direction, which is reported by both tables, is observed
in the orange juice market.”

The absence of causality from volume to returns in futures markets,
i.e., presence of market efficiency, is consistent with previous studies (e.g.,
McCarthy and Najand, 1993; Hiemstra and Jones, 1994; Moosa and Al-
Loughani, 1995). However, note that in contrast to McCarthy and Najand
(1993), who could not find any relationship between volume and rate of
return, this study reports a bidirectional causal relationship for the orange
juice contract, and a causation stemming from the rate of return to vol-
ume for many other contracts in the sample. Campbell et al. (1993) sug-
gest that an increase in trading volume and participation in a market
increase the level of informational efficiency. Accordingly, this study does
not detect any causality relationship in actively traded futures markets,
such as financial, index, and energy futures, i.e., the S&P 500, Treasury
bond, crude oil, heating oil, and gasoline. It is known that another cate-
gory of futures which also are traded heavily are foreign exchange con-
tracts. In that light, it is not surprising for McCarthy and Najand (1993)
not to detect any relationship since their sample focuses explicitly on
foreign exchange contracts.

In summation, the conducted causality tests for the volume-absolute
return relationship support the sequential information arrival hypothesis
(Copeland, 1976; Jennings et al., 1981; Hiemstra and Jones, 1994). The
results are consistent with the empirical findings of Smirlock and Starks

"Table VI also reports a similar causality in the soybean market. However, this is not confirmed by

Table V.



Return-Volume Dynamics

417

(1988) and McCarthy and Najand (1993). The volume-return (per se)
tests, on the other hand, illustrate that, in general, futures markets are
informationally efficient. This finding is consistent with a number of pre-
vious studies (Neftci, 1984; Canarella, 1985; Gross, 1988; Ma, 1989;
Crowder, 1993; McCarthy and Najand, 1993; Beck, 1994; Froot, 1995).
Finally, the detected causality running from past values of returns to vol-
ume in some markets is in agreement with previous findings by Hiemstra
and Jones (1994) and Moosa and Al-Loughani (1995).

Note that relatively high-volume markets, such as S&P 500, Treasury
bond, crude oil, heating oil, and wheat futures markets, display no causal
relationship in either direction. In contrast, relatively thin markets exhibit
at least a relationship from past returns to volume. This result can be
interpreted to indicate indirect support for the existence of a positive
association between informational efficiency and the level of trading and
participation in a market (James and Edmister, 1983; Wood et al., 1985;
Carter, 1989; Campbell et al., 1993).

Finally, following Wang’s (1994) finding on the positive relationship
between degree of asymmetry in information and the magnitude of the
volume-absolute return relationship, futures contracts are ranked ac-
cording to their AROR-VOL correlations, i.e., presence of information
asymmetry in respective markets. Five contracts with the highest corre-
lations are identified (top five): corn, gold, orange juice, soybeans, and
sugar. Similarly, the five contracts with the lowest correlations (bottom
five) turn out to be: gasoline, heating oil, silver, S&P 500 index, and
Treasury bond. Consequently, these contract’s performance in market ef-
ficiency tests is examined: Four of the five bottom contracts (gasoline,
heating oil, S&P 500, and Treasury bond) exhibit #o causal relationships
in either direction; the only exception is silver, which exhibits a causal
relationship from returns to volume. On the other hand, all of the top
five contracts display a causal relationship from past values of returns to
volume; moreover, orange juice exhibits a bidirectional relationship. In
addition, based on Tables III and VI, the correlation between the mag-
nitude of volume-absolute return correlations and the p-values for the
existence of causality (running from past values of volume to returns) is
estimated for all contracts in the sample. Note that the existence of cau-
sality is inversely related to market efficiency, and a high p-value for mar-
ket inefficiency implies that markets are not inefficient. Thus, a direct
(inverse) relationship between information asymmetry and market effi-
ciency implies a positive (negative) correlation. The estimation results
find the correlation coefficient to be negative: —0.685.8 This finding con-

8Using the corrected correlation coefficients (see footnote 4) of 0.094 and 0.358 for gasoline and
Treasury bonds, respectively, one obtains a similar correlation estimate: —0.659.
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firms the observations about the performance of the top and bottom five
commodities during the market efficiency tests. Thus, the results reveal
that there is an inverse relationship between the presence of information
asymmetry and efficiency in the market.

Decomposition of Forecast Variance Results

The decomposition of forecast variances for all 16 futures contracts is
presented in Table VII. Column A in Table VII exhibits the results of the
volume-rate of return model and column B presents the results of the
volume-absolute rate of return model. The results of the forecast variance
decomposition tests are in agreement with the findings of the Granger
causality tests in Tables V and VI.

The percentage of the variance in the rate of return attributable to
volume is negligible for the 16 futures contracts. These results mirror the
Granger causality results. For corn, crude oil, gold, palladium, platinum,
silver, sugar, S&P 500 index, and Treasury bonds, the decomposition and
Granger causality results support each other, indicating that the rate of
return influences the variance in volume traded. Moreover, the variance
decomposition results also hint at the existence of causality from returns
to volume in the cases of gasoline and heating oil.

The variance decomposition results, however, do not confirm the
causality findings in the case of copper, live cattle, and wheat. The return
variance compositions in the case of orange juice and soybeans also reveal
that the contribution of volume is minimal. In addition, it is noticed that

the timing of decomposition is crucial in the determination of causality.

For example, in the case of gold and heating oil, the variance decompo-
sition supports the Granger causality results for only the 90 step-ahead
trading day. The decomposition test indicates that there is weak evidence
for bidirectional feedback between rate of return and volume only in the
case of orange juice, which confirms the Granger causality test findings
about bidirectional causality in the case of orange juice.

The Granger and decomposition test results are almost identical in
analyzing the absolute rate of return- volume relationship. The only dif-
ference is gold, where the variance decomposition does not support cau-
sality in any direction. Moreover, the causality from returns to volume in
the case of gasoline is determined from the variance decomposition but
not the Granger causality tests.

Finally, there is evidence for bidirectional causality between volume
and the absolute rate of return for corn, crude oil, live cattle, silver, soy-
beans, S&P 500, and Treasury bonds. As noted previously, the timing of
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the decomposition is important in determining whether there is causality:
In most cases, magnitudes of 10-day ahead forecast coefficients are sig-
nificantly different from 90-day ahead forecast variance.

CONCLUSIONS

In the light of recent developments about trading volume, information
dissemination, and market efficiency in the financial literature, this study
empirically investigates these issues by analyzing volume and (signed and
unsigned) return relationship in futures markets, in both a contempora-
neous and intertemporal framework. In particular, this study concen-
trates on the following issues: (i) Is the dissemination and processing of
information in futures markets consistent with the sequential or simul-
taneous information arrival hypotheses? (ii) Is the volume-return (per se)
relationship symmetric or does the volume behave differently depending
on the direction of price moves? (iii) Are futures markets efficient in
processing new information or do past values of trading enhance the fore-
castability of prices? (iv) How does the presence of information asym-
metry affect market efficiency?

Daily data (1985-1995) for 16 U.S. futures contracts, including en-
ergy, agricultural, index, and financial futures contracts, are employed in
the study. The volume-return relationships are tested in a contempora-
neous and intertemporal setting for two alternative model specifications,
i.e., Schwarz and Sims, to account for differences in model selection.
Nevertheless, a comparison of causality results reveals that the findings
are almost identical in both models. Finally, the robustness of these re-
sults is verified by a variance decomposition analysis.

The findings on the contemporaneous relationship between volume
and absolute returns are consistent with both the mixture of distributions
hypothesis and sequential information arrival hypothesis, as well as
Wang’s (1994) heterogeneous investors model. Nevertheless, the inter-
temporal Granger causality test results provide contradictory evidence
against the mixture of distributions hypothesis, which claims that there
is no information in past observations of absolute returns which can be
used in forecasting volume that is not already contained in past lags of
volume, and vice versa (Smirlock and Starks, 1988). Consistent with
Karpoff (1988), McCarthy and Najand (1993), and Hiemstra and Jones
(1994), changes in the absolute returns are found to Granger-cause vol-
ume in almost all futures markets. In turn, typically, changes in volume
Granger-cause absolute returns, which confirms the findings of Smirlock
and Starks (1988), McCarthy and Najand (1993), and Hiemstra and
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Jones (1994). Thus, evidence on the Granger causality relationship be-
tween volume and absolute returns supports the sequential information
arrival hypothesis (Hiemstra and Jones, 1994), suggesting that there are
a number of intermediate equilibria before the final complete informa-
tional equilibrium can be reached (Copeland, 1976; Jennings et al.,
1981).

As Karpoff (1988) and Suominen (1996) argue, the existence of a
short-selling constraint, in the form of either a prohibition or differential
cost of taking short- and long positions, is likely to induce a positive
contemporaneous correlation between volume and returns per se. Con-
sequently, trading volume will behave differently in up- and down mar-
kets. Nevertheless, the absence of such a differential cost of trading in
futures markets should therefore lead to symmetry of trading, i.e., a zero
correlation between returns and volume. In line with this argument, no
statistically significant contemporaneous relationship between trading
volume and price changes is detected. Hence, the present study confirms
symmetry of trading volume in futures markets.

Granger causality tests on the volume-returns per se relationship
reveal that, in general, futures markets process new information effi-
ciently. The results indicate that except in the case of orange juice futures,
there is no significant causality from past values of volume to returns,
thus confirming presence of efficiency in futures markets. Yet, both tests
reveal that there is statistically significant causality in the reverse order,
which is consistent with previous studies (Hiemstra and Jones, 1994;
Moosa and Al-Loughani, 1995). Accordingly, a change in the past obser-
vations of rate of return Granger-causes volume of trade in copper, corn,
gold, live cattle, orange juice, palladium, platinum, silver, soybeans, and
sugar futures markets. Furthermore, it is noted that high-volume markets,
e.g., S&P 500, Treasury bonds, crude oil, gasoline, heating oil, and wheat,
exhibit no causality in either direction. This finding is consistent with the
conclusions of Campbell et al. (1993), who found that there is a positive
relationship between informational efficiency and the level of trading and
participation in a given market. Finally, based on Wang’s (1994) finding
on the positive relationship between the degree of asymmetric informa-
tion and the correlation coefficient between volume and absolute returns,
it is found that there is an inverse relationship between presence of asym-
metric information and efficiency in futures markets.

Variance decompositions, which are performed in conjunction with
Granger causality tests, confirm the findings of the causality tests. More-
over, based on the decomposition of variance results, it is evident that the
time horizon is important in assessing causality relationships. In many
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instances, the percentage of the dependent variable explained by the in-
dependent variable increases with time. For instance, for silver futures,
the absolute rate of return accounts for 10% of the variance of volume
traded at the 90-day ahead forecasts. However, this number decreases to
4.7% at the 25-day and 1.6% at the 10-day ahead forecast variances.
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