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This study examined the behavior of return volatility in relation to the
timing of information flow under different market conditions influ-
enced by trading volume and market depth. We emphasized infor-
mation flow during trading and nontrading periods that may represent
domestic and offshore information in the global trading of currencies.
Test results show that volatility was negatively related to market
depth; that is, deeper markets had relatively less return volatility. Ad-
ditionally, the effect that market depth had on volatility was super-
seded by information within trading volume. Test results focusing on
the timing of information flow reveal that in low-volume markets, the
volatility of nontrading-period returns exceeded the volatility of trad-
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ing-period returns. However, when trading volume was high, this pat-
tern was reversed and conformed to the observations of earlier arti-
cles. Our findings proved to be robust across time, different currency
markets, and different measures of return volatility. We also observed
a trend toward greater integration between foreign and U.S. financial
markets; the U.S. market increasingly emphasized information from
nontrading periods to supplement information arriving during trading
periods. © 2001 John Wiley & Sons, Inc. Jrl Fut Mark 21:173-196,
2001

INTRODUCTION

Research has produced relatively few comprehensive studies on the be-
havior of return volatility under different market conditions comprising
trading volume and market depth. Instead, studies have focused on the
relation between the behavior of return volatility and the flow of infor-
mation, with two distinct lines of research forming. One group has em-
phasized the role of trading volume as a proxy for information. Recent
empirical studies, such as those by Jones, Kaul, and Lipson (1994b);
Bessembinder and Seguin (1993); and Gallant, Rossi, and Tauchen
(1992), have documented a strong, positive relation between return vol-
atility and volume.' They have implied that a greater amount of infor-
mation, embedded in volume, yields greater volatility. The second group
has examined the pattern of return volatility in different trading environ-
ments and the impact on return volatility from the timing of information
flow. These studies have shown dramatically higher return volatility dur-
ing the trading hours of a market than when trades do not occur (French
& Roll, 1986; Jones, Kaul, & Lipson, 1994a; Oldfield & Rogalski, 1980;
Stoll & Whaley, 1990). The joint implication from these areas of research
is that return volatility is positively related to the level of volume during
the trading hours of financial markets and that a corresponding decrease
in volatility occurs during nontrading hours.

The relation between trading volume and return volatility may be
significantly affected by market depth, which studies suggest determines
the ease and speed of transactions. The theoretical model in Kyle (1985)
suggests that a deep market helps create market conditions that reduce
price pressures when trading provides new information. Although lower
return volatility may frequently exist in deep markets that facilitate trad-
ing activity, Kim and Verrecchia (1994) argued that low depth need not

'Other theoretical works that examined the positive relationship hetween volatility and volume re-
ferred to the mixture of distrihution hypothesis descrihed in Andersen (1996), Gallant et al. (1992),
and Tauchen and Pitts (1983).
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imply fewer trades. Although overall volume may not he affected, they
proposed that low depth may increase the difficulty for large trades to
occur smoothly and may lessen the speed of information transmission to
the market. The propositions of these theoretical articles were supported
hy Bessemhinder and Seguin (1992, 1993), who documented an inverse
relationship hetween price volatility and market depth in their analysis of
futures contracts,^ The overall findings from these studies suggest that
market depth and trading volume have opposite relations with the he-
havior of return volatility. However, previous research has not thoroughly
explored the confounding effects of volume and depth that would explain
the hehavior of volatility under different market conditions, such as high
trading activity in a low-depth market or low trading in a deep market.

In this study, we integrated the two streams of research and examined
the interactions hetween trading volume, market depth, and return vol-
atility. We analyzed the hehavior of return volatility in the context of dis-
tinct market conditions, characterized hy different levels of trading vol-
ume and market depth. Thus, we assessed the relative importance that
these market variahles have on return volatility. Our findings should help
market participants hetter understand the intricate relations that market
conditions have with the hehavior of returns. We also analyzed the pattern
in return volatility during trading and nontrading periods when the flow
of information may reflect domestic and offshore sources. Thus, our anal-
ysis provides new evidence ahout changes in information flows across
markets.

Research on return volatility has found a consistent return pattern
that coincides with the presence and ahsence of trading activity, Oldfield
and Rogalski's (1980) theoretical model recognizes the primary role of
new information in determining the level of volatility during trading and
nontrading periods. The authors proposed that information released dur-
ing trading hours has a greater impact on volatility than information ar-
riving during nontrading hours. French and Roll (1986), Stoll and Whaley
(1990), and Jones et al. (1994a) empirically supported their propositions.
Additionally, Harvey and Huang (1991) and Lin, Engle, and Ito (1994)
studied internationally traded assets and ohserved similar volatility pat-
terns. They also found that domestic information induced greater return
volatility than foreign information. Thus, the timing and source of infor-
mation significantly affected return volatility, although market depth was
not included in these studies.

^Bessembinder and Seguin (1992, 1993) argued that open interest is a good proxy For market depth
beeause open interest refleets tbe current willingness of futures traders to risk tbeir eapital in tbe
futures position, wbicb indicates tbe level of market depth.
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The insights of these earlier articles into the hehavior of return vol-
atility in trading and nontrading hours may not reflect recent changes
wrought hy the rapid trend toward global linkage among financial mar-
kets. With continued market deregulation throughout the world and ad-
vances in information technology, globalization among markets may sig-
nificantly increase the flow of offshore information to domestic markets,
especially during nontrading hours. As a result, closer ties among the
financial markets of the world may produce a greater, worldwide flow of
information that may alter the patterns of return volatility during trading
and nontrading periods and the historical relations between return vola-
tility, volume, and depth.

In this study, we observed strong, distinct patterns of return volatility
across market conditions that had different combinations of trading vol-
ume and market depth. With our tests, we found that market depth had
its greatest relationship with return volatility during high-volume periods
and that this occurred primarily through its interaction with trading vol-
ume. Test results also show that return volatility was greater during non-
trading periods than during trading periods with low volume, implying
that offshore information dominated domestic information in its associ-
ation with volatility. It was only during high-volume periods that return
volatility during trading hours exceeded the volatility of nontrading pe-
riods, a finding consistent with French and Roll (1986). We also observed
a trend toward the U.S. market's increased use of information from non-
trading periods that was reflected in changes in the behavior of return
volatility, a pattern that implied greater integration among financial
markets.

The remainder of this article proceeds as follows. In Data and Mea-
surement of Variables, we present the data and measurements of vari-
ables. In Volatility Estimation and Evidence, we discuss the methodology.
In Comparison of Trading-Hour and Nontrading-Hour Volatilities, we
compare the volatility behavior of trading and nontrading returns. In Im-
pact of Nontrading-Period and Trading-Period Information Flows Over
Time, we extend the empirical analysis, and in the final section, we pro-
vide concluding remarks.

DATA AND MEASUREMENT OF VARIABLES

In this study, we examined the relationships between return volatility,
trading volume, and market depth by using daily price, volume, and open-
interest data from seven futures markets. The futures data were obtained
from the Futures Industry Institute and consist of five currency futures
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prices (Canadian dollar, German mark, Japanese yen, pound sterling, and
Swiss franc) and two interest-rate futures prices (3-month Eurodollar and
U.S. Treasury hills [T-bill]). We selected futures prices from the nearby
contracts that had the largest trading volume, thus tracking the activity
of the market.^ Additionally, our data span the period from June 1982
through March 1994.

We used price data to construct three daily returns: trading, non-
trading, and close-close. We computed the trading-period return (open-
close) at time t as log(P(, t/P,,,), where Pj. t is the closing price at time t
and PQ t is the opening price at time t. Similarly, we computed the non-
trading return (close—open) at time t as the \og{PoJPc,t-i) ^nd the close-
close return at time t as log(Pc,i/Pc,t- l)- We included the close—close re-
turn in our analysis for comparative purposes because, in earlier articles,
only this return measure was used.

We formed a stationary time series of trading volume by incorporat-
ing the procedure described in Campbell, Crossman, and Wang (1993),
who used a 100-day backward moving average:

V, =
100

i= l

where LV, is the log of the trading volume at time t. This volume metric
captures the change in the long-run movement in the trading volume.

Kyle (1985) suggested that market depth is the order flow required
to move prices by one unit. As the order flow changes, the open interest
of the futures contracts will also change endogenously. The level of open
interest represents a measure of trading activity that also reflects the will-
ingness of traders to assume positions of capital risk in the presence of
price volatihty. Following the example of Bessembinder and Seguin (1992,
1993), we used open interest as a proxy for market depth. To create a
stationary series for open interest, we applied the same transformation
procedure used for trading volume."*

Foreign currency markets operate 24 hr each day throughout the
world, whereas the U.S. currency futures market closes at the end of its
trading day. With the global spot markets remaining in operation, a con-
tinual flow of information occurs during the U.S. nontrading hours of

example, when the numherof transactions declined as the nearhy contract approached maturity,
we selected data from the ne.\t contract heeause there was a greater volume of transactions.
We experimented with a 20-trading moving average to compute the volume and open-interest met-

rics. The empirical results were similar and are not reported here.
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the futures markets. This pattern contrasts with the diminished infor-
mation flow experienced by the equities examined by French and Roll
(1986) and Lin et al. (1994). Therefore, we expected the information flow
from global spot markets to reflect a relatively larger proportion of total
information.

We also included two interest-rate futures to determine whether our
findings could be generalized to other financial assets. The Eurodollar,
although influenced substantially by domestic U.S. news, is an interna-
tional asset that is traded globally. Thus, price changes in the Eurodollar
more readily may reflect both world news and changes in risk premiums
among different Eurocurrency rates in the international financial market.
Conversely, the 3-month U.S. T-bill is a prima facie domestic asset that
may be less affected by offshore information that arrives during nontrad-
ing hours.^ Thus, our sample included a wide spectrum of financial assets
that ranged from largely domestic to purely international in nature.

Table I reports summary statistics both for the trading, nontrading,
and close—close returns and the detrended measures of trading volume
and market depth. The mean trading returns were higher than the mean
nontrading returns, with the exception of the T-bill. Greater volatility
existed among the trading returns than among the nontrading returns,
with the exception of the T-bill, and this volatility pattern is consistent
with the finding that, on average, more information is released during the
trading hours of the futures markets.^ The contrary behavior ofthe T-bill
futures price suggests that important interest-rate information is released
after the closing hours of the futures market. Although the T-bill futures
market closes at 3:00 p.m., its spot market is actively trading in New York
until 5:00 p.m. Eastern Standard Time. Thus, new information may be
released after the closing hour of the futures market but before the clos-
ing hour of the spot market.^

VOLATILIIY ESTIMATION AND EVIDENCE

To examine the behavior of volatility in the context of different market
conditions, we first measured daily return volatility with a two-pass pro-

'U.S. T-hill rates are actually linked to interest rates in other countries. In reality, it is difficult to
find a financial asset that is immune to foreign influence in today's glohal market.
''We conducted augmented Dickey—Fuller unit root tests on the volume and open-interest metrics.
The test results rejected the unit root; thus, these series were stationar)'.
'The release of information after the closing of the spot market is particularly important for interest-
rate markets. As a result, a device called a wild card option is utilized for short positions to exploit
the spot information available after the closing of the futures market in the Treasury hond futures
contracts.
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TABLE I

Summary Statistics: Trading, Nontrading, and Close—Close Returns;
Volume; and Market Depth

Trading

M SD

Period

Autocorrela-
tion Lags

Panel

M

A: Return Statistics (XlOO)

Nonlrading Period

AiUocorrela-
SD tion Lags M

Close-Close

Autocorrela-
SD tion Lags

DM
JY
PS
SF
ED
TB

0.005b
0.0287
0.0187
0.0246
0.0176
0.0019
0.0014

0.2218
0.5714
0.4881
0.5904
0.6456
0.1010
0.0892

1
1
1
1

4
1
1

0.0029
0.0148
0.0120
0.0289
0.0058
0.0018
0.0020

0,1976
0.4855
0.4770
0.5037
0.5230
0.0998
0.0916

1
1
1
3
1
2
0

0.0023
0.0139
0.0308
0.0043
0.0118
0.0037
0.0034

0.2903
0.7516
0.6861
0.7884
0.8355
0.1349
0.1204

4
1
4
2
2
1
0

Panel B: Volume and Depth Statistics, Detrended (X 100)

Trading Volume Market Depth

CD
DM
JY
PS
SF
ED
TB

M

0.0051
0.0333
0.0246
0.0169
0.0154
0.0955

-0.0359

SD

0.6054
0.3715
0.4625
0.4267
0.3603
0.5183
0.5253

Autocorrelation Lags

4
9
6
6
1
8
4

M

0.0184
0.0338
0.0255
0.0166
0.0212
0,0832
0,0027

SD

0,2702
0.2347
0.2601
0.2444
0.2210
0.17040
0.2411

Autocorrelation Lags

2
1
2
2
8
0
2

Note; Trading-period returns, nontrading-period returns, and olose-close returns were computed on the basis of open-
close, close-open, and close-close prices, respectively. Trading volume and market depth were transformed through a
100-trading-pericd moving average process. The autocorrelation lags column denotes the number of the 15 lags that were
significant at the 5% level or higher, CD Canadian dollar; DM Deutsche mark; JP Japanese yen; PS pound sterling; SF
Swiss franc; ED Eurodollar; TB 3-month U.S. Treasury bill.

cedure that was detailed in Schwert (1990) and Jones et al. (1994b). We
first regressed the daily return on its own lags and day-of-the week dummy
variables to adjust for the impact of autocorrelation and day-of-the-week
effects. In the second-pass procedure, we used the ahsolute value of the
first-pass regression residuals as proxies for return volatility. The first-pass
procedure is estimated as

15

(1)



180 Fung and Patterson

where R^ is the return of asset i on trading t and the D\^^ variables are the
day-of-the-week dummy variables that adjust for differences in mean re-
turns and for the weekend effect. We estimated the short-term movement
in conditional expected returns hy incorporating 15 lagged returns as
regressors.^

Volatility Behavior and Its Relation with Volume
and Market Depth

Our first test identified the overall relationship hetween volatihty, volume,
and market depth with the three measures of volatility. Thus, we identified
how volume and depth independently affected volatility in the markets
with different compositions of these market variables. We first estimated
Equation 1 and then transformed Sjt in Equation 1 to represent volatility
within trading (open—close), nontrading (close—open), and close-close
returns. The absolute value of the ejt proxies for the volatility measure of
the three returns in the second-pass regression was found as follows:

15

\eu\ = a; + ai,«Mt + ^UVH + ^2iDu + X Pij\Ht-j\ + y]u (2)
j = i

where Mj is the Monday dummy variable equal to 1 for Mondays and 0
otherwise, V, is the detrended trading volume at time t, and Dt is the
market depth (open interest) at time t.^ The Pjj coefficients measure the
autocorrelation in the volatility of asset i. We used a regression technique
that adjusts for heteroscedasticity and autocorrelation in the residuals to
estimate Equation 2 for all futures contracts."^

Table II reports the regression results from Equation 2 with volatility
measures of trading, nontrading, and close—close returns. The general
effects of volume and depth were similar across all return volatilities. We
observed a strong, positive relation between volume and return volatility.
Thus, an increase in volume increased return volatility, a finding consis-
tent with Lamoureux and Lastrapes (1990) and those surveyed in Karpoff
(1987). We also found an inverse relationship between market depth and
volatility, which implies that greater depth mitigated return volatility.
These results are consistent with Bessembinder and Seguin (1992, 1993).

*'We experimented with different numbers of lags, and the results were robust across different lag
lengths.
^We used tbe squared residual as another proxy for volatility and ohtained the same test results.
Additionally, we used a generalized autoregressive conditional beteroscedacity model, (GARCH) (1,
1) model, to e.xamine tbe volatility behavior, and it produced similar results.
'"We used a generalized method of moments to correet for heteroscedastieity and autoeorrelation
issues in the regression analysis.
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Comparison of Volatility among Volume—Depth
Groups

The behavior of return volatility may vary under different trading envi-
ronments if market conditions reflect different information flows. For
example, return volatility may exhibit distinct behaviors in high-volume
periods, depending on whether the market has low or high depth. Thus,
we analyzed the interactive effect of volume and market depth on return
volatility. We identified four markets that had different combinations of
high and low levels of volume and depth by grouping trading volume and
open interest into quartiles. Quartile 1, designated L, represents the
smallest number of trades or order flows, whereas Quartile 4, designated
H, represents the heaviest amount of trades or order flows. For example,
an LH market has trading volume in the lowest quartile and depth in the
highest quartile.'' We emphasized these four market structures because
they represent distinct tiers of volume and depth that also reflect condi-
tions commonly experienced by traders in financial markets.

To obtain more information ahout the effects of market depth and
volume on the behavior of return volatility, we conducted tests to deter-
mine the relative magnitude of the return volatility in each of the four
market structures. Thus, we ranked the magnitude of return volatility
across market conditions to make direct comparisons as market condi-
tions changed. Earlier test results revealed that trading volume and mar-
ket depth produced opposite effects on return volatility under most mar-
ket conditions and that the magnitude of impact appeared to vary with
market conditions. We estimated Equation 1 to obtain the proxy for vol-
atility and then estimated the volatility in returns in the second pass as

4 15

ht\ = ot; + ai„,M^ + X PiQi + X PijK^jl + Tli, (3)

where |8it| is the absolute residual from Equation 1 and Q^^ represents the
ith quartile dummy variables for the four volume—depth combinations
that are either equal to 1 or 0 for each of the four groups: low volume/
low depth, low volume/high depth, high volume/low depth, and high vol-
ume/high depth. The variables M^ and p^ were defined and explained in
Volatility Estimation and Evidence. The dummy variables allowed for a

We identified four categories of volume and depth; LL represents the first quartiles for volume and
open interest, LH represents Quartile I of volume and Quartile 4 of open interest, HL represents
Quartile 4 of volume and Quartile I of open interest, and HH represents the fourth quartiles of
volume and open interest.
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comparison of the relative sizes in return volatility as the volume and
depth conditions of the markets changed.

Test results, presented in Tahle III, show similar patterns in volatility
across return measures in trading and nontrading periods and all futures
markets. Trading volume appeared to dominate market depth in its impact
on return volatility. As expected, market conditions with high trading vol-
ume had higher return volatility than markets with low volume.'^ Vola-
tility was negatively related to market depth only for low-volume markets.
For example, of the two low-volume markets (LL and LH), the market
with high depth (LH) always had lower return volatility when the differ-
ence was statistically significant; the opposite never occurred. Among
high-volume markets, greater volatility usually occurred with lower depth
(Phi > Phh)i suggesting that low depth added to market friction and in-
creases return volatility during heavy trading.

Of the four markets examined, return volatility was greatest in the
HL market (high volume/low depth), whereas the lowest return volatility
(most negative coefficient) was in the LH market (low volume/high
depth). Importantly, the tests showed that the impact of depth (liquidity)
was less than the impact of volume. With depth, we ohserved differences
in sign across trading volume, hut with volume, liquidity had little impact
on volatility. '^

Overall, these findings demonstrate that during periods of high trad-
ing volume, low market depth produced greater market friction. Con-
versely, deep markets appeared to accommodate varying levels of trading
activity without imposing the same price pressures that would occur in a
market with low depth, especially when a lower level of trading activity
occurred. Thus, the hehavior of return volatility varied across market
conditions.

COMPARISON OF TRADING-HOUR AND
NONTRADING-HOUR VOLATILITIES

When trading for futures stops for the U.S. market, the currency spot
market remains active in other parts of the world. Thus, the nontrading

'^The coefficients for the volume—depth dummy variables, Pi, were negative For the two low-volutne
groups, LL and LH, whereas they were positive for the high-volume groups. The sign of the beta
coefficients depended primarily on the volume grouping, implying that the positive volatility impact
from tbe trading volume dominated the negative efFect oF market depth on tbe return volatility.
'^Wc conducted tests For volatility diFFerences among groups. We report only tbe results For tbe LL
with LH and HL witb HH groups; we Found tbat there were statistically significant diFFerences
between tbe volatilities oF tbe respective LL with HL and LH vvith HH groups. These results are not
reported beeause of spaee constraints.
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TABLE IV

Standard Deviations of Trading-Period and Nontrading-Period Returns (X 100)

CD
DM
JY
PS
SF
ED
TB

CD
DM
JY
PS
SF
ED
TB

Panel A: Low Volume/Low Depth

Trading Reltirns

0.1103
0.2706
0.2394
0.3273
0.3206
0.0503
0.0626

Nontruding Returns

0.1429
0.4396
0.3349
0.3803
0.4837
0.1087
0.0776

Panel C: Low Volume/High Depth

Trading Returns

0.1147
0.3344
0.2308
0.2662
0.3356
0.0667
0.0463

Nontrading Returns

0.0858
0.2866
0.2745
0.2647
0.3308
0.0352
0.0328

CD
DM
JY
PS
SF
ED
TB

CD
DM
JY
PS
SF
ED
TB

Panel B: High Volume/Loiv Depth

Trading Returns Nontrading Rettims

0.2984
0.9665
0.8785
1.0777
1.0419
0.1558
0.1098

Panel D: High

0.3623
0.6365
0.4834
0.8544
0.8508
0.1114
0.0802

Volume/High Depth

Trading Returns Nontrading Returns

0.3562
0.8105
0.6100
0.8047
0.8698
0.1691
0.1325

0.2575
0.6502
0.6662
0.6789
0.6592
0.1544
0.1123

Trading-period (open-close) and nontrading-period (close-open) returns were grouped into four volume-depth combina-
tions: iow voiume/iow deptii, low volume/high depth, high volume/iow depth, and high volume/high depth before the stan-
dard deviations were computed. The sample spanned the period June 1982 to March 1994. See Tabie i for the definitions
of the abbreviations.

hours of the U.S. futures market may contain a potentially significant
flow of information from offshore sources. We examined the volatility
patterns of trading-period and nontrading-period returns to assess the
relative impact of information from domestic and offshore sources. This
approach provided a way to clearly interpret test results related to infor-
mation flows hetween trading and nontrading periods.

We first performed a simple statistical analysis of the trading-hour
and nontrading-hour-return series. Tahle IV presents summary statistics
for volatility measures of the trading and nontrading returns that coincide
with the four volume-depth comhinations descrihed earlier.''* Unlike the
authors of earlier studies, we found the standard deviation of nontrading
returns exceeding that of trading-period returns when market conditions
contained low volume and low depth. Additionally, the trading-return vol-

' ' 'A warning concerning Table IV is in order; The statistics may be biased because the computation
of the standard deviation does not reflect adjustments for pricing errors in the returns and autocor-
relation in their variances.
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atility exceeded the volatility of nontrading returns in the other volume-
depth subsamples, a pattern consistent with French and Roll (1986) and
Lin et al. (1994). To correct for any bias in the simple standard deviation
calculation, we used the two-pass method, beginning with Equation 1, to
adjust for the mean and variance autocorrelation in the analysis of return
volatilities.

Estimation for the Trading-Hour and Nontrading-
Hour Volatilities

In this section, we present a more rigorous analysis of the relationship
between return volatility, volume, and depth for the trading-return and
nontrading-return series. Tests were constructed to identify differences
between nontrading-return and trading-return volatilities under the four
market conditions. We implemented the two-stage testing methodology
with Equation 1 and used the combined, time-sequenced |8ii| series of
trading and nontrading volatilities as the dependent variable in the sec-
ond-pass regression. We rescaled the |eit| series to reflect hourly volatility
of the corresponding returns."' We then pooled these trading and non-
trading volatilities together for each of the four market conditions to ob-
serve the respective volume-depth interactions within the following
equation:

20

ht\ = «i + ^i,nM, + p,Q,Di, + ^2QtNit + X Pijl^itJ + Iii, (4)

where Mj is the Monday trading gap dummy variable that is equal to 1
for Mondays and 0 otherwise and Q^ is the quartile dummy variable for
one of the four volume-depth market structures (e.g., low volume/low
depth). We estimated Equation 4 separately for each of the four volume-
depth combinations as specified hyQ^, where Qt is {1,2,3,4}. The variable
D, is the trading-hour-return dummy variable at time t, where D^ is {0,1},
and N, is the nontrading-hour-return dummy variable at time t, where Nj
is {0,1}. The p^ coefficients measure the autocorrelation in the volatility
of asset i.'^

' ̂ We reversed the day—night sequencing and achieved identical test results.
""In this analysis, we report 20 lags. Because the pooled data consist of trading and nontrading
returns, 20 lags imply 10 trading lags, less than the 15 trading lags reported in the analysis in the
Volatility Behavior and Its Relation With Volume and Market Depth section. As shown in Table II,
the coefficients of the higher lagged volatilities were insignificant. We thus used a smaller numher
ol lags in this analysis. We e.xperimented with more lags and ohtained similar results.
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We used the trading and nontrading dummy variables to isolate the
effects of the four volume—depth groups in a time-series framework.
Equation 4 enabled us to test whether the trading volatihty coefficient
(Pi) was equal to the nontrading volatihty coefficient (P2) within each of
the four volume-depth market structures, where the null hypothesis (HQ)
would be Pi = P2. Additionally, the hourly volatility series, leij, in Equa-
tion 4 allowed us to directly compare relative differences in volatility for
the return measures.

Empirical Evidence of Volatilities between
Trading Hours and Nontrading Hours

We observed that trading and nontrading volatilities exhibited distinct
behaviors when exposed to different combinations of volume and depth.
Panels A through D of Table V present the regression results from Equa-
tion 4.'^ We found greater volatility for nontrading returns than trading
returns in markets with low volume, regardless of market depth. Panels
A and C show that in the low-volume groups, the coefficients for the
nontrading-return dummy variables (Pj) were significantly greater (less
negative) than the coefficients for the trading-return variable (P2) for all
futures markets.'*^ The results from the low-volume subgroups are similar
to those reported in Table IV and reveal that the volatility of nontrading-
period returns became greater than trading-period volatility in a market
structure with low volume.'^ Conversely, trading-return volatihty ex-
ceeded nontrading-return volatility within the high-volume groups. These
results can be seen in Panels B and D, where the coefficient for the
trading-return dummy exceeds that of the nontrading variable for all fu-
tures markets. Our results from the high-volume groups support the ear-
lier observations of French and Roll (1986) and Lin et al. (1994), who
documented greater return volatility during trading periods than during
nontrading periods. Importantly, these test results also provide strong sug-
gestions on how the markets use domestic and offshore information in
the price-formation process.

Domestic information, usually released during the trading hours of
the futures markets, should be largely responsible for the volatility of

' We experimented with different numbers of lags in the Brst-pass and second-pass tests, and the
results were similar to the reported results.
"*F tests indicated statistically significant differences between P, and p2 for all futures markets in
the four volume-depth subgroups.
''""The differences between Table V and Table IV might have resulted from more rigorous testing.
Table V incorporates the autocorrelation and heteroscodasticity structure in the residuals in the
analysis of the return volatility.
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trading-period returns. Yet offshore information would have a relatively
greater impact on return volatility when the U.S. futures markets are
closed. It would be during these nontrading hours that offshore infor-
mation from the foreign spot markets would subsequently impact the
futures markets. The test results in Table V reveal a consistent pattern in
which the return volatility of nontrading periods exceeded the volatility
of trading periods during low-volume periods. These results suggest that
the U.S. market places greater emphasis on offshore information when
there is a reduced flow of domestic information to the market, signified
by a lower level of trading (Panels A and C). Furthermore, the greater
volatility in trading-period returns when high trading volume existed
(Panels B and D) may reflect a proportionally greater flow of domestic
information. The same pattern is also found in the signs of the trading
(Pi) and nontrading (P2) return coefficients in Table V: They are negative
for the low-volume groups (Panels A and C) and positive for the high-
volume groups (Panels B and D). Thus, a positive relation existed between
the trading volume and the return volatilities within trading and non-
trading periods (see Karpoff, 1987; Lamoureux & Lastrapes, 1990). Be-
cause the differences in return volatility appeared to be independent of
depth, these findings further suggest that trading volume dominates the
effects of market depth on volatility.

We observed differences in magnitude between the volatilities of
trading and nontrading returns within the high-volume and low-volume
market structures. F tests confirmed that the coefficients for trading-
return volatility and nontrading-return volatility were statistically differ-
ent for all futures markets. Furthermore, we observed a greater difference
during high-volume periods. When volume was high, the coefficients for
the trading-period returns were 5 to 12 times greater than the significant
nontrading-return coefficients. Yet in the low-volume groups, the dummy
coefficients for the nontrading returns were roughly 2 to 4 times greater
than the coefficients for the trading returns. Interestingly, these results
suggest that offshore information has a smaller differential impact on
return volatility when it dominates the market than domestic news when
it is the primary information provider to the market.

The results in Table V also indicate that market depth did not play
a significant role in affecting return volatility when trading and nontrad-
ing series were examined. This evidence may appear somewhat contrary
to our earlier tests that showed market depth playing a statistically sig-
nificant, although somewhat marginal, role in affecting return volatility.̂ *̂

2"See Table III, Panels A and B.
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Empirical testing of Equation 4 merged the trading-return and nontrad-
ing-return volatilities and, in effect, combined domestic and offshore
flows of information. The sizes and signs of the depth coefficients in
Panels A through D of Tahle V show that market depth did not clearly
differentiate hetween trading and nontrading volatilities. As a result,
these results provide evidence for the dominance of information in trad-
ing volume over market depth in determining the volatility hehavior for
trading-period and nontrading-period returns.

We conducted additional tests to determine whether volume alone
could explain the volatility hehavior of trading and nontrading returns. In
this test, we identified only high-volume and low-volume markets. The
estimation of volatilities was calculated as follows:

20

\eu\ = a; + ai,„M^ + pi^D;, + ^2^^,-, + 2 PijK-j\ + ^u (4a)

where all variables used in Equation 4a remain unchanged except for the
market structure variahie Qi; it hecame the quartile dummy variahie for
low and high trading volumes.

Tahle VI reports the regression results from Equation 4a. In the low-
volume suhsample. Panel A, nontrading volatility was greater than the
volatility of trading-period returns, a result similar to the results shown
in Tahle V, and this pattern held across all futures contracts. Additionally,
the test results for the high-volume suhsample in Panel B show that the
trading volatility exceeded nontrading volatihty for all futures contracts.
These results indicate that volume played a dominant role in character-
izing return volatility in trading and nontrading periods. We conducted F
tests and found statistical differences hetween all coefficients of trading-
return dummies (P|) and nontrading-return dummy variahles {^2) for all
futures markets in the high-volume and low-volume samples. Addition-
ally, the differences in magnitude hetween the trading-return and non-
trading-return coefficients in Panels A and B were consistent with those
presented in Tahle V. These results further demonstrate that trading vol-
ume dominates market depth in affecting the hehavior of return volatil-
ities from nontrading and trading periods.

IMPACT OF NONTRADING-PERIOD AND
TRADING-PERIOD INFORMATION FLOWS
OVER TIME

The globalization of financial markets and enhanced financial commu-
nication may change how the markets use domestic and offshore infor-
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mation. In a market characterized by Iow (or high) trading volume, our
earlier tests revealed that information arriving when markets are closed
appears to be more (or less) significant than information arriving during
the trading hours of the market. We examined the relationships across
time between trading-return and nontrading-return volatilities to volume
to detect changes in volatility behavior. Variations in return volatility pat-
terns may reveal changes in the market's use of domestic and offshore
information in the pricing mechanism.

We used the two-pass procedure that begins with Equation 1 and
examined the relationship between trading-return and nontrading-return
volatility and trading volume. We modified the test using Equation 4a by
diNdding our sample into two equal subperiods. In our second pass, we
estimated the following regression equation:

20

+ E pijl^it-jl + nu (5)

where M^ is the Monday trading gap dummy variable that is 1 for Mondays
and 0 otherwise and Qi is the quartile dummy variable for either the low-
volume or high-volume group. The variable Nt is the nontrading-return
dummy variable at time t, and D( is the trading-return dummy variable at
time t. Tj is a (1, 0) time dummy variable for the subperiods (j = 1 or
2). The Pit coefficients measure the autocorrelation in the return volatility.

Panels A and B of Table VII report the patterns in return volatility
across subperiods in low-volume and high-volume groups. Panel A shows
that in a low-volume market structure, the nontrading volatility was larger
than the trading volatility (i.e., (3^ > PQ) for all futures contracts, with
the trading-return and nontrading-return dummy coefficients remaining
negative in both subperiods. Additionally, the nontrading coeffieient be-
came larger (less negative) in the second subperiod, whereas the trading
coefficient became smaller (more negative).^' The change in coefficient
sizes across subperiods may reflect the increased reliance of the market
on nontrading-period (offshore) information in a market structure with
low trading volume because this market structure may have a relatively
smaller flow of domestic information during the hours of trading.

The apparent shift toward offshore information in a low-volume mar-
ket structure appears to be mirrored by an increased reliance on domestic

^ ' F tests confirmed that the dilferences hetween time periods in the trading and nontrading dummy
coefficients were statistically significant.
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information in a high-volume environment. Panel B of Table VII presents
the test results for a high-volume market structure, and we observed that
the trading coefficients became larger across time, whereas the nontrad-
ing coefficients decreased in magnitude.^^ F tests confirmed the statis-
tical significance of the changes (spread) in the trading-return and non-
trading-return coefficients across subperiods. We argue that when the
U.S. market experiences high trading volume, the market places greater
emphasis on the flow of domestic information and a correspondingly
smaller emphasis on offshore information. This pattern of information
usage may explain why, in the high-volume environment, trading-return
volatility increased in the second subperiod but nontrading volatility
declined.

The results in Table VII suggest that the market seeks information
wherever it exists and places greater importance on nontrading-period
(offshore) news when trading volume is low, implying a smaller flow of
domestic information. Additionally, the market appears to have increased
its reliance on trading-period (domestic) information during high-volume
periods, suggesting the presence of an increased flow of domestic infor-
mation. These findings provide additional evidence of the global linkages
that exist among financial markets and the increasing financial integra-
tion between the United States and foreign markets.^^

CONCLUSION

In this study, we examined the effects of trading volume and market depth
on the volatility of returns from trading and nontrading periods. We found
that the negative impact of depth on volatility is relatively marginal and
is dependent on its interaction with trading volume. Our tests revealed
that market depth has a relatively greater impact on return volatility dur-
ing periods with high trading volume, although trading volume exhibits
greater influence on volatility across all market conditions.

We found striking exadence that the volatility of nontrading-period
returns exceeds the volatility of trading-period returns in market struc-
tures characterized by low volume. This finding suggests that nontrading-

^^The Canadian dollar futures remained the sole exception.
^"'it can be argued that there has heen more volume trading in the spot market in recent years, so
more information was released during the later part of the sample. In this case, our results are not
necessarily related to finaneial market integration. However, it should he noted that trading volume
in the spot exchange market after 1992 experienced a 20% reduction fromadaily trading of SI trillion
to ahout $800 million (see Financial Times, June 6, 1995). Thus, the evidence does not appear to
support the claim that there was more volume and, therefore, more information during the latter
part of our sample.
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period information dominates trading-period information in its impact on
return volatility when trading volume is low. Conversely, we observed
greater volatility for trading-period returns when volume is high, sug-
gesting that high volume facilitates the flow of trading-period information
that dominates nontrading-period information in the impact on return
volatility. These findings imply that the U.S. market shifts its reliance for
information between domestic and offshore sources, depending on the
relative flow of information that exists from these sources. These test
results proved to be robust across time, in different economic conditions,
and with different measures of return volatility.

Tbe results of tbis study provides evidence of a trend toward greater
integration among financial markets. Over time, the U.S. domestic mar-
ket appears to have increased its reliance on information released in non-
trading periods during low-volume market structures. At the same time,
however, the U.S. market seems to he placing greater emphasis on trad-
ing-period information wben tbe market structure is characterized hy
high trading volume, a period when the flow of domestic information may
be greater. Tbe results of tbe documented relation between return vola-
tility and market structures suggest tbat tbe futures markets bave in-
creased tbeir global linkage in recent years as tbe U.S. market increasingly
supplements domestic information witb foreign information in tbe price
formation of financial assets.
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