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Abstract

This study investigated whether information about trading activity affected the volatility
of the Koreanstock market (KOSPI, KOSDAQ, and three industry indices), using a
generalised autoregressive conditional heteroskedasticity (GARCH) model that
incorporated several proxies for information about trading activity. First, we found that
trading volume had aignificant effect on volatility, but that it did not reduce the
autoregressive conditional heteroskedasticity (ARCH) and GARCH effects, which did no
change. This implies that trading volume is not useful as a proxy for the introduction of
information. Seond, trading activity exerted a stronger effect on volatility in the pre
crisis than postrisis period. Third, use of the int@ay index (IDV) as an alternative
proxy for information regarding trading activity reduced the degree of persistence, and
was nore important than contemporary or lagged trading volume with regard to the way
new information propagates through the stock market.

Keywords: trading activity, volatility, Korean stock market

1l ntroducti on

The role of trading volume in the volatility of return dynamics has attracted the interest of
researchers in the domains of finance and economics. Indeed, many studies have been conducted
on the effect of trading activity, especially the relationship between trading volume and stock
returns. For example, Lamoureux and Lastrapes (1990) used trading volume as a proxy for the
daily information that flows into the stock market. When the daily trading volume was included
in an empirical model as one of regressors, it was found to be highly significant, whereas the
autoregressive  conditional heteroskedasticity (ARCH) coefficients became negligible.
Furthermore, Bralisford (1996), Pryuna et al. (2000), and Bohl and Henke (2003) reported that
the use of trading volume as a proxy for information arrival reduced the degree of persistence in
the conditional variance model.

On the other hand, a number of studies have found that the effects of ARCH and generalised
autoregressive conditional heteroskedasticity (GARCH) remained statistically significant when

! This work was supported by the National Research Foundation of Korea Grant funded by the Korean Government
(NRF-2011-330-B00044).
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trading volume was included as a variable in the conditional variance equation (Najand and Yung,
1991; Bessembinder and Seguin, 1993; Sharmal et al., 1996; Darrat et al, 2003; Choi et al, 2012).
In this context, research regarding the relationship between trading activity and the volatility of
stock returns is an important subject requiring addition empirical investigation. Thus, we re-
examined the use of trading volume as a proxy for information arrival in analyses of stock returns
and the persistence of volatility in the Korean stock market.

Most empirical studies concerning this subject have focused on relationships between trading
volume and stock returns (and volatility) in the Korean stock market. However, few studies have
used variables other than trading volume as a proxy for trading activity. Importantly, Gallo and
Pacini (2000) and Abdullah and Mohammad (2009) used the overnight index (ONI) and the intra-
day index (IDV) as proxies for trading activity in their analysis. In this study, we also use two
additional different proxies for information arrival: the close-to-open returns and the IDV. In
particular, this study used a new proxy variable, open-to-close returns, and investigated its impact
on the persistence of volatility.

We employed a GARCH model to investigate the persistence of volatility in the Korea Composite
Stock Price Index (KOSPI), Korea Securities Dealers Automated Quotations (KOSDAQ), and
three industry indices in the Korean stock market. We hypothesised that trading activity would
affect stock returns and the volatility of the markets. In addition, we compared the estimated
results obtained before and after the global financial crisis.

The remainder of this paper is organised as follows. Section 2 presents the descriptive statistics
for our data. Section 3 describes the methodology employed in this study. Section 4 presents the
empirical results, and several conclusions are discussed in Section 5.

2. Sawmpahnededs cri ptive statistics

This study relied on daily data regarding the KOSPI and KOSDAQ market indices, as well as the
financial industry (FINAN), service industry (SER), and manufacturing industry (MAN) indices
of the KOSPI market. The daily data covered the period from January 2, 2001 to April 30, 2014.
All sample data were obtained from the Informax database.

Returns data were calculated as continuously compounded returns using the price:
rt - 1n(Pthose/ Ppc]losg , (1)

where r, is the daily returns at time t and P“°*° is the closing price at time t. Figure 1 shows the

dynamics of five sample returns. All return series show similar patterns of volatility clustering,
suggesting use of the GARCH model.

Table 1 summarises the descriptive statistics and the results of the unit root tests for stock returns.
Panel A of this table, which presents the basic statistics for sample stock returns, shows that the
mean of the daily returns was positive for two market indices and three industry indices. The
values of skewness were negative for all sample returns. The values of kurtosis were positive for
all returns and greater than 3. Accordingly, the Jarque-Bera (J-B) test rejected the null hypothesis
of normality for all returns at the 1% significance level. We also tested the stationarity of the
dynamics of the returns and trading volumes. Panel B presents the results of the unit root tests for
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the five sample return series using the augmented Dickey—Fuller (ADF) and Phillips—Perron (PP)
tests. As shown in Panel B, large negative values for the ADF and PP test statistics led to
rejection of the null hypothesis of a unit root at the 1% significance level, indicating that all
return series were stationary.

Table 2 presents the descriptive statistics for the trading volume of two market indices and three
industry indices. The skewness and kurtosis were positive for all trading volumes. In addition,
results of the J-B test led to the rejection, at the 1% significance level, of the null hypothesis of
normality for all trading volumes. As shown in the results of the unit root tests, large negative
values for the ADF and PP test statistics led to rejection of the null hypothesis of a unit root at the
1% significance level, indicating that all trading volume series were stationary.
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Figure 1. Dynamics of daily stock returns series
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Table 1. Descriptive statistics for stock returns and results of unit root tests

KOSPI KOSDAQ FINAN SER MAN
Panel A: Descriptive statistics
Mean 0.0004 1.27E-06 0.0002 0.0003 0.0005
Median 0.0009 0.0014 -0.0001 0.0011 0.0011
Maximum 0.1128 0.1085 0.1002 0.1197 0.1201
Minimum -0.1280 -0.1231 -0.1354 -0.1553 -0.1312
Std. Dev. 0.0154 0.0170 0.0197 0.0170 0.0166
Skewness -0.5111 -0.9038 -0.2260 -0.7539 -0.4384
Kurtosis 8.7133 9.3976 7.4861 10.1247 8.5250
J-B 4639.0 6086.4 2799.55 7303.29 4309.59
Probability [0.0000] [0.0000] [0.0000] [0.0000] [0.0000]
Panel B: Unit root test
ADF -56.327%** -51.571%** -54.417%** -53.390%** -55.828%**
PP -56.336%** -51.638%** -54.338%** -53.360%** -55.837%**

Notes: The J-B values correspond to the test statistic for the null hypothesis of normality in

the distribut

ions of sample returns. *** represents significance at 1% level.

Table 2. Descriptive statistics for trading volume and results of unit root test

(unit: thousand)

KOSPI KOSDAQ FINAN SER MAN
Panel A: Descriptive statistics
Mean 436334 506776 56960 14163 290545
Median 392077 488084 43259 10375 249111
Maximum | 2379294 3484365 329381 132837 2255559
Minimum 136329 126275 11789 577 84738
Std. Dev. 205480 187742 42182 12120 186823
Skewness 2.8103 1.8229 2.1282 2.3589 3.7848
Kurtosis 17.1363 223212 8.8444 14.7433 25.3979
J-B 31879.3 53238.3 7198.67 22056.0 76974.6
Pmb;‘blht 0.0000 0.0000 0.0000 0.0000 0.0000
Panel B: Unit root test
ADF -5.826%** -4.753% %% L7 546%%* -5.886%** -5.366%**
PP J19.631F%% D1 161%FF  D7.665%%% 24,657k _]9073%¥*

Note: See Table 1.
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SEmpirical met hods

This study used the GARCH model proposed by Bollerslev (1984), because it treats current
conditional variance as dependent on lags in previous conditional variance, as suggested in
Figure 1. To test the effects of trading activity on the volatility of stock returns, we included a
proxy variable for trading activity in the GARCH (1,1) model as follows:

n=C¢ €L, &, (2)
gl ~N@O,h), 3)
h=a +ble +¢ ¥, (4)

where r, 1s the daily stock returns, and ¢, denotes the mean of the returns. Equation (4) specifies

conditional variance as a function of mean volatility (& ). In this equation, &, (the ARCH term)
is the lag of the squared residual of the mean equation, and h_, (the GARCH term) is the
previously forecast variance, which provides information about volatility clustering.

The sum of (b+ ¢ is a measure of the persistence of the effect of a shock on the variance. The
degree of persistence was determined by the magnitude of this sum. The effect of a shock on
volatility is said to persist over time as this sum approaches 1.

V, represents trading volume, which was used as a proxy for the arrival of information at the

market. If trading activity were considered a proxy for information arrival, then it would be
expected that g>0. If trading activity were serially correlated, 6 and d would be small and
statistically insignificant. The sum of (b + ¢ was smaller when trading activity was included
than when it was excluded. All parameters of conditional variance in equation (4) can be
estimated using the Marqurt algorithm, assuming a general error distribution (GED).

Another proxy for information arrival at time t could be trading volume at time t- 1. Thus, we
tested for the effect of one lagged volume as follows:

h=a +ble hd ¥. )

Gallo and Pacini (2000) and Abdullah and Mohammad (2009) suggested the use of an IDV
measure for the previous day as a substitute proxy for lagged trading volume. They calculated
IDV as the difference between the highest price and the lowest price divided by the closing price.
The IDV was calculated as follows:

éphigh _ Plow
|DVt zﬁtstet 5 (6)

(o t
where IDV, represents IDV. R"" P and R®*® denote the highest price, the lowest price, and

the closing price at time t, respectively. The IDV can be included in the conditional variance
equation as follows:

h=a +ble +qg DY, (7

Wang et al. (2009) reported the cross correlations between the total returns and the daytime
returns (DTR) and found consistencies. Thus, we also tested the use of the DTR measure for the
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previous day as a proxy for lagged trading activity. We found that the difference between the
closing and the opening price of the day can also represent an indicator of trading activity during
the day. The DTR was calculated as follows:

DTR =In( B/ B). ®)

Therefore, the conditional variance was estimated by including the lagged DTR in the conditional
variance equation as follows;

h=a +ble g DR, ©)

Another proxy indicator suggested by Gallo and Pacini (2000) and Abdullah and Mohammad
(2009) is the overnight index (ONI). Instead of measuring returns as the difference between the
closing price of one day and the closing price of the previous day, they suggested using the
difference between the opening price of one day and the closing price of the previous day as an
indicator of the trading activity during the day. They argued that the ONI is a good candidate for
capturing the persistence of conditional heteroskedasticity. This indicator was calculated as
follows:

ONI, =In(R**"/ R . (10)

Therefore, the conditional variance was estimated by including the ONI in the conditional
variance equation:

h=a +ble g ©N,. (11)
AEmpirical result

Table 3 shows the GARCH estimates without trading activity for the market indices and three
industry indices. In this table, Panel A presents the estimated results of the GARCH model for the
entire sample. We divided the sampling period into two sub-periods; namely, before and after the
global financial crisis.” The estimated results of the GARCH model for these two sub-periods are
presented in Panels B and C, respectively.

As shown in Panel A, all ARCH (6) and GARCH (d) terms were significant at the 1% level.
The sum of (b+ § was close to 1, ranging from 0.9750 to 0.9943. All terms in Panel B were
significant at the 1% level, and the sum was close to 1, ranging from 0.9711 to 0.9924. All terms
in Panel C were significant, and the sum was close to 1, ranging from 0.9257 to 0.9868. These
results imply that all return series exhibited high persistence in conditional variance for all three
sampling periods.

? Periodisation of the global financial crisis refers to Naoui, Liouane, and Branim (2010).
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KOSPI KOSDAQ  FINAN SER MAN
Panel A: Entire period (2001.01.02-2014.04.30)
1.77E- 1.03E- 231E- 1.83E- 2.10E-
(5.26E-06)  (1.71E-06)  (8.11E-07)  (5.59E-07)  (6.49E-07)
. 0.0768%%*  0.2055%%%  0.0707+%%  0.0674%%*%  0.0699%**
(0.0096) (0.0219) (0.0087) (0.0078) (0.0085)
) 0.0164%%%  0.7695%%%  0.0236%%%  0.9265%%*%  (.9220%**
(0.0099) (0.0197) (0.0086) (0.0074) (0.0090)
b+ o | 09932 0.9750 0.9943 0.9939 0.9921
Q,(20) 16.787 23.226 12.504 6.458 18.452
A(I;g)H 0.820 1182 0.628 0.325 0.896
Panel B: Pre-crisis (2001.01.02-2007.07.31)
3.15E- 1.09E- 7.42E- 251E- 2.65E-
(128E-06)  (2.98E-06)  (2.89E-06)  (1.10E-06)  (1.13E-06)
. 0.0776%%%  0.1543%%%  0.0920%%%  0.0562%%*%  0.0663%*+
(0.0161) (0.0264) (0.0164) (0.0105) (0.0131)
y 0.0112%%%  0.8168%%*  0.8917+%%  (0.0362%%*  (.9249%*+
(0.0170) (0.0266) (0.0170) (0.0100) (0.0133)
b+ o | 0.0888 0.9711 0.9837 0.9924 0.9912
Q,(20) 9.672 10.356 10.578 5.611 9.736
A(I;OC)H 0.487 0.519 0.507 0.282 0.492
Panel C: Post-crisis (2010.08.02-2014.04.30)
. 1.66E-06* (1)'52*3*% 1.75E-06 1.73E-06*  2.07E-06*
BSSE07)  Sipog  (LIIE06)  (896E-07)  (LISE-6)
. 0.0745%%%  02677F%%  0.0431%%%  0.0645%F%  0.0680%**
(0.0172) (0.0451) (0.0118) (0.0166) (0.0153)
) 0.0009%%  0.6580%%*  0.0437%F+  0.0213%*  (.9]72%*+
(0.0207) (0.0395) (0.0163) (0.0198) (0.0200)
(b+ o | 09844 0.9257 0.9868 0.9858 0.9852
Q,(20) 21.010 18516 18.782 15.631 15.960
ARC)H(20 1.138 0.834 0.932 0.726 0.792

Notes: Standard errors are in parentheses, and p-values are in brackets. The Ljung-Box
statistic, Q,(20), reflects serial correlations up to the 20™ order of the lag length in the

squared standardised returns. The ARCH (20) statistic reflects the ARCH effects at the 20™
order-lagged, squared residuals. Significance levels: *** 1%, ** 5%, * 10%.
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4 . TMrrading vol ume

Table 4 presents the estimated results of the GARCH model that included contemporaneous
trading volume in the conditional variance equation. As shown in Panel A, when we incorporated
trading volume in the conditional variance equation, the coefficient g was statistically significant
for all stock returns (except the KOSDAQ). These results suggest that contemporaneous trading
volume explained volatility to a significant degree. We also found that the ARCH and GARCH
effects were significant for the volatility of all returns. The sum of (b+ & in the GARCH model

with trading volume was close to 1, implying that incorporation of trading volume did not reduce
persistence. This also implies that the volatility of returns was not totally explained by
contemporaneous trading volume. As shown in Panel B, when we incorporated contemporaneous
trading volume in the conditional variance equation, the coefficient g was statistically significant
in only three of the five stock returns. These results suggest that contemporaneous trading volume
explained the volatility in three returns to a significant extent. We also found that the ARCH and
GARCH effects were significant for the volatility of all returns. The sum of these effects did not
reduce persistence. Panel C shows that the coefficient g was statistically significant for the
KOSDAQ returns. These results suggest that contemporaneous trading volume did not explain
the volatility of four returns to a significant extent. Trading volume had less effect in the post-
crisis period than it did in the pre-crisis period.

The aforementioned results are inconsistent with those reported by Lamoureux and Lastrapes
(1990), who found that contemporaneous trading volume could explain the persistence of
volatility. However, we concluded that contemporaneous trading volume is not a good proxy for
information arrival when explaining the persistence of volatility.
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Table 4. GARCH estimates with contemporaneous trading volumes

KOSPI KOSDAQ FINAN SER MAN
Panel A: Entire period (2001.01.02-2014.04.30)

B 337E-05%*  1.10E-06 b 1.22E-05%%  -2.45E-05%*
(1.36E-05) (3.39E-05) (1.38E-05) (6.05E-06) (1.07E-05)

b 0.0761%** 0.2054%** 0.0679%*** 0.0685%** 0.0695%***
(0.0098) (0.0219) (0.0089) (0.0082( (0.0086)

J 0.9126%** 0.7699%%** 0.9180%%** 0.9214%%*%* 0.9190%***
(0.0106( (0.0198) (0.0098) (0.0085) (0.0095)

g 2.82E-06** 6.94E-07 3'69*9*% -1.02E-06* 2.20E-06**
(1.09E-06) (2.56E-06) (1.39E-06) (5.88E-07) (9.13E-07)

(b+ o 0.9887 0.9753 0.9859 0.9899 0.9885

Q,(20) 15.179 23.303 12.711 6.237 16.992
ARCH (20) 0.741 1.186 0.645 0.315 0.823

Panel B: Pre-crisis (2001.01.02-2007.07.31)

A -6.57E-05** 8.29E-05 -5.49E-05* 1.14E-05 -4.71E-05*
(2.84E-05) (6.08E-05) (2.86E-05) (1.53E-05) (2.56E-05)

b 0.0701%** 0.1553%** 0.0882%%** 0.0593*%** 0.0646%**
(0.0162) (0.0269) (0.0162) (0.0112) (0.0137)
0.9073%** 0.8097*** 0.8919%*** 0.9307%** 0.9179%***

q (0.0192) (0.0287) (0.0172) (0.0119) (0.0155)

J 5.49E-06** -5.43E-06 5.85E-06** -9.38E-07 4.13E-06*
(2.32E-06) (4.54E-06) (2.77E-06) (1.65E-06) (2.14E-06)

(b+ o 0.9774 0.965 0.9801 0.99 0.9825
Q,(20) 9.035 9.813 10.470 5.577 9.345

ARCH (20) 0.454 0.491 0.506 0.281 0.473
Panel C: Post-crisis (2010.08.02-2014.04.30)

a -1.64E-05 -0.0001 -4.63E-06 -2.90E-06 -1.82E-05
(1.66E-05) (7.40E-05) (1.29E-05) (1.15E-05) (1.43E-05)

b 0.0750%** 0.2757%** 0.0414%%** 0.0638*%** 0.0666***
(0.0178) (0.0471) (0.0115) (0.0165) (0.0160)

J 0.9065%** 0.6367%** 0.9458*%** 0.9221%%** 0.9142%**
(0.0218) (0.0420) (0.0159) (0.0198) (0.0213)
1.44E-06 1.00E-05* 6.17E-07 4.58E-07 1.70E-06

q (1.34E-06) (5.74E-06) (1.26E-06) (1.16E-05) (1.23E-06)

b+ o 0.9815 0.9124 0.9872 0.9859 0.9808
Q,(20) 19.916 18.594 19.625 30.856 13.532
ARCH (20) 1.078 0.845 0.968 0.726 0.677

Note: See Table 3.
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Table 5 presents the estimated results of the GARCH model in which lagged trading volume was
included in the conditional variance equation. When we incorporated lagged trading volume in
the conditional variance equation, the coefficient g was statistically significant for all stock
returns (except for the KOSDAQ), as shown in Panel A. These results suggest that lagged trading
volume explained volatility to a significant extent. We found that the ARCH and GARCH effects
were significant for the volatility of all returns. The addition of the ARCH and GARCH estimates
to trading volume did not reduce persistence. As shown in Panel B, when we incorporated lagged
trading volume in the conditional variance equation, the coefficient g was statistically significant
for only two of the five stock returns. These results suggest that lagged trading volume explained
the volatility in two returns to a significant extent. In addition, we found that the ARCH and
GARCH effects were significant for the volatility of all returns. The inclusion of lagged volume
did not reduce persistence. Panel C shows that the coefficient g was not statistically significant
for all returns. These results imply that the volatility of the returns was not completely explained
by lagged trading volume. The sum of the ARCH and GARCH estimates almost approached that
of the contemporaneous volume and the level of persistence without trading activity. Our results
are consistent with those reported by Abdullah and Mohammad (2009) and Choi et al. (2012), but
they appear to be inconsistent with the findings of Darrat et al. (1990).
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Table 5. GARCH estimates with lagged trading volume

KOSPI KOSDAQ FINAN SER MAN
Panel A: Entire period (2001.01.02-2014.04.30)

a 3.14E-05** 1.41E-05 -2.66E-05%* 1.30E-05** 2.27E-05%*
(1.34E-05) (3.45E-05) (1.24E-05) (6.11E-06) (1.06E-05)

b 0.0758*** 0.2056%** 0.0662*** 0.0691*** 0.0693***
(0.0097) (0.0219) (0.0086) (0.0083) (0.0086)

J 0.9132%** 0.7692%** 0.9225%** 0.9204*** 0.9195%**
(0.0105) (0.0199) (0.0092) (0.0086) (0.0095)
2.63E-06** -2.94E-07 2.85E-06** -1.10E-06* 2.05E-06**

q (1.08E-06) (2.61E-06) (1.25E-06) (5.92E-07) (9.02E-07)

b+ o 0.989 0.9748 0.9887 0.9895 0.9888
Q,(20) 15.443 23.202 13.129 6.196 17.276
ARCH (20) 0.754 1.181 0.663 0.313 0.837
Panel B: Pre-crisis (2001.01.02-2007.07.31)

2 055225 8.92E-05 -4.18E-05 1.92E-05 -4.50E-05
(1.76E-06) (6.18E-05) (2.76E-05) (1.72E-05) (2.47E-05)

b 0.0655%** 0.1556%** 0.0868*** 0.0631*** 0.0643
(0.0139) (0.0269) (0.0158) (0.0120) (0.0136)

d 0.9138*** 0.8090%** 0.8949%** 0.9245%** 0.9185
(0.0147) (0.0285) (0.0166) (0.0132) (0.0153)

g 3'62*2*% -5.91E-06 4.59E-06* -1.76E-06 3.96E-06
(1.44E-07) (4.62E-06) (2.66E-06) (1.84E-06) (2.08E-06)

(b+ o 0.9793 0.9646 0.9817 0.9876 0.9828
Q,(20) 9.349 9.794 10.605 5.550 9.572

ARCH (20) 0.471 0.490 0.963 0.281 0.485

Panel C: Post-crisis (2010.08.02-2014.04.30)

a -1.49E-05 -6.55E-05 2.17E-06 -4.00E-06 -1.66E-05
(1.65E-05) (7.01E-05) (1.30E-05) (1.13E-05) (1.41E-05)

b 0.0749%** 0.2685%** 0.0432%** 0.0636%*** 0.0665%**
(0.0177) (0.0456) (0.0119) (0.0165) (0.0159)

J 0.9071%** 0.6509%** 0.9435%** 0.9224%** 0.9148***
(0.0216) (0.0405) (0.0164) (0.0198) (0.0211)
1.32E-06 6.00E-06 -4.07E-08 5.68E-07 1.56E-06

q (1.33E-06) (5.42E-06) (1.26E-06) (1.14E-06) (1.21E-06)

b+ o 0.982 0.9194 0.9867 0.986 0.9813
Q,(20) 20.458 18.578 18.729 15.752 13.755
ARCH (20) 1.084 0.836 0.929 0.727 0.689

Note: See Table 3.
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4 Rl.t ernative proxies

Table 6 shows the results of the GARCH estimates with lagged IDV. The IDV was significant for
all series in the sampling period. Panel A shows that the coefticient for IDV, g, was positive and
statistically significant for all stock returns. These results suggest that IDV explained volatility to
a significant extent. The sum of the ARCH and GARCH effects reduced the persistence of
volatility in all series, ranging from 0.6805 to 0.9123. As shown in Panel B, the coefficient g was
positive and statistically significant for all stock returns. The sum of these effects reduced the
persistence of volatility in all sample series, ranging from 0.7340 to 0.8575. Panel C shows
similar results, as the coefficient g was positive and statistically significant, and the sum of these
effects reduced the persistence of volatility in all series, ranging from 0.6379 to 0.9554.

Compared to Panel B (the results for the pre-crisis period), the IDV had a strong influence on the
KOSDAQ returns presented in Panel C (the results for the post-crisis period). On the other hand,
the IDV had a strong impact on the other four returns in the pre-crisis period. As a result, we
concluded that the IDV is a good proxy for information arrival when explaining the persistence
observed in a series of returns. Our findings are consistent with the results reported by Gallo and
Pacini (2000) and Abdullah and Mohammad (2009).
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Table 6. GARCH estimates with lagged IDV
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KOSPI KOSDAQ FINAN SER MAN
Panel A: Entire period (2001.01.02-2014.04.30)
-1.33E- -2.06E- -1.54E- -1.36E- -1.30E-
(2.24E-06) (2.58E-06) (2.55E-06) (2.80E-06) (2.30E-06)
b 0.0371%*** 0.1037*** 0.0357*** 0.0469%** 0.0373%**
(0.0114) (0.0230) (0.0095) (0.0109) (0.0100)
d 0.8338*** 0.5768*** 0.8766%*** 0.8569%** 0.8616***
(0.0224) (0.0349) (0.0167) (0.0162) (0.0188)
0.0025%** 0.0062*** 0.0022%** 0.0020%** 0.0021***
q (0.0004) (0.0006) (0.0003) (0.0003) (0.0003)
b+ o 0.8709 0.6805 0.9123 0.9038 0.898¢
Q,(20) 18.266 25.599 12.074 7.348 19.999
ARCH (20) 0.886 1.348 0.623 0.362 0.957
Panel B: Pre-crisis (2001.01.02-2007.07.31)
-2.01E- -2.28E- -3.04E- -1.91E- -2.27E-
(4.97E-06) (5.64E-06) (9.02E-06) (5.91E-06) (5.21E-06)
b 0.0173 0.0718** 0.0343%* 0.0342%* 0.0194
(0.0189) (0.0305) (0.0175) (0.0165) (0.0178)
0.8198*** 0.6630%*** 0.8232%** 0.8233%** 0.8362%**
q (0.0365) (0.0482) (0.0317) (0.0327) (0.0340)
J 0.0033*** 0.0057*** 0.0039%** 0.0031*** 0.0033%**
(0.0008) (0.0010) (0.0010) (0.0007) (0.0007)
b+ o 0.8198 0.734C 0.8575 0.8575 0.8362
Q,(20) 9.298 8.814 10.861 6.068 12.119
ARCH (20) 0.470 0.440 0.540 0.292 0.600
Panel C: Post-crisis (2010.08.02-2014.04.30)
a E)%SZE_ ;)1533*]5 -5.09E-06* -4.58E-06 -6.18E-06*
(2.77E-06) (4.07E-06) (2.82E-06) (2.82E-06) (3.25E-06)
b 0.0517*%* 0.1145%** 0.0157 0.0485%** 0.0417**
(0.0193) (0.0374) (0.0116) (0.0171) (0.0170)
J 0.8827%** 0.5234%** 0.9517*** 0.9069%** 0.9003***
(0.0273) (0.0666) (0.0152) (0.0231) (0.0244)
0.0011%** 0.0051*** 0.0007** 0.0007** 0.0011%*
q (0.0004) (0.0010) (0.0003) (0.0003) (0.0004)
(b+ o 0.9344 0.637¢ 0.9517 0.9554 0.942
Q,(20) 22.841 16.166 24.765 17.514 18.113
ARCH (20) 1.217 0.761 1.2044 0.824 0.875

Note: See Table 3.
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Table 7 presents the results of the GARCH estimates with lagged DTR, which we suggest as an
alternative proxy to lagged volume. The DTR measures the difference between the opening price
on one day and the closing price on the same day. The results presented in all panels reflect a
similar pattern. With the exception of three returns, the coefficients of the DTR effect, g, for all
series were negative and statistically significant at the 1% level. The sum of the ARCH and
GARCH effects did not reduce the persistence in the conditional variance. When the DTR was
included in the conditional variance equation, the persistence almost approached that of the
trading volume (Tables 5 and 6) and the level of the persistence without trading activity (Table 4).
As a result, we concluded that it is not a good proxy for information arrival when explaining the
persistence in a series of returns.
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Table 7. GARCH estimates with lagged DTR
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KOSPI KOSDAQ FINAN SER MAN
Panel A: Entire period (2001.01.02-2014.04.30)
2.39E- 8.63E- 3.15E- 1.87E- 2.44E-
(6.04E-07) (1.78E-06) (8.74E-07) (5.69E-07) (6.80E-07)
b 0.0790%** 0.1998*** 0.0739%** 0.0677%** 0.0715%**
(0.00906) (0.0217) (0.0093) (0.0079) (0.0087)
d 0.9100%** 0.7686%*** 0.9165%*** 0.9259%** 0.9188***
(0.0099) (0.0198) (0.0092) (0.0075) (0.0091)
-0.0008%** -0.0010%** -0.0010%** -0.0002 -0.0007***
q (0.0001) (0.0002) (0.0002) (0.0001) (0.0001)
b+ o 0.989 0.9684 0.9904 0.9936 0.99023
Q,(20) 16.378 23.400 10.899 6.375 17.740
ARCH (20) 0.813 1.182 0.541 0.321 0.871
Panel B: Pre-crisis (2001.01.02-2007.07.31)
4.88E- 1.08E- 9.48E- 3.12E-
a 06*** 05*** 06*** 2.39E-06** 06***
(1.51E-06) (3.21E-06) (3.30E-06) (1.16E-06) (1.19E-06)
b 0.0832%** 0.1554%** 0.0948%** 0.0554%** 0.0675%**
(0.0169) (0.0279) (0.0173) (0.0103) (0.0138)
0.8991*** 0.8080%** 0.8834%** 0.9373%*** 0.9223%**
q (0.0180) (0.0283) (0.0182) (0.0099) (0.0140)
d -0.0008** -0.0010%** -0.0009** 5.17E-05 -0.0003
(0.0003) (0.0004) (0.0004) (0.0002) (0.0003)
(b+ o 0.9823 0.9634 0.9782 0.9927 0.989¢
Q,(20) 11.139 11.248 10.758 5.678 9.955
ARCH (20) 0.564 0.554 0.519 0.285 0.504
Panel C: Post-crisis (2010.08.02-2014.04.30)
a 1.56E-06** (9)62*3*]::*_ 2.81E-06** 1.33E-06 2.20E-06**
(6.55E-07) (2.52E-06) (1.22E-06) (8.73E-07) (1.02E-06)
b 0.0542%** 0.2218%** 0.0409%** 0.0602%** 0.0644***
(0.0141) (0.0426) (0.0124) (0.0152) (0.0149)
d 0.9245%** 0.6972%** 0.9361*** 0.9271%*** 0.9148%**
(0.0167) (0.0381) (0.0170) (0.0181) (0.0178)
-0.0011*** -0.0009* -0.0008*** -0.0004 -0.0011%***
q (0.0002) (0.0005) (0.0002) (0.0002) (0.0002)
b+ o 0.9787 0.919 0.977 0.9873 0.9792
Q,(20) 18.954 21.021 19.367 18.613 16.241
ARCH (20) 1.015 0.941 0.935 0.864 0.822

Note: See Table 3.
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The ONI, which was suggested by Gallo and Pacini (2000) and Abdullah and Mohammad (2009),
can also be another proxy for trading activity. The ONI measures the effect of surprise
intervening or unexpected events between the closing price of one day and the opening price of
the following day. Table 8 presents the estimates of the ARCH and GARCH parameters in the
conditional variance equation including the ONI. The results in all panels reflect a similar pattern.
When the ONI was included in the conditional variance equation, the coefficients of the ONI
effect, g, for all series were negative and statistically significant at the 1% level. However, the
sum of the ARCH and GARCH effects was not significantly reduced compared to the sum in
Table 3 (the GARCH model without trading activity). Thus, we concluded that the ONI is not a
good proxy for information arrival when explaining persistence in the Korean stock market
index. This appears to be inconsistent with the findings of Gallo and Pacini (2000) and Abdullah
and Mohammad (2009).
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Table 8. GARCH estimates with ONI
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KOSPI KOSDAQ FINAN SER MAN
Panel A: Entire period (2001.01.02-2014.04.30)
4.00E- 2.04E- 2.71E- 3.15E- 4.19E-
(6.71E-07) (0.0002) (7.95E-07) (6.51E-07) (6.90E-07)
b 0.0741%** 0.1821%** 0.0681*** 0.0715%** 0.0651***
(0.00906) (0.0190) (0.0085) (0.0085) (0.0083)
d 0.9119%*** 0.7741%** 0.9262%** 0.9195%** 0.9219%**
(0.0100) (0.0168) (0.0084) (0.0081) (0.0085)
-0.0015%** -0.0028%** -0.0008%** -0.0010%** -0.0014%**
q (0.0002) (0.0002) (0.0002) (0.0001) (0.0001)
b+ o 0.986 0.9562 0.9943 0.991 0.987
Q,(20) 22.178 24.550 12.492 7.940 24.630
ARCH (20) 1.092 1.254 0.637 0.404 1.211
Panel B: Pre-crisis (2001.01.02-2007.07.31)
5.71E- 2.23E- 9.66E- 3.43E- 4.54E-
(1.36E-06) (3.44E-06) (2.93E-06) (1.35E-06) (1.13E-06)
b 0.0752%** 0.1428%** 0.0842%** 0.0642%** 0.0651***
(0.0150) (0.0243) (0.0151) (0.0121) (0.0125)
0.9069%** 0.8038*** 0.8956%** 0.9270%*** 0.9228***
q (0.0155) (0.0239) (0.0160) (0.0116) (0.0121)
d -0.0016*** -0.0025%*** -0.0013*** -0.0005* -0.0014%***
(0.0003) (0.0004) (0.0003) (0.0002) (0.0002)
b+ o 0.9821 0.946€¢€ 0.9798 0.9912 0.987¢
Q,(20) 13.122 12.127 10.459 5.703 14.206
ARCH (20) 0.687 0.599 0.514 0.291 0.750
Panel C: Post-crisis (2010.08.02-2014.04.30)
3.27E- 2.48E- 3.95E- 3.83E-
a 06*** 05*** 1.92E-06* 06*** 06***
(1.10E-06) (3.30E-06) (1.08E-06) (1.22E-06) (1.33E-06)
b 0.0723%** 0.2055%** 0.0140%** 0.0620%** 0.0650%**
(0.0191) (0.0399) (0.0126) (0.0193) (0.0170)
d 0.9022%** 0.6948*** 0.9448%** 0.9123%** 0.9134%**
(0.02306) (0.0377) (0.0167) (0.0235) (0.0217)
-0.0010%*** -0.0040%*** -0.0005* -0.0013*** -0.0011%***
q (0.0003) (0.0005) (0.0003) (0.0003) (0.0004)
(b+ o 0.9745 0.9003 0.9588 0.9743 0.97814
Q,(20) 19.252 22.636 17.606 18.049 14.781
ARCH (20) 0.969 1.041 0.856 0.838 0.732

Note: See Table 3.
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5Concl ussi on

This study investigated whether information about trading activity affected volatility in the
Korean stock market. To this end, we employed the GARCH model and included several proxies
for information about trading activity in the model. Several findings emerged from our analyses.
First, trading volume had a significant effect when it was included in the conditional variance
model, but the ARCH and GARCH effects remained and were not reduced. This implies that
trading volume is not useful as a proxy for information arrival. Second, the post-crisis results
were less impacted by trading activity than the pre-crisis results. Third, an alternative proxy
(IDV) reduced the degree of persistence and was more important than the contemporary or
lagged trading volume with regard to how new information propagates through the stock market.
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