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ABSTRACT

The purpose of this paper is to examine the relationship between stock price and futures volume. This paper
contributes to previous studies of price-volume relationship and the determinants of futures volume by
postulating three hypotheses and testing them with data for four stock index futures in Taiwan. The model

developed in this article formalizes the price-volume relationship by stochastic calculus and [t process.
First, we find a long-run relationship between stock price and futures volume by cointegration test. If the
cointegarted relationship exists, stock price and futures volume are non-stationary in level but stationary in the
first differences. That is, stock price and futures volume follow a random-walk process. On the other hand, we
extract the short-run and long-run impacts by vector error correction model. Furthermore, we consider three
measures for stock price volatility to test the determinants of change and volatility of futures volume. Although
the determinant of change and volatility of futures volume are sensitive to the volatility estimate used, we find

that absolute stock price change is a more suitable measure for stock index price volatility.

Keywords: futures volume, stock price, volatility

|. INTRODUCTION

A futures contract is an agreement between two parties, a buyer and a seller,
to exchange at a future date, particular goods or services at a pre-specified price.
The price is determined through the bidding and offering process and subject to the
rules of an organized exchange. The principle contributions of a futures market to
the economy consist of three functions, namely hedging, speculating, and price
discovery. Consequently, the sources of underlying market, future market and their
interrelation are topics of enduring interest in financial market.

Karpoff (1987) suggests several reasons why the price-volume relationship is
crucial in capital market by modeling the trade volume of heterogeneous investors
who periodically and idiosyncratically revise their demand prices. He finds that
larger volumes induce more competitive trade and lower the bid-ask spread.

Therefore, the relationship between stock price and futures volume plays an
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important role in financial markets. For the relationship between volume and price
volatility, previous studies such as Ying (1966), Crouch (1970), Clark (1973),
Copeland (1976), Epps and Epps (1976), Westerfield (1977), Rogalski (1978), and
Upton and Shannon (1979) have examined this issue extensively. Some studies
such as Cornell (1981), Tauchen and Pitts (1983), Rutledge (1884) and Floros and
Vougas (2007) have investigated the interrelation of price-volume with the data
from futures markets. Floros and Vougas (2007) examine the relationship between
trading volume and returns in Greek stock index futures market. They suggest that
there is a significant relationship between lagged volume and absolute returns,
while a positive contemporaneous relationship does not hold. That is, they found
market participants use volume as an indication of prices.

On the other hand, Garcia, Leuthold and Zapata (1986) examine the lead-lag
relationship between trading volume and price volatility for corn, wheat, soybeans,
soybean oil and soybean meal futures contracts by causality tests. The relationship
between stock prices and volume can be divided into short-run and long-run
relationship. Therefore we postulate the first hypothesis to analyze short-run and
long-run relationship between stock index price and futures volume by
cointegration test and an error correction model. The methodology of cointegration
test is Johansen’s (1988) maximum likelihood method, which is more elaborate
than that of Garcia, Leuthold and Zapata (1986). Before testing cointegration, we
have to test randomness and stationarity for the sample data in this paper by unit
root test first. Consequently, if the first hypothesis is proved implying that stock
index prices and futures volume follow a random-walk process (Kendall, 1953).

Then, we test the determinants of change and volatility of futures trading
volume and open interest by three measures that are different from those used in
previous works of Garcia, Leuthold and Zapata (1986), Chen, Cuny and Haugen
(1995), Bhar and Malliaris (1998), Malliaris and Urrutia (1998), Wang and Yau
(2000), Watanabe (2001), Pilar and Rafael (2002), Illueca and Lafuente (2003),
Luu and Martens (2003), Holmes and Tomsett (2004) and Floros and Vougas
(2007).

Chen, Cuny and Haugen (1995) examine how stock volatility affects the basis
and open interest of stock index futures. They find that the basis, which is defined

as the futures price minus the stock prices, decreases as the volatility of the S&P
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500 Cash Index increases. The open interest of S&P 500 futures increases as the
volatility of the S&P 500 Cash Index increases. Bhar and Malliaris (1998) find that
price volatility is a determinant of the unexpected component of the changes in
trading volume. They also find significant relationship between volatility of price
and volatility of trading volume change for five foreign currency futures. Malliaris
and Urrutia (1998) investigate the price-volume relationship and the determinants
of trading volume with the use of agricultural commodity future contracts. They
find that the volatility of trading volume as a function of price volatility.
Furthermore, the price volatility impacts significantly volume’s volatility.

Chang, Chou and Nelling (2000) examine the relation between stock market
volatility and the demand for hedging in S&P 500 stock index futures contracts.
They construct measures of daily price volatility by two estimators of time-varying
price volatility, including extreme value estimator and an estimator using the
GARCH process. Then, they decomposed volatility estimates into expected and
unexpected components. They find only weak evidence of a positive relation
between unexpected volatility and open interest. They conclude that the results are
sensitive to the volatility estimate used.

Wang and Yau (2000) examine the relationship between trading volume and
price volatility for futures markets by OLS (ordinary least squares) and GMM
(generalized method of moments). The sample is based on two financial futures
contracts (S&P 500 and DM) and two metal futures contracts (silver and gold), and
covers the period 2 January 1990 to 29 April 1994. Their results show a positive
relationship between trading volume and price volatility and a negative relationship
between price volatility and lagged trading volume.

Watanabe (2001) examines the relation between price volatility and trading
volume for the Nikkei 225 stock index futures from 24 August 1990 to 30
December 1997. He suggests that there is no relationship price volatility and
volume following the method developed by Bessembinder and Seguin (1992).

Pilar and Rafael (2002) analyze the effect of futures on Spanish stock market
volatility and trading volume by a GJR model. Their results show a decrease in the
volatility and increase in trading volume. However, Illueca and Lafuente (2003)
find no significant relationship between spot volatility and trading volume in the

Spanish stock index futures market. Finally, Luu and Martens (2003) test the MDH
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using realized volatility. They find that the mixed evidence on MDH in the existing
literature can in part be contributed to the use of poor realize volatility measures.

Holmes and Tomsett (2004) use the GMM approach to demonstrate that the
link between futures volume volatility can be attributed to the flow of information.
Floros and Vougas (2007) investigate the empirical relationship between price
changes and trading volume for index futures contracts traded in the ADEX
(Greece). They test how well GARCH effects are explained by trading volume and
analyze the contemporaneous relationship between returns and volume using a
system of simultaneous equations.

As a result, we construct three estimators for stock index price volatility in
this paper. The first measure of stock price volatility is absolute change in price.
Crouch (1970), Clark (1973), Westerfield (1973) have postulated that absolute
value of price change is positively related to volume. Rogalski (1978) suggest
additional empirical evidence to support that price change and volume are
positively interrelated as suggested by Epps and Epps (1976). Numerous empirical
studies have also examined the contemporaneous behavior of volume and absolute
price changes, and have found a positive correction between the two as
documented by Karpoff (1987). More recent empirical investigations such as
Gerety and Mulherin (1989) also observe similar correlations.

The second measure is estimated by extreme value method. Parkison (1980)
suggests that the extreme value, such as high and low prices, provides more
information. Therefore, we adopt the extreme value estimator as the second
measure of stock price volatility.

The third measure is estimated by GARCH model. Antoniou and Holmes
(1995) examine the impact of trading in FTSE-100 Stock Index Futures on the
volatility of the underlying spot market following the Generalized Autogressive
Conditional Heteroscedastic (GARCH) family of statistical techniques. This is
because volatility must be time varying and a natural way to capture varying nature
of volatility is to model the conditional variance as a GARCH process (Engle, 1982;
Bollerslev, 1986; Engle and Bollerslev, 1986). According to the aforementioned,
we consider three measures of stock index price volatility that include absolute
change in price, extreme value estimator and an estimator involving the GARCH

process for the second and third hypotheses. Consequently, the second and third
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hypotheses are postulated to examine whether or not stock index price volatility is
the significant determinant of change and volatility of futures volume.

The purpose of this paper is to investigate the relationship between stock price
and futures volume for four stock index futures in Taiwan. This paper contributes
to the literature in the following aspects. First, we investigate the short-run and
long-run relationship between stock price and futures volume by cointegration test
and vector error correction model (VECM). Further, we use stochastic calculus and
[to process to formalize the relationship between stock index price and futures
volume. The model developed in this paper is different from that of previous
studies such as Crouch (1970), Rogalski (1978), Martell and Wolf (1987), Karpoff
(1986), Huffman (1987) and Pagano (1989).

Second, we consider three measures for stock price volatility, which is a more
extensive discussion than previous studies. Third, we postulate three hypotheses
and testing them more complete than previous studies. All these three hypotheses
are tested using four stock index futures contracts in Taiwan covering the sample
period of 1997-2004. We expect that the proposed model in this paper can provide
a thorough investigation of the relationship between stock price and futures
volume.

This paper is organized as follows. Section 1 provides the motivation. Section
2 develops the model to formalize the relationship between stock index price and
futures volume. Then, we postulate three hypotheses. Section 3, we describe the
methods used to test the three hypotheses. Section 4 describes the data used in this
paper. Section 5 analyzes the main empirical results to verify the three hypotheses.

Section 6 includes a discussion of our findings and conclusion.

IIl. MODEL SPECIFICATION

Following Crouch (1970), Rogalski (1978), Garcia et al. (1986) and Malliaris
and Urrutia (1998) assume that futures volume is a function of futures price and

time as

V(t) = L(t, F(V) 1)

where V(t) denotes futures volume. F(t) denotes futures price and t denotes time. In

addition, the relationship between futures price and stock price is
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E(t) = M(t,P(1)) ()

where P(t) denotes stock price. Equations (1) and (2) not only express a static
model, but they also emphasize a change over time dynamically.

Furthermore, we assume that functions L(t) and M(t) are time continuously
differentiable and P(t) follows an It0 process with drift a(P,t) and volatility

o(P,t) as'

dP(t) = a(P, t)dt + o(P, t)dB(t) 3)

where B(t) denotes a standardized Weiner process. Although Equation (1) and (2)
are general model, the model described by Equation (3) is favorable, as It0’s
processes describe better continuous random walks with a drift which lead to
market efficiency. Another application of It0 lemma suggest Equations (1) and

@) as’
dv = Ltdt+LFdF+%LFF(dF)2 (4)
dF=M,dt+M,dp+ %MPP (dp)’
=M,dt + M, [adt + odB] + %Mppazdt
=[M, +M,a %Mppa2 Jdt+M,cdB (5)
where L, L., L, M, M,, M,, denote partial derivatives of functions L(t)

and M(t). Then, substitution of Equation (5) into Equation (4) and rearrangement of

terms gives

dv=Ldt+ LF{Mt +M,a +%MPP02 }dt + MPO'dB} +%LFFMf,azdt

! The description of asset prices has been reviewed extensively in Merton (1982), who offers the use
of It0 processes to characterize the behavior of an asset price.
2 This expression has been expressed in Malliaris and Brock (1982).
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1 1
= {Lt +LF(Mt +M,a +EMPP02)+ELFFM§02}dt+LFMP0'dB (6)

Equations (1) and (6) describe trading volume theoretically and show whether it
follows a random walk.

The model expressed by Equations (1)-(6) allows one to formulate the first
hypothesis. Since both V(t) and P(t) are random variables with certain distribution
functions, we say that V(t) and P(t) are non-stationary. If these distribution
functions change over time, the stock price in Equation (3) is a Markov diffusion
process. Furthermore, stock and futures markets may have interrelated relationship,
including long-run and short-run relationships. As a result, we used cointegration
and error correction methodology for the first hypothesis to express the relationship
between stock price and futures volume, including both short-run and long-run
relationships. If the first hypothesis is proved means that stock prices and future
volumes all follow a random walk. Therefore tests of randomness and stationarity
for stock price, futures trading volume and open interest suggest the validity for the
first hypothesis first.

By taking expectations of equation (6), we derive the following expression:

E(dV)= [(Lt +L,M,)+L.M,a +%(LFMPP +L M) }dt )

Equation (7) suggest three determinants of the change in futures volume: (i) a trend
factor; L and M, ; (ii) the drift coefficient of stock price, a; and (iii) the volatility

of stock prices, 6°. The second hypothesis is tested with Equation (7), which
represents that the change in futures volume is a function of stock prices volatility.
Finally, we use stochastic calculus techniques to derive the volatility of

futures volume is given by
Var(dV)= (LM, ) odt (8)

From Equation (8), we find that stock prices volatility, o, plays an important role
in the volatility of futures volume. Bhar and Malliaris (1998) and Malliaris and
Urrutia (1998) suggest that price volatility has a significant impact on volume

volatility. Consequently, we postulate the second and third hypothesis to test
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whether or not stock price volatility is the significant determinant of change and

volatility of futures volume.

. METHODOLOGY

The first hypothesis in this paper is tested by cointegation with Johansen
(1988), and the vector error correction methodology. The second and third
hypotheses test whether or not stock index price volatility affects the change and
volatility of futures volume. Then, we consider the volatility of stock index price
via three measures, namely change in stock index price, extreme value of Parkison
(1980) and generalized autogressive conditional heteroskedastically approach. We

describe these methods used to test three hypotheses briefly.

1. Unit Root Test

First, we have to test the property of data by unit root test before testing
cointegration. There are numerous unit root tests in the literature such as ADF test
(augmented Dickey-Fuller) and Phillips-Perron test. Since most time series data
with heavy-tailed distributions, Koenker and Xiao (2004) develop quantile
autoregression model to infer unit root. Therefore, to test the existence of unit root
in the time series of stock index price and futures volume, we adopt the ADF and
quantile autoregression inference in this paper.

One of the most important extensions of the first order autoregression

formulation of the unit root model is the ADF model®

q
Y=oyt ZOLMAYH‘ +u, )

j=1

3 We calculate the lag numbers by the Akaike Information Criterion (AIC) that is computed as
AIC=-2/0/T+2k/T

where £ is the log likelihood. The log likelihood value is computed by assuming a multivariate
normal (Gaussian) distribution as

/= —%(1 +log27) —%log‘f)‘

where and M is the number of explators.

Q=det() @'/ T)
i

The AIC is often used in model selection for non-nested alternatives-smaller values of the AIC are

preferred. We can choose the length of a lag distribution by choosing the specification with the

lowest value of the AIC.
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In this model, the autogressive coefficient o, plays an important role in
measuring persistency in economic and financial time series. Under regularity
conditions, if o, =1, y, contains a unit root and is persistent; and if |0Ll| <1,
y, is stationary. Denoting the o -field generated by {u,s<t} by F,,the t-th

conditional quantile of y,, conditional on F,_,, is given by

Q,, (T|Ft—l ) =Q,(D+ayy, , + zaj-HAYt—j (10)

j=1

Koenker and Xiao (2004) consider the t-ratio statistics like the ADF t-ratio

test

_FEO) (vrp v V25 (0
tn(T)—m( —IPXY—I)I (al(r) 1) (11)

where f (la_l(r)) is a consistent estimator of f (F_I(T)), Y, is the vector of
lagged dependent variables (y, ) and Py is the projection matrix onto the space

orthogonal to X =(1, Ay, ,,---, Ay, ).

In addition, Koenker and Xiao (2004) also use the coefficient-based statistic
in the quantile autoregression model for unit root testing and define the following

coefficient-based statistic

U, (0 =n(é,(r)-1) (12)
Furthermore, we calculate critical values by resampling method.

2. Cointegration Test

If the stock index price and futures volume are non-stationary, then their
future time paths depend on past effects. Although the various variables are
individually non-stationary, we expect them to be related to one another if a linear
combination of them may be stationary. This means that these variables are
cointegrated, if there exists a nonzero vector such that they are stationary. The
nonzero vector is called cointegrated vector and can be interpreted for short-run

and long-run equilibrium.
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There are two main approaches for cointegration tests. The first approach is
the Engle-Granger (1987) two-step methodology. Its disadvantage is that the result
of the cointegration test may vary with the participant chosen for the purpose of
normalizing the cointegrating vector and it is difficult to be applied to more than
two cointegrating vectors.

The second approach is the Johansen’s (1988) maximum likelihood
methodology, which is used in this study. It does not have the disadvantages of the
Engle-Granger approach. The estimation used the duality between the vector
autoregression (VAR) representation and an ECM formulation provided by the

Granger representation theorem (Engle and Granger, 1987). To test for
cointegration, we express series X, asa VAR process

X =AX  +AX ,+. +AX | tute (13)
Then there exists an ECM
k-1
AX, =X, + ) mAX, +p+e, (14)

i=1

k k
where m=-I+> A, i=12. . .k m=-Y A, j=i+Li+2,.. .k, and
i=1 j=i+l
A is coefficients of the (nxn) matrix 7. Johansen (1988) has suggested that the
rank of matrix 7 in Equation (14) determines whether or not variables are
cointegrated. If they are cointegrated, then the cointegration term is ©X, ,. It also

determines the number of cointegrating vectors. Therefore, there are two test

statistics provided by Johansen as

hee@) = ~T S In(1 - 4,) (15)

i=r+l

7\‘max (rﬂr + 1) =-Tx ln(l - }A\‘r+1) (16)
where the n characteristic roots are ordered such that A, >A, >--->A_ and T is

the number of observations. The statistic A tests the null hypothesis that the

trace

number of cointegrating vectors is less than or equal to r against the alternative is
greater than r. On the other hand, the statistic A tests the null hypothesis that

max
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the number of cointegrating vectors equal to r against the alternative is equal to
r+1.

3. Error Correction Model (ECM)

It is possible to develop a model that can test the short-run and long-run
relationships between stock index price and futures volume by integrating the
concepts of cointegration and Granger causality. The model is known as the error
correction model proposed by Engle and Granger (1987). First, we assume two
time series X, and Y,. The long-run and short-run impact of Y, on X, can

t

be expressed as

T

n T
Xt - Xt—l = alzt—l + Zci(Yt—i - Yt—i—1)+ zdj(Xt—j - Xt—j—l )+ & (17)
i=1 i=1

where the cointegartion term, aIZH, is recalled from Equation (14). In particular,

Equation (17) decomposes the dynamic adjustments of the change of dependent
variable, X, , into two components: (i) long-run component is given by the

cointegration term, aIZH; and (ii) short-run component is given by the first

summation term on the right-hand side of equation (17). Similarly, the short-run

and long-run impact of X, on Y, can be expressed as follows:

. T T
Yt - Yt—l = blzt—l + Z¢i (Xt—i - Xt—i—l )+ Zej (Yt—j - Yt—j—l )+ & (18)

i=1 j=1

According to Equation (17) and (18), if both a, and b, are significantly
different from zero, then X, and Y, adjust to one another over the long run. If
a, is significantly different from zero but b, is not, then X, will adjust to Y,
in the long-run. The opposite occurs when b, is significantly different from zero
but a, is not. On the other hand, coefficients ¢, and ¢, represent the short-run
relationship between X, and Y,.If both ¢, and ¢, are significantly different
from zero, it implies that X, and Y, will affect each other in the short-run. If
c, are not significantly different from zero but ¢, are, then Y, will cause X,

in the short-run. The opposite occurs when not ¢. are significantly different from

zero but ¢, are.
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4. Tests of Determinants of Change and Volatility of
Futures Volume

This paper also examines whether or not stock index price volatility affects
the change and volatility of futures volume, including futures trading volume and
open interest as described by the third and fourth hypotheses of Equations (7) and
(8), respectively. Consequently, the determinants of the change in futures trading
volume and open interest can be tested with Equation (7) via running the following

regression
AV, =a, + B(AP) + y|4P | + ¢, (19)

where ¢, denotes the residual term, AV, =V, —V _, denotes change in futures

volume, AP, =P, —P,_, denotes change in stock price, APt| denotes absolute

change in price as a proxy of stock index price volatility. On the other hand, the
determinants of volatility of futures trading volume and open interest can be

implemented by Equation (8) by running the following regressions

[AV,| = o, + AP |+, (20)

where 44, denotes the residual term,

AVt| denotes absolute change in futures

trading volume or open interest that as a proxy of volatility of futures volume and
others variables as in Equation (19).

According to Equations (19) and (20), the volatility of stock price is the
determinant of change and volatility of futures volume. In particular, we consider

three measures for stock index price volatility. The first is absolute change in stock
AP,|, as described in Equations (19) and (20). The second is the

index price,

extreme value estimator developed by Parkison (1980). The third is the
Generalized Autoregressive Conditional Heteroskedastically (GARCH) process
developed by Bollerslev (1986).

Several previous studies such as Edwards (1988a, 1988b), Damodaran (1990),
Lee and Ohk (1992), and Kamara et al. (1992) examine the volatility by using
closing prices, which is as unbiased estimator of volatility. Since there is more

information provided by the extreme value (the high and low prices), Parkison
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(1980) regards extreme the value as far superior estimation than those obtained by
traditional estimated processes. The second estimator of volatility, the extreme

value estimator, developed by Parkison (1980) is defined as follows
o =0.3607x[In(H, /L, )f (21)

where H, and L, are the highest and lowest stock index prices on day t,

respectively.

The third estimator of stock index price volatility is developed from the
GARCH model. In conventional econometric models, the innovation is assumed to
be constant (homoskedasticity), which is inappropriate. Engle (1982) suggests that
the variance of innovation is not constant, and assumes the conditional variance of
the innovation as an AR(p) process, which is an autoregressive conditional
heteroskedastic (ARCH) model. Bollerslev (1986) extends Engle’s original work
by developing a technique that allows the conditional variance of the innovation to
be an ARMA process, which is called the generalized ARCH(p,q) model or
GARCH(p,q) model. For this paper, we adopt the GARCH(1,1) model. *

Consequently, there are three proxies of stock price volatility; they are absolute

change in stock price, API| , extreme value, GﬁL’t and the conditional variance of
GARCH(1,1),h, . In summary, determinants of change in futures trading volume
and open interest are examined using the following regressions that apply the

above three measures to Equation (19)

A4Vol _|AP| 2 AVol, =y + Py (AP) + yg

AP |+ ¢, (22)
AVol _ O-IZ{L,t : AVol, = ay, + By (4P) +y vOlzo-}ziL,t + &, (23)

AVol _GARCH : AVol, = ay + By, ;(4AP) + yyosh, + &5, (24)

* The GARCH(1,1) specification is frequently employed and supported in many studies such as
Bollerslev, Chou and Kroner (1992). The simple GARCH (1,1) specification as

2
hy=ag +aye, + fihy
where h, is the conditional volatility at time, t, ¢, is a constant, ¢ is a coefficient that

relates the past value of the squared residuals, (812_1 ), to current volatility, and /3, is a coefficient
that relates current volatility to the past period of volatility.
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AOL_|AP|  : AOL, = ay, + Boy (AP,) + you|AP |+ &, (25)
AOI _ GLZIL,t D AOL = a5 + B, (AP) + yOIZGIiL,t + &5, (26)
AOI _ GARCH - AOIt =y + ,3013(APt) + }/01311t + &4, (27)

where AVol and AOI denote change in futures trading volume and open
interest, respectively. AP, denotes change in stock index price and |APt|

denotes absolute change in price as first measure of stock index price volatility.
Gim denotes the second measure from Parkinson (1980). Finally, h, denotes

the third measure from the GARCH model. Let the index i is within the range of 1
and 6. «,; and ¢;; denote intercepts and coefficients in every model, respectively.

B and y denote coefficients of every model and ¢, denotes the residual term.

In addition, determinants of volatility of futures trading volume and open

interest by three measures are expressed by the following regressions:

|AVol| _|[AP|  : |AVoOl,|=ay + 8yy|AP | + 4, (28)
AVol o7y, ¢ |AVol|=ay, +8yn0my, + i, (29)
[AVol _GARCH :  |[AVol|=ay; + 8y sh, + s, (30)
|AOI| _|AP| : |AOL| = ayy + 80,y |AP, | + 114, (31)
AON|_opy ., ¢ |AOL|= a5 + Sopnomy, + s, (32)
[AOI_GARCH : |AOI|=ay + Sosh, + s, (33)

where |AV01| and |AOI| denote volatility of futures trading volume and open

interest, respectively. Let the index i is within the range of 1 and 6. «,, and O

denote intercepts and coefficients for every model, respectively. 4, denotes the

residual term.
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V. DATA

The purpose of this paper is to examine the relationship between stock index
price and futures volume for four stock index futures contracts in Taiwan,
including FITX, FITF, FITE and MSCI. We describe the data used in this paper
briefly. Taiwan stock index future contracts began trading on the FITX on July 21,
1998, and on the FITF and FITE on July 21, 1999. The FITX futures contract uses
the Taiwan capitalization weighted index as the underlying index. That is, the
FITX futures contract is a value-weighted index of all common stocks listed on the
Taiwan Stock Exchange. The FITF and FITE futures contracts use the banking and
insurance, and electronic capitalization weighted index as the underlying indexes,
respectively. On the other hand, the FITF and FITE are value-weighted indexes of
banking and insurance, and electronic common stocks listed on the Taiwan Stock
Exchange.

In particular, another stock index futures is compiled by Morgan Stanley
Capital International (MSCI), established by Singapore International Monetary
Exchange (SIMEX). The Singapore government, looking for niches in financial
services industry, established the Singapore International Monetary Exchange
(SIMEX) as Asia’s first financial futures market. As of 1998, there were a total of
12 futures contracts available on SIMEX. In January 1997, SIMEX launched the
Taiwanese Stock Index futures according to the index compiled by Morgan Stanley
Capital International (MSCI), which comprised 77 component stocks representing
67 percent of Taiwan stock market.

The data corresponding to daily settlement prices and volume for the four
stock index futures contracts: FITX, FITF, FITE and MSCI from January 19, 1997
to September 30, 2004 are employed to test the validity of the four hypotheses. In
addition, the futures volumes include futures trading volume and open interest in
this paper. The data, including close price, open price, trading volume, volume of
open interest, highest price and lowest price are provided by InfoWinner 2000 of

InfoTimes Corporation.
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V. EMPIRICAL RESULTS

1. Descriptive Statistics

Table 1 reports the descriptive statistics of stock index price and stock index
futures contracts in Taiwan. Table 2 shows the descriptive statistics of futures
trading volume and open interest. In addition, the stock index price, futures trading
volume and open interest are taken logarithm for testing three hypotheses in this
paper. Visual inspections of Table 1 and 2, we find that all series in this paper are

not normality from the value of Jarque-Bera.

Table 1.  Descriptive statistics of stock indexes and futures in Taiwan
FITX FITF FITE MSCI
Stock Stock Stock .
index Future index Future index Future |Stock index| Future
Sample 1998/7/21 1999/7/21 1999/7/21 1997/1/9
period ~2004/9/30 ~2004/9/30 ~2004/9/30 ~2004/9/30
observations 1587 1318 1318 1960
Mean (%) -0.019 | -0.020 | -0.010 | -0.010 | -0.038 | -0.038 -0.013 -0.012
Standard 1.757 | 2.004 | 1.985 | 2.225 | 2.104 | 2.483 1.846 2.293
Derivation(%)
Skewness 0.029 | -0.047 | 0.121 | -0.020 | 0.101 | 0.051 0.052 -0.111
Excess 4117 | 4.875 | 3.826 | 4.414 | 3.690 | 4.061 4.026 6.496
Kurtosis
82.763 1232.945| 40.677 |109.954 | 28.393 | 62.377 86.934 1000.891
Jarque-Bera
(0.00)** | (0.00)** | (0.00)**| (0.00)** | (0.00)**|(0.00)**| (0.00)** | (0.00)**

Note: 1. p-value of Jarque-Bera are reported in paretheses.
2.(*) and (**) are denoted significant at 5% and 1% level, respectively.
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Table 2.

Descriptive statistics of futures volume

Futures trading volume

Open interest

Panel (2A) FITX

Mean(%) 0. 307 0.336
Median(%) -3.111 0.010
Standard Derivation 0.448 0.3576
Skewness 0.832 2.509959
Excess Kurtosis 8.824 15.2221
Jarque-Bera 2425.733 11544.12
(0.00)** (0.00)**
Panel (2B) FITF
Mean(%) 0.301 0.392
Median(%) -2.133 0.000
Standard Derivation 0.494 0.309
Skewness 0.989 2.234
Excess Kurtosis 14.033 15.980
Jarque-Bera 6899.851 10349.07
(0.00)** (0.00)**
Panel (2C) FITE
Mean(%) 0.187 0.298
Median(%) -3.860 0.000
Standard Derivation 0.491 0.287
Skewness 0.852 2.299
Excess Kurtosis 13.619 14.944
Jarque-Bera 6351.951 8995.302
(0.00)** (0.00)**
Panel (2D) MSCI
Mean (%) 0.335 0.202
Median(%) 1.446 0.000
Standard Derivation 0.439 0.195
Skewness -0.070 0.412
Excess Kurtosis 5.987 82.962
Jarque-Bera 730.227 522224.2
(0.00)** (0.00)**

Note: 1. p-value of Jarque-Bera are reported in parentheses.

2.(*) and (**) are denoted significant at 5% and 1% level, respectively.
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2. Unit Root Test

Before we present the empirical result, it is informative to check the time
series properties of all stock indexes and stock index futures in this paper. Figure 1
suggests the time series for the sample period from January 1997 to September
2004 of observations of the stock indexes and stock index futures. We find that
there are comovements in the time series of stock indexes and stock index futures
and all series seem to follow a random walk process will be discussed in the

following.
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Figure 1.  Time series of four stock indexes and futures
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Figure 1.  Time series of four stock indexes and futures (continue)

To avoid spurious regression results, we test unit root for stock index price,
futures trading volume and open interest. Table 3 presents the results of ADF tests.
An implication of Table 3 is that all the data series are I(1) in the level for all series
by ADF unit root test in this paper. There is strong evidence that four series are not
constant unit root process. For example, the null hypothesis of unit root is rejected
for future trading volume and open interest in case 3. We conjecture that the test
equation with trend and intercept is not proper for future trading volume and open
interest. On the other hand, the time series data with heavy-tailed distribution may

have influence on the ADF test.

04/09/25 L
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Table 3.  Unit root test by ADF (level)
| Case 1 | Case 2 | Case 3
Panel (3A) Stock index price
20.436 1817 21,930
FITX (0.526) (0.339) (0.638)
-0.181 2170 2.019
FITF (0.621) (0.218) (0.590)
-0.651 1423 2107
FITE (0.435) (0.572) (0.541)
-0.403 -1.856 2.466
MSCI (0.539) (0.354) (0.345)
Panel (3B) Futures trading volume
1574 -2.967 4502
FITX (0.972) (0.038)* (0.002)**
- 0.415 -2.396 4.488
(0.803) (0.143) (0.002)**
0.486 1682 -3.606
FITE (0.820) (0.441) (0.030)*
1409 -3.302 4519
MSCI (0.961) (0.015)* (0.001)**
Panel (3C) Open interest
1529 -2.466 3583
FITX (0.969) (0.124) (0.032)*
e 1.205 -1.880 3572
(0.942) (0.341) (0.033)*
1,049 1118 4.044
FITE (0.924) (0.711) (0.008)**
1,681 -2.194 4370
MSCI (0.978) (0.209) (0.002)**

Note: 1.The critical values follow Hamilton (1994), “Time Series Analysis”.

2.p-value of Jarque-Bera are reported in parentheses.

3.The optimal lag length is following Akaike information criterion (AIC).

4.(*) and (**) are denoted significant at 5% and 1% level, respectively.

5.There are three test equations, including none (case 1), intercept (case 2) and trend

and intercept (case 3).

As a result, we take a closer look on the four series dynamics by examining
the unit root behavior at various quantiles in Table 4. The second column in Table
4 reports the estimates of the largest autoregressive roots at each decile. The
evidence based on these point estimates of the largest autoregressive root at each
quantile suggests that these series are not constant unit root processes. From all
these series we can see that there is asymmetry in the persistency. The largest
autoregressive coefficient &,(7) has different values over different quantiles. The
autoregressive coefficient values at the lower quantiles are smaller than those at

higher quantiles.
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Table 4.  Unit root test by the quantile autoregressive model (continue)
Quantiles é(7) U, () Critical Values for U, (7)
25% | 5% | 95% | 97.5%

Panel 5A. FITX

Panel (5A-1) Stock index price
0.1 0.970 -47.781* -8.348 -8.349 8.357 8.358
0.2 0.993 -10.420* -8.569 -8.569 8.573 8.573
0.3 0.994 -10.239* -8.637 -8.637 8.640 8.641
0.4 0.999 -1.351 -8.870 -8.878 8.940 8.948
0.5 1.002 3.831 -8.777 -8.785 8.847 8.855
0.6 1.003 4.190 -8.671 -8.679 8.741 8.748
0.7 1.005 8.286 -8.464 -8.465 8.470 8.470
0.8 1.006 9.970# -9.096 -9.097 9.103 9.104
0.9 1.009 14.189# -8.684 -8.685 8.687 8.688

Panel (5A-2) Futures trading volume
0.1 0.978 -35.011* -6.875 -6.881 6.957 6.963
0.2 0.997 -5.047 -9.411 -9.421 9.488 9.495
0.3 0.997 -5.017 -7.702 -7.710 7.766 7.771
0.4 0.998 -3.826 -8.997 -9.007 9.072 9.078
0.5 0.998 -3.347 -9.685 -9.694 9.763 9.771
0.6 0.999 -0.901 -8.080 -8.088 8.146 8.152
0.7 1.000 -0.441 -10.002 -10.012 10.084 10.091
0.8 1.002 3.842 -8.495 -8.504 8.565 8.571
0.9 1.003 4.821 -10.544 -10.546 10.566 10.568

Panel (5A-3) Open interest
0.1 0.984 -24.913* -7.290 -7.295 7.373 7.378
0.2 0.993 -10.479* -9.963 -9.973 10.045 10.053
0.3 0.998 -2.815 -8.367 -8.376 8.435 8.442
0.4 1.000 -0.100 -10.490 -10.491 10.507 10.508
0.5 1.001 1.293 -9.202 -9.211 9.277 9.284
0.6 1.002 2.839 -8.075 -8.083 8.141 8.147
0.7 1.002 3.449 -9.483 -9.492 9.560 9.567
0.8 1.004 6.215 -8.625 -8.634 8.695 8.702
0.9 1.005 7.873 -8.916 -8.925 8.989 8.996

Panel 5B. FITF

Panel (5B-1) Stock index price
0.1 0.972 -36.646* -5.142 -5.148 5.190 5.193
0.2 0.995 -7.050* -5.275 -5.280 5.323 5.325
0.3 0.998 -2.491 -5.444 -5.449 5.493 5.494
0.4 1.001 0.801 -5.502 -5.507 5.552 5.553
0.5 1.001 1.286 -5.364 -5.369 5.413 5.414
0.6 1.001 1.752 -5.563 -5.569 5.614 5.615
0.7 1.003 3.806 -5.690 -5.695 5.742 5.745
0.8 1.003 4.257 -5.906 -5.911 5.960 5.963
0.9 1.011 14.756# -6.108 -6.115 6.167 6.170
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Table 4.

Unit root test by the quantile autoregressive model (continue)

Panel (5B-2) Futures trading volume

0.1 0.677 -425.523* -5.932 -5.939 6.010 6.015
0.2 0.993 -8.634* -6.773 -6.780 6.838 6.841
0.3 0.996 -5.783 -7.732 -7.740 7.803 7.807
0.4 0.996 -5.779 -8.130 -8.139 8.205 8.208
0.5 0.999 -1.758 -7.163 -7.170 7.230 7.234
0.6 1.000 -0.550 -7.469 -71.477 7.538 7.541
0.7 1.000 -0.077 -7.935 -7.942 8.007 8.010
0.8 1.001 1.876 -8.323 -8.331 8.399 8.403
0.9 1.004 5.764 -8.719 -8.729 8.807 8.814
Panel (5B-3) Open interest
0.1 0.946 -71.360* -6.396 -6.403 6.469 6.475
0.2 0.994 -7.621* -6.462 -6.479 6.667 6.681
0.3 1.000 -0.445 -7.785 -7.793 7.856 7.860
0.4 1.000 0.337 -8.604 -8.613 8.685 8.688
0.5 1.001 1.713 -8.018 -8.025 8.091 8.093
0.6 1.001 1.966 -7.515 -7.522 7.584 7.587
0.7 1.003 4.168 -7.262 -7.269 7.328 7.332
0.8 1.007 9.511# -8.239 -8.247 8.315 8.318
0.9 1.010 13.707# -9.184 -9.187 9.215 9.217
Panel 5C. FITE
Panel (5C-1) Stock index price
0.1 0.964 -0.443 -6.864 -6.865 6.872 6.872
0.2 0.994 -0.403 -6.474 -6.483 6.535 6.538
0.3 0.998 -0.161 -6.767 -6.773 6.829 6.833
0.4 0.999 -0.142 -6.605 -6.606 6.616 6.617
0.5 0.999 -0.142 -6.526 -6.527 6.534 6.535
0.6 0. 100 -0.011 -6.555 -6.555 6.564 6.565
0.7 1.008 0.117 -6.447 -6.448 6.460 6.461
0.8 1.025 0.337 -6.846 -6.855 6.910 6.915
0.9 1.047 0.627 -6.674 -6.684 6.740 6.743
Panel (5C-2) Futures trading volume
0.1 0.878 -161.419* -4.691 -4.698 4.776 4.784
0.2 0.993 -9.516* -5.805 -5.811 5.861 5.865
0.3 0.997 -3.680 -6.266 -6.272 6.325 6.328
0.4 0.998 -2.528 -7.041 -7.049 7.109 7111
0.5 0.998 -2.276 -6.648 -6.655 6.712 6.714
0.6 0.998 -2.026 -7.443 -7.451 7.514 7.517
0.7 1.000 -0.103 -7.864 -7.873 7.939 7.943
0.8 1.001 1.079 -8.339 -8.347 8.418 8.422
0.9 1.014 18.598# -9.143 -9.148 9.188 9.191
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Table 4.  Unit root test by the quantile autoregressive model (continue)
Panel (5C-3) Open interest
0.1 0.969 -41.040* -5.482 -5.489 5.553 5.559
0.2 0.996 -5.479 -8.877 -8.879 8.897 8.898
0.3 0.998 -3.021 -6.416 -6.422 6.478 6.481
0.4 1.000 0.207 -7.377 -7.387 7.446 7.451
0.5 1.001 0.898 -6.850 -6.857 6.914 6.917
0.6 1.001 0.944 -7.130 -7.137 7.196 7.199
0.7 1.003 3.470 -7.687 -7.697 7.761 7.765
0.8 1.004 4.989 -8.161 -8.169 8.239 8.243
0.9 1.007 8.958 -9.458 -9.461 9.485 9.488
Panel 5D. MSCI
Panel (5D-1) Stock index price
0.1 0.971 -55.929* -5.195 -5.200 5.235 5.237
0.2 0.994 -12.734* -5.445 -5.449 5.486 5.489
0.3 0.998 -3.555 -5.559 -5.564 5.601 5.605
0.4 0.999 -1.290 -5.796 -5.786 5.790 5.772
0.5 1.000 0.066 -5.503 -5.508 5.545 5.549
0.6 1.001 1.774 -5.660 -5.664 5.703 5.705
0.7 1.002 2.971 -5.831 -5.836 5.875 5.879
0.8 1.004 8.673# -5.999 -5.999 6.004 6.005
0.9 1.005 9.882# -5.340 -5.345 5.381 5.383
Panel (5D-2) Futures trading volume
0.1 1.000 -0.580 -9.452 -9.461 9.528 9.532
0.2 1.000 -0.555 -8.714 -8.724 8.788 8.792
0.3 1.000 -0.537 -9.578 -9.587 9.660 9.665
0.4 1.000 -0.127 -9.830 -9.836 9.872 9.874
0.5 1.000 0.451 -8.296 -8.304 8.372 8.376
0.6 1.001 2.379 -9.286 -9.291 9.361 9.365
0.7 1.002 2.987 -8.836 -8.845 8.918 8.924
0.8 1.002 3.779 -9.117 -9.127 9.193 9.198
0.9 1.006 12.487* -7.111 -7.124 7.223 7.231
Panel (5D-3) Open interest
0.1 0.953 -91.526* -8.540 -8.550 8.620 8.625
0.2 0.993 -14.277* -10.430 -10.439 10.510 10.515
0.3 0.995 -10.196* -9.677 -9.685 9.750 9.755
0.4 0.995 -9.022 -10.612 -10.621 10.692 10.699
0.5 0.996 -7.162 -9.331 -9.339 9.401 9.405
0.6 1.001 2.319 -9.831 -9.840 9.906 9.912
0.7 1.004 7.326 -10.133 -10.142 10.210 10.215
0.8 1.008 16.199# -11.222 -11.223 11.236 11.238
0.9 1.015 30.000# -10.824 -10.834 10.906 10.912

Note: The values of U, (1) denoted by an (*) are significant the 5% level when the

alternative is H;, :a; <1. Similarly, the values denoted by (#) are significant the 5%

level when the alternative is Hig:o; >1.
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The third columns in Table 4 report the calculated coefficient statistics
U,(zr). Coulmns 5 to 7 report critical values of 2.5%, 5%, 95% and 97.5%

quantiles using the resampling procedure.

Table 5.  Unit root test (first difference)

Case 1 Case 2 Case 3

Panel (A) Stock index price

. -19.262 -19.261 -19.263
(0.000)** (0.000)** (0.000)**
T -18.171 -18.165 -18.210
(0.000)** (0.000)** (0.000)**
e -33.197 -33.194 -33.181
(0.000)** (0.000)** (0.000)**
-22.184 -22.182 -22.176
MSCI (0.000)** (0.000)** (0.000)™*
Panel (B) Futures trading volume
. -18.514 -18.630 -18.705
(0.000)** (0.000)** (0.000)**
. -17.876 -17.894 -17.894
(0.000)** (0.000)** (0.000)**
e -14.808 -14.819 14.813
(0.000)** (0.000)** (0.000)**
-16.819 -16.913 -16.897
MSCI (0.000)** (0.000)** (0.000)**
Panel (C) Open interest
. -18.416 -18.512 -18.548
(0.000)** (0.000)** (0.000)**
- -12.896 -12.897 -12.999
(0.000)** (0.000)** (0.000)**
e -15.564 -15.609 -15.603
(0.000)** (0.000)** (0.000)**
-10.516 -10.681 -10.720
MSCI (0.000)** (0.000)** (0.000)**

Note: 1.The critical values follow Hamilton (1994), “Time Series Analysis”.
2. p-value of Jarque-Bera are reported in parentheses.
3.The optimal lag length is following Akaike information criterion (AIC).
4.(*) and (**) are denoted significant at 5% and 1% level, respectively.
5.There are three test equations, including none (case 1), intercept (case 2) and trend
and intercept (case 3).

We can see that only at quantiles that are around median can the unit root
hypothesis not be rejected. At low quantiles and high quantiles the unit root

hypothesis is rejected (Koenker and Xiao, 2004). However, most quantiles cannot
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reject the null hypothesis of unit root. Therefore we conclude that these time series
are I(1) in the level. We believe that the quantile regression based inference
procedures have some advantages over the last squared based tests in analyzing

dynamics and persistency in time series with heavy-tailed distributions.

3. Cointegration Test and Error Correction Model

Table 6.  Cointegration test

ﬂ’trace ﬂ'max
Hy:r<0 Hjy:r<1 Hy:r=0 Hy:r=
Panel (A) Stock index price and futures trading volume
FITX 66.156 3.698 62.458 3.698
(0.000)** (0.785) (0.000)** (0.785)
FITE 31.362 5.454 25.908 5.454
(0.009)** (0.533) (0.005)** (0.533)
FITE 24.095 1.691 22.404 1.691
(0.002)** (0.194) (0.002)** (0.194)
MSCI 61.774 5.997 55.776 5.997
(0.000)** (0.461) (0.000)** (0.461)
Panel (B) Stock index price and open interest
FITX 73.009 3.699 69.310 3.699
(0.000)** (0.785) (0.000)** (0.000)
FITE 61.405 5.828 55.577 5.828
(0.000)** (0.482) (0.000)** (0.482)
FITE 25.886 1.875 25.011 1.875
(0.001)** (0.171) (0.001)** (0.171)
MSCI 59.252 5.606 53.646 5.606
(0.000)** (0.512) (0.000)** (0.512)

Note: 1.Critical values are sourced from Johansen (1995).

2.(*) and (**) are denoted significant at 5% and 1% level, respectively.

3. The values in parentheses are p-value.

From Table 6, it is concluded that stock index price, futures trading volume
and open interest follow a non-stationary random process and are integrated of
order one, I(1), which is a condition for cointegration tests. The results of
cointegration test are presented in Table 6, which reveal the existence of a long-run
relationship between stock index price and futures volume. From Table 6, the
Johansen’s likelihood ratio test rejects the null hypothesis of no cointegration
between stock index price and futures trading volume. The results for stock index
price and open interest are similar.

Table 7. VECM for testing short-run and long-run relationship between stock
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index price and futures trading volume

| FITX | FITF | FITE | MSCI
3 3
Panel (7-A) X, ~X,, =a,Z,  + > ¢;(Yi =Yy )+ Y. d;(X,; ~X;, J+¢, (EQuation (17))
i=l j=1

a -0.0034 -0.0013 -0.0013 0.0112

! (-0.2980) (-0.7727) (-0.7727) (1.2479)
c 0.0033 -0.0048 -0.0048 -0.0108

! (0.3984) (-0.4917) (-0.4917) (-1.2761)
c 0.0025 -0.0049 -0.0049 -0.0091

2 (0.3271) (-0.5535) (-0.5535) (-1.1760)
c 0.0011 -0.0041 -0.0041 -0.0073

3 (0.1555) (-0.5353) (-0.5353) (-1.0762)
c 0.000728 -0.0040 -0.0040 -0.0053

4 (0.1193) (-0.6094) (-0.6093) (-0.9212)
c 0.0011 -0.0016 -0.0016 -0.0020

5 (0.2118) (-0.2937) (-0.2937) (-0.4309)
c 0.0016 0.0010 0.0009 -0.0015

6 (0.3812) (0.2330) (0.2330) (-0.4438)
c 0.0015 0.0021 0.0021 0.0001

7 (0.4880) (0.7706) (0.7706) (0.0568)
c 0.0013 0.0020 0.0020 0.0003

8 (0.6107) (1.3996) (1.3996) (0.2810)
c 8.12E-05 ~ 3.56E-05 __

9 (0.0686) (0.0581)
d -0.8300 -0.8038 -0.8038 -0.8357

: (-29.4788)** (-28.6234)™* (-18.5261)* (-36.9377)**
d, -0.7087 -0.6579 -0.6579 -0.7068

(-20.3585)** (-18.5261)* (-18.5261) (-24.2690)

d -0.5568 -0.5117 -0.5117 -0.5676

3 (-14.5081)** (-13.0337)** (-13.0337)** (-17.4519)*
d -0.5112 -0.4519 -0.4519 -0.5193

4 (-12.8893)** (-11.1533)** (-11.1533)** (-15.4343)**
d -0.4208 -0.3683 -0.3683 -0.4253

5 (-10.4998)** (-9.0962)** (-9.0963)* (-12.6495)**
d -0.3422 -0.2845 -0.2845 -0.3075

6 (-8.7478)™ (-7.2447) (-7.2447) (-9.4487)
d -0.2780 -0.2174 -0.2174 -0.2215

7 (-7.4504)** (-6.1186)** (-6.1186)** (-7.5915)
d -0.1795 -0.0898 -0.0898 -0.1025

8 (-5.4178) (-3.1980)* (-3.1980)** (-4.5197)
d -0.0951 ~ i i

? (-3.7048)*

Note-1.(*) and (**) are denoted significant at 5% and 1% level, respectively.
2.The values in parentheses are t-statistics.
3. Dependent variable (X) is index price and independent variable (Y) is volume.
4. The lag number is determined by AIC.
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Table 7. VECM for testing short-run and long-run relationship between stock
index price and futures trading volume (continue)

| FITX | FITF | FITE | MSCl
3 3
Panel (7-B) v, -Y_, =b,Z, +Z(pi(xt—i =X )+Zej(Yt—j Y )+8t (Equation (18))
i=1 =1

b -4.5200 0.5565 0.5565 -3.7327

! (-18.9962)* (17.5194)" (17.5194)" (0.1682)
o 2.1484 -1.1955 -1.1955 -0.6327

! (3.6185)*" (-2.2199)" (-2.2199)" (-1.4964)
0 2.1892 -0.6519 -0.6519 -1.1108

2 (2.9820)"* (-0.9572) (-0.9572) (-2.0407)*
0 1.4931 -0.8422 -0.8423 -1.6687

: (1.8448)" (-1.1187) (-1.1187) (-2.7453)"
o 2.0425 -0.2491 -0.2491 -0.6916

4 (2.4419) (-0.3206) (-0.3206) (-1.0999)
0 1.7917 -0.3467 -0.3467 -0.6149

: (2.1202)" (-0.4466) (-0.4465) (-0.9787)
0 1.2274 -0.5633 -0.5634 -1.1631

6 (1.4877) (-0.7482) (-0.7482) (-1.9124)"
0 -0.3976 -0.9992 -0.9992 -1.4619

7 (-0.5054) (-1.4662) (0.6815) (-2.6804)*"
0 -0.9894 -0.7317 -0.7317 -0.5538

s (-1.4157) (-1.3592) (-1.3592) (-1.3073)

-0.1359

P9 (-0.2510) - - -
0 2.0779 1.8905 1.8905 2.0825

: (11.6586)*" (10.1975)™* (10.1975)™* (13.1202)
0 1.6410 1.4416 1.4416 15677

2 (9.9981)"* (8.5457)" (8.5457)" (10.8399)**
0 1.2769 1.0406 1.0406 1.1640

: (8.6688)*" (7.0053)** (7.0053)** (9.1333)
0 0.9406 0.7334 0.7334 0.7832

4 (7.3132) (5.8247)" (5.8247)" (7.2776)
0 0.6946 0.4936 0.4936 0.4948

: (6.3988)*" (4.8493)*" (4.8493)*" (5.7335)*
0 0.4715 0.3057 0.3057 0.3182

6 (5.3926)*" (0.0766) (3.9917)* (4.9129)
0 0.2947 0.1798 0.1798 0.1775

7 (4.4508)"* (3.4558)"* (3.4558)"* (4.1135)*"
0 0.1566 0.0556 0.0556 0.0577

s (3.4591)*" (1.9943)" (1.9943)" (2.5692)*
0 0.0629 ~ _ .

9 (2.5185)**

Note: 1.(*) and (**) are denoted significant at 5% and 1% level, respectively.
2.The values in parentheses are t-statistics.
3. Dependent variable (Y) is volume and independent variable (X) is index price.
4. The lag number is determined by AIC.
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Table 8.

index price and open interest

VECM for testing short-run and long-run relationship between stock

| FITX | FITF | FITE | MSCI
3 3
Panel (8-A) X, X, =a,Z,; + Y (Y Y, )+ > (X -X, J+¢, (Equation (17))
i=l j=1

a -0.0106 0.0005 -0.0112 0.0026

! (-1.3274) (0.0376) (-1.1369) (0.5101)
c 0.0087 -0.0015 0.0094 0.0111

! (1.1589) (-0.1276) (1.0426) (0.8081)
c 0.0065 -0.0027 0.0067 0.0117

2 (0.9469) (-0.2573) (0.8336) (0.9341)
c 0.0047 0.0003 0.0082 0.0155

3 (0.7495) (0.0369) (1.1743) (1.4032)
c 0.0031 0.0013 0.0074 0.0135

4 (0.5724) (0.1509) (1.2498) (1.4177)
c 0.0012 0.0020 0.0063 0.0159

s (0.2462) (0.2834) (1.3328) (2.0159)*
c 0.0017 0.0014 0.0038 0.0133

6 (0.4224) (0.2292) (1.0862) (2.1585)*
c -2.19E-05 -5.27E-05 0.0012 0.0101

7 (-0.0071) (-0.0111) (0.5192) (2.2892)*
c -0.0016 -0.0005 ~ 0.0051

8 (-0.7075) (-0.1504) (2.0285)*
c -0.0014 -0.0023 ~ ~

? (-1.0250) (-1.0186)
d -0.8273 -0.8019 -0.7787 -0.8393

1 (-32.5107)** (-28.7413)** (-28.1383)** (-36.3769)**
d -0.7139 -0.6772 -0.6366 -0.7129

2 (-21.9463)** (-19.1044)* (-18.3897)** (-24.3349)*
d -0.5628 -0.5353 -0.4792 -0.5701

3 (-15.3868)** (-13.5706)** (-12.5899)** (-17.5048)**
d -0.5143 -0.4845 -0.4122 -0.5238

4 (-13.4194)* (-11.7562)** (-10.6605)** (-15.6033)**
d -0.4200 -0.4000 -0.3109 -0.4285

5 (-10.7519)* (-9.5383)* (-8.1629)** (-12.7659)**
d -0.3416 -0.3222 -0.2155 -0.3114

6 (-8.9120)* (-7.8201)* (-6.2185)** (-9.6017)**
d -0.2800 -0.2731 -0.1391 -0.2237

7 (-7.6474)" (-6.9261) (-5.0417)* (-7.6940)*
d -0.1867 -0.1642 ~ -0.1033

8 (-5.7339)* (-4.6389)** (-4.5795)*
d -0.1016 -0.0946 ~ __

o (-4.0210)** (-3.4004)**

Note: 1. (*) and (**) are denoted significant at 5% and 1% level, respectively.
2.The values in parentheses are t-statistics.
3. Dependent variable (X) is index price and independent variable (Y) is volume.
4. The lag number is determined by AIC.
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Table 8.

index price and open interest (continue)

VECM for testing short-run and long-run relationship between stock

| FITX | FITF | FITE |

MSCI

3
Panel (8-B) Y, -Y,,=bZ, +Z¢i (Xt—i _Xt—i—1)+

3
J
=1

i=l j

0,(Y; ~ Y1 )+, (Equation (18))

b -2.6773 -2.4804 -2.1908 0.9961

! (-18.3219)* (-16.4783)** (-18.1062)** (21.2348)**
® 1.3634 -0.6487 0.7121 -0.5607

! (2.9382)* (-1.8852)* (2.0932)* (-2.6682)**
® 2.3964 0.5628 1.8050 -0.7036

2 (4.0398)** (1.2871) (0.4255) (-2.6368)**
® 1.7035 0.2310 1.3691 -0.6712

3 (2.5540)** (0.4747) (2.9257)** (-2.2625)**
® 1.8891 0.4052 1.4339 -0.3357

4 (2.7029)* (0.7972) (3.0171)* (-1.0980)
® 1.3600 -0.0322 0.8412 -0.1403

3 (1.9092)* (-0.0623) (1.7968)* (-0.4588)
® 1.2966 0.1020 0.8608 0.0151

6 (1.8548)* (0.2006) (2.0208)* (0.0511)
® 0.6544 -0.3165 0.3491 -0.0937

7 (0.9801) (-0.6508) (1.0292) (-0.3537)
® -0.0416 -0.6361 3 0.0338

8 (-0.0701) (-1.4571) (0.1642)
® 0.3353 0.09479 N B

’ (0.7278) (0.2763)
0 1.3886 1.2626 0.9804 1.3998

! (10.1363)** (8.9672)** (8.8597)** (11.1530)**
0 1.1366 1.0294 0.7573 1.0940

2 (9.0188)** (7.9428)** (7.6456)** (9.6105)**
0 0.9148 0.8092 0.5524 0.8547

3 (8.0509)** (6.9181)* (6.4072)* (0.1007)
0 0.7120 0.6283 0.3868 0.6346

4 (7.1063)** (6.0786)** (5.3509)** (7.3283)*
0 0.5336 0.4842 0.2637 0.4460

s (6.2038)** (5.4371)* (4.5709)* (6.2169)*
0 0.3815 0.3483 0.1519 0.2741

6 (5.3498)** (4.6989)** (3.5350)** (4.8661)*
0 0.2514 0.2203 0.0566 0.1412

7 (4.4600)** (3.7467)** (2.0569) (3.5271)**
0 0.1488 0.1350 N 0.0468

8 (3.6208)** (3.1055)* (2.0578)*
0 0.0636 0.0624 N B

? (2.5197)** (2.2486)*

Note: 1.(*) and (**) are denoted significant at 5% and 1% level, respectively.

2.The values in parentheses are t-statistics.

3. Dependent variable (Y) is volume and independent variable (X) is index price.

4. The lag number is determined by AIC.
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Furthermore, we can specify that the system contains information on both the
short-run and long-run impacts by vector error correction model (VECM) and
show these results in Tables 7 and 8. Table 7 is VECM for testing relationship
between stock index price and future trading volume. From Panel A in Table 7, we

find that a, and c; are not significant means that four stock index futures

contracts have no long-run and short-run relationships from volume to price. From
Panel B in Table 7, we find that most b, and ¢, are significant different zero
means that there are strong short-run and long-run relationships. The similar results
are also found in Table 8, which is testing relationship between stock index price

and open interest. Therefore, we conclude that Y, will adjust to X, in the

long-run and Y, will cause X, in the short-run. These findings are consistent

with model specification as Equations (1) and (2).

4. Tests of Determinants of Change and Volatility of
Futures Volume

The second hypothesis postulates that the determinants of change in futures
trading volume and open interest. Table 9 presents the results of the third

hypothesis suggested in Equation (22)-(24) for futures trading volume by three
, Oyr» and h . The

stock index price volatility measures, including |APt

similar tests for open interest suggested in Equation (25)-(27) are reported in Table
10. That is, whether or not futures trading volume and open interest as a function of
stock price volatility is tested. According to Table 9, there is a significant

relationship between change of futures trading volume and stock price volatility as
indicated by absolute stock price change, |APt| . For the measures of volatility are

Oy, and h,, the coefficients y are not all significant different from zero

means that we cannot find a certain relation between change of futures trading
volume and stock price volatility by two measures. Therefore, we conclude that
|APt| is the better proxy for stock index volatility measure.

From Table 10, stock price volatility affect change of open interest
significantly whereas the volatility measures is |APt|. On the other hand, the

volatility measures of oy, , and h, all have no significant effects at 1% level

for change of open interest as seen in Table 10. Consequently, the absolute stock
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price change,

is, the absolute stock price change,

, would be proper to measure stock index price volatility. That

AP, |, is more suitable for capturing the

relation between change of futures volume and stock price volatility.

Table 9.  The determinants of change of futures trading volume
a B \
Panel (7-A) AVol, = a + B(AP,) + y|4P,|+ &, (Equation (22))
FITX -0.0819 1.9489 6.4856
(0.0000)** (0.0020)** (0.0000)**
FITE -0.1272 4.9438 8.7298
(0.0000)** (0.0000)** (0.0000)**
FITE -0.0671 2.4441 4.4249
(0.0009)** (0.0001)** (0.0000)**
MSCI -0.0916 0.2619 6.8478
(0.0000)** (0.6199) (0.0000)**
Panel (7-B) AVol, =&+ B(4P,) + yoi , +&, (Equation (23))
FITX -0.0799 2.4508 480.1935
(0.0000)** (0.0001)** (0.0000)
FITE -0.1278 5.2572 493.2896
(0.0000)** (0.0000)** (0.0000)**
FITE -0.0826 2.3857 349.9507
(0.0000)** (0.0001)** (0.0000)**
MSCI -0.0598 0.5203 283.3820
(0.0000)** (0.3269) (0.0000)**
Panel (7-C) AVol, = a + f(4P,) + yh, + &, (Equation (24))
FITX 0.0255 2.0879 -70.4453
(0.2810) (0.0011)** (0.2823)
FITE 0.0769 5.3483 -191.9377
(0.0403)* (0.0000)** (0.0380)*
FITE 0.0135 2.5677 -23.2678
(0.6480) (0.0001)** (0.6899)
MSCI 0.0487 0.4344 -136.6190
(0.0343)* (0.4174) (0.0259)*

Note: 1.(*) and (**) are denoted significant at 5% and 1% level, respectively.

2.The values in parentheses are p-value.
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Table 10.  The determinants of change of open interest

a B Y

Panel (8-A) AOI, =a + B(4P,) +y|4P|+¢, (Equation (25))

EiTX 0.0447 -0.1966 -3.1486
(0.0009)** (0.6922) (0.0000)**

EiTE 0.0230 1.2871 -1.2657
(0.0763) (0.0027)** (0.0530)

EITE 0.0330 0.1892 -1.8953
(0.0058)** (0.6138) (0.0009)**

MSC -0.0027 0.1310 0.3442

(0.6820) (0.5835) (0.3420)

Panel (8-B) 4Ol = a+ fB(4P)+ yoqy, +¢& (Equation (26))

FITX 0.0184 -0.3155 -89.0899
(0.1082) (0.5377) (0.0344)*
EiTE 0.0128 1.2368 -33.0157
(0.2637) (0.0039)** (0.2538)
— 0.0103 0.1532 -29.7053
(0.3198) (0.6840) (0.2759)
MSC 0.0039 0.1363 -8.4876
(0.5064) (0.5683) (0.6311)

Panel (8-C) 4Ol, =a + f(4P,)+h, + &, (Equation (27))

EITX -0.0057 -0.2428 26.9908
(0.7635) (0.6353) (0.6068)
EITE -0.0128 1.2289 43.6801
(0.5952) (0.0042)** (0.4606)
FITE -0.0069 0.1415 21.3961
(0.6891) (0.7069) (0.5323)
MSCI 0.0077 0.1419 -17.2325
(0.4518) (0.5532) (0.5323)

Note: 1.(*) and (**) are denoted significant at 5% and 1% level, respectively.
2.The values in parentheses are p-value.
The third hypothesis examines the determinants of volatility of futures trading
volume and open interest. Table 11 presents the test results of the third hypothesis
with Equation (28)-(30) for futures trading volume. Similar results for open interest

test with Equation (31)-(33) are reported in Table 12.
For the first measure, |APt , it has significant influence on FITF and FITE of

futures trading volume and FITX, FITF and FITE of open interest. The second
measure, Gy , has significant influence only on FITF either futures trading
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volume or open interest. Finally, the third measure, h,, affects FITX, FITE and

MSCI of futures trading volume, and FITX and FITF of open interest significantly.
Although, we find that the change and volatility of futures volume are sensitive to

the volatility estimate used (Chang, Chou and Nelling, 2000). However, the
coefficients O estimated by first measure, |AP[ , are more significant.

Accordingly, we conclude that |APt| is more suitable to investigate the relation
between volatility of futures volume and stock index price volatility.

Table 11.  The determinants of volatility of futures trading volume

a2 0

Panel (9-A) |AV01t| =a, + 5|APt| +¢&, (Equation (28))

2 0555
o o,
s s
b oz

Panel (9-B) |AVol,|=a, +do7y  +& (Equation (29))

o, o
03, e
0, i
0, a2

Panel (9-C) |AVOIt| =q, +M +¢& (Equation (30))

FITX 0.2790 99.6416

(0.00)** (0.03)*
0, e
oz, s
0, 5

Note: 1. (*) and (**) are denoted significant at 5% and 1% level, respectively.
2.The values in parentheses are p-value.
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Table 12.  The determinants of volatility of open interest
a 0
Panel (10-A) |AOI,|=a, + 5|AP|+¢, (Equation (31))
FITX (0.00)" (0,09
FITF (0.00)" (0,001
FITE (0.00)" o1y
usci 0.0 089
Panel (10-B) |4Ol,|=a, + 0}, ; +& (Equation (32))
s soses
0 .
055 o
usci (0.00)" 099)
Panel (10-C) |4Ol,|=a, + oh, +¢, (Equation (33))
0. o
0. e
052 2odes
usci 000" 042)

Note: 1.(*) and (**) are denoted significant at 5% and 1% level, respectively.
2.The values in parentheses are p-value.

VI. CONCLUSIONS

This paper postulates three hypotheses concerning the relationship between
stock index price and futures volume, including randomness and stationarity,
short-run and long-run relationships, and the determinants of change and volatility

of futures volume according to three measures of stock index price volatility. All
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these three hypotheses are tested using three stock index futures contracts in
Taiwan covering the sample period of 1997-2004.

The model developed via stochastic calculus and It0 process analyzes the
relationship between stock index price and futures volume. Then, we postulate four
hypotheses and test their validity. Therefore this paper serves as one of the first
studies that postulate four hypotheses to investigate the relationship between stock
price and futures volume, which is discussed more complete than previous studies
of price-volume relationship.

For the empirical result, first, we employ cointegration test and VECM to
analyze the short-run and long-run relationship between stock index price and
futures volume. The result shows the significant long-run relationship of stock
index price and futures volume. Furthermore, the first hypothesis also imply that
price and volume series of four stock indexes and futures are non-stationary in the

level but stationary in the first differences.

Then, we examine the determinants of change and volatility of futures volume.

In particular, we employ three volatility measures of stock price, including absolute
change in price, extreme value estimator and an estimator using GARCH process
that is a more extensive discussion than previous studies. Although, the
determinant of change and volatility of futures volume are sensitive to the volatility

estimated used, the absolute stock price can capture the relationship accurately.

Consequently, we conclude that absolute stock price change, AP[|, is a more

suitable measure for stock index price volatility.
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