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Abstract

The world is flat. The world economies link more and more closely recently. For
Taiwan stock market, the most influential markets come from the United States. In this
research article, NASDAQ, TAIEX (Taiwan Stock Exchange Index) and EXF (Taiwan
Electronic Sector Index Futures) are chosen to estimate the correlations. Professor
Robert Engle’s DCC (Dynamic ConditionalCorrelation) model is employed to model
the correlations between each two time;series:

The price changes and volatility spillover effects will also be estimated in this article.
By the results, the price changes spillover effects from NASDAQ are all significant to
both TAIEX and EXF, and the most significant one is the C2C (close-to-close) return.
There might be an overreaction on the open price of Taiwan market to the return of
NASDAQ. After the overreaction of open price, the market index was adjusted to the
proper price within the trading hours. Finally, a trading strategy is proposed here to put
theory into practice. We could possibly trade to gain some profit by the correlation
between Taiwan and the United States.

Keywords: DCC, Correlation, Stock Market, NASDAQ, Financial Time Series
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1. Introduction

1.1 Background and Motivation of This Research

Investors are looking forward to taking advantage of a price spread between two or
more financial markets, such as bonds, stocks, derivatives, commodities and currencies
markets. Nowadays, the stock market provides investors an easy-to-liquidate,
easy-to-trade market, so investing stocks is one of the most popular investment
instruments. Not only the investors, traders but also top tier analysts of investment
banking companies are developing many methods'to forecast the securities prices,
including quantitative and experiential methods. Quantitative methods are based on a
mathematical model built to describe'the market behaviors. By statistical techniques, a
regression curve can be found to fit the historical data with a minimum difference,
however, the explanatory power depends upon the adequate selection of independent
variables. In statistics, several methods taught us how to select the adequate
independent variables, such as forward selection, backward selection, and stepwise
selection methods.

Technical analysis of historical data is an example of experiential methods. Ralph

Elliot proposed Wave Theory to explain the United States stock markets in 1930s. Elliot



found that the stock prices changed with an observable pattern, and which duplicates in

forms of price performance not in price range or time span. No matter which method is

employed, the objective is identical, to gain money from the stock markets.

Unfortunately, no one can predict the real price of any stock tomorrow. Because the

stock exchange lists the companies owned publicly, the price of the stock is negotiated

by the bid and ask price. The bid price stands for the price which buyers are willing to

pay, and the ask price is the price at which sellers are willing to sell. The next

unpredictable step is called Random Walk in finance. Random walk is a mathematical

formalization of a trajectory thaticonsists of 'taking successive steps in random

directions. It implies that the price is like a walking-drunkard, the next step depends

on the present place he stands iny and“we will never know where he will step ahead.

The logarithm of stock price follows a continuous random walk, see Lo and MacKinlay

(1988). That is to say, it is impossible to forecast the next step of stock price.

Because of the different time zones, there are always stock markets trading all day

long around the world. A phenomenon can be observed that the linkages among the

stock markets around the world are getting stronger and stronger, especially the

dependence upon the stock market indices of the United States of America. Many

academic studies show that the spillover effects of return and volatility exist between



the markets, see Darbar and Deb (1997) and Chou, Lin and Wu (1999).

I have cared about the Taiwan stock markets for several years; I could find that the
relationship of securities markets between Taiwan and the United States was getting
stronger. With the high transparency of international events and trading activities, the
events happened in the United States usually could impact the open price of Taiwan
stock market. The open price means the first traded price of the trading day. Therefore,
I want to study the correlation of the securities markets between Taiwan and the

United States and expect to propose a trading strategy based on the correlation.

1.2 Research Objective

Because of the increasing foreign participation in the Taiwan stock market, the linkages
between Taiwan stock market and other countries are strengthened, especially the
United States stock markets. Spillover effect' will be studied in this article, including
the price change and volatility spillover effects between Taiwan and the United States
markets, and correlation between the two countries’ markets will be modeled as well.
The exchange trading indices include several industries, such as manufacturing,

information technology, electronics and etc. For example, the United States Dow

' Spillover effects are externalities of economic activity or process upon those who are not directly

involved in it.



Jones index covers 30 listing manufacturing companies, and NASDAQ Composite
Index covers over 3600 high-tech companies. Each index stands for its specific
industry performance respectively. The chosen industry of this research is the
electronic industry. The reason why electronic industry selected is that the electronic
industry is a representative one in Taiwan and its traded volume of electronic industry
sector is weighted by around 60% of the daily total traded volume of TAIEX. So it is
reasonable to choose electronic industry sector on behalf of Taiwan stock market
performance. The index chosen is NASDAQ Composite Index (abbreviated as
NASDAQ) for the United States stock market and Electronic Sector Index Futures
(abbreviated as EXF?) for the Taiwan market. As the name said, the underlying index of
EXF is the Taiwan Stock Exchange Electronic Sector Index. However, the Taiwan
Exchange Index (TAIEX) is employed to compare with NASDAQ, too. The research
results will show two pair-wise correlations, NASDAQ with EXF and NASDAQ with
TAIEX.
The objectives of this research are:

1. The price changes and volatility spillover effect between Taiwan and the United

? The trading hours of EXF are from 08:45AM to 1:45PM Taiwan time, Monday through Friday of the
regular business days of the Taiwan Stock Exchange. EXF has a daily price limit of +/- 7% of previous

day’s close price.



States markets.

2. The correlation of NASDAQ and EXF.

3. The correlation of NASDAQ and TAIEX.

4.  Extreme return effects of NASDAQ on EXF and TAIEX.

1.3 Limitation of the Research

The chosen objects, NASDAQ and EXF, are one of the many indices in the United

States and Taiwan, respectively. This research provides a method to analyze the

correlation between two stock markets, but not a general result for all the markets in

the world. Even if for NASDAQ and EXF, the results might be different from the

empirical results in this article, because-of the time period covered in the sample data.

The properties of the data employed in thisarticle will be shown in chapter 4.



1.4 Framework of the Research

The framework of this research article is structured as the flow chart below.

1. Introduction

2. LITERATURE REVIEW

3. Methodology

4. Empirical Results

5. Conclusion




2. Literature Review

There are many reports or research literatures studying the relationship between two

or more time series numbers. Several multivariate GARCH models have been proposed

to show the covariance of time series data in the literature, including VECH model, see

Bollerslev, Engle and Wooldridge (1995), the diagonal VECH, BEKK model, see

Engle and Kroner (1995), and the dynamic conditional correlation (DCC) model, see

Engle (2002). The method used in this article is the last one, DCC model.

Grubel (1968) proposed the conceptof internationally diversified portfolios. After that,

the relationship of assets was-taken into account when managing the investment

portfolios. In the beginning, the coefficient of correlation of two financial instruments

was used to describe their co-movement. A mathematical function is used to describe

the relationship between, given one variable, and then the other is determined. It gives

a curve that minimizes the overall difference. However, the method is too simplified

that many determinant factors are ignored. Then, the concept of time-varying

covariance was employed, see Bollerslev, Engle and Wooldridge (1995) for details.

Chou, Lin and Wu (1999) employed the multivariate GARCH model to examine the

Taiwan stock market price and the volatility linkages with those of the United States.



They found a substantial spillover effect from the United States market to Taiwan
market using the Taiwan close-to-open” returns, because of the incapability of
reflecting the market information into the market price when market is closed. Also,
they concluded that the “US induced” volatility amounts to 12 percent to total daily
stock volatilities of the Taiwan market.

Darbar and Deb (1997) employed the multivariate GARCH model to examine the
linkages among four equity markets — the US market, the UK market, Canada market
and the Japanese market. They concluded that the Japanese and U.S. stock markets
have significant transitory covariance; but zero permanent covariance. The other pairs
of markets examined display significant permanent and transitory covariance. They
also concluded that, while conditional correlations between returns are generally small,
they change considerably over time, and basing diversification strategies on these
conditional correlations is potentially beneficial.

There are also some researches to study the linkage between Taiwan stock market
and other counties’. Most of them employed the multivariate GARCH model to analyze
the markets. This study differs from them in two respects. First, it uses the dynamic

conditional correlation model (DCC model), see Engle (2002), which employs the

3 Close-to-open return means the overnight return, the rate of return of open price and the previous

day’s close price.



time-varying dynamic structure into the model, to analyze the markets. It allows the

correlation matrix to be time-varying. Second, the scope of this study is specified in two

levels, the electronic industry sector index futures and the TAIEX (Taiwan Exchange

Stock Index), the correlations between the indices and NASDAQ will be examined

respectively. For the empirical results using DCC model, Engle and Sheppard (2001)

proposed the theoretical and empirical properties of DCC multivariate GARCH model,

however, they took the stock markets within the United States for reference instead of

international markets.



3. Methodology

The purpose of this research is to survey the linkage of the stock markets in Taiwan
and the United States. First of all, the spillover effects will be estimated. In this article,
the two-step estimation method will be employed to model the price changes and
volatility spillover effect between the markets. And then DCC model will be used to
estimate the correlation. As implied by the name, DCC model is a correlation formula
with a dynamic structure, and which takes the time-varying covariance into
consideration. The details will be elaborated in the following section.

The analysis software tools used for this article are Microsoft Excel 2007 and Eviews

version 5.
3.1 Definition of Rate of Return

The type of rate of return common in use is continuous compounding rate of return,
and which is also used in this article. The definition of continuous compounding is

shown as the below equation:

ROI = In (?) (1)

i
In the equation above, ROI is the return of investment, defined as the natural log of the

final price of investment instrument divided by the initial investment value. However,

10



we multiply the ROI value by 100 times to get the numerical part of the percentage into

the following calculation.

In order to count the effect of cut point of stock price in the rate of return, I divided the

rate of return into three types, close-to-close (C2C), close-to-open (C20, overnight

return), and open-to-close (O2C, intra-day return) returns, where the C20 return is also

called overnight return. The close-to-open means the rate of return of investment is the

natural log of the open price of the investment instrument (for example, Wednesday’s

open price) divided by the previous trading day’s close price (for example, Tuesday’s

close price). By the same token, the elements of the other types of rate of return are

shown as the following table respectively.

Types of rate of return

close-to-close

close-to-open

open-to-close

(C20) (C20) (020)
. Final Price (Py) Close price Open price Close price
|5
5
= . _ Previous trading Previous trading )
Initial Price (P;) . . Open price
day’s close price day’s close price
1. C2C Rate of Return = In ( Pelose price ) * 100% ()
previous trading day's close price
2. C20 Rate of Return = 1n< Popen price ) * 100% 3)
previous trading day's close price
3. 02C Rate of Return = In (M) * 100% 4)

open price

11




It deserves to be mentioned that the rate of return of NASDAQ used in the following
methods is the close-to-close one. Because we aim to find out the spillover effect from
the United States stock market to Taiwan market, the reference rate of return is fixed,
the close-to-close rate of return of NASDAQ. For the comparison object, the various
rates of return of Taiwan stock market will be considered in the following analysis

respectively.

3.2 Two-step Estimation Method

In order to identify the price changes and volatility spillover effects from the
United States market to Taiwan market, I use the two-step estimation method,
MA(1)-GARCH(1,1) model, for the two markets, see Chou, Lin and Wu (1999) for
details. For the two-step estimation method,, we estimate the return and residual first
and then estimate the variance. We can estimate the return and residual of the
influencing economy (the United States) by uni-variate GARCH model in the first step,
and the squared term of resulting residual together with the return are used as the
explanatory variables in the mean and conditional variance of the influenced economy
(Taiwan) in the second step. The index t is the day time, denoting either the opening or
closing time. The WD dummy variable is the weekend effect dummy variable, defined

to be 1 as the return covers a weekend (close-to-close and close-to-open return) or a

12



Monday (open-to-close return) and 0 otherwise. It helps us to identify whether the
weekend effect significant or not. Weekend effect” is a term used to describe the
phenomenon in financial markets in which stock returns on Mondays are often
significantly lower than those of the immediately preceding Friday. The mathematical

formulas of two-step estimation method are shown as below.

Rit = by + b;WD;¢ + byejr—; + € ©)

hy = E(eizt|lt—1) =ap +asef_y + azhy 4 + a3 WDy (6)

The first equation, we call it-mean equation, is a MA(1) model. R;; is the market
return for market i at day t, and eig i=1 and 2, are white noise. The second equation, we
call it variance equation, is a GARCH(1,1) model, e;..;* is the squared term of residual,
and hj. is the conditional variance of R;; based on an information set containing all the

price information at day t-1.

* The weekend effect has been a regular feature of stock trading patterns for many years. A number of
empirical results offer explanations for this market behavior. Some theories suggest that the tendency for
companies to release bad news on Friday after the markets close accounts for depressed stock prices on
Monday. Others state that the weekend effect might be linked to short selling, which would affect stocks
with high short interest positions. Or, the effect could simply be a result of traders' fading optimism
between Friday and Monday.

13



In order to test whether Taiwan market is affected by the United States stock market
or not, the most recent United States market return is introduced into the mean equation
of Taiwan market return and squared term of the United States market residuals is
introduced into the variance equation of Taiwan market return, too. The two markets
are indexed by i: 1 for Taiwan market (domestic market), and 2 for the United States

market (foreign market), and the model used in this research is defined by following:

Ryt = by + by WDy + byeqe—q + bsRye 1 +eq¢ (7)

hye = E(e%tllt—l) =ap + ale%t—l +iazh;—; +agWD,, + a4(3%t—1 (8)

In the two equations above, the'-foreign market return and foreign squared term of
residual are designed to capture the return spillover and volatility spillover, respectively.
If the statistical result of bs is significant, it implies that a change of price return of the
United States stock market will cause a change of price return of Taiwan market. If the
statistical result of a4 is significant, it implies that the volatility spillover effect exists
from the United States market to Taiwan market.

The estimation results will be tested by maximum-likelihood estimation method.

Besides the t-statistics for each of the coefficients, the likelihood ratio statistics (LR)

14



will be computed for joint significance of the coefficients. The Leung-Box Q statistics

for the squared normalized residuals will also be computed, denoted as LB-QS. All the

estimation results will be arranged in the following chapter.

3.3 DCC Model

Engle (2002) proposed a dynamic structure to analyze the correlation of two time

series data, and that is the Dynamic Conditional Correlation (DCC) model, and which

is modified from the Constant Conditional Correlation (CCC) model, see Bollerslev

(1990), to let the correlation matrix time-varying.. The DCC model was proposed to

solve the conditional covariance problems, and that can be simplified estimated by

uni-variate GARCH models for eachseries’ vamiance process. The DCC model

estimates a conditional correlation /by wemploying the transformed standardized

residuals from the GARCH estimation step and then estimating the time-varying

conditional estimator in the next step. An advantage of DCC model is

easy-to-estimate; although it is not linear, it can be estimated simply by two stages

based on the maximum likelihood method. This article will show the empirical results

of using DCC model to estimate the correlation of NASDAQ and Taiwan market

indexes in the chapter 4.

The conditional covariance and correlation are used to describe the relationship

15



between two series data (r; and r, with zero means) traditionally, and those are

defined by:

COVy, = Et—l(rl,t' r2,t) ) ©)

Et-1(rierat) (10)

Et—1(r] )Ee-1(r5)

Piae = \/
The covariance and correlation are computed by previous data. However, there are
two problems, one is too many premature data are used, and the other is that the
previous lags assigned equal-weighted will cause the problem of uncoupling
correlation estimation.

Here, we consider the DCC model with two assets,

H; = D{RD;, where D, = diag{/h; }, (11)
R, = diag{Q}~*/?Qdiag{Q} /2, (12)
Q=So(tl —A—B)+AoZ_1Z_; +BoQyy, (13)

or in a bi-variate model like the empirical case in this article,

di1t iz, 1 q 22, Z1t—1Z2t— Qi1e-1  Q12t-1
[ qZZZ]:(l—a—b)[q 2 +a[ e et 1]+b[q Tl (14)
’ 4 12 Zl't_lzzlt_l Zl,t—l 12,t—-1 22,t—-1

In the equations above, H; is the covariance matrix, D is the 2X 2 diagonal matrix of
time varying standard deviations from uni-variate MA(1)-GARCH(1,1) models with
J/h; on the i™ diagonal, and R, is the time varying correlation matrix. A and B are

parameters and o is the Hadamard matrix product operator. The £ is a vector, S

16



represents the unconditional covariance of standardized residuals and Q is the
conditional one. In equation (13),Z, Z; = Df! X ry, is the standardized residual
vector, and the conditional variances of all the components of Z; equal 1, where r;
is the return of asset that is mean zero of the residuals.

And the log-likelihood of this estimator can be written as following, and which can

simply be maximized to get the parameters of the model:

L= —%Z?ﬂ(z log(2n) + log(|H,|) + r;Ht‘lrt) (15.2)
= — 231, (210g(2n) + log(IDRDy|) + r{D; 'R 'D; ) (15.b)
=- %ZL(Z log(2m) + 21og(ID,]) +1og(|R.|) + &Rt &) (15.c)

In Engle (2002), Engle gave us sufficient conditions for the consistency and
asymptotic normality of the estimators, see Newey-and McFadden (1994) for details.
Let the parameters in the covariance matrix D; be denoted as 0 and the additional
parameters in the correlation matrix R; be denoted @. The log-likelihood can be
rewritten to be a summation of a volatility part and a correlation part. The new
log-likelihood is:

L(6,0) =L,(0) + L.(6,0) . (16)
In the equation above, the volatility part is

L,(0) = —izt(z log(2m) + log|D¢|? + rD;%ry) , (17)

17



According to Engle (2002), the volatility term can be expressed as the sum of individual
GARCH likelihoods:

Ly©) =~ 15,50, (l0g(20) + log(hy, ) + 1) (1)
And the correlation part is

Le(0,8) = — > Ze(logIRe| + &Rt e — erey) - (19)
Owing to the estimation processes of volatility and correlation part are independent
from each other; we could estimate them by maximizing the likelihood in the two-step
approach,

6 = arg max{L,(0)} (20)
and then we can take the resulting value of 6 into the-second step:

@ = arg max(b{Lc(@, (Z))} (21)
We can get the estimated values of 6 and @ by the two steps above.

By the two step estimation designed in the DCC model, we can estimate for each
residual series in the first step, and in the second step, residuals, transformed by their
standard deviation estimated during the first step, are used to estimate the parameters of
the dynamic correlation. As a result of the estimations, we can get the correlation
between two markets series data; the United States and Taiwan market data were

employed in this article.

18



3.4 DCCX Model - Extreme Return Effect

Besides the correlation of the market return between the United States market and

Taiwan market, we want to know furthermore if the extreme return effect exists. The

extreme return effect means that when an extreme return (positive or negative) occurs

in the foreign market (influencing market), an extreme return will be taken place in the

domestic market (influenced market). On the other hand, the extreme return effect test

will help us to check the impact of an extreme return of the influencing market.

In order to test if the extreme return effect significant, a dummy variable was

designed into the DCC model, called modified DCC.model (DCCX model), see Liao

(2007). The dummy variable was set-to"1 when the return of influencing market

deviates over the criteria from the mean value of return, 0 otherwise; here in this study,

the criteria are over one, two, and three times standard deviation of return, respectively.

After adding the exogenous variable of extreme return effect into the DCC model,

the DCCX model will be as follows:

H; = D{R(D;, where D; = diag{,/h; }, (22)
R, = diag{Q}~'/2Qdiag{Q}~*/2, (23)
Q=So(tl —A—B)—CX+AoZ_1Z_; +BoQu;+CoXyy, (24)

where the definitions and operators are as those in the standard DCC model in chapter

19



3.1. The estimation method is identical to the standard DCC model. The main purpose

of this study of extreme return effect is to see if the coefficient C is significant or not,

where the value of coefficient C indicates the offset to the original correlation derived

from the standard DCC model.

20



4. Empirical Results

The NASDAQ (acronym of National Association of Securities Dealers Automated
Quotation) is an American stock exchange established in 1971 in New York City. It is
the largest electronic screen-based equity securities trading market in the United States.
With approximately 3,200 companies, it lists more companies and on average trades
more shares per day than any other U.S. market. That is the reason why NASDAQ was
chosen here as a representative of high-tech stock market in the United States. For the
Taiwan market, the Electronic Sector Index Futures (EXF) was chosen as the

counterparty to NASDAQ.
4.1 Data Sources

The historical price data of NASDAQ employed in this article were from the Yahoo!
Finance websites, and that of EXF were downloaded from the official website of

Taiwan Futures Exchange6.

4.2 Sample Selection

The NASDAQ began trading on February 8, 1971, and the EXF was first traded on

> The address of Yahoo! Finance is http:/finance.yahoo.com/
% The official site of Taiwan Futures Exchange is http://www.taifex.com.tw/
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July 21, 1999 in Taiwan Futures Exchange. The daily return time series data of each
market are used in this article, and the sample period of data employed in this research
is from August 2, 1999 to December 31, 2007 of East U.S.A. time zone (GMT-5). The
sample size is 1,999 for both the two markets data after deleting no-trading day’s data in

any market, including holidays, events and etc.

4.3 Descriptive Statistics

First of all, the historical close price data of NASDAQ, TAIEX and EXF from August
02, 1999 to December 31, 2007 are shown in Figure 1. A quick glance at the charts, we
could observe the overall depression after the 911, 2001 attack, and the gradual
recovery since 2003. However, the absolite price data contain different scenarios inside;
we should take the rate of return into‘consideration about the further analysis.

< Figure 1 is inserted about here >

The close-to-close, close-to-open and open-to-close returns are computed by the
equation (3), (4) and (5) respectively, shown in the Figure 2 below, and whose
descriptive statistics are shown in Table 1. The overnight returns (close-to-open return)
of TAIEX and EXF accompany the lowest mean value and volatility. The overnight
return volatiles with the preceding close price and the is influenced by foreign markets

over the no-trading night, and the other returns (close-to-close, open-to-close) both
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contain the daily trading hours that might be influenced by all the available information

no matter domestic or foreign news. For this reason, the overnight return volatiles with

lower variation than the other ones.

< Figure 2 is inserted about here >

<Table 1 is inserted about here >

We can also do preliminary analysis for the series from the descriptive statistics; all

the series are left-skewed except for close-to-close return of NASDAQ and

open-to-close return of TAIEX, because of the negative value of skewness, and all the

stock return time series appear to be.leptokurtic because the values of kurtosis are larger

than 3.

<Tablé:2:is mserted about here >

Table 2 shows us the simple unconditional correlation between each two series. We

can conclude some findings from the simple correlation. First, the close-to-close return

of NASDAQ did influence the overnight return (close-to-open return) of TAIEX and

EXF, and the correlation coefficients are 0.573 and 0.554 respectively, however,

relatively lower correlation exist between NASDAQ and other returns of TAIEX and

EXF. It reveals that the foreign market returns did influence the domestic overnight

returns more than other types of returns.
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4.4 Results of Two-step Estimation

In the two-step estimation, we use the MA(1)-GARCH(1) model to fit the influencing
market (NASDAQ) in the first step and the squared term of the resulting residual
together with the return are respectively used as explanatory variables in the second
step. Our purpose is to model the price changes and volatility spillover effect between
the two countries. Table 3 shows us the two-step estimation results of foreign and
domestic markets.

<Table 3 is inserted about here >

The estimation model is shown in therdescriptionpanel of Table 3. As is expected,
the time-varying conditional heteroskedasticity-is shown by the significant t-statistics
of the coefficients of the lagged squared residuals (a;) except for the C20 return of
EXF and the lagged conditional variance terms (a;). The bs and a4 are coefficients of
price changes and volatility spillover effects respectively. By the estimation results in
Table 3, we can conclude some inferences. First of all, the price change spillover effect
(coefficient b;) from NASDAQ return to the C2C returns of both TAIEX and EXF is
the largest. It means that among the three types of returns, the C2C returns of TAIEX
and EXF were affected by NASDAQ most. The market value of Taiwan Stock

Exchange market is about NTD (New Taiwan Dollar) 22 trillion (or U.S. Dollar 0.73
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trillion), and the foreign investment institutions have around 34% in hand. Therefore,

the foreign funds are very powerful to influence the TAIEX. The foreign investment

institutions have a global view of investment, so they will modulate their funds

dynamically. Once NASDAQ soars (rises) or plunges (drops), the foreign investment

institutions will modulate their foreign (outside the United States) investments to

maximize their profits. Taiwan Stock Exchange market is one of the major stock

exchange markets in Asia, so the inference of why C2C return of both TAIEX and

EXF got the influence from NASDAQ most is possibly from the foreign traders, who

adjusted their funds in Taiwan exttemely following the performance of the United

States stock markets.

Secondly, the C20 returns (overnight returns) of both TAIEX and EXF were also

influenced by NASDAAQ significantly, however, the volatilities were not. It means that

the overnight return of Taiwan stock market was affected by the preceding close price

of NASDAQ. Because of no-trading at night, the open price of Taiwan stock market

reflects all the available information from the foreign markets, mainly from the

United States markets. So it is reasonable to interpret the estimation results of C20

return. However, there were no significant volatility spillover effects from NASDAQ

to Taiwan market.
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The final inference is about the O2C return. There were significant price change

and volatility spillover effects from NASDAQ to TAIEX and EXF, however, the

coefficient of price change spillover effect are with a negative sign. The negative

coefficients mean that NASDAQ return influenced Taiwan market return in the

opposite direction. The result gives us hints that there might be an overreaction on the

open price of Taiwan market to the return of NASDAQ. After the overreaction of

open price, the market index was adjusted to the proper price within the trading hours.

The investors predict the stock price based on all the information set they have, and

they reflect their anticipation on the stock prices..Once many investors anticipate the

future prices pessimistically or-optimistically in the meanwhile, the market might be

overreacted. And this is the reasonable interpretation of the negative coefficient of

0O2C return.

For the weekend effect, the t-statistics of a3 and b, are insignificant, so the weekend

effect is not obvious to those series. It means that there was no significant difference

between the trading days before and after the weekend.

4.5 Results of DCC Model Estimation

This article employed the DCC model to model the correlation with a time-varying

covariance between the United States and Taiwan market. Table 4 shows us the results
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of DCC model estimation. Except for the coefficient a of O2C return of EXF, all other

coefficients a and b of the DCC model estimation are significant and positive.

<Table 4 is inserted about here >

The main purpose of the DCC model estimation is to compute the correlation

between two series. The correlation is a numerical data between 0 and 1, and which

will tell us the relationship between the two series. Figure 3 shows the correlation

results derived from the standard DCC model which was mentioned in chapter 3.

<Figure 3 is inserted about here >

A universal tendency observed,in these charts is the upward trend, and which

means that the correlation between the respective series was getting stronger and

stronger within the empirical time span. We¢ could categorize the patterns of these

correlation charts into two types, C2C and C20 returns are the same type, O2C return

is the other. The analysis will be started with the first type — for C2C and C20 returns.

For C2C and C20O returns, the correlation could be divided into two parts, the

former parts were going downwardly, and the later parts were going up. We also can

find the critical point occurring in around September 2001 when the 911 attack was

taken place. From 1998 to 2001, the dot-com bubble (or called internet bubble)

assaulted the United States economy. A huge number of internet companies were
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eager to list on NASDAQ to raise fund. The NASDAQ Composite index peaked at
5,048.62 on March 10 2000, but the index was less than 1,700 on September 10 2001.
The NASDAQ Composite index plunged about 66% in one and half year. However,
the industrial structure of Taiwan stock market is founded on manufacturing, so the
direct impact of dot-com bubble from the United States was not serious. So that the
correlations of NASDAQ and Taiwan market indexes before 911 attack were going
downwardly. After that, owing to the attack, the world economy faced a series of
psychological pessimism; investors expected the economy to depress. The linkages
among the world markets were. getting stronger and stronger. The pessimistic
expectation assaulted the markets all over the ' world, and the impact was really greater
than the dot-com bubble. This is the inference that why the correlations were going up
after 911 attack. Another point we should take care about is that the correlation got an
obvious jump in the second half year of 2007, and that is because the sub-prime
mortgage crisis’ erupted in the United States. The subprime crisis is ongoing and

resulting in universal financial problems, attacking not only the stock markets but the

7 The subprime mortgage crisis is an economic problem manifesting itself through liquidity issues in the
banking system, and which is triggered a global financial crisis during 2007 and 2008. The crisis began
with the eruption of the US housing bubble and high default rates on subprime and other adjustable rate
mortgages (ARM) made to higher-risk borrowers with lower income or lesser credit history than prime
borrowers.
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banking systems. As a result, it caused the stronger correlation between NASDAQ

and Taiwan stock market indexes.

For the O2C returns, the patterns of correlation appear as a line going upwardly.

Although the estimated coefficient (a) was not significant for the correlation of

NASDAQ and EXF, the pattern of which is very similar to that of NASDAQ and

TAIEX. However, the range of the correlation is approximately from -0.15 to +0.1,

obviously narrower than that of the first type of pattern correlations, from -0.4 to 0.6.

The values of the correlations are negative until after the beginning of year 2005. As

the inference in the two-step estimation results.in chapter 4.4, the O2C returns of

Taiwan indexes overreacted to-NASDAQ, and it caused the negative price change

spillover effect from NASDAQ ‘to either TATEX or EXF. It is reasonable to get the

negative correlation of C2C return of NASDAQ and O2C return of either TAIEX or

EXF. With the linkages among the world markets getting stronger, the correlations are

going up slightly with the time, however, the correlations are not so far away from

zero (no matter positive or negative), and it implies that the relationships are not very

obvious.

4.6 Results of DCCX - Extreme Return Effects

This research employed the DCCX model to test if the extreme return effects exist.
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The results are shown in Table 5. There were three scenarios tested by DCCX model,

1-sigma (one time standard deviation away from the mean value of return), 2-sigma,

and 3-sigma respectively. The coefficient ¢ stands for the influence of the extreme

return occurring in the influencing market (NASDAQ) on the influenced market

(Taiwan stock market).

<Table 5 is inserted about here >

By the estimation results of DCCX model, all the coefficients ¢ of the C2C returns of

both indexes are insignificant, and it implies that the extreme return effect does not

influence either TAIEX or EXF significantly. The results of O2C returns of TAIEX

are insignificant as well. However, for C20 teturns,-almost all the estimation results

of coefficient ¢ for these two indexes are significant, and all of them are negative.

There are some inferences for the results of C20 returns. When there is an extreme

return (no matter 1, 2 or 3 times standard deviation away from the mean value of

return) occurring in NASDAQ, the influences on Taiwan indexes are significant and

negative. Negative influence means when the extreme return occurs, it will cause the

correlation of NASDAQ and either TAIEX or EXF lower. Because there is a price

limit constraint of 7 percent away from the previous trading day’s close price in the

Taiwan Exchange Index, it will not always reflect the influence from the United States
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completely when the extreme return occurs. It is obvious that the incomplete

reflection of the NASDAQ impact will lower the correlation between the two markets.

Therefore, the significant coefficients c are all negative for C20 returns.

For O2C return of EXF, the result of 1-sigma scenario is not significant but the

results of the others are. It implies that for O2C return of EXF, it contains the

domestic information available within the trading hours, so when the extreme return is

only one time standard deviation away from the mean value of return, the influence

on the correlation will be insignificant. However, when the extreme returns are two or

three times standard deviation away from the.mean, the influence will become

significant on the correlation.- Furthermore; the influence is positive, and it will

enhance the correlation for O2C returniof EXF.
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5. Conclusion

The United States economy is the most influential one in the world. Especially for

the emerging or developing countries' economies, the relationships with the United

States' are obviously strong. By the results obtained by this research, we could find

that the linkage between Taiwan stock market and NASDAQ is noticeable.

The price changes spillover effects from NASDAQ are all significant to both

TAIEX and EXF, and the most significant one is the C2C return, because of the high

holding percentage of foreign investment institutions in the Taiwan stock market.

There might be an overreaction on the open price of Taiwan market to the return of

NASDAQ. After the overreaction of open price, the market index was adjusted to the

proper price within the trading hours. The correlations are trending upward after

911-attack in September 2001. The world economies linked more closely after the

disaster, and we can see the quantitative evidences from the results of DCC model

estimations. By the results of DCCX model estimation, we can conclude that the C20

returns are affected by the extreme returns occurring in NASDAQ most negatively.

A strategy of day-trading could be proposed here based on the results found in this

research article. We can long (buy) the TAIEX or EXF when NASDAQ plunges (big

32



drop) and short (sell) when NASDAQ rallies (big rise). The reasons why we trade in

this way is that there might be an overreaction occurring in the Taiwan markets,

especially when there is an extreme return occurring in NASDAQ. However, within

the trading day hours, the domestic information will dominate the foreign information,

and then the stock price will converge to the reasonable position. We can observe that

by the negative coefficient b3 for O2C return in the two-step estimation results.

No matter what investment strategies you use, remember not to lose any of your

money. And this is the best policy for investment.

33



Appendix - Figures and Tables

Figure 1 Close Price
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Panel C. Close price of EXF
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Panel B. Close-to-close return of TAIEX
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Panel D. Open-to-close return of TAIEX
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Panel F. Close-to-open return of EXF
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Figure 3 Correlation Charts

This figure shows us the correlation charts with the DCC model. The underlying
stocks are NASDAQ with TAIEX and EXF, including the daily C2C, C20, and O2C
returns results.
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Panel C. Correlation of NASDAQ and O2C return of TAIEX
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Panel E. Correlation of NASDAQ and C20 return of EXF
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Table 1 Descriptive Statistics

Panel A. NASDAQ and TAIEX

Descriptive Statistics, 1999-2007

NASDAQ TAIEX
Close-to-close  Close-to-close  close-to-open  Open-to-close

Mean 0.000543 0.007424 0.137677 -0.130253
Median 0.081236 0.007356 0.201642 -0.131843
Maximum 13.25464 6.172055 5.987536 6.731879
Minimum -10.40781 -12.60434 -15.56864 -7.350424
Std. Dev. 1.891315 1.603953 1.109326 1.301071

Skewness 0.11625 -0.291042 -2.248129 0.08517
Kurtosis 7.478915 6.450212 31.88955 5.505298
Jarque-Bera 1675.39 1019.722 71199.58 525.1983

Panel B. EXF

Descriptive Statistics, 1999-2007

EXF
Close-to-close  close-to-open  Open-to-close

Mean 0.004257 0.009958 -0.005701
Median 0 0.019773 -0.014951

Maximum 9.169252 8.12156 8.22381
Minimum -18.4417 -20.63959 -12.98963
Std. Dev. 2.223088 1.397775 1.824527
Skewness -0.264915 -1.727891 -0.115321
Kurtosis 7.211929 33.39508 6.333826
Jarque-Bera 1501.005 77944.64 930.1675
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Table 2 Unconditional Correlation Matrix

Correlation Matrix

NASDAQ TAIEX EXF
Return c2C c2C C20 02C c2C C20 02C
NASDAQ C2C 1 0272 0573 -0.153 [ -0.137 0.554 0.235
c2C 0.272 1 0.593  0.727 | 0.685 0.545 0.905
TAIEX C20 0.573 0.593 1 -0.122 | -0.018 0.864 0.528
02C -0.153 0.727 -0.122 1 0.860 -0.065 0.665
c2C -0.137 0.685 -0.018 0.860 1 -0.067 0.779
EXF C20 0.554 0.545 0.864 -0.065 | -0.067 1 0.574
02C 0.235 0.905 0.528 0.665 | 0.779 0.574 1

Two-Step Estimation Method'Using Daily NASDAQ, TAIEX, and EXF

Panel A eStIma'[Ion Rit = bO + b1WDit + bzeit_l + eit
hie = ag +asef_; + azhj; + a3 WDy

Table 3:-Two-Step:Estimation

Panel B estimation: R;; = by + b;WD;; + bye;;_q + bsRy 1 + €
hiy = ag +ajef_; +azhy—q +a;WD; +azel,
Panel C estimation: Ry = by + byWD; + bye;e—1 + b3Ry 1 + €

_ 2 2
hj = ap + ajej;_; +ahj; +azWDje +ase5,

This table shows us the two-step estimation for the daily return series of NASDAQ,
TAIEX and EXF market. Panel A shows us the estimation results for the daily return
of NASDAQ. In Panel B, we present the estimation results of the Taiwan Stock
Exchange index. Panel C shows us the estimation results of the daily return of EXF.
We use MA(1)-GARCH(1,1) model to estimate the coefficients. WD; stands for
weekend dummy variable. Lik fen is the log likelihood function and the numbers in
parentheses are t-statistics values (* indicates significant at 5% level, ** indicates

significant at 1% level, and *** indicates significant at 0.1% level).
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Panel A: Model estimation for the NASDAQ index

Coefticent NASDAQ
b, 0.049
(1.572)
b, 0.020
(0.291)
b, -0.020
(-0.900)
a 0.006
(0.308)
a 0.054
(5.821°7)
a, 0.944
(105.2167)
a, 0.005
(0.043)
lik fcn -3634.062
Skewness -0.116
Kurtosis 3.799
LB-Q(15) 12.542

LB-QS(15) 14.127
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Panel B: Model estimation for the TAIEX

Coefficient Close-to-close Close-to-open Open-to-close
b, 0.052 0.229 -0.115
(1.883) (8.100°7) (-4.856")
b, -0.061 -0.044 -0.079
(-0.805) (-0.529) (-1.309)
b, -0.025 0.007 -0.045
(-1.095) (0.086) (-1.938)
b, 0.273 0.255 -0.117
(14.047°7) (52637 (-5.884"7)
a, -0.046 0.014 -0.037
(-1.632) (0.473) (-2.252%
a, 0.050 0.268 0.046
(4.958") (2.424") (48577
a, 0.942 0.731 0.945
(92.163"7) (12.998") (94.069")
a, 0.103 0.183 0.071
(0.736) (1.289) (1.082)
a 0.047 0.023 0.039
(2.8177) (1.168) (3.1237)
lik fen -3463.288 -2711.434 -3097.203
Skewness -0.519 -1.659 -0.148
Kurtosis 6.195 31.535 3.909
LB-Q(15) 12.324 41.217 10.003
LB-QS(15) 13.710 4.290 17.218
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Panel C: Model estimation for the EXF

Coefficient Close-to-close Close-to-open Open-to-close
b, 0.065 0.112 0.019
(1.908) (2.224") (0.629)
b, -0.068 -0.014 -0.128
(-0.636) (-0.197) (-1.467)
b, -0.106 -0.152 -0.062
(-4.661"") (-1.660) (-2.622"")
b, 0.352 0.214 -0.124
(12.683") (2.462") (-4.528")
a, -0.101 -0.005 -0.100
(-2.074") (-0.168) (-3.2717)
a, 0.063 0.162 0.065
(4.792°7) (1.531) (5.499")
a, 0.927 0.862 0.918
(79.968""%) (15:050™) (73.002")
a, 0.302 0.118 0.266
(1.461) (0:961) (2.293)
a, 0.100 0.009 0.103
(2.469") (0:417) (3.687°7)
lik fen -4081.521 -3203.558 -3732.805
Skewness -0.635 -2.797 -0.297
Kurtosis 8.758 72.001 4.571
LB-Q(15) 6.227 45.336 8.676
LB-QS(15) 9.728 1.421 20.522
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Table 4 DCC Model Estimation Results

The standard DCC model:

1 g 72 Z1 to1Z0 1
qi1t qu,t] —(1—a—b) [q q12 +a[ 1t—1 1,t-122,t-1

2
Qize G2zt 1z 1 Z1,t-1Z2,t-1 Z1t-1

[Q11,t—1 q12,t—1]

diz2t-1 Y22t-1
This table provides us the estimation results (coefficients a and b) of the standard
DCC model employing the daily return of NASDAQ, TAIEX and EXF.
The numbers in parentheses are t-statistics values (* indicates significant at 5% level,

** indicates significant at 1% level, and *** indicates significant at 0.1% level).

DCC Model Estimation Results

TAIEX EXF
coefficient
C2C C20 02C C2C C20 02C
a 0.011 0.020 0.002 0.008 0.024 0.002
(2.818") (8.987°) (3.180-) (2.327") (5.683"7) (1.508)
b 0.988 0.978 0.999 0991 0.974 0.999
(219.371°7%)  (407.007"7) = (1602.841 )| = (236.1157")  (213.756" )  (746.538")
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Table 5 DCCX Model Estimation Results

This table provides us the estimation results (coefficients a, b and ¢) of the DCCX
model employing the daily rate of return of NASDAQ, TAIEX and EXF.

The numbers in parentheses are t-statistics values (* indicates significant at 5% level,

** indicates significant at 1% level, and *** indicates significant at 0.1% level).

DCCX estimation results

Criteria coefficient TAIEX EXF
C2C C20 02C C2C C20 02C
a 0011 0.020 0.002 0.008 0.023 0.001
2785 (8.949™7)  (0.905)  |(2.261") (5.823°")  (0.538)
go b [0.988 0.978 0.999 0.991 0.974 0.999
7 (223.81677) (403.48177) (529.013" H)|(249.481°") (218.727 ) (609.915 )
¢ |0.001 -0.003 0.001 -0.001 -0.003 0.001
(-0.791) (-1.904) (0,594)7 5. |(-0.960) (-1.867) (0.605)
a 001 0.020 0.001 0,008 0.228 -0.001
(2.8477)  (9.0947 ). (0.753)+ @311 6.03177)  (-3.9047)
go b [0.988 0.978 0.999 0.991 0.975 1.001
&z (227.329™")  (429.848 7Y (5115653 )[253.27577) (231.02277) (8968.678")
¢ |-0.004 -0.014 0.001 -0.004 -0.185 0.002
(-0.928) (2914 (0.704)  |(-1.076) (-3.598"7) (4280 )
a 001 0.020 0.001 0.008 0.023 -0.001
2.858")  (8.85177)  (0.718)  |(2.313)) 6.00177)  (-5.4107)
go b [0.988 0.979 0.999 0.991 0.975 1.002
7 (22629277 (424.19377) (458.094 )|(253.847 ) (231.313° ) (11582.3407)
¢ |-0.009 -0.023 0.002 -0.009 -0.039 0.006
(-0.844) (-1.901) 0.607)  [(-1.020) (-3.1517)  (4.798"7)
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