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Abstract. This research discusses structural breaks caused by financial crises in
the return volatility of the financials and the electronics sector indices of Taiwan.
This study uses the generalized autoregressive conditional heteroscedasticity
model advanced by Glosten, Jagannathan, and Runkle to determine the condi-
tional volatility and then uses the models of multiple structural change proposed
by Bai and Perron to discover the break points. First, the factors causing the struc-
tural breaks in the return volatility of the financials and the electronics sector
indices include monetary policies, changes in financial institutions, and the ex-
ternal impacts of international economic situations. Second, in the highest-profile
events (e.g., Asian financial crisis, dot-com bubble, and global financial crisis),
the structural breaks are detected in the return volatility of the financials and the
electronics sector indices. The domestic influencing factors include exchange
rate appreciation, which causes structural breaks. In addition, the electronics sec-
tor index is affected by international economic situations. Previous studies show
that the negative impacts on the international market patently increased the return
volatility of the financials index and electronics sector index during prominent
events; thus, when encountering such prominent impacts, we must focus on the
changes caused by structural breaks. The stock market in Taiwan has become
more internationalized and open in recent years. The volatility of the financials
and the electronics sector indices clearly continues to increase, whereas the clus-
tering of the volatility is clearly decreasing.
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1 Motivation of Research

Once an under-developed country requiring foreign aid, Taiwan is an emerging econ-
omy in East Asia and a crucial member of the international financial and trading system.
Presently, the major economic cores of Taiwan are the financial and electronics indus-
tries. After World War 11, Taiwan required massive aid from foreign countries. By the
1950s, it had developed import substitution industries. In the 1960s, Taiwan actively



constructed major infrastructures, laying the foundation for an economic take-off. In
the 1980s, an industrial transformation occurred in Taiwan, and Taiwan began to de-
velop capital- and knowledge-intensive industries with the expectation of increasing
the country’s industrial competence. Thereafter, the financial and tech industries in Tai-
wan were developed constructively, transforming the country into a technological is-
land with the financial and tech industries as its major industries. Therefore, regarding
the stock market indices, the financial and tech industries play crucial roles. Thus far,
Taiwan remains dependent on capital- and knowledge-intensive industries to drive its
economic growth. The financial industry provides financial diagnoses to companies by
offering them loans. In addition to functioning as financial intermediaries, financial
institutions play the role of supervisor by monitoring corporate missions through the
business of fund transfers. Because of their role as intermediaries who oversee the flow
of money within society, financial institutions also serve as a crucial conduit for mon-
etary policies delivered by the Central Bank, a prominent reason why governments
worldwide steadily development their financial sectors. Taiwan’s economic structure
has shifted from a manufacturing-based economy to a service-based one. The shift in
the financial industry’s business models is the most obvious, as many banks have trans-
formed themselves into finance-holding companies. The managerial and operational
performance of financial firms attracts widespread attention because one single event
can trigger an overall economic recession. The collapse of Barings Bank in 1995 be-
cause of an employee’s malpractice made the supervising administration strictly regu-
late financial derivatives. In 2008, the collapse of Lehman Brothers triggered a financial
depression and a global economic recession. These examples demonstrate the manage-
rial and operational inefficiency of financial firms, inefficiency that caused substantial
losses for investors.

Because the Taiwanese government has been actively promoting industrial transfor-
mation and shaping Taiwan into a technological island, Taiwan is becoming a promi-
nent manufacturing base for crucial electronic components. Electronic products and re-
lated components account for 90% of Taiwan’s exports, indicating the importance of
the Taiwanese tech industry. The electronics sector index has been an essential part of
the Taiwanese stock market, affecting all stock market indices and variations in mac-
roeconomic variables. After undergoing the Asian financial crisis and the global finan-
cial crisis, the tech industry became the economic locomotive in Taiwan, leading all
related industries to further growth and becoming an indispensable part of the Taiwan-
ese economy.

1.1  Research Purpose

Using conventional econometric equations to test structural breaks, Chow (1960) pre-
dicts the possible positions of the time points in advance [1]. However, this method
generates errors caused by the researcher’s own subjective judgment. Zivot and An-
drews (1992) endeavor to transform the unit root tests of structural breaks with known
time points into unit root tests with unknown time points [2]. In addition, they estimate
the positions of break points while performing unit root tests. Andrews (1993) creates
the endogenous variable of econometric models to determine the time points of



structural breaks [3]. Furthermore, the time points of structural breaks can be deter-
mined. However, external macroeconomic changes such as the 1997 Asian financial
crisis or the 2008 global financial crisis affect stock market indices in a time series
model. If the model relies only on the endogenous variable in the model, then we can
only discover one single break point without noticing other changes or the occurrence
of related major events in the time series.

The methods that previous studies provide for conducting tests of structural breaks
are not complete; we must know the possible point in time of the structural break before
using the conventional testing methods, with the time series of exogenous variables
allowing only two break points to be determined. Because of the endless variation of
external economic situations, there could be more than just two break points. Therefore,
researchers have developed methods for testing multiple structural breaks.

2 The Spillover Effect and the Contagion Effect of Major
Economic Events on Stock Markets

Since 1990, globalization has influenced stock markets to become “global” markets,
with the effect of international and domestic financial crises on stock markets becoming
increasingly obvious. Particularly, major crises such as the U.S. dot-com bubble, the
U.S. subprime mortgage crisis, and the subsequent European debt crisis greatly affected
the world’s stock markets. The literature discusses the interrelationship between the
stock markets of different countries or of different domestic regions, with the spillover
effect of stock markets being the primary focus. The Granger causality test (Granger,
1969), vector autoregression (VAR) models [4], and the impulse response function (Pe-
saran and Shin, 1998) are the analytic tools of this type of study [5].In addition, some
studies indicate that, when a major financial crisis occurs within a country, the crisis
could spread rapidly to other countries that are closely related to that country (Kuper
and Lestano, 2007; Rosenow, 2003; Kenourgios et al., 2011) [6-8]. Recent studies in-
dicate that the spillover and contagion effects are the major reasons for financial crises
spreading quickly to other closely related countries. The spillover effect denotes posi-
tively correlated externality; in other words, the effect of a country’s economic and
trading behaviors on other countries exceeds the domestic effect of the countries’ indi-
vidual behaviors. Because of the trend of spillover among countries, each economic
impact within a country can spread to other countries, affecting their economies and
stock market indices. However, if the spread is caused by an existing economic con-
nection between the countries, then it is called a “dependence effect.” If the spread
occurs through a channel of economic connection generated during the economic im-
pact, it is called a “contagion effect” (Forbes and Rigobon, 2002) [9]. How the econo-
mies, stock markets, and regional economic growth of other countries are affected by
major economic or financial crises has always been a topic of interest to economic and
financial scholars. These studies aim to analyze whether interrelationships exist among
different markets’ reactions to the impacts and to determine whether the trend of struc-
tural breaks in market indices represented by this type of interrelationship changes the
structure distinctly. When previous studies discuss the economic implications of the



spillover effect, most of them use the causality test in VAR models, GARCH models
(Hamao, Masulis, and Ng, 1990), [10] the OLS method (Roll, 1989), [11] or the method
of impulse response analysis to analyze the interrelationship of the impulse and the
response (innovation accounting) of the endogenous variables in the models.

2.1 Influence of Various Countries’ Stock Market Indices

Darbar and Deb (1997) argue that a clear correlation of temporary returns exists be-
tween the U.S. and Japanese stock market indices but that a permanent correlation does
not exist between them. [12] Nevertheless, a permanent correlation exists among the
stock market indices of the United States, the United Kingdom, and Canada, and the
correlation between stock-market rates of return does not completely change over time.
Regarding the dynamic relationship between the stock market indices of Asian coun-
tries and the United States, Chowdhury (1994) examines the interactive relationship
among the stock market indices of the United States, Japan, Taiwan, China, Singapore,
and Korea; the results show that a distinct correlation exists between the stock market
indices of the United States and Japan. [13] The same condition exists between Singa-
pore and China. However, there is no distinct correlation between the stock markets of
Taiwan and Korea and those of other countries. How foreign macroeconomic variables
affect stock market indices is not mentioned. Thus, previous studies focus only on
whether stock market indices affect each other but lack direct evidence regarding
whether financial crises affect stock market indices.

3 Generalized Autoregressive Conditional Heteroscedasticity

The models used to analyze volatility in previous studies can be classified into two
categories: models with predictable volatility and those with unpredictable volatility
(i.e., models of stochastic volatility). The former belongs to the GARCH family of
models, which can predict the volatility of the next period by employing all of the in-
formation of the previous period. The most prominent difference between the two types
of model is the procedure of correlation estimation. Although the volatility of the pre-
sent period y; is unknown, it can be predicted through correlation models constructed
using information from previous data (i.e., &_,, &_,...). Information regarding past
volatility is used to measure the magnitude of present volatility. In addition, the condi-
tional probability distributions of €.|Q,_; can be acquired from white noise configured
using the GARCH model. Thus, the method of maximum likelihood is used to obtain
the correlation estimation of the GARCH models:
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The Exponential-GARCH (EGARCH) model of Nelson, a model adopted by previ-
ous studies, considers the asymmetric effect of a time series. Nelson adopted the natural
logarithm (to avoid generating negative volatility) for the conditional variance in the
equation and assumed that the effect of related market information of the previous pe-
riod on the volatility of the present period increases exponentially. Glosten,



Jagannathan, and Runkle (1993) advanced the GIR-GARCH model, dividing all of the
market information of the previous period into positive and negative messages and put-
ting them both in the model at the same time. [14] The existence of the asymmetric
effect is judged according to the different coefficients in the equation. The GJR-
GARCH model can be termed a type of “threshold” model, with the threshold of the
testing occurring when the volatility of the variation in the market information is 0. We
observe that this type of GIR-GARCH setting (3-2), which is similar to a dummy var-
iable, causes the parameter to increase substantially when the variation in the market
information is 0.
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The asymmetric effect influences the results because of the range of price variation;
hence, the ideal model contains two types of regime: the direction of price variation
(sign) and the range of price variation (size). In Equation (3-2), wheng,_; <0, S;_; =
1;if g,_, >0, then S;_; = 0. Thus, when g,_; > 0, the relationship between &2_; and o?
is ay; when g_; < 0, the relationship between £2_; and o? is a;+y;. Ify, is substan-
tially more than 0, it represents that bad news in the same range has more influence on
oZ.

4 Data Analysis of the Financials Index

This study examines the period from January 1, 1987 to December 31, 2018. The
TAIEX financials index provided by the Taiwan Economic Journal (TEJ) is adopted in
this study to discuss the returns and volatility of the financials index during financial
crises. A kurtosis in the Taiwanese stock market of more than 3 is known as an “excess
kurtosis.” The results show that the kurtosis is 4.359842, which is clearly more than 3;
therefore, the financials index can be tested using the GARCH models. The total num-
ber of observations is 8790.

Table 2 shows that the results of the rate of return of the financials index include
average returns and log returns. The relationships between daily returns and the conti-
nuity of the financials index are respectively represented by al and B1 in the equation;
al represents the influence of the volatility cluster on the financials index, and B1 rep-
resents the influence of time continuity on the financials index. In Table 2, B1 is much
larger than a1, meaning time continuity influences the returns of the financials index in
a more distinct manner. Figure 1 shows a chart of average returns and log returns of the
financials index, which indicates the trends of the financials index and time continuity.
The trends of the average returns and log returns are mostly similar. The exact dates of
the break points are presented in Table 3.



Table 1. Descriptive Statistics of the Financials Index.

Price Average Returns (%) Log Returns (%)

Mean 1033.155 0.051999 0.029806
Median 956.9000 -0.026150 -0.026150
Maximum 2858.590 6.937100 6.707000
Minimum 103.3400 -6.908200 -7.158500
Std. Dev. 399.0874 2.107632 2.106421
Skewness 0.846601 0.084819 -0.022552
Kurtosis 4.359842 4.393394 4.409730
Jarque-Bera 1334.263 557.4375 562.8265
Observations 6790 6790 6790

Note: The “price” denotes the daily closing price. Average returns and log returns are calculated
according to the daily closing price. Average returns: y; = (pt — pt—1)/Pt—1- LOgQ returns: y, =
(Inpy —Inpe4).

Table2. Test Results of the Rate of Return of the Financials Index.

Average Returns Log Returns
u 0.0283 (0.0207) 0.0149 (0.020655)
® 0.0627 (0.0072)*** 0.061387 (0.007036)***
oy 0.0684 (0.0052)*** 0.068895 (0.005260)***
Y1 0.0274 (0.0074)*** 0.022826 (0.007268)***
B, 0.9046 (0.0051)*** 0.906269 (0.005054)***

Note: *** denotes significant at 1% level. The standard deviations of the estimations are in pa-
rentheses. Average returns : y; = (py — Pt—1)/Pt—1- LOg returns : y, = (Inpy — Inp_q).

Table3. Periods of the Break Points of the Financials Index.

Number of Times Dates of Break Points of Average  Dates of Break Points of Log

of Break Points Returns Returns

1 1991/06/01 1991/05/23
2 1994/12/19 1994/05/10
3 1998/09/03 1998/09/03
4 2003/05/12 2004/07/09
5 2007/07/27 2008/01/04

Note: Log returns and average returns have the same results (break points) in the BP model.

Table 3 presents the break points in the financials index. This study uses the GARCH
models to calculate the index volatility of the time series and the methods proposed by
Bai and Perron (1998, 2003) to determine the time-series volatility and the break points.
[15] [16] The dates of the average returns and log returns of the five break points (Table
3) were affected by major events. There are only minimal differences between the dates
of the average returns and log returns of the first three break points, and the third break



point has the same date for both confidence intervals. When examining the overall eco-
nomic situation in Taiwan during the periods contemporaneous with the dates, we dis-
cover that the dates of the first break point occur during the period when the Taiwanese
government officially lifted the ban on cross-strait interactions and opened up commu-
nications with Mainland China, allowing Taiwanese business firms to invest there. The
stock market indices thus rose sharply under the influence of this policy. The dates of
the second break point occur during the period when the Taiwanese economy was af-
fected by international circumstances, which caused the NTD/USD exchange rate to
plummet from NT$25 to US$1 to NT$32 to US$1. The component of the Taiwanese
economy that relies on export trade was consequently affected, with the financials index
also being indirectly affected. The dates of the third break point occur during the period
when the Asian financial crisis considerably affected Thailand, Korea, Hong Kong, and
Taiwan. Consequently, the Taiwanese economy and the financials index were greatly
influenced. In the fourth break point, there is an extremely long period in the dates of
both confidence intervals. The date of 2003/05/12 was when Taiwan experienced an
epidemic of severe acute respiratory syndrome; consequently, domestic demand de-
clined, and trade was affected. The financials index was also affected, thus causing the
structural break to occur. However, the date of 2004/07/09 was a time of prominent
controversy in a Taiwan presidential election; citizens’ lives and investor confidence
were affected. Consequently, every stock market index fell, particularly the financials
index. Although longer than 6 months, the period between the dates of the fifth break
point was caused by one event: the rising of international crude oil prices from US$51
to US$120 per barrel in 2007. Hence, this rise in oil prices not only affected the rate of
return of the financials index and the Taiwanese economy but also threatened the global
economy with rampant inflation. Examining the international and domestic circum-
stances in which the dates of the five break points occur shows a greatly affected finan-
cials index.

5 Conclusions

In 2007, the U.S. subprime mortgage crisis made the Jordanian stock market fall rap-
idly, with Al-Rjoub (2011) discovering a negative correlation between the crisis and
stock returns [17]. Righi and Ceretta (2011) show that the European debt crisis in 2010
changed the risk of major European stock markets and the volatility of stock markets
in Germany, France and England [18]. Ezzine and Olivero (2013) determine that the
U.S. subprime mortgage crisis and the collapse of Lehman Brothers aggravated a part
of the financial indices of the return on assets and the return on net assets in France.
[19].

The stock market is the window of economic growth. However, general investors
cannot understand how the overall economy could influence the trend of stock market
indices, when the indices could react to the overall economy and when the effect could
end. This study estimates the related dates and synthesizes the overall economic situa-
tions, thus enabling subsequent researchers and general investors to understand how
stock market indices are affected. In addition, this study obtains the conditional



volatility through GJR-RARCH models and then determines the break points by adopt-
ing the models of multiple structural change models proposed by Bai and Perron (1998)
[20]. The empirical results show that five structural breaks occurred in the financials
index and another five structural breaks occurred in the electronics sector index. Using
the two quantitative methods to test the empirical results discovered some differences.
The structural breaks differed at different periods. This study analyzes two break points
of the stock market indices and the periods of the financial crises, discovering that the
financials and the electronics sector indices were affected by the effect of the financial
crises, which caused structural breaks in both indices.
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