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Abstract
Researchers and academic institutions frequently use the conventional Threshold AR model. However, the model uses zero or a single random value as a
threshold to convey limited information. This study intends to explore multiple asymmetric threshold effects of U.S. stock market to five major industrialized countries during turbulent economic conditions. Daily stock index
returns, ranging from 1998 to 2019, are collected. A three random thresholds
TAR model is built; Four hypotheses are proposed; Grid search algorithm is
programmed; The testing procedure includes: linear and non-linear unit
roots, structural break, likelihood ratio, Wald, and residual diagnoses are
tested. The findings are as follows: The four hypotheses are significant in
most of five major countries except for U.K. and Germany of contagions effects. The newly proposed multiple TAR model is superior to the traditional
TAR model. During the financial crisis period, the contagions effects are
greater, the threshold effects are significant, and the combined threshold
contagions effects are stronger.
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1. Introduction
Towards the end of 1990s, Forbes and Rigobon (2002) have defined a phenomenon called “contagion”. At present, it is widely used to describe the impact of
financial disruption from one country to another. Contagion has been defined as
“a significant increase in cross-market linkages after a shock to one country (or
DOI: 10.4236/me.2021.124040 Apr. 23, 2021
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group of countries)”; otherwise, a continued market correlation at high levels is
considered to be “no contagion, only interdependence”.
In the past, the financial empirical analysis is commonly used in time series
models to analyze stock returns. The analysis for stock returns focuses on empirical research on the correlation between stock returns. It is used to detect predictable pattern of existing stock returns. Predictable patterns imply profitable
trading rules, while rejecting the efficient market hypothesis. That is, the empirical evidence of Fama and French (1989) and Potterba and Summers (1988) and
the stock returns have long-term memory or mean regression as indicated by
Ding et al. (1993). The conclusion made from the studies is that the stock returns do not follow the random walk process all the time. Cross country researches, of which include Kim and Rogers (1995), Koutmos and Booth (1995),
show that national stock returns are notably related with each other and that the
interdependence between international stock markets increases with time.
In the several crises that have occurred in the past three decades, there are a
number of literatures about the spread of financial crisis. Since the stock market
crash in October 1992 and the Asian financial crisis in July 1997, a lot of researches have been devoted to investigating the covariance of stock returns between different markets. Also, although there was no sign of co-integration between the 11 Asian stock markets and the US stock market, (Sheng & Tu, 2000)
have found that, prior to the Asian financial crisis in 1997, they did exist during
the financial crisis showing a contagion effect. Since 2007, a serious crisis has
begun to emerge in the U.S. real estate market. In addition to affecting the U.S.
stock market and because of the close connection between international financial markets, there has been a significant common trend effect in passing or
spreading between international stock markets, and will soon spread to global
financial activities and macroeconomic conditions. The US subprime mortgage
has become the beginning of the “global financial crisis”. And, at the same time,
it has also disrupted the long-term equilibrium relationship. Financial or economic
crisis can have serious effects on investors. Thus, this topic has prompted great
interest from academic researchers. For example, studies, including Billio and
Caporin (2010), Chudik and Fratzscher (2011), Schwert (2011), and Syllignakis
and Kouretas (2011) have discussed the impact of the financial crisis on the
stock market. All these studies show that the volatility of financial markets increased significantly during the crisis. This further suggests that volatility and
correlation of financial markets will move together over time. This kind of
co-movement reduces the diversified returns, especially in the stock market, and
is becoming obvious.
After the financial liberalization policy implemented in the early 1980s, the
background of financial globalization promoted by financial liberalization has
increased the number of debts that provide loaning for speculative investment,
which is considered to be the cause of the financial crisis. Open countries are
becoming increasingly financially fragile. But, some literature points out that
most of the developed regions of Europe seem to be unaffected by the crisis. This
DOI: 10.4236/me.2021.124040
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means that markets that have huge risks through trade or financial links are not
necessarily the hardest hit by the crisis, mainly due to their basic national
strength and corporate body constitution. These different research results do not
have a consistent conclusion. Further research is beneficial for investors to diversify their assets and reduce the cost of future financial crisis. The United
States is the world’s largest economy and the largest consumer and importer.
Due to changes, including globalization and liberalization of the trading environment, rapid development of the capital market, more free flow of funds, the
electronic trading mechanism of the securities market, and the Internet connection, the transmission of information has accelerated and the links between the
securities markets of various countries have continued to deepen. The U.S.
maintains a close relationship with the major industrial countries in the liquidity
of the financial, securities, and credit markets. Empirical findings have shown
that the US stock market has a spreading effect on the stock markets of various
countries during financial shocks (Forbes & Rigobon, 2002; Azad et al., 2015; Jin
& An, 2016).
The literature mainly focuses on the existence of contagions effects between
stock markets in different countries. In recent empirical literature, a number of
different methods have been used to demonstrate the contagions effects of financial shocks and to compare the transfer effects of the US stock market to the
stock markets of various countries before, during, and after the subprime crisis.
The high degree of contagion greatly reduces the effects of investors’ diversification of risk by adopting international securities portfolios, especially the effects
of the contagions effects, which is more than enough to change the weight of the
international stock market portfolio and make major adjustments. Predictable
spreading means that profitable trading strategies, such as hedging, speculation,
and arbitrage, can be developed while rejecting the efficient market hypothesis.
The negative impact of the financial crisis has changed the long-term equilibrium relationship between countries. This shows a greater impact than during
the “quiet period” and also increase the co-movement between financial markets.
This co-movement reduces the benefits of diversification. Therefore, we also use
the US financial crisis as a starting point to study how the US stock market affects the stock markets of major developed countries.
Previous literature has mainly focused on whether there is a contagions effect
between stock markets in different countries. But, research on the extent of
spread or dependence among countries in different periods is still scarce. Threshold autoregressive models are often used by researchers and academic institutions to consider “non-linear” or “asymmetric” characteristics. However, the
model uses zero or a single random value as the threshold to convey only limited
information. The goal of this research is to propose a model construction
process to construct a multi-threshold TAR model to demonstrate the existence
of the contagion effects of the United States against other countries and the total
effects of the TAR threshold effects after considering the threshold. Furthermore,
DOI: 10.4236/me.2021.124040
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this research aims to find out the best asymmetry threshold for individual periods and check whether the coefficients and thresholds are different during the
non-crisis period and the crisis period. The temporal correlation of global stock
markets from a market-dependent perspective is studied. Based on the comparison model results, a probability ratio test is proposed, in which, the estimation
of the multi-threshold TAR model is proven better than the single random TAR
model and confirms that the research model is more explanatory.
The study chose the five largest industrialized countries founded in 1973 (referred to as “G5”) including the United States, Japan, Germany, France, and the
United Kingdom and China, which has surpassed Japan in 2010 as the world’s
second largest economy. They are now the world’s top six economies and together account for more than 57% of the world market value. The study is used
to measure the impact of the spread of the US stock market to the stock markets
of the other five major industrial countries including U.K., France, Germany,
Japan, and China during the financial crisis and non-crisis periods.
This paper is structured as follows: Reviews the theoretical and empirical literature in Section II; the main hypotheses and methodology in Section III, the
data description and empirical results in Section IV, and the conclusions in Section V.

2. Review of Literature
2.1. Contagion Theories
The term “contagion” was widely used after the Asian financial crisis of 1997.
The financial literature distinguishes two kinds of contagions, psychological
contagion and mechanical contagion. Psychological contagion focuses on the
investor’s behavior. And, mechanical contagion results from real and financial
interdependencies between countries (Calvo et al., 1996; Kaminsky & Reinhart,
1998). Dornbusch et al. (2000) made a preliminary definition of contagion, in
which the impact of cross-market links increases significantly when a country or
single market changes, as measured by the degree of the across markets
co-movement on asset prices or capital flows in different times. Kaminsky et al.
(2003) have another definition of contagion effect. After a major crisis event occurs in one market, it has an immediate and strong impact on another market.
This is also referred to as the market trend, the price or return of assets, and the
volatility of price or return after the market is impacted or during a crisis event
from one market to another market. This phenomenon is called “contagion”.
Since the publication of Forbes and Rigobon (2002), the literatures on financial
spread have increased. Contagion is defined “a significant increase in cross-market
linkages after a shock to one country (or group of countries)”, otherwise, a continued market correlation at high levels is considered to be “no contagion, only
interdependence”. According to the theory of crisis contagion, if there has been
a common trend or co-movement between different countries or markets, a major impact in one of the markets will significantly affect the other. The definition
DOI: 10.4236/me.2021.124040
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of “contagion” became a phenomenon and is now widely used to describe the
impact of financial interference from one country to another.
The World Bank has given three definitions of “contagion”, which are very
restrictive, restrictive and broad, depending on the degree of lenient. The broad
definition of contagion refers to the transnational spread of shocks, or the general spillover effect. The restrictive definition of contagion refers to the transmission of shocks to other countries or the cross-border connections beyond any
basic link among the countries and beyond the common shocks. The very restrictive definition of contagion refers to the impact of contagion that occurs
when cross-country correlations increases in “crisis times” relative to correlations in a “tranquil times” (Nieh et al., 2011). The main economic base theory of
this research is the theory of contagion effects and cross-country linkage channels. There are three major channels of communication between an economy or
a country and other countries, financial connection, physical connection, and political connection in the economic theory of cross-border connection or influence
transmission channels. Financial linkages represent cross-border, cross-economic,
or cross-market links in the international financial market system (Forbes & Rigobon, 2002). The definition of contagion in this study is based on the very strict
definition given by the World Bank.
In the past, financial contagion usually uses time series models to analyze
stock returns. Using time series model to analyze stock returns, the study can be
divided into two methods: 1) investigation of the correlation between time series
models and stock returns; 2) examining the relationship between stock returns
and conditional variance. The main focus of the first method is to detect the existence of predictable patterns related to stock return sequences. Predictable patterns imply profitable trading rules while rejecting the efficient market hypothesis, such as Fama and French (1989) and Potterba and Summers (1988). And,
Ding et al. (1993) indicates that there is long-term memory or mean regression
of stock returns. These studies have concluded that not all time series of stock
returns follow a random walk. Since 2007, US subprime mortgages have caused
the “global financial crisis”. The 2007-2009 global financial crisis affected global
financial activities and macroeconomic conditions, which is difficult to explain
with “fundamental principles” (Dimitriou, Samitas, & Paltalidis, 2011; Dimitriou, Kenourgios, & Simos, 2013). The U.S. subprime mortgage crisis has
caused structural changes to the U.S. stock market. Due to the closer relationship between international financial markets, when the financial crisis occurs,
the international stock markets have shown a significant common trend of mutual transmission or contagion. As a result, such changes in the US stock market
have also spread to global financial markets and disrupted long-term equilibrium. Therefore, we study the impact of the US stock market on the stock
markets of major industrial countries during this crisis. The relationship between the US stock market and the global stock market during the “financial crisis” was greater than during the “quiet period”.
DOI: 10.4236/me.2021.124040
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Crisis in international markets include emerging and developing markets.
These important historical crisis matters clearly prove that after the implementation of the financial liberalization policy, the financial vulnerability of countries that are opening up to international financial markets has become increasingly serious. In Actuality, the increasing number of debts that finance speculative investments is seen as the cause to the financial crisis. Financial or economic
crisis can have serious consequences for investors. Thus, this topic has aroused
great interest from academic researchers. All these studies empirically show that
financial market volatility increased significantly during the crisis, which further
suggests that volatility and correlation of financial markets will move together
over time. Such simultaneous issues reduce diversified returns, and it is well
known that this co-movement is obvious, especially in the stock market. The
impact of the US subprime mortgage crisis has led to structural changes in the
US stock market. At the same time, the changes in the US stock market evolved
into a global financial crisis, which had a significant impact on major financial
markets during this period (Longstaff, 2010; Kenourgios & Dimitriou, 2015; Flavin & Sheenan, 2015). Therefore, we also use the US financial crisis as a starting
point to study how the US stock market affects the stock markets of major developed countries around the crisis. The United States is the world’s largest
economy and the largest consumer and importer. The impact and scope of the
contagions effects should be greater than other countries. Due to the globalized
and liberalized trading environment, the United States continues to maintain
close relations with the liquidity of major industrial countries in the financial,
securities and credit markets. The biggest difference from the past is the high
development of derivative financial products. Empirical findings have found that
the contagions effects of US stock markets on countries does exist (Forbes & Rigobon, 2002; Azad et al., 2015; Jin & An, 2016).
Facing the international turbulence caused by the crisis, this paper uses econometric modeling methods to verify the existence of the contagion and explain
the effects of the contagion in this crisis. It will then be used as an impact across
the US market and on the time-varying correlation of the international stock
market.

2.2. Empirical Research of Contagions Effects
The literature focuses on the contagion effects between stock markets in different countries. In the empirical literature, a number of different methods have
been used to measure how shocks spread internationally, such as: Heteroscedasticity-adjusted correlation coefficient test (Forbes & Rigobon, 2002); ARCH and
GARCH (Kao, Zhao, Ku, & Nieh, 2019), cointegration techniques (Nieh et al.,
2011; Nieh et al., 2012), probit model, TAR (Jawadi, Louhichi, & Ameur, 2013)
and TAR-GARCH (Chiang & Doong, 2001). The traditional symmetric
co-integration tests of Engle and Granger (1987) and the Momentum Threshold
Autoregressive (M-TAR) model of Enders and Siklos (2001) are used to investiDOI: 10.4236/me.2021.124040
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gate the transmission effects in the literature. Relevant evidence has obtained
that the US stock market has a contagions effects.
The traditional symmetric co-integration tests also rarely consider the issue of
“non-linear” or “asymmetric” characteristics. Chiang and Doong (2001) point
out that there is an asymmetrical co-integration relationship between the stock
markets is. Chang (2010) further used asymmetric co-integration tests in their
empirical research. In order to study how asymmetric phenomena affect the
transmission effects, we used asymmetric TAR to compare the spread of the
stock market in the United States and major industrial countries before and after
the crisis.

3. Hypotheses and Methodology
Researchers and academic institutions often use the TAR model. From the traditional symmetric co-integration test of Engle and Granger (1987) and Johansen
(1988), and after considering that co-integration is not necessarily a symmetrical
relationship, the TAR model evolved into the asymmetric threshold co-integration
model of Enders and Siklos (2001). The model uses zero or a single random value as the threshold, so that only limited information is conveyed in previous
studies. In this study, a multi-threshold TAR model could be used to find the
threshold of the best explanatory power in different periods. On the other hand,
literatures including Mollah, Quoreshi and Zafirov (2016), Imen and Rim (2012),
evidence was found that the cross-border contagion effects increased significantly during the US subprime crisis.
This paper examines contagion phenomenon during the crisis period. It empirically attests for contagion through a multiple threshold model test of 5 major
industrial stock markets during the 02/Jan/1998 to 20/Sep/2019 period. Applying
the asymmetric multiple threshold model to the sample of cross-border market
indices returns can help to detect a significant increase in contagions effects,
thus affecting the returns of the following markets: U.K., France, Germany, Japan and China with the U.S. market during the crisis.

3.1. Linear and Nonlinear Unit Root Tests
Many financial and economic time series show trending behavior or nonstationarity in the mean. Among various testing strategies, this paper tested both
linear and nonlinear stationary series. Firstly, in linear test, we apply enhanced
Dickey Fuller (ADF) test, Phillips Perron (PP) test, Kwiatkowski Phillips Schmidt
Shin (KPSS) test. In addition, nonlinear tests were performed using the Kapetanios-Shin-Snell (KSS) test. The ADF test’s regression includes lags of the first
differences of Yt, and its three models are expressed in the following forms:
k

∆Y=
φYt −1 + ∑ βi ∆Yt −i + ε t
t
i =1

k

∆Yt = α + φYt −1 + ∑ βi ∆Yt −i + ε t
i =1
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∆Yt = α + φYt −1 + λ t + ∑ βi ∆Yt −i + ε t

(3)

i =1

where t is the time index, α is an intercept constant called a drift, λ is the
coefficient on a time trend, φ is the coefficient presenting the process root, i.e.,
the focus of testing, k is the lag order of the first-differences autoregressive
process, and ε t is an independent identically distributed residual term.
Equation (1) is a pure random walk with the lag terms. Equation (2) possesses
a drift. Equation (3) includes a drift and a time trend. The null hypothesis for the
ADF test is: H 0 : φ = 0 , with the alternative H1 : −2 < φ < 0 . The ADF t-test


statistic is φ se φ .
The PP test differs from the ADF test mainly in how it deals with serial corre-

( )

lation and heteroscedasticity in the error term. The PP test does not require the
specification of the form of the serial correlation of ∆Yt under the null, or require that the errors ε t be conditionally homoscedastic. The ADF and PP unit
root tests are for the null hypothesis that a time series Yt is integrated of order

one, I(1). On the other hand, the KPSS unit root test is for the null that Yt is integrated of order zero, I(0). Confirmatory analysis involves the ADF, PP, and
KPSS tests obtaining consistent estimates for the unit root. In addition, the KSS
test is applied since the above linear unit root tests may suffer from important
power distortions in the presence of nonlinearities in the data generating
process.

3.2. Traditional Contagions Model
The previous literature has found that U.S. financial markets are highly correlated with other stock markets, especially in times of crisis. Therefore, we build
an Autoregressive model (model 1) that includes returns on the U.S. stock index
and separates crisis and non-crisis periods. To examine the degree to which an
industrial country stock index is affected by their own markets or U.S. stock index and contagions effects. Model 1 is as follows:

Yt =
β 0 + β1 D1 + β 2 D2 + β3Yt −1 + β 4 X t −1 + β5 D1 X t −1 + β 6 D2 X t −1 + ε t

(4)

where the Yt is the industrial stock index return at time t, Xt−1 is U.S. stock index
return at time t − 1, D1 is the dummy of the pre-crisis period and D2 is the
dummy of the crisis period.

3.3. Conventional TAR Model
Testing for the long-run relationship between the U.S. return of current and
previous trading days, this study utilized the threshold co-integration techniques
proposed by Enders and Granger (1998) and Enders and Siklos (2001), given as
follows:

Y1t =+
α β Y2t + ut

(5)
k

=
∆ut I t ρ1ut −1 + (1 − I t ) ρ 2 ut −1 + ∑ γ i ∆ut −i + ε t
i =1
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where Y1t and Y2t are co-integrated variables, ε t is a white noise residual
term, and ρ1 , ρ 2 , and ri represent regression coefficients. Finally, I t is an
indicator function such that τ is an unknown threshold to be simulated:

1 if ut −1 ≥ τ 1
It = 
 otherwise,

(7)

The TAR model (model 2) extended from us Equation (4) is as follows:

Yt =
β 0 + β1 D1 + β 2 D2 + β3Yt −1 + β 4 X t −1 + β5 D1 X t −1 + β 6 D2 X t −1

(8)

+ β 7TARt X t −1 + β8TARt D1 X t −1 + β9TARt D2 X t −1 + ε t
where

1 if X t −1 ≥ τ 1
TARt = 
0 otherwise,

(9)

3.4. A Empirical Multiple Asymmetric Thresholds Model
In this paper, we consider TAR model with possible multiple threshold values.
Without assuming fixed number of the regimes, a method for detecting threshold values of the model. The major advantage of the methodology introduced
here is that it avoids given the fixed number of thresholds, thus making it flexible. Numerical experiments examples show that the approach proposed here is
effective in detecting the threshold values for various TAR models. It could handle multiple thresholds in a direct manner and shows it is feasible in practice.
Setting triple thresholds searching intervals. The threshold increments of

( max TAR1 − min TAR1 ) 5 for
for
threshold
τ2 and
( max TAR2 − min TAR2 ) 5
( max TAR3 − min TAR3 ) 5 for threshold τ3.
After the coefficient estimation of the multiple TAR model is completed, a

INC1, INC2 and INC3 are derived by using
threshold τ1 and

diagnostic test of the model-matched residuals is required. The Ljung-Box Q
statistic is checked to confirm the model’s suitability. The test equation adds
numerous lagged autoregressive terms for a white noise process of residuals. The
multiple asymmetric threshold model (model 3) extended from Equation (8) is
as follows:

Yt =
β 0 + β1 D1 + β 2 D2 + β3Yt −1 + β 4 X t −1 + β5 D1 X t −1 + β 6 D2 X t −1
+ β 7TAR3t X t −1 + β8TAR1t D1 X t −1 + β9TAR2t D2 X t −1 + ∑ j =1 γ j Yt − j −1 + ε t
p

(10)

where

1
TAR1t = 
0

if X t −1 ≥ τ 1 in pre-crisis period

1
TAR2t = 
0
1
TAR3t = 
0
DOI: 10.4236/me.2021.124040
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otherwise,
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otherwise,
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3.5. Hypotheses
The long-term equilibrium relationship between stock markets has changed
during the financial crisis. If the equilibrium relationship changes, there will be
the contagion effects. However, the traditional analysis ignores the issue of
“non-linear” or “asymmetric” characteristics. The conventional Threshold AR
model is frequently used by researchers and academic institutions, which solves
the nonlinear relationship. However, the model conveys limited information,
using zero or a single random value as a threshold. This study intends to explore
multiple asymmetric threshold effects of U.S. stock market to five major industrialized countries during turbulent economic conditions. We build a newly
proposed multiple TAR model (model 3) and compared with the traditional
TAR model, put forward the following hypotheses:
Hypothesis 1: The multiple TAR model is superior to the traditional TAR
model.
The crisis contagion theory states that unexpected shocks are transmitted to
other countries through transmission mechanisms. This effect leads to co-movement
of stock markets. Literature pointed out that contagion effects exist when negative impacts occurred during the crisis. Kao, Zhao, Ku, and Nieh (2019) found
out the homogeneity or non-heteroscedasticity of information transmission in
international stock markets increased significantly during the period of the subprime crisis. In our model, the total contagion effect is divided into contagion
effect and threshold effect, and it is expected to increase significantly during the
crisis, in the following three hypotheses.
Hypothesis 2: The contagions effects of U.S. index return are greater
during the crisis period.
Hypothesis 3: The threshold effects of U.S. index return are greater during the crisis period.
Hypothesis 4: The combined threshold contagions effects of U.S. index
return are greater during the crisis period.

3.6. Finding Optimal Multiple Asymmetric Threshold
We designed a three-layered do-loop procedure of a Grid searching algorithm by
using RATS econometrics software programming language. The first layer controls the threshold increments. The threshold increments, INC1 and INC2, and
INC3, are narrowed down to half distances on the next run. The second and
third layers simulate the better potential thresholds (τ1, τ2, τ3) based on the
minimum Akaike information criterion (AIC) and Schwarz’s Bayesian criterion
(SBC), as well as the maximum log-likelihood. The best thresholds would be
kept each time until the end of the simulation.

3.7. Likelihood Ratio Test for Hyp. H1
Likelihood Ratio Statistic is a statistic that could be used to test single or multiple
hypotheses when the constrained and unconstrained models have been estiDOI: 10.4236/me.2021.124040
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mated by maximum likelihood. The statistic is twice the difference in the unconstrained and constrained log-likelihoods.
The LR test is based on the same concept as the F test in a linear model. The F
test measures the increase in the sum of squared residuals when variables are
dropped from the model. The LR test is based on the difference in the log-likelihood
functions for the unrestricted and restricted models. Because the MLE maximizes the log-likelihood function, dropping variables generally leads to a smaller—or at least no larger—log-likelihood. (This is similar to the fact that the
R-squared never increases when variables are dropped from a regression.) The
question is whether the fall in the log-likelihood is large enough to conclude that
the dropped variables are important. The likelihood ratio statistic is twice the
difference in the log-likelihoods:

LR = 2 ( Lur − Lr ) ~ χ q2;1−α

(14)

where Lur is the log-likelihood value for the unrestricted model and Lr is the
log-likelihood value for the restricted model. The LR test (likelihood ratio test) is
performed by estimating two models and comparing the fit of one model to the
fit of the other. This study intends to explore multiple asymmetric threshold effects of U.S. stock market to five major industrialized countries during turbulent
economic conditions. Our Hypothesis 1, is the newly proposed multiple TAR
model (model 3) is superior to the traditional TAR model (model 2).
 H 0 : Lmodel 3 ≤ Lmodel 2


 H1 : Lmodel 3 > Lmodel 2 ( multiple TAR modelis greater )


3.8. Wald Test for Hyp. H2 thru Hyp. H4
Wald test is a general test statistic for testing hypotheses in a variety of econometric settings; typically, the Wald statistic has an asymptotic chi-square distribution, Wooldridge (2012). The Wald statistic measures how close the unrestricted estimates come to satisfying the restrictions under the null hypothesis
H 0 : β
=
β
=
0 .Similar arguments could be used to obtain the asymptotic dis1
2

tribution of the Wald statistic for testing multiple hypotheses. Let R be a q × (k +

1) matrix, with q ≤ (k + 1). Assume that the q restrictions on the (k + 1) × 1
vector of parameters, β , could be expressed as H 0 : Rβ = r , where r is a q × 1
vector of known constants. Under Assumptions TS.1' to TS.5', it could be shown
that, under H0,
 n R βˆ − r ′ σ 2 RA−1 R′



(

) (

)

−1

(

)

a

 n R βˆ − r  ~ χ q2



(15)

Obtain a computable statistic by replacing A and s2 with their consistent estimators; doing so does not change the asymptotic distribution. The result is the
so-called Wald statistic, which, after cancelling the sample sizes and doing a little
algebra, could be written as

(

)(

−1
′
W = Rβˆ − r R ( X ′X ) R′
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Under H0, W ~ χ q2 , where q is the number of restrictions being tested. If

=
σˆ 2 SSR ( n − k − 1) , it could be shown that W/q is exactly the F statistic for
testing multiple linear restrictions.
Therefore, we check the multiple asymmetric threshold effects Model (model
3) in Equation (10) as Hyp. H2 thru H4. We test during the financial crisis period the contagions effects, threshold effects and combined threshold contagions
effects are greater the average non-financial crisis period.
First, the coefficient of contagions effects in three periods are: during the financial crisis is β 4 + β 6 ; during the post-crisis is β 4 ; during the pre-crisis is

β 4 + β5 . The average effects of non-financial crisis period would be
( ( β 4 ) + ( β 4 + β5 ) ) 2 . The Hyp. H2inference as
β 4 + β 6 − ( ( β 4 ) + ( β 4 + β5 ) ) 2 =
0 which we could re-write as β 6 − β5 2 =
0.
Hypothesis 2is as follow:

β5

 H 0 : β 6 − 2 ≤ 0

 H : β − β5 > 0
 1 6 2
Second, the coefficient of threshold effects in three periods are: during the financial crisis is β 7 + β9 ; during the post-crisis is β 7 ; during the pre-crisis is

β 7 + β8 . The average effects of non-financial crisis period would be
( ( β7 ) + ( β7 + β8 ) ) 2 . The Hyp. H3 inference as
β 7 + β 9 − ( ( β 7 ) + ( β 7 + β8 ) ) 2 =
0 which we could re-write as β9 − β8 2 =
0.
Hypothesis 3 is as follow:

β8

 H 0 : β9 − 2 ≤ 0

 H : β − β8 > 0
 1 9 2
Third, the coefficient of combined threshold contagions effects in three periods are: during the financial crisis is β 4 + β 6 + β 7 + β9 ; during the post-crisis is

β 4 + β 7 ; during the pre-crisis is β 4 + β5 + β 7 + β8 . The average effects of
non-financial crisis period would be ( ( β 4 + β 7 ) + ( β 4 + β5 + β 7 + β8 ) ) 2 . The
0
Hyp. H4 inference as β 4 + β 6 + β 7 + β9 − ( ( β 4 + β 7 ) + ( β 4 + β5 + β 7 + β8 ) ) 2 =
which we could re-write as β 6 + β9 − ( β5 + β8 ) 2 =
0.
Hypothesis 4 is as follow:

β 5 + β8

≤0
 H 0 : β 6 + β9 − 2

 H : β + β − β 5 + β8 > 0
9
 1 6
2

4. Data and Empirical Results
4.1. Data Source
This research analyzes the daily stock indexes of six major industrial countries in
DOI: 10.4236/me.2021.124040
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the world, including the United States, UK, France, Germany, China and Japan
international stock indices. The United States daily stock indices are represented
by the S&P 500. For the other international stock markets, we use the following
daily stock indices from five industrial countries: FTSE-100 index (U.K.),
CAC-40 index (France), DAX index (Germany), SSEC (China) and Nikkei 225
index (Japan). Our daily sample period is from January 2, 1998 to September 20,
2019. Because of the time difference, the trading days of each stock market are
different. Therefore, we consider the data of all simultaneous trading days in the
stock market before analyzing. Since there is still no consensus in practice for the
period from the occurrence to the end of the global financial crisis, it is difficult
to make a clear division with exact dates. On the whole, the world’s industrial
stock price indices reached high levels in October-November 2007, and continues to fall till the November 2008. Therefore, this article defines this period as
the “global financial crisis period”. Thus, the period of “the pre-global financial
crisis” was defined as the period from January 2, 1998 to October 29, 2007 and
the period of “the financial crisis” was defined as the period from October 29,
2007 to November 20, 2008.
The sample in this study is the daily data that cut from January 2, 1998 to
September 20, 2019 and thus contains the non-global financial crisis period as
well as global financial crisis period. The sample period of the original market
index daily return data set in this paper is as long as 20 years. The whole 20-year
time series is divided into three periods to observe the contagion effects in different periods. The global financial crisis is about 1 year, and the global financial
crisis is 10 years before and after each, as shown in Table 1. Daily data were used
for the samples, and the whole sampling period started from January 2, 1998 to
September 20, 2019, a total of 5465 daily observations were obtained.
The sample period covers the stable period of non-financial crises and the extreme condition market of financial crisis. This section could be used to analyze
the data spanning the 10 years before and after the 2008 subprime mortgage crisis. It may be used for understanding of the global stock market’s response to the
financial crisis and the changes in the correlation between the stock market before and after the crisis. It is an important reference for various types of information transmission.
The return of stock price indices is the main variable of our study, which was
the logarithms of the stock price ratio in this study. The return on stock price
index was as follows:

=
R( i ,t ) ln ( Pi ,t Pi ,t −1 ) × 100
where Pt and P(t−1) was the stock price of different periods, and R(i,t) was the daily
stock returns of market i in the period t, respectively.
Table 2 represents the descriptive statistics for all the returns in our study in 6
stock markets, respectively. All the stock indices have positive return means.
Germany, France, China, and Japan’s stock returns have the largest standard
deviation, indicating that it has greater volatility than other countries’ stock reDOI: 10.4236/me.2021.124040
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turns. These statistics are similar to the performance of stock markets in other
countries with a standard deviation greater than the mean.
Table 1. Segmented periods from January 2, 1998 to September 20, 2019.
Period

market opening Days

Pre-global financial crisis

January 2, 1998~

October 28, 2007

2470

Global financial crisis

October 29, 2007~

November 20, 2008

270

September 20, 2019

2725

20 September 2019

5465

Post-global financial crisis November 21, 2008~
Overall Observed Time

2 January 1998~

Table 2. Descriptive statistics of the log daily index returns.
Country

Mean

Standard Deviation

Maximum

Minimum

10.9571

−9.4695

Panel A: Entire Sample
US

0.0206

1.1974

UK

0.0035

1.1648

9.3843

−9.2655

GER

0.0157

1.4800

10.7974

−7.8931

FRN

0.0094

1.4183

10.5945

−9.4715

CN

0.0187

1.5643

9.4009

−9.2560

JP

0.0020

1.4924

13.2345

−12.1110

Panel B: Pre-crisis Sample
US

0.0185

1.1304

5.5744

−7.0437

UK

0.0038

1.1500

5.9025

−5.5890

GER

0.0174

1.5824

7.5526

−7.8931

FRN

0.0213

1.4092

7.0022

−6.0448

CN

0.0629

1.5009

9.4009

−9.2560

JP

−0.0016

1.4000

7.2217

−7.2339

Panel C: Crisis period Sample
US

−0.2641

2.3286

10.9571

−9.4695

UK

−0.1911

2.1616

8.4699

−9.2655

GER

−0.2160

2.0969

10.7974

−7.3355

FRN

−0.2245

2.2640

10.5945

−9.4715

CN

−0.3427

2.8206

9.0344

−8.0435

JP

−0.2836

2.7603

13.2345

−12.1110

Panel D: Post-crisis Sample
US

0.0506

1.0832

6.8366

−9.3536

UK

0.0226

1.0277

9.3843

−5.4805

GER

0.0372

1.2973

9.8428

−7.0672

FRN

0.0219

1.3128

9.6169

−8.3843

CN

0.0150

1.4359

5.9356

−8.8731

JP

0.0337

1.3895

7.4261

−11.1534

This table reports summary statistics of log daily index returns (in percent) for 6 markets, including the U.S.
(S&P 500 index), U.K. (FTSE-100 index), France (CAC-40 index), Germany (DAX index), China (SSEC),
Japan (Nikkei 225 index), from 02/Jan/1998 to 20/Sep2019. Data are from Global Financial Data.
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4.2. Empirical Results
4.2.1. Results of the Structural Breaks
The impact of the subprime mortgage crisis on U.S. stock indices has had a
structural change, and it has evolved into a global financial crisis, which seems to
have a huge impact on the global major industrial financial market. Therefore,
we use the crisis as the entry point to investigate the impact of the U.S. stock index on the industrial stock markets around the Global financial crisis. Furthermore, the structural break test estimates the model in Equation (4). Table 3 reports a summary of statistics of the structural break test between the financial
crisis period and the non-financial crisis period. The coefficient β 2 is significant in all the stock indices except Japan’s Nikkei index. The coefficient β 5 is
significant in Japan’s Nikkei index. This indicates the structural break exists
during the financial crisis periods.
4.2.2. Linear and Nonlinear Unit Root Tests
Since many financial variables are not stationary in the time series or are not
residual stationary of regression, this may lead to spurious regression, the
Augmented Dickey-Fuller (Said & Dickey, 1984), Phillips and Perron (1988),
Kwiatkowski et al. (1992), and Kapetanios et al.’s (2003) unit root tests are
conducted for the returns. The results of the four unit root tests, augmented
ADF, PP, KPSS, and KSS were summarized in Table 4 The ADF, PP and KSS
unit root test statistic reject the unit root null at the 1% significance level, indicating that each return series is stationary.
Table 3. Estimated results of the structural break test.
Country

β0

UK

0.0124

β1
-

(0.5574)
GER

0.0269

0.0085

-

0.0049

-

0.0058
(0.8232)

-

0.0091

-

0.0568

-

−0.0123
(0.7428)

−0.1932

−0.1581

-

−0.2951

**

−0.1043
(0.2314)

***

−0.1840

*

−0.2226

***

−0.0034

***

−0.1005
(<0.0001)

0.3398

0.3700

-

0.2316

***

0.6508
(<0.0001)

***

0.0428

***

0.1157

-

−0.2047

***

−0.1733
(<0.0001)

−0.0194

-

0.0989

**

(0.0229)
***

(<0.0001)
***

***

(0.6763)

(0.0006)
***

0.1135
(0.0013)

(0.2358)

(<0.0001)
***

0.0750

β6

(0.0068)

(<0.0001)

(0.8034)
-

***

(<0.0001)

(<0.0001)
***

0.3280

β5

(<0.0001)

(<0.0001)

(0.0039)
-

−0.2299

β4

(<0.0001)

(0.0691)

(0.2018)
-

*

(0.0383)

(0.8088)

(0.8716)
JP

−0.0144

0.1346

β3

(0.0577)

(0.7193)

(0.7429)
CN

-

(0.5729)

(0.3323)
FRN

−0.0173

β2

0.0445

-

(0.3933)
***

0.0589

-

(0.1859)

*, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. D1 is the dummy of the pre-crisis period and D2 is the dummy of the crisis
period. The numbers in parentheses are P-value. The table reports the estimates of the following model:
Yt =
β 0 + β1 D1 + β 2 D2 + β 3Yt −1 + β 4 X t −1 + β 5 D1 X t −1 + β 6 D2 X t −1 + ε t
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Table 4. Unit root test results of market returns.
Linear tests

Nonlinear test

Country

Lags

ADF
t-Stat

PP
t-Stat

KPSS
t-Stat

KSS
t-Stat

US

5

−32.4191***

−79.4678***

0.1229

−8.8876***

10

−23.7550***

−79.8371***

0.1334

−7.5204***

20

−16.9259***

−80.0088***

0.1381

−5.8589***

5

−33.3257***

−75.4360***

0.0519

−6.8314***

10

−23.5909***

−75.7589***

0.0562

−4.4711***

20

−17.3729***

−76.2349***

0.0612

−2.9858***

5

−31.8897***

−74.3820***

0.0624

−6.3861***

10

−22.7318***

−74.5340***

0.0666

−3.4338***

20

−16.0551***

−74.5598***

0.0672

−2.0239**

5

−33.5438***

−75.3145***

0.0516

−5.4997***

10

−24.1044***

−75.7370***

0.0573

−2.8954***

20

−16.1439***

−75.9618***

0.0598

−1.1300

5

−29.7832***

−70.6734***

0.0650

−9.8030***

10

−21.0009***

−70.6684***

0.0653

−5.0273***

20

−14.2351***

−70.7926***

0.0604

−2.4464***

5

−30.9740***

−74.5270***

0.1456

−8.5927***

10

−21.9923***

−74.6321***

0.1525

−6.5066***

20

−16.4256***

−74.6703***

0.1551

−5.1465***

UK

GER

FRN

CN

JP

The null hypothesis of ADF and PP were non-stationary (unit root), and the null of KPSS was stationary
(non-unit root). *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. The critical
values for the 10%, 5% and 1% significance levels of ADF, PP and KPSS were (−2.5674, −2.8626, −3.4346),
(−2.5673, −2.8626, −3.4346) and (0.3470, 0.4630, 0.7390).

4.2.3. Results of Model Comparisons
Table 5 compares the explanatory power of the three models. According to Equations (4), (8), (10), Model 1 and 2 are compared first. Model 2 is proven to be
superior at 1% significance level. Test Model 2 and 3 are then tested. Model 3
without the control variable:

∑ j =1 γ jYt − j −1
p

is tested to avoid the explanatory

power brought by the control variable. It was found to be at least significant at
5% significance level. It shows that the multi-threshold model constructed in
this paper is more explanatory. This study intends to explore multiple asymmetric threshold effects of U.S. stock market to five major industrialized countries
during turbulent economic conditions. Table 5 reports a summary of testing the
significance of improvement from model 1 thru Model 3. Concerning the Hyp.
H1 is comparing conventional TAR model (Model 2) and three random thresholds TAR model (Model 3). The newly proposed multiple TAR model are significant superior to the traditional TAR model in all five major countries.
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Table 5. Testing the significance of improvement from model 1thru model 3.
Model 2 vs Model 1

Country

LR21

Model 3 VS Model 2

P-value

LR32

P-value

UK

14.44

0.0001

***

8.28

0.0039

***

GER

19.97

<0.0001

***

13.15

0.0002

***

FRN

11.03

0.0008

***

5.71

0.0168

**

CN

39.31

<0.0001

***

6.04

0.0139

**

JAP

37.04

<0.0001

***

9.39

0.0021

***

The numbers are x2 and the P-value. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.

4.2.4. Estimated Results of Multiple TAR Model
Concerning these hypotheses Hyp. H2 thru Hyp. H4, we employ multiple thresholds model for estimation. The rejection of the null hypothesis proves the significance of more contagion between the countries in the crisis period. And, the
countries indices evolve according to the effects impact of the trend of U.S. stock
index. If this is not the case, the U.S. stock index does not have a significant impact on the returns on other indices (Table 6).
The results of the Wald test were summarized in Table 7. To test whether the
contagions effects in the crisis period, the Wald Chi-square test for Hyp. The
statistical result of H2 is the France, China and Japan had higher contagion effects during the crisis. For example FRN, the value is as high as (4.3466), China
(24.1613), Japan (44.9264), these values are very significant, indicating that the
indices of these industrial countries varies with the U.S index. But for U.K. and
Germany the values is no significant, which shows that the indices of these two
countries have a lower degree of change with the U.S. index. For test hypothesis
3 and 4, the Wald Chi-square test result for both show a significant value. The
three hypotheses are significant in most of five major countries except for U.K.
and Germany of Hyp. H2. The results show that, during the financial crisis period, the contagions effects are greater, the threshold effects are significant, and
the combined threshold contagions effects are stronger.
4.2.5. White Noise Test for Residuals
After completing the coefficient estimation of the TAR model, Residual Diagnosis needs to be performed on the residuals that fit the model to check the
Ljung-Box Q statistics and confirm the suitability of the model. The control vap
riables is from the Equation (10) ∑ j =1 γ j Yt − j −1 , wherein the number of lag
self-regression periods j is increased. The residual term diagnostic test is performed when P = 7 of the seven lagged DP (p).
Furthermore, the residual diagnostic of model 3 is tested and executed using
the Ljung-Box test. Residual diagnosis is calculated with 5, 10 and 15 lags, respectively, and Table 8 provides the p-value of the Ljung-Box test of autocorrelation in the standardized residuals. In Model 3, the p-values are ultimately not
significant, and all residual series are tested without serial correlation (white
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noise), and we can draw this conclusion. For the time series of all 5 countries, we
cannot reject the null hypothesis that there is no autocorrelation at the level of
1%, which clearly indicates that the multiple TAR model specifications have
successfully modeled the serial correlation of conditional mean and variance.
Table 6. Estimated results of Multiple TAR models.
Coefficients

UK

β0

0.0135

GER
-

(0.5241)

β1

0.1016

−0.1506

*

−0.2336

0.1016

**

−0.1875

**

(<0.0001)

−0.1867

-

0.0090

0.1038

**

−0.1971

**

0.0807

(<0.0001)

−0.2296

-

**

−0.2589

*

−0.0021

(<0.0001)

-

−0.0164

-

(0.6614)
**

(0.0129)
***

0.0140
(0.5905)

(0.0932)

(0.0244)
***

JP

(0.7688)

(0.0222)

(0.0460)
***

0.0041

CN

(0.8756)

(0.0369)

(0.0352)

β3

-

(0.4269)

(0.0736)

β2

0.0221

FRN

−0.0268

-

(0.7618)
-

(0.8810)

−0.1036

***

(<0.0001)

Contagions effects
β4(Post-Crisis)

0.2159

***

(0.0002)

β5(Pre-Crisis)

0.1832

0.2850

**

(0.0220)
***

(<0.0001)

β6(Crisis)

0.1321

0.1663

(0.0004)

0.3768

***

0.2591

(0.0007)
***

(0.0010)
***

0.1827

0.2144

(<0.0001)
***

−0.1782

(<0.0001)
***

(0.0001)

0.3141

***

−0.0735

(0.0003)

***

(<0.0001)
***

(0.0010)
***

0.6748

−0.3205

***

(0.0007)
-

(0.4028)

0.3421

***

(<0.0001)

TAR Threshold effects
β7(Post-Crisis)

0.1215

**

(0.0437)

β8(Pre-Crisis)

−0.2239

−0.2210

***

(<0.0001)
***

(<0.0001)

β9(Crisis)

0.2412

−0.2882

−0.4931

***

−0.5424

(0.0001)
***

(0.0001)
**

0.2178

−0.2276

(<0.0001)
***

−0.0971

(0.0006)
***

−0.2501

***

0.2884

***

(0.0001)
-

(0.1420)
***

−0.1781

0.1571

*

(0.0971)
***

−0.3728

(0.0138)

(<0.0001)

(0.0091)

(0.0045)

(<0.0001)

τ1(Pre-Crisis)

−0.4398

−0.3765

−0.3765

−0.9154

−3.6099

τ2(Crisis)

−4.8531

−4.8531

−4.8531

−3.9807

−4.8531

τ3(Post-Crisis)

−4.8531

−3.9807

−3.9807

5.6155

3.0055

AIC

16144.22

19086.93

18459.24

18797.91

17385.33

SBC

16120.80

19063.52

18435.83

18774.44

17361.87

LOGL

−8056.11

−9527.46

−9213.62

−9382.95

−8676.66

N

5362

5369

5396

5089

5151

***

The control variables of seven lagged DP(p) are omitted. The numbers in parentheses are P-value. *, **, and *** denote significance at the 10%, 5%, and 1%
levels, respectively. The table reports the estimates of the following model:

Yt =
β 0 + β1 D1 + β 2 D2 + β3Yt −1 + β 4 X t −1 + β5 D1 X t −1 + β 6 D2 X t −1
+ β 7TAR3t X t −1 + β8TAR1t D1 X t −1 + β9TAR2t D2 X t −1 +
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Table 7. Result of the Wald test.
Hypothesis

UK

GER

FRN

CN

JP

H 2 : β6 −

β5
>0
2

2.1558
(0.1420)

2.5356
(0.1113)

4.3466**
(0.0371)

24.1613***
(<0.0001)

44.9264***
(<0.0001)

H 3 : β9 −

β8
>0
2

20.4242***
(<0.0001)

26.0902***
(<0.0001)

20.3863***
(<0.0001)

4.9468**
(0.0261)

6.2589**
(0.0123)

β 5 + β8
>0
2

21.7511***
(<0.0001)

26.7803***
(<0.0001)

14.5372***
(<0.0001)

3.8445**
(0.0499)

76.0363***
(<0.0001)

H 4 : β6 + β9 −

The numbers are x2 and the P-value are in parentheses. *, **, and *** indicate of 10%, 5%, and 1% significance, respectively.

Table 8. The white noise test for residuals of model 3.
Country

UK

GER

FRN

CN

JP

Lag(p)

p-value

p-value

p-value

p-value

p-value

5

0.6060

0.9623

0.8564

0.9983

0.5730

10

0.6638

0.9725

0.9546

0.9998

0.6698

15

0.2360

0.9332

0.4099

0.9221

0.8612

*, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.

5. Conclusion
Academic institutions and researchers frequently use the traditional threshold
AR model. However, the model threshold is only represented by zero or a single
random value, which limits the information conveyed. This study intends to explore multiple asymmetric threshold effects of U.S. stock market to five major
industrialized countries during turbulent economic conditions. Daily stock index returns, ranging from 1998 to 2019, are collected. Further, we employ multiple thresholds model for estimation. Concerning these four hypotheses, first,
the newly proposed multiple TAR model is significant superior to the traditional
TAR model. Second, the contagions effects are significant in most of five major
countries except for U.K. and Germany. During the financial crisis period, the
contagions effects are greater. The US stock market is highly influential and significant to the stock markets of various countries during the all period regime.
The coefficients are highly significant, showing that the US is greater impacted
during the financial crisis period. Of which, the contagions effects during the
crisis are not significant for China. This is consistent to the result of Kao et al.
(2019), which shows that the relationship between China and the United States
has the influence of interdependence in the non-crisis period. Third, the threshold effects are significant in five major countries. During the financial crisis
period, the threshold effects are greater. The coefficient is negative and highly
significant (except China is positive) during the financial crisis period (i.e., high
market volatility). Forth, the combined threshold contagions effects are significant in five major countries. During the financial crisis period, the combined
threshold contagions effects are stronger.
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The empirical results may more accurately predict hedging and arbitrage
trading decisions to increase expected returns, especially during periods of severe market crises. Generally, market traders can be divided into three types: risk
averters, speculators or arbitrageurs. In conclusion, by using multiple TAR
models to strengthen risk management, traders can make better investment and
hedging decisions. Based on the inferences in this literature, the study demonstrates the spreading effects based on the economic shocks brought about during
the financial crisis, and can theoretically be expanded based on the degree of
impact and the scope of the impact. Future studies could use stock price volatility as the criterion for evaluating economic shocks. The degree of influence and
scope of this factor could be closer to the actual operation strategy. The study
can be extended to the regional economic crisis to understand the changes in
thresholds and contagions effects.
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