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Abstract. The main aim of this paper is to investigate volatility spillover effects, the impact of past
volatility on present market movements, the reaction to positive and negative news, among selected
financial markets. The sample stock markets are geographically dispersed on different continents,
respectively North America, Europe and Asia. We also investigate whether selected emerging stock
markets capture the volatility patterns of developed stock markets located in the same region. The
empirical analysis is focused on seven developed stock market indices, i.e. IBEX35 (Spain), DJIA
(USA), FTSE100 (UK), TSX Composite (Canada), NIKKEI225 (Japan), DAX (Germany), CAC40
(France) and five emerging stock market indices, i.e. BET (Romania), WIG20 (Poland), BSE (India),
SSE Composite (China) and BUX (Hungary) from January 2000 to June 2018. The econometric
framework includes symmetric and asymmetric GARCH models i.e. EGARCH and GJR which
are performed in order to capture asymmetric volatility clustering, interdependence, correlations,
financial integration and leptokurtosis. Symmetric and asymmetric GARCH models revealed that
all selected financial markets are highly volatile, including the presence of leverage effect. The stock
markets in Hungary, USA, Germany, India and Canada exhibit high positive volatility after global
financial crisis.

Keywords: volatility spillovers, developed stock markets, emerging stock markets, GARCH mod-
els, correlation.
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Introduction

The degree of financial integration is different for developed markets compared to emerging
markets, this variation being an essential aspect of the investment process. Financial liber-
alization is associated with the idea of achieving very attractive investment opportunities
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in the case of developed economies considering the positive effects of economic growth.
On the contrary, global financial liberalization exhibits a much lower influence on emerg-
ing economies so the positive impact is not so relevant. Financial integration process is
an effective alternative for identifying investment strategies in order to optimize the risk
management. Portfolio diversification represents an essential investment strategy in man-
aging stock market risks. A well-diversified portfolio can significantly reduce investment
risks and lead to higher returns. Spulbar and Birau (2019) suggested that volatility does
not diverge to infinity and seems to react significantly different considering the case of
high positive or high negative stock returns. Moreover, portfolio diversification strategy is
a representative phenomenon of quantitative finance, most often applied in relation to low
or negative correlations between financial assets, such as stock market indices. However,
different stock market indices may move in opposite directions or in the same direction.
Even if two stock indices move in the same direction, they may have a different magni-
tude, and this will mitigate the portfolio fluctuations. Positively correlated stock markets
tend to move together in the same direction. Consequently, portfolio diversification and
a high positive correlation represent opposite weights. Further, different stock markets
consist different leverage effect and standard deviations. Chowdhury and Arefin (2017)
considered that emerging markets have become more interesting for international investors
than developed markets because this market is considered less integrated with the global
economy. In financial market, negative shocks are more common and frequent than posi-
tive shocks. However, a research study conducted by Dutta (2014) based on application of
GARCH, EGARCH and GJR models found that positive shocks are more common than
negative shocks.

In literature there is no universally accepted definition of contagion, but it is perceived as
an unpredictable propagation of shocks. Dornbusch et al. (2000) pointed out that contagion
effect refers to the relationship among the financial assets, thus the shock of one asset can
be transferred to other assets and the contagion effect is tested by correlation. Calvo and
Reinhart (1996) argued that the propagation of volatility is the consequence of financial in-
terdependence between stock markets considering that contagion may be more regional than
global. Nevertheless, Bonfiglioli and Favero (2005) investigated the existence of co-move-
ments between developed stock markets of US and Germany and argued that is necessary
to make a clear distinction between interdependence and contagion. Complex phenomena
such as financial market integration, liberalization and globalization have led to intensifi-
cation of co-movements and contagion between international stock markets from all over
the world. Emerging markets are typically much smaller, less liquid, and more volatile than
well-known world financial markets (Domowitz et al., 1998). Moreover, the transmission of
financial shocks between emerging markets highlights very attractive investment opportuni-
ties considering international portfolio diversification strategies. On the other hand, Chiang
et al. (2007) conducted an empirical study applying a dynamic conditional-correlation model
on certain Asian stock markets for the sample period 1990-2003, and although empirical
findings confirm a contagion effect, correlation coefficients analysis also identified a shift in
variance during the crisis period, generating uncertainties regarding the benefit of interna-
tional portfolio diversification.
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Selection of countries for developed and emerging are objected to capture change in
volatility magnitude and diversified transmitting pattern of movement of financial market.
This may also capture different degree of risk, return and investment pattern. Dow Jones In-
dustrial Average (DIJA) index representing US stock market is one of the most impactful and
representative in North America. TSX Composite Index is the most important stock index
of Canada. FTSE100 index for UK along with IBEX 35 (Spain), DAX index (Germany), and
CAC 40 index (France) covered European developed stock markets. NIKKEI 225 index was
selected to represent Japan which is an Asian developed stock market. The selection of de-
veloped stock markets covers 3 different continents, respectively North America, Europe and
Asia. In order to observe volatility transmitting impact on emerging markets, we selected the
following stock indices: BET (Romania), WIG20 (Poland) and BUX (Hungary) for European
countries and BSE (India) and SSE Composite Index (China) for Asian countries.

This empirical study will explore risk, return and investment patterns, volatility mag-
nitude and prospects for investment for selected developed stock markets from America,
Europe and Asia, but also for selected European and Asian emerging stock markets. Fi-
nancial time series, and thus stock market daily log returns, are characterized by certain
stylized facts, such as: volatility spillovers, heteroskedastic log returns, leverage effect, het-
eroskedasticity of log returns, financial frictions, high diversification opportunities, non-
linearity, volatility, high-frequency, non-stationary of price levels, extreme variations in time,
existence of bubbles, deterministic chaos, fat-tailed distribution (leptokurtosis), non-normal
distributions, misallocation of resources (capital), asymmetry and residual risk.Moreover,
this research paper is organized based on the following main research directions: a) to com-
pare index transmitting pattern among developed economies and emerging economies; b)
to measure the magnitude of volatility among developed and emerging economies; and c) to
rate and rank economies in terms of risk appetite/risk tolerance and stock price reaction to
news and no-news on selected economies. In order to ascertain objective and produce detail
first all series returns converted into log and first log difference considered for all statistical
outcomes. Moreover, the phenomenon of international financial contagion is rather severe
in terms of globalization.

Engle et al. (1990) suggested that “volatility appears to be a meteor shower rather than
a heat wave”. Almost three decades later, Chua and Tsiaplias (2019) argued that news trans-
mission tends to crowd-in non-normal news and crowd-out normal news, considering that
the effect of non-normal news on volatility expectations very often are clustering before dis-
persing, while larger shocks have a less persistent impact on expected volatility than normal
shocks. These recent conclusions of empirical studies contradict the generic classical theory
which argues that volatility of an asset’s return is related to the flow of information about
the asset (Ross, 1989). Spillovers represent changes in return or volatility in one market due
to a transmission of specific information from other markets (Fleming et al., 1998). Never-
theless, Taufiq et al. (2006) argued that volatility in one market can spillover to another and
tends to continue after that market closes and producing volatility in geographically distant
markets opening several hours later. The linkages between mature and emerging financial
markets have multiple implications on the investment process, but even more during finan-
cial crisis. It is an empirically confirmed fact that there is a high degree of co-movement
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between international stock markets during periods of financial turmoil. The magnitude of
their dynamics differs, especially in the case of emerging stock markets. The effectiveness of
international portfolio diversification is very important especially in the context of financial
crises (negative shocks).

Our research questions briefly describe what our empirical study aims to accomplish.
Which is the dimension of stock prices fall during extreme events such as financial crises?
Is there empirical evidence of volatility spillovers and contagion between emerging and de-
veloped stock markets? What are the implications of international transmission of shocks
occurred in mature stock markets for emerging stock markets? What is the magnitude of
volatility spillovers from mature to emerging stock markets, and vice versa? Is the volatility
spillover effect stable over time? Why volatility is much different in emerging markets com-
pared to developed markets? How volatility spillover effect explains the benefits of interna-
tional portfolio diversification? What are the implications of volatility spillovers and conta-
gion for investors, policy makers and regulators? One of the important questions in studies
of asset returns and volatility has been how long the effects of shocks persist, especially in the
case of emerging stock markets Furthermore, Engle (2001) argued that the main objective of
volatility analysis must ultimately be to explain the causes of volatility.

The structure of this empirical study is the following: the first section provides a literature
review. Further, the second section disseminates the methodological aspects and statistical
data. Section 3 includes the empirical findings and discussion. Ultimately, the last section
presents the conclusions including limitations and future research directions.

1. Literature review

The literature review provides insight into previous empirical studies for our proposed em-
pirical research. Bekaert et al. (2005) defines contagion as “excess correlation” or a level of
correlation over what is expected considering that increased correlation is expected if the
volatility of a factor increases. Forbes and Rigobon (2002) stated that contagion of return
volatilities represents a significant increase in cross-market correlations after the shock. Tran
(2018) suggested that contagion occurs when there is a significant increase in correlations
during the turmoil period compared with those during the tranquil period. Baur (2003)
emphasized that contagion tests using correlation coefficient assume constant correlations
and symmetric impacts of shocks but such tests can be misleading when correlations are
time-varying and volatility is contagious per se. Sentana (2018) provided a complex theo-
retical framework regarding the concepts of volatility, diversification and contagion because
financial investors are interested in having at their disposal accurate and timely measures of
risk on which to base their decisions.

Lin (2018) conducted an empirical study on modelling and forecasting the stock market
volatility of SSE Composite Index using GARCH models, i.e. GARCH(1, 1), TARCH(1, 1),
and EGARCH(1, 1) and concluded that EGARCH (1, 1) broadly outperforms the other mod-
els used in econometric analysis. Alberg et al. (2008) conducted an empirical study on stock
market return volatility of Israel (Asia) using GARCH, EGARCH and GJR models and found
that asymmetric GARCH models improve overall estimations for measuring conditional
variances. Hassan (2017) has performed an empirical analysis of developed stock markets
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indices, i.e. DJIA, FTSE 100 and DAX using GARCH model. Ahmed and Suliman (2011)
have conducted an empirical research study based on GARCH models to estimate volatility
in the daily returns of Khartoum Stock Exchange (KSE) in Sudan for the period January
2006 to November 2010 and empirical results suggested that asymmetric models provide
better fit than the symmetric models due to the existence of leverage effect. Yu et al. (2019)
investigated risk transmission, international spillovers and spillbacks between systemic mid-
dle-income countries (SMICs) and the U.S. using a VAR-DCC-MVGARCH model and the
empirical findings revealed the presence of dynamic and asymmetric volatility spillovers and
spillbacks during and beyond financial crisis. Aktan et al. (2010) have investigated relevant
aspects regarding conditional volatility in the Baltic stock markets based on selected GARCH
volatility models and concluded that a higher risk does not necessarily generate increasing
returns. Chan and Feng (2008) argued that long-memory feature in volatility dynamics leads
to false rejection of time varying risk premia. Moreover, Miralles-Marcelo et al. (2013) inves-
tigated performance of medium and small firms in Spanish stock market based on a mix of
multivariate GARCH models and risk minimizing portfolios.

Bala and Takimoto (2017) have conducted an empirical research on stock returns vola-
tility spillovers in the case of emerging and developed markets (DMs) using multivariate-
GARCH (MGARCH) models and suggested that DCC-with-skewed-t density model high-
lights higher diagnostics accuracy. Chitkasame and Tansuchat (2019) studied contagion
effect on ASEAN stock markets by applying multivariate Markov switching DCC GARCH
model and the empirical results indicated the existence of a strong contagion among se-
lected stock markets. Moreover, Basso and Ferretti (1994) have investigated the behaviour
of the Italian stock market based on an empirical analysis which involves applying GARCH
models on selected financial time series. Gokcan (2000) has performed a comparative em-
pirical analysis between linear GARCH (1, 1) and non-linear (EGARCH) models based
on monthly stock market returns of 7 selected emerging countries and concluded that the
accuracy of the results obtained by applying GARCH (1, 1) model is higher. In addition,
Herrera et al. (2015) investigated volatility dependence structure between the Mexican
stock exchange and the world capital market using VARMA-GARCH model with Dynamic
Conditional Correlation and identified a long-run equilibrium relationship, despite the ef-
fects of structural breaks associated to different financial crises during the sample period
from 1987 to 2012.

Srinivasan (2011) conducted an empirical study on modelling and forecasting the stock
market volatility of S&P 500 index using GARCH family models and concluded that sym-
metric GARCH model it fits much better in forecasting the conditional variance of emerg-
ing stock market return series compared to the asymmetric GARCH model. Bonilla and
Sepulveda (2011) have investigated suitability of GARCH models for modelling conditional
volatility of 13 selected emerging stock market indices and have suggested an inadequacy of
Generalized Autoregressive Conditional Heteroscedasticity models in the case of spillover
effects and output volatility. Vidanage et al. (2017) have conducted an empirical research
study on various emerging Asian economies, i.e. India, Malaysia, Pakistan, Sri Lanka, Singa-
pore and Thailand and have concluded that asymmetric EGARCH model provides results of
increased accuracy compared to other models.
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Previous empirical studies have reached interesting conclusion in the context of extreme
events such as financial crises. For instance, Choudhry (1996) applied an Autoregressive
Conditional Heteroscedasticity Model (ARCH) in order to investigate volatility and risk-
premium in Argentina, Greece, India, Mexico, Thailand and Zimbabwe before and after the
1987 crash, and concluded that changes observed in the ARCH model are not uniform and
depend on the individual characteristics of the dissimilar stock markets. Hung (2019) exam-
ined return and volatility spillover across stock markets between China and Southeast Asian
countries (Vietnam, Thailand, Singapore and Malaysia) and concluded that for the stock
return and their volatility transmissions, linkage between China and other markets seems to
be remarkable during and after the global financial crisis. Bhar and Nikolova (2007) anal-
ized volatility spillovers between BRIC stock markets, and suggested that US equity market
returns, have a significant influence upon the variance of returns seen across Brazil, Russia
and India, while China is the only country where there exists a negative relationship between
volatility spillover effects on a regional and global basis. Bonga-Bonga (2018) investigated
the transmission of financial shocks between South Africa and other members of the BRICS
using a multivariate VAR-DCC-GARCH model for the sample period 1996-2012 and con-
cluded that South Africa is more affected by crises originating from China, India and Russia
while these countries are least affected by crises originating from South Africa.

Jain and Sehgal (2019) examined volatility spillover using BEKK-EGARCH analysis
among several developed stock markets, such as: Australia, Canada, France, Germany, Italy,
Japan, UK and US from January 2003 to July 2014, covering three different sub-periods, i.e.
prior to the 2007-2009 global financial crisis, during crisis, and post-crisis. The empirical
results indicate no long-term volatility spillovers for France and Germany with Italy, UK
and US in the post-crisis period and low economic influence of the US on the other mature
markets as a result of the crisis, while the equity markets of Italy and the UK lead other
markets in pre-crisis and crisis periods. In addition, Gulzar et al. (2019) examined financial
cointegration and spillover effect of the global financial crisis on emerging Asian financial
markets, such as: India, China, Pakistan, Malaysia, Russia and Korea for the sample period
from 1 July 2005 to 30 June 2015 based on three subperiods pre-crisis, during crisis and post-
crisis using a GARCH-BEKK model. The empirical results indicate an important spillover
effect from the U.S. stock market upon selected stock markets of emerging economies, but
also considerable A.R.C.H. and G.A.R.C.H. effects in all of the Asian stock markets during all
sample time periods. Roni, Abbas, and Wang (2018) analized return and volatility spillovers
effects among certain Asian emerging stock markets, i.e. Bangladesh, China, India, Malaysia,
the Philippine, and South Korea from January 2002 to December 2016 divided into three
sub-periods such as pre-crisis, crisis, and post crisis time intervals using GARCH model,
pairwise Granger causality tests, and generalized VAR (vector auto regression) models. The
empirical results indicate that selected Asian emerging stock markets interaction is lower
before the global financial crisis period and volatility spillover reached the highest level in the
most turbulent period of 2007-2008. Mathur et al. (2016) investigated the effects generated
by the global financial crisis on the Indian Stock Market (BSE) based on GARCH models
for the period 2001-2012 and the results of the empirical study suggest high volatility for
the period 2007-2009.
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Slimane et al. (2013) investigated the volatility behaviour of certain European developed
stock markets, i.e. France, Germany, and the UK using a VAR-EGARCH model and empiri-
cal findings showed that German market has significantly influenced both French and UK
stock markets, especially during financial crisis. The authors explained these results consider-
ing that Germany played the role of a hub of financial and economic activity in Europe for
the sample period, from 1 January 2004 to 31 December 2010. Dedi et al. (2016) examined
volatility spillovers among stock markets in Germany, United Kingdom, China, Russia, and
Turkey using MARMA, GARCH, GARCH-in-mean, and exponential GARCH (EGARCH)
models. The empirical findings revealed the existence of significant co-movements of re-
turns among the selected stock markets, while UK and the Chinese markets have the lowest
volatilities.

Valls and Chulia (2014) investigated volatility spillovers between the stock and currency
markets of ten Asian economies from 2003 to 2014 period using a multivariate asymmetric
GARCH model, such as a bivariate VAR-GARCH process based on an asymmetric version of
the BEKK model. The empirical findings revealed that a negative shock had a greater influ-
ence on volatility than a positive shock of a similar magnitude, while global financial crisis
has significantly influenced volatility transmission patterns. Beirne et al. (2013) investigated
volatility spillovers and contagion from mature to emerging stock markets using tri-variate
GARCH-BEKK models and suggested that spillover parameters change during turbulent
while conditional variances in local markets rises, volatility in mature markets rises even
much more, and this shift is the main factor behind the increase in conditional correlations.

Kumar et al. (2018) investigated volatility spillovers across Asian emerging stock mar-
kets using an asymmetric multivariate generalized autoregressive conditional heteroscedastic
model. The authors concluded that multiple reforms, increasing financial transparency and
decreasing restrictions on transactions have transformed these Asian markets into real attrac-
tions for international investors in the context of portfolio diversification strategy. Moreover,
Withanage and Jayasinghe (2017) volatility spillovers between three emerging Asian stock
markets such as Sri Lanka, India, and Pakistan for the sample period January 2004 to Sep-
tember 2014 using a trivariate BEKK - GARCH (1, 1) model and identified the existence
of highly significant volatility spillovers from Sri Lanka to Pakistan and from India to Sri
Lanka in both intraday and overnight sessions. Chitkasame and Tansuchat (2019) studied
contagion effect on ASEAN stock markets by applying multivariate Markov switching DCC
GARCH model and the empirical results indicated the existence of a strong contagion among
selected stock markets.

Xu et al. (2018) investigated the linkage between illiquidity and volatility spillover effects
in the case of 8 developed stock markets and argued that equity markets are interdependent,
both in terms of volatility and illiquidity but illiquidity is a more relevant channel than vola-
tility in propagating the shocks. The empirical findings indicated an increase in volatility and
illiquidity spillover effects during the global financial crisis considering that the illiquidity
in the US stock market played an essential role in influencing the behavior of other mar-
kets. Bedowska-Sojka and Echaust (2019) have conducted an empirical study and revealed
that there is a significant commonality in liquidity indices in the emerging European stock
exchanges that strengthens during times of high volatility, especially during market crisis.
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Morales-Zumaquero and Sosvilla-Rivero (2016) studied intra-spillovers and inter-spill-
overs between stock markets in US, Euro area, Australia, Switzerland, Canada, UK and Japan
from 1990 to 2015 using C-GARCH model. The findings revealed that long-run volatility
relationships are stronger than the short-run linkages volatility with an enhancement dur-
ing the post-global financial crisis period. Moreover, Quoreshi et al. (2019) examined equity
market contagion in return volatility between 35 stock markets, including the US, UK, Japan,
Euro Zone and BRICS countries and empirical findings revealed the evidence of contagion
during the global financial crisis (GFC) and Euro Zone crisis (EZC) considering that the
effects of shocks are not symmetric due to certain structural changes and there is contagion
in volatility of stock index returns for predicted and unpredicted behaviours. In addition,
Raczko (2015) investigated volatility contagion across stock markets in US, UK and Euro
area (known as Euro Zone) and the empirical findings revealed that crash-risk premia exhibit
higher correlations than non-crash risk premia, implying the existence of volatility contagion.
Kenourgios (2014) examined volatility contagion across US and European stock markets
during the Global Financial Crisis (GFC) and the Euro zone Sovereign Debt Crisis (ESDC).
The empirical findings established the existence of contagion in cross-market volatilities.

Rejeb and Boughrara (2015) have investigated financial integration in emerging market
economies and its impact on volatility transmission and contagion and have concluded that
financial liberalization contributes significantly in amplifying the international transmission
of volatility and the risk of contagion. Hol (2003) has provided Stochastic Volatility (SV)
models as an applied alternative to the Generalised Autoregressive Conditional Heteroske-
dasticity (GARCH) models. Dutta et al. (2017) have investigated the effect of oil volatility
shocks on global emerging market stock returns and have concluded that the OVX index
shocks generate a high impact on emerging market equity returns. Rao et al. (2008) con-
ducted an empirical study on modelling asymmetric volatility of Indian stock market using
two different nonlinear asymmetric models, i.e. EGARCH and TGARCH models in order to
estimate volatility of BSE 500 stock returns and concluded that selected financial time series
exhibit leverage effect, volatility clustering and leptokurtosis.

Ahmed et al. (2018) investigated stock returns, volatility and mean reversion in emerging
and developed financial markets and the empirical findings of ARCH and GARCH revealed
that the value of likelihood statistics ratio is large, that entails the GARCH (1, 1) model is a
lucrative depiction of daily return pattern, that effectively and efliciently capturing the orderly
reliance of volatility. Fasanya and Akinde (2019) conducted an empirical study of return and
volatility spillovers in the Nigerian emerging financial markets and concluded that the stock
market returns are more susceptible to fluctuations in financial market, but also more vulner-
able and risky due to the fact that it can be easily influenced by the fluctuations in both the
currency and money markets.

Jebran et al. (2017) investigated volatility spillover among stock markets of Asia, such as:
China, Pakistan, Hong Kong, Sri Lanka, and India by using an extended EGARCH model for
the period 2007-2013 and suggested that integrations among financial markets in terms of
volatility spillover exhibit low potential diversification opportunities for investors. The author
selected 2 sub-periods, i.e. the pre-crisis period which is from 24 January, 2001 to 30t July,
2007, and the post-crisis period which is from 1st August, 2007 to 31 December, 2013. The
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empirical findings revealed the existence of bidirectional volatility spillover between stock
markets of India and Sri Lanka, but also between Hong Kong and India in both sub-periods,
while between Pakistan and India only in pre-crisis period, and in stock markets of Sri Lanka
and Pakistan in post-crisis period. Silvia et al. (2019) investigated spillover effect between
several Asian emerging markets such as: Indonesia, Malaysia, Thailand, India, China and Tai-
wan from May 13, 2011 to October 17, 2017 (a post- crisis sample period) using multivariate
VAR model, Granger Causality test and Pearson Correlation. The empirical results led to the
conclusion that there is a spillover effect in all sample stock markets in Asia considering the
bidirectional relationship between Indonesian market and the other stock markets.

Majdoub and Sassi (2017) studied volatility spillover between certain Asian stock markets
such as: China, India, Malaysia, Indonesia, Korea and Thailand using the Bivariate VARMA-
BEKK-AGARCH model developed by McAleer et al. (2009), as an extension of the widely
used univariate asymmetric (or threshold) GJR model, based on spillover and asymmetric
effects. The authors find no evidence of short term volatility persistence in India, Indonesia
and Malaysia, while GARCH model revealed no persistence in volatility spillover effect in
long term from Chinese to Indian, Indonesian and Korean stock market. Moreover, Li and
Giles (2015) investigated the linkages of stock markets across the USA, Japan and six Asian
developing countries: China, India, Indonesia, Malaysia, the Philippines and Thailand over
the period 1 January 1993 to 31 December 2012 and have empirically demonstrated the
existence of unidirectional shock and volatility spillovers from the US market to both the
Japanese and the other Asian emerging markets. Various empirical research studies have
analyzed the contagion of volatility between certain developed stock markets such as US
and/or UK, and some emerging markets in Africa and Asia. Giovannetti and Velucchi (2013)
examined the spread of volatility effects between certain developed stock markets such as
US and UK and other emerging markets such as China (Asia), Botswana, Kenya, Nigeria
and South Africa (South Saharan Africa), Egypt and Tunisia (North Africa) for the sample
period 2005-2012. The authors concluded that US and Kenya are “volatility creators” and
South Africa and China are “volatility absorbers” considering that both US and China have a
significant influence on the African stock markets. Taly (2015) examined return and volatility
spillover between stock markets of US, Korea and Japan for the sample period from 2002 to
2010 and concluded that volatility transmission exists among these financial markets, which
means increasing volatility in one financial market is a clear signal of increasing volatility in
other financial markets. Baele (2003) investigated the existence of volatility spillovers between
European and US stock markets, but although both the EU and US shock spillover intensity
has increased over the 1980s and 1990s, the rise is more pronounced for EU spillovers, while
empirical results indicated contagion from the US market to a number of local European
stock markets during periods of high world market volatility.

Bahadur et al. (2017) investigated volatility spillover effect between stock markets in In-
dia, Japan (Asia), UK (Europe) and US (North America) and concluded that Indian stock
market return is found to have long term relationship with market returns of US, UK and
Japanese stock markets. The empirical findings revealed the existence of inbound volatility
transmission from US market to Indian stock market, while Indian and UK stock market
have bi-directional volatility transmission. Leung, Schiereck, and Schroeder (2017) examined
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volatility spillover between the equity markets of US (North America), UK (Europe) and
Japan (Asia) using a GARCH model and suggested that pure contagion which is attributable
to irrational investors’ behavior and fundamental contagion which is measured by macro-
economic fundamentals explains the increased spillover during the global financial crisis.
Hamao et al. (1990) investigated short-run interdependence of stock prices and volatility
transmission patterns among developed stock markets in New York (US), London (UK) and
Tokyo (Japan) using a univariate GARCH model. The empirical findings showed volatility
spillovers from New York to Tokyo, London to Tokyo, and New York to London, but no
evidence in another direction for the pre-crisis period (the stock market crash of October
19, 1987, also known as “Black Monday”). Girard and Biswas (2007) investigated the linkage
between volatility and volume in 22 developed markets and 27 emerging markets, and identi-
fied a negative relation between expected volume and volatility in several emerging markets,
due to the relative inefficiency in those particular markets.

2. Empirical methodology and statistical data

This paper includes a comparative empirical research between stock markets in certain devel-
oped and emerging economies. The empirical research analyzes the long-term behaviour of 7
selected developed stock market indices, i.e. IBEX 35 index (Spain), DJIA index (USA), FTSE
100 (UK), TSX Composite index (Canada), Nikkei 225 (Japan), DAX Index (Germany),
CAC 40 (France) and 5 selected emerging stock market indices, i.e. BET index (Romania),
WIG 20 index (Poland), BSE index (India), SSE Composite index (China) and BUX index
(Hungary) from January 2000 to June 2018. The selection of countries intends to capture
the behaviour of the most relevant stock markets from North America, Europe and Asia
continents. In other words, these specific developed stock markets represent some of most
impactful financial markets of selected continents. However, the random choice of emerging
markets from Europe and Asia continents intends to explore and capture the relevance and
impact of developed stock markets dynamics.

The econometric approach includes asymmetric GARCH models such as EGARCH and
GJR which are performed in order to capture asymmetric volatility clustering and leptokur-
tosis based on abnormal volatility transmission and contagion patterns between emerging
and developed stock markets. Augmented Dickey Fuller (ADF) test is employed to check
stationary in financial series log returns for fitness of autoregressive models. To examine the
correlation between series returns and co-movements, Spearman’s correlation (rho) and Ken-
dall’s (tau) used that measures and compares series return movements and correlation along
with ranking to relationship. Property of summary of statistics would represent mean returns,
median, min and max, degree of Skewness and Kurtosis. Further, Generalized Autoregres-
sive Conditional Heteroskedasticity (GARCH) employed to measure volatility magnitudes
from selected series returns. A class of univariate conditional volatility models particularly,
GARCH, EGARCH and GJR relates standardise residuals to return shocks. Application of
these three models is essential to understand the stochastic properties of selected financial
markets. A study on regulatory condition and interpretation of asymmetry by Chang and
McAleer (2017) applies all three univariate models to explore asymmetry properties. Tao
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and Green (2012) suggested that if volatility spillovers are combined with asymmetries, a
bad news shock in either market may increase volatility and its persistence in both markets.

Financial market series returns have different stationary process i.e. unit root. It repre-
sents stochastic trend in financial series returns. This pattern requires to be stationary to
employ estimation models. The continuously compounded daily returns are calculated using
the log-difference of stock markets selected indices as follows:

r[:ln( Pi ]:ln(pt)—ln(ptl), (1)
P
where p is the daily closing price except for legal holidays or other events when stock markets
have not performed transactions. The continuously compounded daily stock market returns
are calculated using the log-difference of the closing prices of stock markets selected indices.
To compare movements of developing and emerging market with each-other and for
ranking and accuracy in comparative measurement, Spearman and Kendall produce respec-
tively. Spearman’s rank correlation (rho) and Kendall’s rank correlation (tau) in place of
default Pearson’s coefficient.

2
R=1- 084 )
n—-n

The closer result of r between 1 to -1, represents stronger likely correlation either posi-
tively or negatively respectively. However, result in 0 indicate no correlation among selected
financial markets.

Our research study applies the hypothesis of covariance stationary as unconditional vari-
ance, while using this econometric structures:

o2 :Var(u[):E(uf):E((n+otlut271 +Blht71); (3)
o=+ oclE(utz_l)+BE(ht_1)=(o+(x102 +B,02. (4)

The GARCH (1, 1) model represents the most accessible and robust design of the volatil-
ity family models (Engle, 2001). The GARCH (1, 1) model developed by Bollerslev (1986) is
employed with the purpose off estimating the volatility returns of our sample cluster which
includes both developed and emerging stock markets. GARCH (1, 1) model fundamen-
tally means conditional variance which is highlighted as a linear function of its own lags.
Moreover, conditional variance of all variables is necessary to be dependent upon previous
lags. On the other hand, the first lag of squared residuals will generate mean equation and
provides informations concerning volatility from previous time period.

Practically, GARCH (1, 1) model is characterized by the following key elements, i.e.:
Mean equation and Variance equation. The Mean equation has the following form:

rt=p+et, (5)
while Variance equation is the following:

o? =w+ae_, +Poi_,. (6)



1572 C. Spulbar et al. Investigating abnormal volatility transmission patterns between emerging and...

As a specific feature, the mean equation reveals the retuns of asset in time () which is the
sum of average return denoted by 1, while residual returns were denoted by &t. Moreover,
variance equation assumptions indicate the fact that constant value is higher than 0, followed
by value of a.and B.

hy =o+oul | +Bh,_;. 7)

GARCH (1, 1) represents symmetric model and does not capture leverage effect which
is captured by asymmetric GARCH models i.e. EGARCH and GJR. Leverage effect indicates
correlation of past returns with future volatility. Both employed asymmetric GARCH models,
Exponential GARCH by Nelson and GJR estimates leverage effect. GJR GARCH by Glosten,
Jagannathan and Runkle also estimates impact of news for selected financial markets. Nega-
tive news creates more pronounced effect on any financial market that and probable impact
measurement can be interesting in a manner to get idea about elasticity of market movement
during negative news reaction. EGARCH developed by Nelson (1991) captures asymmetric
responses of time-vary variances to volatilty shocks and also ensures that variance is always

positive. f
2 Lei—t
|=yi—— ®)

H| n ci—t

log(cf ) =0+ iﬁilog(cﬁ_i ) + Zq:ou' si;t
j-i j-1

Another asymmetric model is GJR which is a similarvariant of threshold GARCH
(TGARCH) and it was developed by Glosten, Jagannathan, and Runkle (1993) also measures
stylized facts such as leverage effect and effect of news on stock markets. In this model there
is only regression in mean equation which is constant.

ht =8+oyel | +yd;_jef | +Bhy ©)

where d, represents two cases in case of 1 and 0, where e, < 0, generates bad news and 0,
e, > 0 indicates good news. Further the value of alpha, Gamma and Beta are non-negative
parameters satisfying condition similar to EGARCH model in otherwise manner.

3. Empirical results and discussion

We empirically examined the behaviour of stock price index databases for 7 developed and 5
emerging markets from 2000 to 2018. Emerging stock markets reacts comparatively at larger
degree in case of positive or negative news impact than developed stock markets. In this
research study, the category of developed stock markets includes the following: USA, UK,
France, Canada, Spain, Germany and Japan. On the other hand, the category of emerging
stock markets: includes Hungary, Romania, China, Poland and India. Graphical presentation
of actual series returns from all sample market presented in Figure 1 that indicates actual
stock market movement from January 2000 to June 2018 that represents selected group of
developed and emerging markets. The following Figure 1 represents actual market movement
over the time-frame.

Before last financial crisis DIJA trending above 10000 index level, just before crisis it has
crossed 13000 and crises impacted to trend DIJA merely 8500 index point level. S&P TSX
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Figure 1. The trend of selected stock market daily returns - individual graphics
(source: author’s own computation)

considered as specimen index to represent Canada that indicates strong upward transmit-
ting pattern that moved index from 6000 points to above 14000 in just 6 years and crises
impact resulted loss of over 6000 index points in less than two years. S&P TSX market
movement pattern after crises improved just 2000 more index points in almost 10 years i.e.
16000. FTSE100 that represents UK financial market trending lower than 3500 index points
few years ago financial crises and reached 7000 index points just in few years, that move
represents almost double the growth of FTSE100 financial markets. Financial crises impact
resulted to bring back FTSE100 to level of 3500 and after more than 9 years index reached
to 8000 points. France represents different pattern of financial market movements which is
represented by CAC40 index that earlier trending 7000 index level points that reached to
merely 2500 level in just two years i.e. 2002. Further grown up to almost 6000 points before
crises and financial crisis again resulted CAC40 trending again 2500.

After global financial crisis CAC40 (France) index is trending between 5000 to 6000
level which is much lower than what it used to trend 18 years ago. The same appears in
case of IBEX35 index that represents Spain which is also trending much lower than previ-
ous trending levels during the study period. Followed by Poland financial market WIG20
and BET index of Romania. The Asian emerging market which is represented by SSE index
(China) also indicates negative trending position. However, another Asian financial market
represented by BSE index (India) trending merely 5000 index points before financial crisis
and reached almost 20000 index level before crisis. The crisis impact resulted trending
BSE lower than 8500. Interesting part is rest of index movement that grown almost over 4
times and trending above 35000 index points. Followed by BUX that represents Hungary
financial market that also trending 5000 points and grown up to 25000 before financial
crises. The impact resulted in increasing BUX index trend at 10000 points. BUX breached
40000 points in post-crisis and grown almost 4 times. Same positive trending also found
in DAX and NIKKEI225.
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The following figure presents the volatility pattern of selected stock market indices, such as:
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Figure 2. Volatility pattern of selected stock market indices (source: author’s own computation)

Financial market generates shocks either positive or negative depending on the type of
news. Shock depends on volume of trades that shows magnitude of impact in series returns
(see Figure 2). It provides very significant outcome that all financial markets regardless de-
veloped or under developed have faced strong magnitude impacts during financial crisis that
magnitude shocks scales at largest degree of negative and later positive degree. Particularly
Canada and Germany have strongest degree of positive and negative shocks that appears on
Figure 2. More volatility shocks even during normal trading sessions makes market more
unpredictable and makes investment to high risk. Figure 2 captures volatility magnitude
of selected twelve financial markets of American, European and Asian continent. Selected
group of developed markets appears to have comparatively less degree of volatility shocks.
Financial crisis impacts visible to all selected group markets. SSE Composite Index (China)
found to have maximum volatility shocks containing high magnitude makes trades at very
risk. WIG20 index (Poland) found second highest in escalating volatility. European emerg-
ing stock market indices such as BET (Romania) and WIG20 (Poland) captured more large
magnitude shocks than positive. SSE Composite Index (China) was foundas the only stock
market from selected cluster having maximum number of high magnitude positive shocks.

The following Table 1 includes the summary of statistics for all selected stock indices.

The results included in the previous table indicate basic statistics for proxy financial series
of sample emerging and developed stock markets. The summary of statistics analysis indicates
that all selected financial markets contain high degree of risk volatility that makes market
move entirely upside down with negatively skewed returns and leptokurtosis effects, except
financial asset returns of WIG20 index (Poland). It is being observed that TSX Composite
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index (Canada) exhibits the highest degree of negatively skewed returns, i.e. -0.65 and very
high kurtosis, i.e. 9.79. Nevertheless, same followed by BET index (Romania) that represents
kurtosis over 9 and second highest negatively skewed returns -0.50. Property of summary of
statistics tests residuals of selected countries represents out of normality based on observed
skewness and degree of kurtosis that makes fat tails and leptokurtic patterns.

Table 1. Summary of statistics (source: author’s computation using first log difference of selected finan-
cial data series from Jan 2000 to June 2018; *Mean and Median returns are merely zero for all selected
markets)

Variable Min Max Skewness Kurtosis Std. Dev
DIJA index - USA -0.0820 0.1050 -0.1116 8.3960 0.0113
TSX index - Canada -0.0978 0.0937 -0.6541 9.7967 0.0109
FTSE100 index — UK -0.0926 0.0938 -0.1423 6.4110 0.0117
CAC40 index - France -0.0947 0.1059 -0.0362 5.0749 0.0114
DAX index — Germany -0.0743 0.1079 -0.0221 4.3490 0.0148
IBEX35 index - Spain -0.1318 0.0134 -0.0814 5.9141 0.0147
WIG20 index — Poland -0.0844 0.0815 -0.1484 2.6228 0.0149
BUX index - Hungary -0.1264 0.1317 -0.0641 6.3069 0.0151
BET index - Romania -0.1311 0.1056 -0.5088 9.1682 0.0152
NIKKEI225 index - Japan -0.1211 0.1323 -0.4025 7.0476 0.0152
SSE index - China -0.0925 0.0940 -0.3501 5.0255 0.0156
BSE index - India -0.1180 0.1599 -0.2096 7.7318 0.0147

Table 2. Normality ranking (source: author’s computation)

Variable Based on Skewness Based on Kurtosis Based on Std. Dev
DIJA index - USA 8 3 11
TSX index - Canada 1 1 12
FTSE100 index — UK 7 6 9
CAC40 index - France 11 9 10
DAX index — Germany 12 11 6
IBEX35 index - Spain 8 7
WIG20 index — Poland 6 12 5
BUX index - Hungary 10 4
BET index - Romania 2 2 3
NIKKEI225 index - Japan 3 5 2
SSE index - China 4 10 1
BSE index - India 5 4 8

A basic characteristic feature of emerging capital markets is that the distribution of con-
tinuously compounded returns deviates from the normal distribution or Gaussian distribu-
tion. The empirical analysis also focuses on Skewness and Kurtosis based on data distribution.
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Normality test ranking table (see Table 2) indicates three important measurement parameters
i.e. skewness, kurtosis and degree of standard deviation. Skewness indicates symmetry or
asymmetry in asset returns. In this study all sample financial series returns found negatively
skewed. These distributions called asymmetric or asymmetrical distributions as they do not
show any kind of symmetry. Rank distributions in Table 2 suggest that rank] indicates high-
est degree of long left tail that indicates that Mean and Median are smaller than mode. In-
vestors looking for long term investment needs to take care of degree of negatively skewed
returns and high degree of kurtosis in series returns. For longer-horizon investors, emerging
market stocks continue to provide significant diversification benefits even during periods of
major stock market turbulences, because over longer horizons, stock prices do recover from
a crash (Patel & Sarkar, 1998).

Short and medium-term investors in particular need to observe at extremes otherwise
they might get trap in market for long time than expected. For example (see Table 2) analy-
sis of normality test indicates that all market asset returns are negatively skewed with high
degree of kurtosis that almost guarantee that short and mid-term investors have to be care-
ful about initial statistics. Early empirical research studies on volatility patterns (volatility
spillovers) in developed and emerging market suggests that emerging financial markets try
to follow pattern of developed financial market for example last financial crisis that has been
followed by rest of world’s financial markets. When one specific market follows the pattern
of other financial market is called transmitting pattern that reflects in movement of follower
market. We employed Spearman’s (rho) and Kendall’s correlation (tau) to measure correlation
and similarity in market movement.

Spearman’s correlation provides significant clarity to understand the transmitting pat-
tern and dependency of one market over another. Several surprising outcomes derived by
correlation that indicates that Germany’s financial market DAX having highest correlation
with movement of DIJA, USA. It indicates that DAX index of Germany follows financial
market movement pattern of DIJA, USA. Asian emerging market of India, represented
by BSE index follows more the S&P/TSX Composite index of Canada more than DIJA
of USA. On the other side Financial market of Spain, Poland, France and even China do
not follow any developed or emerging financial market completely. This indicates that all
these market have their own independent market movement pattern. Developed financial
markets create less volatile impact in general and remain correlated for long term move-
ments. For instance, financial markets of Germany, United Kingdom and Canada consid-
ering DAX index, FTSE100 index and TSX index, considering that the previous indices
follow transmitting patterns of DIJA index (USA), except one of European index i.e. CAC
40 index (France). Emerging European markets that have greater ITP degree such as of
IBEX 35 index (Spain) and WIG 20 index (Poland) from the rest of the European and
American financial markets. Other European markets such as: BUX index (Hungary) and
BET index (Romania) follow mixed country transmitting pattern. We have also tested the
cross-correlations between selected stock indices and empirical results are insignificant.
The statistical results are presented in Table 3. It provides significant relevance that indi-
cates specific market mentioned above relates to market movement pattern for correlated
financial market.
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CAC 40 index (France) has generated ITP pattern that makes market more volatile de-
spite of being developed financial market. Further, compare to other financial market ITP
pattern makes it more difficult to predict. Developed financial market of Japan NIKKEI 225
index also created ITP which is partly followed by CAC 40 index (France) and FTSE100 in-
dex (UK) and DIJA index (USA). Emerging Asian financial market of SSE index (China) and
BSE index (India) have separate transmitting pattern. SSE index (China) has created ITP that
is a mixture of S&P/TSX Composite index (Canada), DAX index (Germany) and BET index
(Romania). It is not following the transmitting pattern of other American or Asian financial
markets. BSE index(India)exhibits complex financial transmitting pattern that includes a
mixture of patterns of both American and European developed and emerging stock markets
such as S&P TSX Composite index (Canada), DIJA index (USA), DAX index (Germany)
and BUX index (Hungary).

It is important to test the hypothesis that process has unit root at 1 that is AR po-
ly-nominal @(Z ) =0, when z=1. We test HO: y = 0 by estimating y in regression of
Vxtonxt—1,... Vxt—p+1 that createty=vy/ se(y) . This test is known as Augmented
Dickey-Fuller test (ADF) and processed on all financial series returns before implementing
GARCH and GARCH type models. Test results for all selected financial market provides
significant output that rejects HO and confirms series return stationary.

The selected developed and emerging stock market is highly volatile. For example, the
results of summary of statistics suggested the existence of left tailed negative skewed returns,
and abnormal kurtosis which generates leptokurtic effects. The following Table 4 provides
details regarding the coeflicient of mean and variance equation considering GARCH family
models.

Table 4. Summary of GARCH family models (source: author’s computation)

Model Variable constant Omega alpha gamma beta

USA 6.08259E-05 | 1.75584E-08 | 0.111408 - 0.877089
Canada 4.55343e-05 7.52461e-09 | 0.0820925 - 0.913008
UK 4.12239e-05 2.20800e-08 0.110416 - 0.877922
France 5.95278e-05 2.82337e-08 0.0979569 - 0.894709
Germany 7.91328e-05 | 2.72030e-08 | 0.0911415 - 0.899462
Spain 5.65160e-05 2.96790e-08 0.102778 - 0.888919

GARCH (1,1)
Poland 3.41924e-05 2.77211e-08 0.0563812 - 0.936592
Hungary 6.63142e-05 4.12552e-08 0.0916687 - 0.892538
Romania 8.53405e-05 | 4.39546e-08 0.190467 - 0.817264
Japan 5.71752e-05 | 7.97739e-08 0.113091 - 0.856853
China 3.11940e-05 2.14722e-08 0.0701535 - 0.927913
India 8.51939¢-05 1.79898e-08 0.101552 - 0.895256
USA 2.45688E-05 1.88374E-08 | 0.0453287 0.991971 0.893412

GIR (L, 1) Canada 2.54979E-05 | 9.74035E-09 | 0.0559582 0.436022 | 0.921065
UK -2.98047e-05 | 1.85432e-06 0.0422546 0.998227 | 0.898075
France 3.86603e-05 2.31968e-06 0.0414578 0.993883 0.905525
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End of Table 4
Model Variable constant Omega alpha gamma beta
Germany 2.87641e-05 3.10365e-08 0.0380765 0.988720 0.910622
Spain 0.000107180 | 2.52156e-06 0.0491812 0.727603 0.911682
Poland 0.000112050 | 1.92312e-06 | 0.0522658 0.180311 0.937020
GIR (1, 1) Hungary 0.000378091 4.96918-06 0.0842690 0.244517 0.888475
Romania 0.000668357 | 4.14118e-06 0.195553 0.0499635 | 0.804018
Japan 0.000215054 | 8.61089e-06 0.101248 0.295657 0.849602
China 0.000154263 1.44710e-06 | 0.0685281 0.0802773 | 0.927431
India 5.83077e-05 2.22657e-08 | 0.0937341 0.246413 | 0.893505
USA 2.75974E-05 -0.461355 0.150401 -0.136722 | 0.975197
Canada 0.000233027 -0.220585 0.124604 —-0.0823699 | 0.987089
UK —-5.49972e-05 -0.822116 0.370545 -0.122324 | 0.958723
France -5.69421e-05 -0.256093 0.103595 -0.143193 | 0.980285
Germany 0.000191069 -0.281832 0.121040 -0.115860 | 0.978710
EGARCH Spain 1.88156e-05 -0.269085 0.121274 -0.108167 | 0.980070
(1, 1) Poland 0.000141028 -0.185774 0.118456 —-0.0334935 | 0.989025

Hungary 0.000342245 -0.330448 0.169844 | -0.0555042 | 0.976805
Romania 0.000656194 -0.593028 0.360117 | -0.0280178 | 0.963083

Japan 0.000334034 -0.636245 0.234421 -0.0812378 | 0.946785
China 0.000212135 -0.195349 0.152610 | -0.0199529 | 0.990268
India 0.000491 -0.359701 0.206589 | -0.0755174 | 0.977223

This empirical research study is based on the analysis of 12 particular countries that
includes American, European and Asian developed and emerging economies. GARCH and
GARCH type model have been employed to measure magnitude of volatility. All coefficients
for mean and variance equation are significant at least at 5% level. Developed stock mar-
ket indices such as Dow Jones Industrial Average (USA), FTSE100 (UK), TSX (Canada),
DAX (Germany), CAC40 (France), and NIKKEI225 (Japan) indicate the presence of a mixed
movement pattern that includes unpredictable ups and downs in series returns, consist lever-
age effect (asymmetry) and high volatility. Nevertheless, emerging stock markets of European
and Asian economies found gambling pattern, high magnitude shocks, persistent volatility
and leverage effect.

The empirical results are explained individually for each selected country, as follows:

3.1. Empirical results for USA:

Daily closing asset price of DIJA (USA) considering 4641 observations of daily closing asset
price processed through various statistics to measure normality, volatility and series move-
ment pattern. Calculated estimates for DIJA index (USA) series return revealed the strongest
positive movement market among developed economy group. Entire series calculations for
Mean and Median resulted merely zero (See summary of statistics DIJA - USA). In addition
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to negatively skewed return (-0.1116) and high degree of kurtosis (8.3960), DIJA (USA) se-
ries transmitted from trading level of 6000 to 25000, that almost over 4 times. GARCH (1,1)
model fitted to series returns, while EGARCH (1, 1) and GJR (1, 1) models performed on
residuals that ensure presence of asymmetry or leverage effect. DIJA (USA) ranked based on
Skewed return, Degree of Kurtosis and Standard Deviation at level 8, 3, and 11 in ranking of
all country. This indicates that comparative statistical outcome of DIJA (USA) series return
based on property of summary makes DIJA index the second lowest degree of standard
deviation.

3.2. Empirical results for Canada:

The S&P TSX composite index containing 4643observations of daily closing asset price con-
sidered for Canada. GARCH (1, 1) indicates alpha (0.08) compared to (0.11) for USA series
returns. The series transmitted up to and over 15000 points from previously trading 8000
during financial crisis. S&P TSX composite index of Canada, only series return that holds
first rank in having highest degree of negative skewed return and highest degree of kurtosis
(9.79) makes long left fat tail amongst sample of 12 countries. Statistical property of GJR
and EGARCH confirms presence of leverage effect in series returns. S&P TSX composite
index also holds second rank in transmitting pattern growth among developed economy
group. Correlation for S&P TSX composite index relates 82% correlation of TSX with DIJA
series returns. Interestingly some of emerging financial markets such as India, China, Hun-
gary, Romania follow transmitting pattern of S&P TSX composite index more than DIJA of
USA, including financial market of Spain. With the exception of UK, Germany and Japan all
sample countries follow higher degree of transmitting pattern of S&P TSX composite index
(Canada).

3.3. Empirical results for UK:

FTSE100 index (UK) is considered as specimen using 4677 daily observations of daily closing
asset price. FTSE100index (UK) is used for estimating volatility ratio, volatility magnitude
and correlation of series along with dependency of other financial market on movement
of FTSE100. Series return fitted perfectly in GARCH (1,1) compare to asymmetry models
that confirms asymmetry. UK stands 7% rank in negatively skewed return, 6% rank in high
kurtosis and 9™ on degree of standard deviation. Like other developed market FTSE100 also
travelled its trading range from 3500 to over 7000 in the context of recent global financial
crisis. NIKKEI225 index of Japan correlated to FTSE100 index at 79.9% which is highest
amongst all correlation with NIKKEI225 index. In particular, Germany financial market fol-
lows 88% of movement pattern of FTSE100 (UK) followed by BSE index (India) as 79%. It is
important to note that UK market correlated to DIJA index (US) at 82%.

3.4. Empirical results for France:

CAC40 index is considered as specimen using 4704 daily observations of daily closing asset
price. Series return of CAC40 index transmitted from trading from 2500 (after GFC) and
breached 5000 points. However, summary of statics property indicates 11, 9 and 10 rank for
negatively skewed return (-0.03), ex. kurtosis (about 5) and third lowest degree of standard
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deviation. Movement of series returns from 2000 to 2018 and appearance of summary of
statistics provides different view. GARCH (1,1) fitted well to series returns compared to
EGARCH and GJR. Further, asymmetry found in series return. Low degree of standard de-
viation and minor negatively skewed return indicates that asset price remains either steady
for longer period of time after investment or hardly moves suddenly. However, several nega-
tive and positive high magnitude shocks found during study period that has moved index to
more than double after crisis. Spearman’s correlation confirms that CAC40 index (France)
does not absorb more changes from US or Canada market which is <30%, whereas, correlate
more than 60% to changes in UK market.

3.5. Empirical results for Germany:

While compared to other non-Asian markets such as Poland, Spain or France, including
UK and USA the transmitting pattern for DAX (specimen index for Germany) stands en-
tirely different. The total 4696 daily observations considered from January 2000 to June 2018
excluding public holidays and assuming five days a week market. DAX index used trade
between 2500 to 5000 earlier global financial crisis and reached merely 8000 index points
before impact. The impact resulted DAX index to trade at level of about 4000 which makes
about 50% of loss of index asset value. It is important to note that 4000 points are still higher
than it used to trade before just rise of impact crisis. In particular, the market moved from
below level of 2400 to over 13500 in selected time period, where from almost 4000 to 13500
jumped in past 9 years. DAX indexis also one which was found with lowest degree of nega-
tive skewed returns (-0.02) and slight higher degree of kurtosis (4.34). By looking at series
pattern of DAX index, it shows strong upward trend. Nevertheless, it also reflects high mag-
nitude shocks at negative and positive sides up to (0.10) magnitudes. GARCH (1, 1) model
fitted perfectly for DAX index. GJR (1, 1) and EGARCH (1, 1) models also fitted to asset
returns. Asymmetric GARCH models confirm the presence of leverage effect in DAX index
(Germany) series returns.

3.6. Empirical results for Spain:

IBEX35 index (Spain) is considered for the empirical analysis using 4705 observations of
daily closing asset price. The series return of IBEX35 index is amongst top in sample in
terms of highest traded index points before the period of global crisis. In particular, the
period before financial crisis from 2002 to 2008 IBEX35 index traded merely 6000 to make
lifetime high with strong upward trend that breached 16000 index levels within five years.
The global financial crisis impacted very strongly that created fall of IBEX35 index from
16000 to about 6500 with high to very high negative magnitude shocks. Average and mean
return found negatively skewed (0.08) and excess kurtosis of 5.91. It is important to note
that two major shocks have been identified in series return of IBEX35 index of which one
represent negative that exceeds degree of (-0.10) in recent past and one positive shock that
exceed (+0.10) magnitude. There are several sudden shocks found in financial series return
of IBEX35 index of which one with highest negative shock of magnitude level exceeding
-0.10 in recent past. In addition to correlation of IBEX35 index financial market movement
that only correlated to over 60% degree with France (68%), whereas series returns are only
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19% correlated with market movement of DIJA (USA). However, it matches to over 53% to
S&P TSX index of Canada.

3.7. Empirical results for Poland:

WIG20 index is considered as specimen for Poland considering 4633 daily closing price
observations. WIG20 index traded between 1000 to 1500 from 2001 to 2003 and exhibits
an impressive growth in the next five years that generated a jump of almost 3 times to reach
new trading level of 4000 which is the highest in our sample period. Global financial crisis
impacted very strongly to WIG20 index and damaged interest of investors that resulted asset
loss of over 2500 points. Post financial crisis recovery resulted growth of only 1200 points
merely 80% from low level. Post jump correction indicates loss of investor’s confidence in
WIG20 index. None like others, WIG20 index found index movement pattern highly cor-
related with Spain up to 81% and gives least weightage to any changes and movements in US
only 31%. S&P TSX composite index (Canada) is correlated second highest at correlation of
70%, whereas UK at 55%. WIG20 series returns are only from sample countries that does
not have higher degree of kurtosis and controlled at degree of 2. 62. However, WIG20 series
returns negatively skewed returns at —0.14 and 0.0149 SD. GARCH (1, 1) confirmed persis-
tence in volatility and fitted well to series returns. Asymmetric GARCH models confirm that
asset returns responds for longer time to negative events.

3.8. Empirical results for Hungary:

In this research study BUX index represents Hungary by considering daily closing price
observations counts 4471. Series return of BUX index that represents Hungary generated
distinguished itself from rest of European markets. Investor’s confidence in stock market of
Hungary (BUX index) was very strong as market breached level of 25000 from 5000 in 6
years before the global financial crisis. Further, financial crisis created fall of 10000 points
which recovered within next 3 years. The index kept growing to make new lifetime high
achievements and reached to 40000 trading level. This represents an increase from 4000 to
5000 during the sample period. BUX index return series have been identified as highly cor-
related to S&P TSX composite index (Canada) at degree of 76%, followed by DJIA index (US)
at 73% and FTSE100 index (UK) at 57%. However, BUX index found higher correlated in
series transmitting pattern of Germany at 68% compared to UK. Least followed market that
correlated only 10% for CAC40 index (France). Hungary series returns are minor negatively
skewed at -0.06 and kurtosis 6.30. BUX index stands forth rank at 0.0151 SD. GARCH (1, 1)
model fitted well to asset returns at significance level of 5%. Moreover, EGARCH (1, 1) and
GJR (1, 1) models confirm the presence of leverage effect in series returns that ensures that
like other stock markets, the series return of BUX index (Hungary) also responds more to
negative news effect.

3.9. Empirical results for Romania:

BET index considered as specimen index of Romania consisting 4621 daily stock price ob-
servations. Stock market of Romania follows transmitting pattern of Canada that correlated
at degree of 84%, followed by Poland at 78.9% and Hungary 78.6%. Dow Jones Industrial
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Average of US is correlated at degree of 65% followed by UK index 60%. CAC40 of France is
lowest observed market that correlated at 19%. BET index assessed for summary of statistics
and property suggests that asset returns are second highest negatively skewed return (-0.50)
along with second highest kurtosis (9.16) and third highest degree of standard deviation
(0.0152). Like no other BET index provides evidence of historic growth in index returns
that transmitted BET index trading from three digits lower than 500 to breached level of
10000 index points in just six years. This event is noted as highest financial market growth
at least among rest of selected countries. Global financial crisis impacted heavily on BET
index (Romania) movement and found much weaker market movement after financial crisis.
Impact resulted BET index to trade merely 2000 and recovered 6000 points of loss. Financial
market of Romania also provides history of several negative and positive magnitude shocks
that exceeds 0.5 and some of even exceeds 0.10 of magnitudes. GARCH (1,1) model fitted
better to return series compared to asymmetric GARCH models.

3.10. Empirical results for Japan:

NIKKEI225 index is official represent financial market of Japan covering 4603 daily closing
observations. Japan’s financial market has suffered asset loss several times with many reasons.
Even long before financial crisis the index being traded over 20000 index points. NIKKEI225
index bear asset loss of over 12000 long before GFC that resulted index to trade at level of
8000 points. However, being developed financial market and expectations of investors result-
ed recovery of 10000 points in just three years. Financial crisis impacted NIKKEI225 index
again to trade at level of lower than 8000 from 18000. In particular, impact analysis indicates
that asset loss caused by global financial crisis is lower than loss impacted earlier period from
year 2000 to 2002. Transmitting pattern of NIKKEI225 index found highest correlated with
market movement of UK at degree of 79.9% followed by US at 73% and Germany at 75%.
It is noticed that NIKKEI225 index market movement highly correlated with DAX index of
Germany than DIJA index of US. Japan’s financial market is unique to follow market move-
ment of France at degree of 71% and SPAIN at 51%. Least correlation found with market
movement of Poland which is 38%. Japan’s NIKKEI225 index holds second rank in high
degree of standard deviation (0.0152), fifth in excess kurtosis 7.04 and third in negatively
skewed return at (-0.40). EGARCH (1, 1) and GJR (1, 1) models fitted well to series return
and found presence of leverage effects. GARCH (1, 1) model fitted perfectly to asset returns
and identified NIKKEI225 index with high and persistent volatility.

3.11. Empirical results for China:

Shanghai Stock Exchange (SSE) index (China) is an official financial market indicator and
considered for study based on 4571 daily closing price observations. An independent trans-
mitting pattern found in series return of SSE index during 2000 to 2018 established that
SSE China does not follow any market over 70%. It found correlated highest with market
movement of Canada at 67% which is followed by Germany at 61% of correlation. More
significant correlation found with Romania 60%, Spain 57% and even Poland at 55% com-
pared to DIJA of USA at 52% and UK 53%. Lowest degree of correlation found with France
which is 31% correlated. Shanghai Stock Exchange (SSE) index assessed with its summary
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of statistics property and found with highest standard deviation 0.0156 that ranks on top of
SD ranking and forth in negatively skewed returns (-0.35), whereas kurtosis ranked series
returns of SSE China at tenth at degree of 5.02. Strongest boom and high rise of SSE identi-
fied before financial crisis where indexed jumped from merely 1000 to 6000 points in three
years. An index level of 6000 which was earlier to GFC identified as historic high. Financial
market of China recovered asset damage from global financial crisis over 80% till 2016 but
other economic and global matter result further correction that resulted index again to trade
around 3000 points. GARCH (1, 1) fitted well to series returns of SSE China compared to
fitness of asymmetry GARCH models. Nevertheless, presence of leverage effect is confirmed
by EGARCH (1, 1) model and also GJR (1, 1) model.

3.12. Empirical results for India:

Bombay Stock Exchange (BSE) index is an official financial indicator for India and have been
considered with 4568 daily closing observations from January 2000 to June 2018. It is found
that BSE index jumped from 5000 points to 35000 index level within study period. BSE index
traded about 20000 before GFC impact and resulted impact to trade BSE at level of lower
than 8500. BSE is only index that could recover global financial crisis impact earliest and
grown further in immediate years. There are several unpredictable positive shocks resulted up
to 0.15 magnitudes which is highest level of magnitude shocks from rest of sample countries.
The property of summary of statistics indicates —0.20 negatively skewed returns where 7.73
kurtosis that makes leptokurtic impact on asset returns. BSE, an Indian financial market is
highly correlated with Canada’s S&P TSX 90% followed by DIJA index(USA) at 88% and
DAX index (Germany) at 86%. It is found abnormal when it is noted that BSE also correlated
with emerging European market of Hungary at 83% and Romania at 74%. It further makes
more surprise when it is noted that emerging European market correlation is higher than
developed market of FTSE100 index (UK) which is correlated at 70%. At the other side, it is
CAC40 of FRANCE that least correlated with market movement of Bombay Stock Exchange
(BSE) index at 4%. BSE index closing returns fitted perfectly in GARCH (1, 1) and also fitted
well in asymmetric GARCH models i.e. EGARCH (1, 1) and GJR (1, 1) but confirms high
and persistence volatility and also the presence of leverage effects in series returns.

What do your empirical results mean in terms of GARCH and GARCH type models?
Symmetric GARCH (1, 1) by Bollerslev (1986) fitted on all selected group of developed and
emerging financial markets. We have forecasted selected 12 financial markets representing
groups of American, European and Asian developed and emerging markets. GARCH (1, 1)
property result indicates higher forecasting ability and efficiency for model fitness. It is found
that Asian emerging market specimen SSE Composite index (China) and BSE Sensex (In-
dia) have most persistent in volatility. The GARCH (1, 1) estimate expands 0.998067 and
0.996808 respectively for SSE Composite Index and BSE Sensex. North American specimen
index S&P TSX Index (Canada) found highest persistent in selected groups of developed
markets, whereas WIG20 (Poland) and IBEX35 (Spain) found most persistent in volatility
financial market from Europe continent. The most and persistent in volatility all selected
financial markets are estimated by GARCH (1, 1) and its asymmetric effect i.e. reflection of
past volatility movement on present explored by Exponential GARCH (EGARCH) and GJR
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GARCH. All selected market found presence of leverage effect explored by GARCH asym-
metric models EGARCH and GJR. This indicates that regardless being developed or emerg-
ing market, the past volatility last for longer period of time. It stretches negative movement
for longer duration and create more shocks negative than positive.

GJR forecasts impact of positive news for developed and emerging markets. Statistical
property of GJR indicates that BET (Romania) an European emerging market found with
highest degree of alpha, 0.195553 followed by Asian developed specimen NIKKEI 225 (Ja-
pan) 0.101248. It provides information that mentioned both countries react more on positive
news compared to rest sample countries. Among the application of three models, GARCH
(1, 1) is more efficient and suitable to estimate volatility for selected group of countries. Ap-
plication of GARCH (1, 1) objected to estimate the volatility pattern in American, European
and Asian markets. Whereas to identify, whether any of these financial market have impact
of past volatility on present day volatility being explored by employing asymmetric EGARCH
and GJR model. A study on forecasting S&P 100 index volatility using asymmetric models
EGARCH and GJR models achieve most accurate volatility forecast by Liu and Hung (2010)
found evidence that strongly demonstrate asymmetric components. Dutta (2014) employs
GARCH, EGARCH and GJR to model symmetric and asymmetric volatility, the finding sug-
gests that positive shocks are more common than negative shocks. Volatility estimates for
emerging markets provides high and frequent positive and negative magnitudes. Particularly,
Asian emerging markets i.e. China and India found most volatility in nature compared to
European emerging markets. The developed financial market indices for North America
and Europe found less volatility and captures least impact of positive news. It is found that
American market Dow Jones Industrial Average movement create transmitting pattern on
European and Asian markets, except least transmitting pattern on Spain and France.

Conclusions

Our research paper provides additional empirical evidence regarding investment opportu-
nities and risk management based on international portfolio diversification generated by
abnormal volatility transmission and contagion patterns between emerging and developed
stock markets. A diversified investment portfolio can generate significant returns and mini-
mize risk exposure. Diversification plays an essential role in case of long-term investment
strategy. Moreover, this empirical study contributes to the scarce existing literature on volatil-
ity spillover effects and contagion patterns between emerging and developed stock markets
geographically dispersed on different continents. Most previous empirical studies focus on
one or more countries in the same region. Financial market volatility, whether has risen from
developed or emerging economies, is widely estimated with autoregressive models consistent
with heteroskedasti city that measures volatility. While volatility of one country reflects on
other country which is also measured by correlation matrix, the transmission pattern can
be mapped. Our findings are in line with other empirical evidence previously mentioned in
the literature review section.

GARCH and GARCH type models have been applied in order to estimate volatility for
selected developed and emerging financial markets of North America, Europe and Asia.
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Models used for financial market series returns as it incorporates the past volatility behav-
iour on present movements. GARCH models explore generation of financial series given the
exogenous and explanatory variables. GARCH (1, 1) provides detail for symmetric distribu-
tion for selected American, European and Asian environmental modelling. An asymmetric
GARCH models reveals different magnitude effect of past volatility on present day volatility.
Further, application of GJR provides information that how developed and emerging market
perceive news impact on volatility. This research paper explores that North American market
have highest transmitting pattern in volatility i.e. Dow Jones Industrial Average and S&P TSX
specimen of US and Canada. Germany is the only country from the European continent
which captures transmitting pattern of FTSE 100 (UK). None of Asian emerging market
captures transmitting pattern of Asian developed market. This research study is based on a
complex empirical analysis of a consisting sample cluster of 12 countries that includes North
American, European and Asian both developed and emerging economies. Those particular
countries have been selected in order to study volatility spillovers, stock market movement
patterns, interdependence, financial integration correlations among selected stock markets,
and leptokurtosis. Moreover, this research paper provides additional empirical evidence re-
garding capital markets behaviour (both emerging and developed), volatility spillover pat-
terns, similar reaction to external shocks, international contagion, impact of new information
on the capital market, investor risk aversion behaviour, risk management optimal strategies
and international portfolio diversification benefits. Increasing volatility spill over impacts
makes it more difficult to diversify away the portfolio risk. The portfolio selection strategies
of international investors are very important, especially in the context of globalization and
financial liberalization. Thus, superior investment performance can be achieved on the ba-
sis of international portfolio diversification. A diversified investment portfolio can generate
significant returns and minimize risk exposure.

GARCH (1, 1) model is a combination of ARCH (1) and GARCH (1) term which is
denoted by al + bl which shows positively results for empirical studies. Symmetric and
asymmetric GARCH models revealed that all selected financial markets are highly volatile,
including the presence of leverage effect. In particular, BUX index (Hungary), DIJA index
(USA), DAX index (Germany), BSE index (India) and S&P TSX index (Canada) were found
with high positive volatility after global financial crisis. The stock market of IBEX35 index
(Spain), WIG20 index (Poland) and SSE index (China) were found with multiple presence
of transmitting pattern that creates mixture of negative and positive volatility at same time
and makes slower the actual asset growth. NIKKEI 225 index (Japan), FTSE100 index (UK),
BET index (Romania), and CAC40 index (France) faced larger amount of corrections in asset
prices and may possibly nominated for probable markets which may grow upward in straight
directions. It is noted that Dow Jones Industrial Average is replaced by S&P TSX of Canada in
following developing market pattern. Countries like India, China, Hungary, Romania, France,
Poland and Spain follow transmitting pattern more of Canada compared to DIJA of USA.
There are only several exceptional cases of developed financial markets, i.e. Japan, Germany
and UK, represented by their main stock indices, i.e. NIKKEI 225, DAX and FTSE 100 that
follow more the movement of USA stock market represented by Dow Jones Industrial Aver-
age (DJIA) index compared to S&P TSX index of Canada.
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In general, it is being observed in most financial market research studies that emerging
stock markets follow the movement pattern of certain developed stock markets. For instance,
Dow Jones or S&P 100 stock indices are very important. GARCH family models can map
volatility magnitudes and asymmetric models can capture asymmetric events such as lever-
age effect of volatility clusters. Contagion impact also indicates mapping of volatility clusters
of specific stock market with application of asymmetric GARCH type models. We employed
EGARCH and GJR models in order to estimate asymmetry for our cluster of stock markets.
In the process of employed asymmetric models we objected to abstract leverage effect or
volatility clusters in respective financial markets. With availability of research outcome and
based on employed statistics we provide capture of relationship between selected financial
market. The empirical findings of our research study provide significant information in order
to highlight the dependence between certain international stock markets. Further we have
crossed examined cross-correlations in case if exists. In addition to construct risk-leverage
portfolio, such information provides essential input to determine dependency over related
financial markets. As diversified portfolios are results of splitting up total investments that
determine and distribute total risks.

A further extension of this research paper will focus on investigating co-movements and
inter-linkage between developed and emerging capital markets in Asia, Africa, Europe, South
America and North America based on international portfolio diversification. Further re-
search could also cover a much longer period of time, so that we can analyze the implications
of several extreme financial events. Our research study contributes to existing literature be-
cause the empirical evidence has a great impact on international investment process and risk
management, especially in terms of globalization and financial liberalization. International
diversification contributes to ensuring the protection of portfolio value by reducing overall
investment risk and returns volatility. Our empirical findings should be useful to regulators,
domestic and foreign financial market practitioners, policy makers, corporations, institution-
al and private investors, researchers, academics and scientists. For instance, regulators and
policy makers can use this research study to implement a legal regulatory framework in order
to temper cross-market correlations of excessive stock price movements. Institutional and
private investors can use our empirical study for a better understanding of optimal portfolio
construction, capital asset pricing and risk management. Moreover, our original selection of
certain developed and emerging stock markets from three different continents can provide
a useful perspective for researchers, academics and scientists. However, our empirical study
has certain limitations regarding the relatively small number of selected stock markets, i.e.
only 12 stock markets (7 developed and 5 emerging stock markets). More than that, the
econometric framework can be more elaborated by applying methods based on artificial
intelligence, fuzzy logic, data mining or hybrid methods. Future research directions will take
these aspects into account in order to improve the empirical results.
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