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Predictive directional measurement volatility
spillovers between the US and selected Asian
Pacific countries

Heitham Al-Hajieh®*

Abstract: Since portfolio management relies on the association of portfolio diver-
sification, analyzing the spillover between the United States (US) and Asian-Pacific
financial markets has become more critical. If Asian stock markets have low or
negative correlations with each other and/or the US market, global investors may
benefit from diversification. This study examines the return and volatility spillover
between the S&P 500 and 12 Asian stock markets using weekly data from
January 2000 to February 2020. DECO-GARCH models are employed to measure
volatility transmission between markets. A generalized VAR, variance decomposi-
tion, and spillover index is employed to investigate the directional spillover across
the sample, allowing for a focus on the interdependence of the conditional returns,
conditional volatility, and conditional correlations between the stock markets.
Hedge ratios and portfolio weights use to examine the results’ implications for
international portfolio diversification and risk management. The study calculates
the effectiveness of hedging equities portfolios between markets, using the beta
hedge approach to minimize the risk of this stock market index returns portfolio.
The results demonstrate that Hong Kong and Singapore have a clear direction of
a return to other stock markets, whereas China has a clear net recipient. The US
market does not provide a superior hedging ratio for Asia-Pacific nations. For other
stock markets, India, Hong Kong, and New Zealand have the best hedge ratios,
portfolio weights, and hedging efficacy. Finally, this research raised the information
linked between the stocks market index and can also apply to improve international
portfolio by re-considering the cheapest hedging markets and improving the trading
strategies in international markets.

Subjects: Economics; Economic Forecasting; Finance; Investment & Securities

Keywords: Asia Pacific stock markets; financial market contagion; directional spillover
index; hedging equity portfolios; DECO-GARCH model

Jel classifications: C58; F36; G1; G11; G17

1. Introduction

How the stock market responds to information transmission across financial marketplaces deter-
mines how investors might recover their investment plans to maximize profits. For example,
investors may reduce risk and build portfolios by including the lowest number of linked shares
across markets. Since the 1990s, global financial instability has compelled investors and portfolio

© 2023 The Author(s). This open access article is distributed under a Creative Commons
Attribution (CC-BY) 4.0 license.
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managers to reduce risk by diversifying portfolios. That has increased the importance of estimating
the depth and length of volatility spillovers destabilizing other markets. Spillover analysis identifies
shock sources and shock takers. The leading financial markets found that it influences other
financial markets; for example, it is more probable that the United States stock markets would
be spillover sources on different financial markets (Cheung et al., 2007; Granger, 1986; Hamao
et al, 1990; King & Wadhwani, 1990; Yilmaz, 2010). Lately, Lien et al. (2018) observed that
volatility spillovers from the US markets to foreign markets are unidirectional only during financial
crises. Instead, research shows that stock market shocks originate in the US and extend to other
financial markets.

Previous studies have revealed that the US stock markets have detrimental effects on other
financial markets. While many economic indices have improved since the financial crisis in 2007,
stock markets have been among the first to benefit, as risk aversion and interest rates have
reduced, and investors seek higher returns and reinvest their capital in the stock market.
Furthermore, evaluating the spillover between the US and Asian-Pacific financial markets for
portfolio diversification is becoming more vital since portfolio output depends on the association
between portfolio resources. Indeed, if Asian-Pacific stock markets have negative or low correla-
tions between each other and/or with the US market, it provides diversification investment
opportunities for international investors.

The Asian Financial Crisis of 1997-98 and the Great Recession sparked a regional and country-
level financial industry reform agenda. As a result, a rapid shift in its financial markets’ institutional
structure has occurred. Since the beginning of this century, these markets have grown significantly,
with several regional markets showing extraordinary depth and resistance to external shocks.
There has also been an increase in equity markets and a more comprehensive range of investors.
The latest Bank for International Settlements (BIS) report also shows that Hong Kong, Singapore,
Sydney, and Tokyo’s foreign currency and derivative markets are expanding.

Nowadays, Asia-Pacific nations constitute the world’s largest trading union by value, ranking first
in exports and second in imports with 5.3 trillion US dollars (2019), 30 percent of the world’s GDP,
which is greater than the sum of the US and EU trade, or 4.3 trillion US dollars. The Regional
Comprehensive Economic Partnership (RCEP) countries along the endorsement process in the next
10 to 20 years will also become the world’s largest market with a population of 2.3 billion people,
of which 69 percent will come from the world’s three leading economies: China, Japan, and South
Korea which will be associate for the first time in a Free Trade Agreement (FTA), comprising
1.6 billion people and accounting for 80 percent of their total GDP.

The Asia-Pacific market presents a bright outlook for the next decade, with a consistent increase
in economic development that is 2 to 3 times the EU or US growth rate, with a predicted average
growth of 0.2 percent per partner nation every year by 2031. Due to the significance of intrar-
egional trade flows and investments, the simplification of procedures and laws, rules, and regula-
tions. Through economic or technical exchanges, interregional investments are promoted in
activities with reciprocal advantages to strengthen regional or global linkages. For instance,
Japan’s investments with China have reached 38.6 percent of its total investments,
397.07 billion, according to estimates from the World Bank from January to April 2021.

The critical contribution of this study is to examine whether or not leading stock markets, such
as the US market, impact the performance of other markets across more extended periods and
larger sample sets. Since portfolio production relies on the association of portfolio resources,
analyzing the spillover between the US and Asia-Pacific financial markets has become more
critical. If Asian stock markets have low or negative correlations with each other and/or with the
US market, foreign investors may benefit from diversification. More precisely, this study examines
dynamic spillovers between the US market and selected 12 Asian-Pacific countries from 2000 to
2020, including Australia (AUS), China (CHN), Hong Kong (HKG), India (IND), Japan (JPN), Malaysia
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(MYS), New Zealand (NZL), the Philippines (PHL), Singapore (SGP), South Korea (KOR), Taiwan (TWN),
and Thailand (THA). Engle and Kelly (2012) dynamic equicorrelation (DECO) specification and
generalized autoregressive conditional heteroscedasticity (GARCH) model, Diebold and Yilmaz
(2012), are used to examine the path and magnitude of spillovers.

Second, we introduced a DECO-specific GARCH model. However, this causality varies continually,
streamlining the log probability of high-dimensional return estimation. DECO is not replacing
Engle’s (2002) traditional dynamic conditional correlation (DCC) model. Compared to the DCC
model, DECO utilizes additional data to analyze the changing correlations across returns, decreas-
ing the correlation measurement disturbance. Thus, GARCH models are essential to comprehend-
ing the relationship between co-volatilities.

Diebold and Yilmaz’s (2012) spillover index focuses on the prediction-error variance decomposi-
tion technique from a particular vector autoregressive (VAR) specification that invariants predic-
tion-error variance decompositions to changing directions. Therefore, one way to measure the
impact of directional spillovers is to calculate their net exposure to the information exchange
mechanism of other markets. For example, spillovers between stock markets in Asia and other
regions of the world, as well as within Asia, can be detected by measuring directional returns and
volatility.

The final contribution examines the net spillovers experienced by each market to evaluate
whether or not it has been net beneficiaries or transmitted spillovers over the sample period. Let
us look at it from the perspective of actual economic dependency. The discoveries of net return
and volatility spillovers enable us to comprehend the direction of data and information transfer
and identify the net transformer and net receiver of financial data across the entire Asian-Pacific
equity markets. It is advantageous for fund managers to recognize net receivers and transformers
to reduce the risk of connectedness in their portfolio diversification, modify their investment
strategies within a reasonable timeframe, and improve their investment and hedging financial
choices to maximize their returns.

This paper is structured as follows. Section 2 discusses previous research findings, and Section 3
explains the evidence and methodological problems. Section 4 discusses this study’s data, and the
analysis presents analytical evidence that assesses our tests’ robustness. Finally, Section 5 gave
the conclusion of this research.

2. Literature review

Asset pricing and statistical integration models have been used in previous research to examine
the consequences of market integration and diversification. The asset pricing viewpoint defines
market integration as consistent pricing across markets for assets with similar risk profiles. If the
mean-variance concept holds, securities traded on many integrated markets should cluster
together on the same security market line. However, according to the statistical integration
model, markets are integrated if securities prices across markets tend to move together over
time. The level of foreign market integration has significant ramifications for investors’ investment
strategy and capital market efficiency, making this study area increasingly popular in recent years.
As market integration increases, the benefits of diversity may diminish. Furthermore, the weak-
form market efficiency may be compromised when price series are cointegrated since it implies an
error-correcting representation of the security prices (Granger, 1986).

Financial market integration creates a world where returns and volatility are intrinsically linked.
Financial markets worldwide, no matter whether they are far from each other, have become
increasingly integrated because of the proliferation of digital communications and the liberal-
ization of international trade. The term “spillover” describes the effect of increased connectivity
between global financial markets on the spread of newly-emerging information from one country
to another. Because of its importance in asset pricing, cost of capital estimation, risk evaluation,
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and the evaluation of foreign portfolio diversification, this interdependence has garnered the
attention of academics.

There are two components to the spillover effect: the return spillover and the volatility spillover.
First, information on stock returns and volatilities spreads abroad, illustrating the interconnected
nature of financial markets worldwide. Traditionally, stock returns are considered a proxy for the
market level. Second, stock volatilities are considered a proxy for market risk. As a result, the mean
and variance of asset returns are often used in most portfolio theories to assess the return-to-risk
trade-off (Markowitz, 1952).

Five approaches for investigating the spillover effect have been proposed in the empirical
literature, assuming statistical integration models. The first approach takes into account the spil-
lover effect by using correlation coefficients, either conditional or unconditional (Reinhart & Calvo,
1996 Forbes & Rigobon, 2002; Hwang, 2014; King & Wadhwani, 1990; Lee & Kim, 1993; Z. Liu et al,,
2020; Panda & Nanda, 2018; Zhong & Liu, 2021). The second approach cointegration framework
used to measure the spillover impact (Abdulrazzaq et al.,, 2019; Athari et al., 2021; Cashin et al,,
1995; Chou et al., 1994; Gulzar et al,, 2019; Hung & Vo, 2021; Kannadas & Viswanathan, 2022;
Longin & Solnik, 1995).

The third approach looks at the highest prices in different markets. Using multivariate extreme
value theory to measure how excessive stock returns all act together (Athari & Hung, 2022; Baele
et al,, 2004; Chan et al., 2004; Christensen & Nielsen, 2007; Harrison & Moore, 2009; H. Hong et al,,
2002; Hussain et al,, 2022; K. Liu et al., 2019; Melvin, 2003; Milunovich & Thorp, 2006; Xiao, 2020).
The fourth and perhaps most broadly utilized approach is the VAR plus GARCH model, which can be
employed to investigate returns as well as volatility spillovers synchronously (Ahmed et al.,, 2022;
Bekaert & Harvey, 1995; Bekaert & Hodrick, 1992; Campbell & Hamao, 1992; Engle et al., 1990; Eun
& Shim, 1989; Hamao et al.,, 1990; Kondoz et al., 2019; Mathur & Subrahmanyam, 1990; Wang &
Liu, 2016). The fifth approach makes use of the spillover index. With its foundation in variance
decomposition, this index accurately evaluates the extent to which one market affects another
(Bonilla & Sepulveda, 2011; Diebold & Yilmaz, 2012; Fujiwara & Takahashi, 2012; Gebka, 2012; Kang
et al,, 2019; Panda et al., 2021).

It is conceivable that location will play a role among the elements that create spillover effects.
Recent years have seen a greater focus on developing economies than in the past. Over the last
few decades, governments around the globe, but especially in Asia’s financial markets, have
altered their practices to make international investment easier. While considering the effects of
global and regional shocks, Thomas et al. (2017) examine the developed, developing, and frontier
markets in the Asia-Pacific region over the long term. The analysis uses indices of stocks’ weekly
closing prices from January 2000 to June 2016. The findings of the Zivot and Andrews unit root test
and the Gregory and Hansen cointegration test, China and Thailand, Sri Lanka, and Pakistan
markets are reasonably different from the other stock markets in the Asia-Pacific area.
Therefore, international investors can benefit from the diversification potential these markets
provide. Furthermore, the bidirectional cointegration test results indicate that developing and
frontier markets impact developed markets. So, it is safe to assume that the adage “bigger is
better” no longer applies in the modern economy.

Over the last several years, ties between China and the Association of Southeast Asian Nations
(ASEAN) have grown more robust because of initiatives such as the Belt and Road Initiatives and
the creation of the China-ASEAN Free Trade Area. In addition, Chinese and ASEAN stock market
contacts have grown due to China’s partial openness of its financial markets to global investors.
Uludag and Khurshid (2019) analyze the impact of Chinese stock market volatility on stock markets
in the E7 and G7 countries from 1995 to 2015. Based on the generalized VAR-GARCH method
applied to daily closing prices. The results show that the volatility of the Chinese stock market
considerably affects stock markets in the E7 and G7. Specifically, the stock markets of nations in
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the same area as China tend to move in tandem. For the E7, the most significant volatility spillover
occurs between China and India, whereas for the G7, it occurs between China and Japan. In
addition, the optimal weights and hedging ratios analysis indicates that investors should have
a greater allocation of equities from G7 nations than E7 countries. As a result, liberalization
measures frequently resulted in a higher similarity between regional and global market returns.
Therefore, more significant cross-national spillover effects are to be anticipated.

Additionally, using daily data, Zhong and Liu (2021) used multivariate GARCH models to highlight
dynamic conditional relationships and the volatility spillovers between the Chinese and five
Southeast Asian stock markets from 1994 to 2019. The results show a positive dynamic conditional
correlation between China and five Southeast Asian stock markets, which reached its highest point
in 2015, just around the time of the Asian financial crisis, the US subprime mortgage crisis, and the
stock market decline. While other researches have drawn different results, Chen and Wang (2021)
use the Copula-TV-GARCH-CoVaR model and the MES model to examine the interdependence and
risk spillover effects between the Chinese and ASEAN-6 stock markets from 2010 to 2021. Except
for Vietnam, these stock markets appear to have a dependence pattern. The level of dependency
was highest for the pair China and Singapore and lowest for Vietham and the Chinese stock
market.

Moreover, it has demonstrated that the correlation between markets is more significant in times
of high volatility than in times of low volatility. As a result, spillover effects might change over time
and across different contexts. The financial contagion effect characterizes an increase in the
strength of links across markets during a crisis. However, such research has focused on the time-
varying nature of market integration by high and low volatility periods (Dungey et al., 2010; Favero
& Giavazzi, 2002; Forbes & Rigobon, 2002; M. H. Pesaran & Pick, 2007; Kirikkaleli & Athari, 2020;
Kondoz et al., 2021). Xiao (2020) studies the effects of Chinese stock market volatility on major
East Asian markets in calm and tumultuous years (2014-2018). He uses the Markov regime-
switching model, extreme value theory (EVT), and the Covariance matrix of risk (CoVaR). Using
direct CoVaR, he revealed several fascinating findings, including that negative and positive spil-
lovers vary during turbulent and calm times (except for the China-Japan and China-South Korea
pairs during the tumultuous period). In addition, indirect data suggest distinct changes between
turbulent and calm periods.

While financial crises on a global or regional scale are known to cause spillover effects, there is
some evidence that these impacts amplify over specific periods (Baig & Goldfajn, 1999; Caporale
et al, 2006; Gulzar et al., 2019; D. Hong et al., 2003; Saleem & Vaihekoski, 2008). Gulzar et al.
(2019) investigate the financial cointegration and the spillover effect of the global financial crisis
on developing Asian financial markets. They used daily stock returns from 2005-2015, and those
returns divide into pre-crisis, crisis, and post-crisis periods. They used the Johansen and Juselius
cointegration test, the vector error correction model (VECM), and the GARCH-BEKK model to
analyze integration and conditional volatility. They found that the US and emerging stock markets
cointegrated over the long run, and cointegration rose following the crisis period. When a shock
occurs in the US financial market, it temporarily affects the returns of developing financial markets,
as seen by the VECM and the impulse response function. Past shocks and volatility affect selected
stock markets more than any other historical period. The only stock markets that experienced
cross-market news and volatility spillover effects during the crisis era are the South Korean Stock
Price Index and the Indian stock exchange. After the crisis, the information favored the India and
Russian stock markets but negatively affected Malaysia and China. Samitas et al. (2022) examine
the impact of the recent COVID-19 pandemic on 51 developing and developed stock markets. They
find the volatility and the contagion risk in the stock markets during the COVID-19 pandemic by
employing dependency dynamics and network analysis on a bivariate basis. Evidence suggests
that the shutdown and subsequent transmission of the new coronavirus caused immediate
financial contagion.
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There is an investigation into the possibility of extreme risk spreading across developed and
developing stock markets. Su (2020) investigated significant risk spillover among developed and
emerging stock markets employing weekly data from 1998 to February 2017 of the G7 and BRICS
stock markets. While specific G7 stock markets did emerge as net transmitters of high-risk spil-
lovers, others did not, and neither did all BRICS stock markets appear as net receivers. The
developed stock markets (the UK, Japan, and Italy) are net recipients of average significant risk
spillovers. In contrast, Brazil is a giant net transmitter in the emerging market category. While
high-risk spillovers between the G7 developed and the BRICS developing stock markets, this was
only the case for the pairwise direction spillover.

Moreover, the result revealed that the severe risk spillovers showed substantial evidence of time-
variability. In particular, the United States, Germany, France, and Canada were net transmitters of
severe risk spillovers. In contrast, the stock markets in the United Kingdom, Italy, and the BRICS
countries are net receivers.

The results of other publications, however, differ. Evidence of the “Wall Street Virus,” as Chan
et al. (2004) dubbed the spread of instability from the US to Asian markets, was provided. In 2007,
Bayoumi and Swiston identified the worldwide financial situation as the primary source of spil-
lovers. The spillovers from the United States to Asian economies have grown in recent decades,
according to an IMF (2008) assessment. While China’s financial influence in Asia has grown,
Fujiwara and Takahashi (2012) found that the United States was the primary cause of the shifts
they saw. Trung (2019) uses a VAR (GVAR) framework to analyze the effects of a US policy
uncertainty shock on the rest of the world, with data from 32 countries accounting for even
more than 90% of global GDP. We find that shocks to US policy uncertainty have a significant
role in causing international business cycle variations. However, the effects of US policy uncertainty
(such as monetary policy uncertainty vs. fiscal policy uncertainty) on other nations vary widely
depending on the characteristics of the country in question (e.g., level of development, trade and
financial openness, and quality of institutions).

While in the Asian region, Kang et al. (2019) analyzed data from 2003-2019, using the dynamic
equicorrelation (DECO) model and the spillover index of Diebold and Yilmaz (2012), the results
show directional spillovers from world stock markets to ASEAN-5 stock markets are more sub-
stantial than in a reverse way. Also, over time, the degree of spillover to global markets varies
between the ASEAN-5 stock markets. They corroborate the strength of information transmission
during turbulence by verifying an increase in both return and volatility spillovers during financial
crises. Jebran et al. (2017) examine the volatility spillover impact among developing Asian markets
from January 2001 to December 2013 (using daily data). The EGARCH model results found
evidence of volatility spillover between the India and Sri Lankan stock markets in both periods
and both directions. They detect bidirectional volatility spillover between the Indian and Sri Lanka
stock markets in both sub-periods. Nevertheless, volatility spillover is bidirectional between
Hong Kong and India stock markets, Pakistan and India in the pre-crisis era, and Sri Lanka and
Pakistan in the post-crisis period. The findings show that volatility spillover changes from normal to
tumultuous times.

Researchers focused on the five major developed markets: the United States, the United
Kingdom, Canada, Germany, and Japan. An ongoing hot topic in finance is integrating US and
international stock markets. Zhang et al. (2020) examine the geographical connectivity aspects of
the volatility spillover network across the G20 stock markets from 2006-2018. They used the
GARCH-BEKK model, estimated volatility connections, and built dynamic volatility networks by
splitting the entire sample into five subsamples. The findings prove widespread volatility contagion
among stock markets in the G20. In particular, volatility spillovers exhibit numerous evident
superposition phenomena, further strengthening the network’s stability. Unstable markets also
increase the strength of spillover relationships and the volatility rate.

Page 6 of 38



Al-Hajieh, Cogent Economics & Finance (2023), 11: 2173124 *;‘ Cogent oo economics & ﬁ nance

https://doi.org/10.1080/23322039.2023.2173124

Mensi et al. (2021) increased the sample size by collecting data from 16 stock markets at 5-minute
intervals and spanning the period from January 2014 to December 2019. The most significant aspect
is that the stock markets of Japan, New Zealand, Brazil, and Russia are net receivers. In contrast, the
United States, Canada, France, Indonesia, Korea, India, and Taiwan stock markets are net transmit-
ters. Additionally, India, the United States of America, Korea, and Indonesia are all powerful trans-
mitters. It is also noteworthy that most nations in the Asia-Pacific region were responsible for
transmitting adverse shocks to other markets in 2016. In addition, there is a robust connection
between the United States of America and Canada, France and Germany, and Hong Kong and
South Korea. They also discovered that adverse shocks are more prevalent than positive volatility.
On the other hand, emerging economies such as India, Thailand, China, Taiwan, Brazil, and Russia
have been hit hard by asymmetric spillover and have suffered increased negative volatility.

Studied the correlation between developed and developing stock markets for signs of volatility,
Bala and Takimoto (2017) contributed to this work. It uses weekly stock market data beginning in
January 1994 and ending in January 2016, together with multivariate-GARCH (MGARCH) models
and their modifications, to examine the effects of volatility spillovers on stock returns in developing
and developed markets. In addition, they alter the BEKK-MGARCH-type models by integrating
financial crisis dummies to evaluate the impact of the crisis on volatilities and spillovers and
analyze the global financial crisis (2007-2009) on volatility interactions in the stock market. The
most important findings show that during times of financial crisis, correlations among developing
markets grow despite generally being smaller than those between developed markets.
Furthermore, they find evidence of volatility spillovers and that own-volatility spillover are stronger
than cross-volatility spillovers for developing markets, indicating that shocks have not been
transmitted extensively among developing markets compared to developed ones. In addition,
they discover substantial asymmetric behavior in developed markets while only detecting faint
evidence for developing markets.

Trihadmini and Falianty (2020) used the DCC-GARCH model to analyze the spread of volatility from
four developed stock markets to those of five ASEAN nations during the crisis period between 2005
and 2009. The results indicated that the DCC coefficient significantly increased during the crisis,
demonstrating the contagion impact from developed-country markets to the five ASEAN stock
markets, excluding the Dow Jones Index to the Philippines, Malaysia, and Hong Kong. Moreover,
except for Malaysia, the crisis-era saw a more significant spillover effect than the pre-crisis period.
Still, volatility’s impact on the stock return movement in the five ASEAN countries declined.

Finally, The spillover phenomenon explains in several ways. The first is that market imperfections
might make specific markets respond more slowly than others to identical information. The slow
spread of foreign knowledge traces internal spillovers within a timeframe (Kyle, 1985; Strohsal &
Weber, 2015). Second, it is slow to react to new information since local investors do not have
access to news of overseas market moves until after the trade has already taken place (Gong et al,,
2021; Strohsal & Weber, 2015; Yarovaya et al., 2017). Financial volatility spillover is the focus of
Strohsal and Weber’s (2015) investigation of the relationship between international stock market
interaction and financial volatility. They demonstrate that volatility-dependent cross-market spil-
lovers can be viewed in two distinct ways: as an indication of information flow or uncertainty. If
greater (lesser) volatility in one market causes greater (lesser) reactivity in another market,
volatility represents the information (uncertainty). In addition, the herding behavior hypothesis
has emerged as a prominent alternative explanation within behavioral finance theory (Liu & Gong,
2020; Yasir & Onder, 2022; Zhang & Giouvris, 2022). Leung et al. (2017) examined volatility spillover
between the equity markets of DJI, FTSE 100, and N225 from 2001 through 2013. They found
evidence of contagion between markets attributable to irrational investors’ behavior.

3. Methodology
Many econometric methodologies use to analyze the spillover effects between marketplaces. The

initial method focuses on examining the relationship between financial market risks and volatility,
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and it uses to quantify risk and emphasize volatility spillover. Using the GARCH generalized VAR-
GARCH technique, for instance, Arouri et al. (2011) evaluated the degree of volatility spillovers
across oil and commodities markets in Europe and the United States. Srivastava et al. (2016)
applied the same model to examine the risk-return characteristics of the BRICS capital markets
and the potential time-varying correlation with the US stock market and volatility spillover. They
discovered considerable mean and risk spillover between the S&P option and sovereign CDS
markets. So global shocks affect the S&P options market, then spread to the sovereign CDS market.
Whereas Su (2020) used a quantile variance decomposition model to evaluate the spillover effects
on global equities markets, the findings reveal considerable risk spillover effects across all G7 and
BRICS financial markets and how strong risk spillover is between developed and developing
financial markets. Finally, Kang et al. (2019) examine five Asian nations and the US stock market
using dynamic spillovers. They found that Global stock market spillovers to ASEAN-5 market
spillovers are more significant than other global stock markets.

Another technique depends on the Granger causality methodology proposed by Y. Hong et al.
(2009); for example, Wang et al. (2016) examined up-normal risk spillover effects between the UK,
USA, Japan, and China gold markets before and during the current global financial crisis. They
discovered that most severe risk spillovers to Tokyo and Shanghai originate in New York rather
than London, although London outperforms New York in terms of risk spillovers. Liu (2014)
examines the significant volatility risk spillover from the United States and Japan to Asia/Pacific
financial markets, focusing on the probability causality of Granger adoption. He revealed that
China is the least sensitive to extreme downside risk in the United States and Japan, Australia is
the most exposed to the United States, and Singapore is the most susceptible to Japan. In
addition, he discovered that most Asia/Pacific markets have become more sensitive to extreme
downside risk in the United States and Japan.

This research examines the direction and magnitude of spillovers from the United States to the
Asia-Pacific stock markets and between Asia-Pacific countries. The generalized autoregressive
conditional heteroscedasticity (GARCH) model (Engle & Kelly, 2012) applies. Besides the spillover
index and dynamic equicorrelation (DECO) specification model (Aielli, 2013; Diebold & Yilmaz,
2012). This section is listed the empirical techniques that apply in the literature. To calculate the
transmission of uncertainty over 13 capital market indices, the DECO-GARCH Model is used.
Furthermore, the Diebold and Yilmaz (2012) spillover model is applied; it enables the prediction
of complicated behavioral impacts across capital markets to a certain extent.

3.1. The DECO-GARCH model

The DECO-GARCH Model calculates the spillover of uncertainty across 13 capital market indexes.
Furthermore, we use the Diebold and Yilmaz (2012) spillover index to a certain degree, which
allows complex behavioral influences across capital markets to be predictable. Engle (2002) builds
the DCC-GARCH method that mostly gives confidence to model conditional volatility with correla-
tions simultaneously. However, given its adaptability, the DCC estimate involves computing many
more combinations sampled n(n — 1)/2 periods, making it difficult to interpret (Aboura & Chevallier,
2014). To address these constraints, Engle and Kelly (2012) introduced the dynamic equicorrela-
tion framework GARCH (DECO-GARCH), that maximum conditional associations place at the sum
across both dual correlations.

Consequently, and over the study span, this research will calculate timeframe fluctuations in the
connectivity among all markets within deliberation. Unlike the DCC framework, the DECO structure
designs to handle large-scale cross-correlation. Engle and Kelly (2012) used the same covariance
matrix framework in the DCC-GARCH framework.

Define n vector return sequence r; = [ru, .. .7rn7t],. Therefore, ARMA(1,1) estimating process as
follow:
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re=pu—+ ¢rt,1 + et + e with &t = Uth( (1)

Where u is a fixed variable, and & = [51_“.,.75,“]’ is the residual function. u; It is an internally
distributed (i.i.d) mechanism as follows:

Subsequent, the conditional volatilities h;; Appraised from the GARCH(1,1) method as stated in
Eq. (2).

his = wi + aiely_y + Bihje1 (2)

Where ®;>0,q; > 0,5; > O0anda; + ;<1. So as to get the dynamic associations among the investi-
gated component, therefore, the Engle (2002) DCCs’ is applied. Suppose that E; = 0andE;_1 [ete;] =
H:whereE,[] It is the conditional implication that uses t-time information. The conditional variance
framework, H;, so it’s formulated as:

H; = D}/*R.D}/* 3)

Where R; = [p,j‘t} is the conditional structure, whereas D_t = diag(hu, .. ..,h,,_t) is just the condi-
tional structure. Engle (2002) Eqg’s right-hand model. (3) Instead of H;, suggesting the following
complex association structure:

R = {07} Qi) (4)
Qf = diag[Q] (5)
Q=[q] =(1—a—b)S+ a(ut_lu’t,l) +bQr1 6)
Where u; = [uyy, .. .,un‘t], it is the standardized residuals. S=[S;] = E[utu,] is the (n X n) uncondi-

tional covariance matrix of u;;aandb are not negative scalars satisfying (a + b) < 1. The corre-
sponding configuration is DCC-GARCH models.

Aielli (2013) shows in this sense that the Q; Matrix is inconsistent because E[R;] Alone E[Q;] and
proposes a precise model of the correlation-driving mechanism (cDCC):

Q=(1-a-bs + a(oﬁgzut_lu;,loﬁ/f) +bQi 4 (7)

1/2

Where S* is the unrestricted matrix of covariance of Q; ) u;.

To achieve the conditional matric correlation Q; And then, taking the mean of its off-diagonal
elements, Engle and Kelly (2012) suggest the modeling of p; Using cDCC. This method from the
DECO reduces the estimated time. The equicorrelation of the scalar is:

1, 2 . Giie
DECO _ cC; ) _ n-1sn i
P = n(n—1) <J”Rt In n) n(n—1)<i=! Liin Vi Gjit (8)

Where gjj; = pPE© + ape (Ujsjr-1 — pPE©) + bpeco (gt — pPE), since that is the Q; Matrix of the
models of ¢DCC., To evaluate the conditional correlation matrix, in this case, equicorrelation is
applying:
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RDECO (1= p)In + pedn 9

The n-dimetric identity matrix is the J, matrix of one and I,. This claim of equicorrelation leads to
an even easier probability equation when p; is given by Eq (10)

Zt 11— p)" 0= 1)py)) + (E. 160 w(ﬁ 1€ :t)) (10)

DECO models in the new framework have become less complicated and easier to measure. Also, it
avoids the reversal, including its R; Matrix. It is also the rotation of a group with a single coefficient
of dynamic correlation.

3.2. Structure of spillover indicator

According to the empirical literature, the information flow across markets through returns (corre-
lation in the first moment) may not be significant and visible; however, it may have a high volatility
effect (correlation in the second moment). Volatility has been considered a better proxy of
information by Clark (1973), Tauchen and Pitts (1983), and Ross (1989). The ARCH model, devel-
oped by Engle (1982) and later generalized by Bollerslev (1986), is one of the most popular
methods for modeling high-frequency financial time series data volatility. Multivariate GARCH
models with dynamic covariances and conditional correlation, such as the BEKK parameterization
(Baba, Engle, Kraft, and Kroner), CCC (constant conditional correlation), or DCC (dynamic condi-
tional correlation) models, are more helpful in studying volatility spillover mechanisms than
univariate models. The estimation procedure in univariate models becomes extremely difficult,
especially in cases with a large number of variables, due to the rapid proliferation of parameters to
be estimated (McAleer, 2005). Furthermore, these models do not allow for a cross-market volatility
spillover effect, which is likely to occur with increasing market integration (Mensi et al., 2013).

It appears that market returns and volatility between countries are most likely to respond to
each other instantaneously or with some time lags. This possibility calls for VAR modeling to let the
data speak for itself to understand the relationship between the countries better. Therefore,
A generalized VAR, variance decomposition, and Diebold and Yilmaz (2012) general spillover
index is employed to investigate the directional spillover across the sample, allowing for a focus
on the interdependence of the conditional returns, conditional volatility, and conditional correla-
tions between the stock markets. After Diebold and Yilmaz (2012), a stationary N-variable covar-
iance VAR(p) is presumed:

Ve = Yh i bV k + et (11)

When y; is the vector N to 1, ¢y is a coefficient that is supposed to be serially unconnected to N X
N and & is a vector of errors. If there is a standard covariance of the above VAR process, then
a moving average of as y; = Y12, Arer_1—1 is written in N X N matrix coefficient at obedience of
the form A; = 01A1_1 + 0A1, + ... + BpA;_p with the form N X N matrix and the form A; = OforJ<0.

Then standard forecast-error variance decompositions throughout the rolling average descrip-
tion of the VAR model produce the overall spillovers. In the context of generalized variance

decompositions, any conceivable dependency on the grouping of factors can be removed.

And then, the generalized H-step-ahead decomposition of the prediction-error variance is often
proposed as: after Koop et al. (1996) and H. H. Pesaran and Shin (1998):

Page 10 of 38



Al-Hajieh, Cogent Economics & Finance (2023), 11: 2173124 *;‘ Cogent oo economics & ﬁ nance

https://doi.org/10.1080/23322039.2023.2173124

, 2
”jfl Thoo (e/An X&)

T , (12)
ho (€/An TAe1)

O5(H) =

Whereas  is now the vector variance matrix of ¢ errors, then ¢ is the standard deviation of the jth
function standard error. Lastly, e; is a classification vector which will take a value of one for those
on the ith components and zero value for anything else. The spillover index yields a N X N matrix
0(H) = [6;(H)], each part gives the participation of factor j to factors I's forecast error variance. The
Particular variable and cross-variable inputs are found in the 9(H) in the significant directional or
off-directional components, accordingly. As the contribution to a directional or off-directional
components variance is not a total of one, that is, ZjN:l 6 For the variance decomposition matrix
(H) # 1, each entry is normalized with its row sum as follows:

gU.(H) - M (13)

Zszl 94‘1‘("’)
with 3, 6;(H) =1 and Y, 6;(H) = N by structure.

Therefore, the definition of a total spillover is as follows:

2ij=10i(H)
J#1

TSH) = —F——
) >l 05(H)

1w .
J#1

The whole index calculates the average contribution of shocks to the overall predictive-error
variance from shocks across all (other) stock markets. This versatile index enables all stock
markets to receive directional spillovers. In particular, directional spillovers from all other stock
market j obtained from stock market i are described as:

1 X
DSi-j(H) = S 1 05x100 (15)
The directional of spillover-volatility conveyed by stock market i to all other stock market j is
described as:

1w 5
DSi_j(H) = N Yic1j+1 05(H)x100 (16)
That collection of directional spillovers decomposes the entire spillovers into the ones that come
from (or to) a particular stock market. In the current suggestion, for example, this indicates that
the fundamental diagonal components represent one’s spillovers, and the off-diagonal elements

represent cross spillovers and own a spillovers matrix 6(H).

Lastly, Deduct Eq.(16) from Eq.(15) from each stock market; therefore, this research quantifies
the net volatility spillovers to every other stock market as:

NS;(H) = DS;_;(H) — DS;_j(H) (17)

4. Data and analysis
This research includes the US and 12 Asia/Pacific stock markets; Australia, China, Hong Kong, Indiq,
Japan, Malaysia, New Zealand, the Philippines, Singapore, South-Korea, Taiwan, and Thailand. It

Page 11 of 38



Al-Hajieh, Cogent Economics & Finance (2023), 11: 2173124
https://doi.org/10.1080/23322039.2023.2173124

Figure 1. Exhibits weekly price

index trends for the entire
sample.

< cogent -~ economics & finance

covers data from 18 February 2000 to 14 February 2020 to examine the association between the
US and 12 Asia/Pacific stock markets. It uses weekly index returns and volatility. Weekly data are
used, as part of the literature, to prevent the day-of-the-weeks effects. Although, as the ADF tests
show, all 13 series of asset returns are I(0).

Figure 1 below illustrates the full sample dynamics using a weekly price index. It demonstrated
a sharp decline in price levels from the first quarter of 2007 towards the third quarter of 2008,
corresponding to the worldwide financial crisis. As shown in this figure, only at the beginning of
2009 did world market growth stabilize, and there were cautious signs of improvement at the end
of 2009. In 2015, except for the Chinese stock market, the Chinese economy suffered from
a bubble and crash. Generally, the financial price index of all countries has increased and moved
in the same direction since 2010.

Figure 2 exhibits weekly price movements for the entire sample, weekly index returns are
calculated by taking the first difference logarithms of two subsequent index prices as; rt, t = (Pi,
t/Pi, t —1) X 100, where ri, t represents constantly magnified proportion rates of return for index i at
time t, and Pi, t represents the index price level i at time t.

Table 1 presents the descriptive statistics of the weekly return series for all price indexes. India is
the highest average (0.196%), followed by the Philippines (0.136%), while the only market with
a negative return is Japan. The riskiest markets are China (3,2991%) and South Korea (3,299%),
while New Zealand has the minimum risky market of (1,5643%). There is a negative skewness in
the return distribution of all countries. Kurtosis results indicate that all stock market returns are
leptokurtic, presenting a fat-tailed distribution supported by Jarque—Bera test in rejecting the
normality of all stock market returns. Expect Japan, for all stock market returns, the hypothesis of
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Figure 2. Exhibits weekly price
movements for the entire
sample.
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no ARCH impacts and zero serial correlation is rejected. Finally, the return series for all stock
markets are founded stationary based KPSS and ADF tests.

This research identifies a suitable ARMA-GARCH model based on the lower values of Akaike and
Schwarz criteria with a lag selection of p =1, 2 and q = 1, 2 lags and found that the more
appropriate one for all combination returns is ARMA (1, 1)-GARCH (1, 1). Specifically, the best-fit
model is univariate ARME(1,1)-GARCH(1,1) for Australia, China, Hong Kong, India, Malaysia, New
Zealand, and South Korea, whereas the best-fit model for Taiwan is ARMA(1,1)-GARCH(1,2), the
best-fit model for Japan and US stock markets is ARMA(1,1)-GARCH(2,1), and lastly, ARMA(1,1)-
GARCH(1,1) the best model for Philippines and Singapore.

Multivariate GARCH models that are linear in squares and cross-products of returns are typically
used to estimate time-varying correlations. Engle proposes a new category of multivariate models
termed dynamic conditional correlation (DCC) models (2002). It combines the adaptability of uni-
variate GARCH models with correlation models that minimize the number of parameters. It is linear,
but it can calculate simply using univariate or two-step likelihood-based approaches. Moreover, it
demonstrates that it operates well in various settings and produces empirically sound outcomes.

The dynamic equicorrelation model (DECO) introduced by Engle and Kelly (2012) is a particular
case of the Constant Conditional Correlation (CCC) and Dynamic Conditional Correlation (DCC)
models, which include first controlling for individual volatility and then estimating correlations.
A quasi-maximum likelihood estimator (QMLE) demonstrates that when the equicorrelation
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assumption is violated, DECO may still provide consistent parameter estimates. These models,
which parameterize the conditional correlations directly, are naturally calculated in two steps; the
first step is to estimate univariate GARCH models and conditional variances for each asset return
series. In the second stage, the DECO model is estimated.

Table 2 shows significant terms for ARCH and GARCH, with the sum of the terms ARCH and GARCH
close to the point of unity. The variance of all returns demonstrates strong persistence in the univariate
GARCH model. The DECO model result is 0.2405, indicating that the dynamic equicorrelation is positive,
showing that all stock markets are well integrated. The calculated DCC factors aDECO across all stock
markets is 0.0187 positive and significant, which is why market shocks affect equicorrelations. The DCC
factors bDECO is simultaneously significant across all markets 0,9808 and nearly is one unit, showing
equicorrelationships strongly dependent on previous correlations. The importance of the factors of
aDECO and bDECO, taken together, explains the suitability of the DECO-GARCH model.

Diagnostic tests in Table 3 reveal that the DECO-GARCH model contains no misspecification. The
Ljung Box test indicates that most stock markets lack serial correlation (excluding standard
residuals of Thailand and the US). Figure 3 demonstrates the dynamic equicorrelation between
all the stock markets. Over the sample timeframe, time-specific correlations are detected, which
also alter the portfolio composition of the investors. Most significantly, attributable to the 2007-
2009 Global Financial Crises (GFC), a significant increase in equicorrelation is identified. That
suggests all returns from stock markets are becoming more interconnected increasingly, reinfor-
cing the theory of recoupling (contagion effects). The rising contagion levels allow the instability
shock to spread significantly to other stock market prices in specific stock markets. In periods of
uncertainty, reducing the value of foreign investment portfolio diversification, this impact can also
be seen in particular. Sensoy et al. (2015) have demonstrated that the outlook for metals in
precious and consumer products has converged since the mid-2000s.

The parameter variances predicted by the DECO-GARCH model for all stock markets display in
Figure 4. As in Figure 3, all conditional variances most likely have a similar movement and
sequence. In high periods of volatility connected with the GFC’s potential economic development,
consumer demand, and output, the conditional variances sequence is more unpredictable. The
event may increase the propagation of uncertainty through such markets.

4.1. Return and volatility spillover index

Table 4 presents the total return and conditional volatility spillover index, all findings based on
order one vector autoregressions and generalized 10-week forecast error variance decompositions.
The average complete measure of loss for all capital markets and split it down through forward-
looking transmitters (called “to others”) and the recipient (called “from others”) of uncertainty and
returns are estimated. The row “Net” shows the total number of net-pair directional spillovers as
positive and negative values (net-recipient).

The cumulative returns spillover graph, as seen in Table 4, shows the average returns spillover
impact is 76.46%. Hong Kong and Singapore are the major contributors (97,473%, and 97,368%,
respectively) to the other stock markets in spatial spillovers distributed “to everyone”. China is
nevertheless the lowest (47,546%) delegate. Regarding “other” spatial spillover, Singapore is the
highest beneficiary (81.586%) to return spillover to other stock markets. Hong Kong is the most
significant net transmitter of return spillovers, led by Singapore (16,434%, and 15,7837%, respec-
tively), and China is the highest net recipient of return spillovers (-17,67%).

Table 5 displays all reference stock markets with spillover matrices with conditional volatility.
The gross volatility spillover rate is 79,151 points. Taiwan is the main volatility transmitter in other
markets. Taiwan is increasing its extreme positional uncertainty to 101,156%, and, on the other
hand, all stock markets are moving only 78,482%. The US stock market’s second biggest total
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Figure 3. Dynamic equicorrela-
tion across all stock markets.

Figure 4. Conditional variances
for each stock market using
ARMA(1,1)- DECO-GARCH(1,1)
model.
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transmitter, with a net effect of 10.45%. While in these markets, the Philippines is the leading net

recipient, followed by China (-11,497%, —7,298%,

respectively)

This finding reinforced the general understanding in the global investment management group
of the leading position of the countries in Asia and Pacific for investors in the worldwide equity
market based on the effects of the return on and uncertainty spillovers in Tables 4 and 5.

4.2. Directional spillover effects

A main drawback of the dynamic spillover index is that there are consistent linkages between
stock markets over time, as shown in previous Tables 4 and 5.
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Figure 5. Dynamic total con-
nectedness return and condi-
tional variance volatility for all
stock markets.

The dynamic spillover index could ignore the price and volatility changes usually caused by
different crises around the world, such as the crises occurs over our sample period (2000-2020)
(including the dot-com bubble in the US (2000-2002), the 2007-2009 Global financial crisis (GFC),
the 2010-2012 EU sovereign debt crisis (EDC), and the 2015-2016 Chinese stock market crisis
(CSMQ))

These financial events happened during the sample period and impacted the direction or
magnitude of the dependent on all capital markets. p Cyclical shifts and spillovers that the
standard spillover index can not detect in previous Tables 4 and 5 will also be taken into account.

Figure 5 displays period fluctuations and spillovers of variability derived from 104-week; tests
from rotating windows (two years) utilizing the Diebold and Yilmaz (2012). Return and volatility
indexes have exhibited pretty similar cyclical trends and time-consuming blasts. Such cyclical
trends and spillovers are related to many periods of financial crises, such as Dot-com bubbling,
GFC, EDC, and CSMC. These three financial crises might strengthen the impact on the Asia Pacific
and the US stock market’s returns and volatility spillover.

Figure 5 displays; the first phase of the Dot-com bubble started in 2000 and finished by the end
of 2002. In July 2005, the aggregate spillover level began to increase once more, and regarding
return and volatility spillovers, there was a significant decrease after the GFC eventually hit 76% by
July 2009. For both return and volatility spillovers, there were consistently significant spillovers
during the 2010-2012 EDC, although the return and volatility spillovers began to decline drama-
tically after April 2011. Moreover, the spillover index fell to 67% by the end of 2008, whereas the
highest level of return was 84%, and volatility achieved 90% in the same year. By July 2013,
spillover index returns rose to 79%, and volatility rose to 84%. Last, the lowest point of CSMC return
was 69% by December 2015, while the peak level of volatility was approximately 92%. Such results
are compatible with the literature’s hypothesis that market contagion is substantially growing,
despite a recession shock in one sector (Forbes & Rigobon, 2002).

4.3. Net volatility spillovers

This research explored net volatility spillovers measured at the conditional volatility index, dynamic
net returns, and volatility spillovers, based on 104 weeks rolling windows, to investigate further the
dynamic behavior of volatility overflows. Dynamic net return and spillover rates have been deter-
mined by eliminating directional “to” spillovers from directional spillovers “from” spillovers.
A sender (recipient) to (from) other financial markets implies positive (negative) values.

Figure 6a shows net return spillovers throughout the sample period over each stock market.
According to the results in Table 4, the return spillover of the Hong Kong and Singapore markets
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Figure 6a. A Net return
Spillovers.

Figure 6b. Net volatility
spillovers.
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significantly contributed to the other stock markets. The second highest source was Singapore’s
net market return contribution of about 121% during that period, which peaked at 277% in
October 2001. However, Hong Kong’s average net participation was 126% during that period,
with the highest at 489% in February 2006.

Figure 6b indicates that the Taiwan stock market has been the most significant net volatility
spillover transmitter with more than a 174%, reaching its highest amount of 2,3492% in
August 2006, while its lowest value was also in January 2005 (-665%). On the other hand, in
February 2016, the second highest volatility net transmitter, through a mean of 803 %, was in the
US at its peak in August 2005 (-626 %).

Conversely, the root or receiver of both the net return and volatility spillovers is hard to identify

since there is a negative or positive impact on the net spillovers, and their significance levels may
have shifted during the time. In line with the Table 5 findings, Dynamic Connectedness conditional
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variance volatility spillovers found that the Philippines is the lowest contributor to other markets
(including their markets (88.503)). At the same time, it received from the other markets (78.866),
resulting in the allocated Philippines as the largest net recipients markets of volatility spillovers
(-11.497) among all markets, followed by China net recipients of volatility spillovers (-7.298). On
the other hand, Taiwan contributes the highest to other markets, including its market (122.675). In
contrast, it received from other markets (78.482). As a result, it reached a net spillover of (22.675)
to other markets, followed by the US contributing to other markets, including their market (110.45)
and receiving from other markets (78.049), reaching a net spillover of (10.45).

Examine the Dynamic Connectedness Return spillovers across all sample stock markets in
Table 4. Hong Kong and Singapore show a clear direction of a return to other stock marks in the
sample (transmitter). In contrast, China shows a clear net recipient. However, asymmetric negative
(net recipient) and positive (transmitter) values have been identified in every stock market for the
volatility spillover throughout the sample period. Moreover, none in the financial markets revealed
that their various macroeconomic strategies have regularly influenced volatility spillover (Click &
Plummer, 2005; Majid et al., 2008).

4.4. Hedge ratios and portfolio weights

Diversification is a long-term investment strategy that entails investing in various assets to lessen
the risk of volatility. Nonetheless, variation in investment portfolio is not entirely dictated by the
number of holdings. For example, investors may seek to diversify beyond the primary asset classes
of stocks, bonds, and cash equivalents such as certificates of deposit (CDs) and money market
funds. However, diversification cannot mitigate the overall economy’s systemic investment risks.

To achieve diversification, investors must do one of the following:

« Asset diversification: a combination of equities, bonds, cash equivalents, and potentially alter-
native assets.

« Sector diversification entails investments in numerous stock market sectors.
« Geographic diversification: domestic and global investments.

« Time diversity, or temporal diversification, is a combination of assets that provides varied
results over an extended time horizon.

However, there is a risk associated with excessive diversity. Over-diversification occurs when
investors disperse their capital across so many diverse investments that portfolio returns diminish
without sufficient risk reduction. Excessive diversification may make it challenging to track invest-
ments and tempt individuals to invest in stocks they do not fully know. Additionally, it can result in
more significant fees, specifically if the portfolio is managed by a professional.

Investing in overlapping assets is a typical example of over-diversification. Suppose, for instance,
one investor owns an S&P 500 index fund. He wishes to diversify his portfolio beyond the S&P 500,
so he invests in a so-called total stock market fund to get exposure to the entire U.S. stock market.
However, S&P 500 stocks represent around 80% of the market value of the U.S. stock market, so
holding both would not significantly increase diversity.

No magic formula exists for determining the optimal level of variation. Even if investors buy
hundreds of stocks, their portfolio is not sufficiently diversified if it focuses on only one or two
industries. Benjamin Graham, the founder of value investing and Warren Buffett’s mentor, recom-
mended holding at least 40 stocks. However, current recommendations vary depending on the
proportion of particular stocks in a portfolio, as diversification may now be achieved through
mutual funds and ETFs. On average, no single investment should comprise more than 5% of
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a portfolio. Alternatively, it might diversify by holding only three funds: one that invests in the
entire U.S. stock market, one that invests in the foreign stock market, and one that invests in the
total bond market (Hagstrom, 2013).

Due to its benefits, hedging is a financial technique that investors should comprehend and
employ. As an investment, it safequards an investor’s funds from exposure to a difficult circum-
stance that could result in a loss of value (Hwang & Satchell, 2010). However, hedging does not
guarantee that investments will not decline in value. If this occurs, the losses will be offset by
gains from another investment.

Hedging means identifying the risks associated with every investment and protecting from any
unfavorable outcome. A derivative or contract whose value is measured by an underlying asset is
a typical type of hedging. For example, consider the case of an investor who purchases shares of
a company in the hopes that its price will rise. In contrast, the price falls, resulting in a loss for the
investment. Such occurrences can be reduced if the investor utilizes an option to ensure that the
impact of such an adverse occurrence will be offset. An option is a contract allowing the investor to
buy or sell a stock at a predetermined price and time. In this situation, a put option would permit
the investor to profit from the stock’s price decrease. This profit would at least partially offset his
loss from purchasing the stock. That is regarded as one of the most efficient hedging tactics. (Arif
et al,, 2022).

Numerous studies have consistently demonstrated that different assets, such as gold, bonds,
and currencies, have been successfully deployed as effective hedging assets (Arif et al,, 2022;
Urquhart & Zhang, 2019). In this section, we analyze whether the S&P 500 and 12 Asian stock
markets represent an appropriate hedge, considering the inherent capabilities of geographic
diversification.

As a consequence of the results mentioned in the previous part above, for the diversification and
risk management of global portfolios, a portfolio of different markets is designed to mitigate risk
without reducing anticipated returns. Assuming that an investor holds an index stock market and
needs to hedge her position against unfavorable effects with another index market j. In particular,
the considering of holdings on differential index markets in portfolio weight is described by Kroner
and Ng (1998);

hi—hi'j 0 W§<O

Yoo T phenwei={ws  o<wf<1 (18)
hi —2h + M,
t L 1 W >1

Here hi,hi h, are still the conditional variances of its i index returns, its j index return, and the
conditional covariance at period t. That stock index’s optimal level is equivalent to (1 — Wf). Across
each stock-index return set, the DECO-GARCH model obtains all data required to determine the
value WE.

Beta Hedge techniques were employed to reduce the risk of the whole portfolio stock market
index, implemented by Krooner and Sultan (1993). How much is a short position (selling) g; the
dollar that needs to be held in the other stock index for the long position (purchasing) of one dollar
in one stock market is calculated as:

hy!
g =" (19)
h{

Ku et al. (2007) indicated that hedging errors could use to assess the Hedging effectiveness of the
developed portfolios as computed below
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Var hedged

HE=1-
Varunhedged

(20)
In which the hedge portfolio variance (Varpeqged) of two different stock market indexes, i and j are
the sum of the weighted portfolio returns, the variance in the unhedged portfolio (Varpedged) is
that of the stock market index j’s returns.

Table 6 displays the outcomes of hedging effectiveness for the optimal hedge ratio strategy,
while the hedging effectiveness of the optimal portfolio weights strategy is present in table 7. The
average ideal weight coefficients (Wf) of each stock price index, and the average ideal hedge ratios
(#) and the hedging performance (HE).

Table 6 shows that the hedge ratio of best portfolios results from the 13-stock market index
varied from 19 to 57 cents per dollar, which indicates that India (19 cents) is the cheapest $1
hedge ratio between a long and short position for China, whereas Japan (57 cents) is costly. Japan
stock index is, therefore, the least effective index to hedge in contrast to China volatility. On the
other hand, it is also apparent that the hedging between China and the US is ineffective and must
not be chosen.

Additionally, the predicted average hedge-ratio value for; Australia is 17 to 63 cents per dollar,
Hong Kong is 25 to 73 cents per dollar, India is 63 to 81 cents per dollar, Japan is 6 to 44 cents per
dollar, Malaysia is 26 to 75 cents per dollar, New Zealand is 37 to 75 cents per dollar, the
Philippines is 29 to 71 cents per dollar, Singapore is 4 to 50 cents per dollar, South Korea is 10
to 56 cents per dollar, Taiwan is 21 to 73 cents per dollar, Thailand is 21 to 75 cents per dollar, and
the US is 2 to 13 cents per dollar.

China, Austria, Hong Kong, Japan, Malaysia, New Zealand, Philippines, Taiwan, and Thailand, the
optimum hedge ratio would be beneficial on average if it hedges against India. At the same time,
the optimum hedge ratio in Singapore and South Korea, would be beneficial on average if it hedges
against Hong Kong. And India and the US, the optimum hedge ratio would be beneficial on
average if it hedges against New Zealand.

Turning to the performance optimal portfolios’ weight in Table 7, for China, the maximum hedging
effectiveness for volatility attained by hedging with India (76%), the average weight portfolio for
China/India is 0.19. Every 19 cents invested in China can be hedging by 81 cent invested in India.
Whereas For Australia hedging with India (55%), the average weight portfolio for Australia/India is
0.17. for Hong Kong hedging with India (44%), the average weight portfolio for Hong Kong /India is
0.25. for India hedging with New Zealand (26%), the average weight portfolio for India/New Zealand
is 0.63. for Japan hedging with India (76%), the average weight portfolio for Japan /India is 0.06. for
Malaysia hedging with India (58%), the average weight portfolio for Malaysia/India is 0.26. for New
Zealand hedging with India (44%), the average weight portfolio for New Zealand/India is 0.37. for
Philippine hedging with India (59%), the average weight portfolio for Philippine/India is 0.29. for
Singapore hedging with Hong Kong (66%), the average weight portfolio for Singapore/Hong Kong is
0.04. for South Korea hedging with India (75%), the average weight portfolio for South Korea/India is
0.07. for Taiwan hedging with India (65%), the average weight portfolio for Taiwan/India is 0.21. for
Thailand hedging with India (57%), the average weight portfolio for Thailand/India is 0.21. for the US
the hedging with New Zealand (93 %), the average weight portfolio for US/New Zealand is 0.02.

Table 7 provides a significant increase in risk reduction to the non-hedged position, which is
attributable to the optimal portfolio weights strategy. The greatest hedge-efficiency can be
designed by developing a portfolio with India, particularly for Chinag, Australia, Hong Kong,
Japan, Malaysia, New Zealand, Philippines, South Korea, Taiwan, and Thailand. In comparison,
India’s volatility will reach the maximum hedging efficiency by creating a portfolio with New
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Zealand. At the same time, the maximum hedging performance in Singapore volatility can be
designed as a portfolio with Hong Kong. Finally, a portfolio in New Zealand can achieve the highest
hedging effectiveness for US volatility.

5. Conclusion

This study assesses the impact of return and volatility spillover on the performance of US stock
markets (S&P 500) and 12 stock markets in Asia-Pacific countries. Data covers the last two decades
(from January 2000 to February 2020). The spillover index and a DECO-GARCH model are applied to
weekly data to determine the usefulness of hedging stock portfolios across markets. As a result,
when a more extended period and a more extensive sample data set are considered, the highest
return spillover to others comes from Hong Kong and Singapore. In contrast, the highest volatility
spillover to others comes from Taiwan and Australia.

The main finding of this research is that the leading stock market (S&P 500 market) does not
affect the performance of other Asian-Pacific markets. Applying appropriate portfolio hedging
ratios implies that international investors interested in the Asian-Pacific financial markets could
not construct portfolio diversity by including the US market.

When it comes to international investors engaged in the Asian-Pacific stock markets, the most
significant implication of this research is that India offers diversification investment opportunities.
For example, suppose investors hedge their investments with India. In that case, the optimal
hedge ratio strategy will be favored if they hedge their investments with China, Australia,
Hong Kong, Japan, Malaysia, New Zealand, the Philippines, Taiwan, or Thailand. The ideal portfolio
weights approach will produce more substantial benefits from risk management than hedged
positions. For example, creating a portfolio with India can provide stability for China, Australia,
Hong Kong, Japan, Malaysia, New Zealand, the Philippines, South Korea, Taiwan, and Thailand,
among other countries. Lastly, the empirical findings demonstrate that the direction of causality in
the Asian-Pacific markets differs from one country to another. Thus, this study indicates that global
investors and policymakers consider country-level outcomes rather than regional outcomes.
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