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FINANCIAL ECONOMICS | RESEARCH ARTICLE

Novel evidence from APEC countries on stock 
market integration and volatility spillover: 
A Diebold and Yilmaz approach
Shubham Kakran1, Arpit Sidhu1*, Parminder Kaur Bajaj2 and Vishal Dagar3

Abstract:  The interconnection of stock markets offers valuable insights into the 
broader dynamics of global financial markets. This study uses the Diebold and 
Yilmaz index model to analyze and measure volatility spillovers and interconnect-
edness among APEC stock markets. The objective is to identify major transmitters of 
volatility spillovers and assess the magnitude of different crisis cycles. The results 
show that the US is the major contributor (69.54%) to volatility spillovers in APEC 
stock markets, followed by Canada (52.92%) and Mexico (37.09%). These three 
economies are part of the highly integrated regional bloc, say, North American 
Free Trade Agreement (NAFTA). New Zealand has the highest net inflow of spil-
lovers, while spillovers account for 32.86% of the error variance across APEC equity 
markets. Moreover, notable spikes in volatility spillovers have been observed as 
a result of various events, including the Chinese stock bubble, the Global Financial 
Crisis (2007–2008), European debt crises, the Chinese stock market crash, the 
cryptocurrency crash, the COVID-19 pandemic, and the Russia-Ukraine conflict. 
The study’s findings imply that policymakers should enhance economic integration 
and cooperation within APEC countries to manage volatility spillovers effectively. 
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The research highlights market interactions for a large sample, aiding in identifying 
investment opportunities and risk management strategies.
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stock market connectedness; volatility spillovers
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1. Introduction
The efficient market hypothesis (EMH) is a widely accepted theory in finance that suggests that 
financial markets are efficient and reflect all available information. However, recent research has 
shown that events in one market can have significant spillover effects on other markets, challen-
ging the EMH assumption of complete market efficiency (Diaconaşu et al., 2022; Kakran et al.,  
2023). The concept of volatility spillover (VS) was initially derived from the integration between the 
markets. By examining the impact of major global events on risk transmission and VS, the authors 
aim to provide insights into the dynamics of financial markets that go beyond the traditional EMH 
framework.

Since the late 1980s, regional economic integrations have emerged all over the globe as a result 
of the accelerating regionalization of economic activity and the deregulation of financial markets 
(Oman, 1996; Yamazawa, 1992; Yeung, 2000). The free trade area of Asia-Pacific (FTAAP) (alluded 
to in 2004) opened the doors for a regional trade framework focusing Asia Pacific economic 
cooperation (APEC)1 (represents more than 38% of the world population, 47% of world trade, 
and over 60 % of global GDP) by targeting 21 significant economies (Australia, Vietnam, China, 
Canada, Chile, China, Chinese Taipei, Indonesia, Malaysia, Hong Kong, Mexico, Papua New Guinea, 
Peru, Russian Federation, Singapore, USA, Japan, South Korea, Philippines, New Zealand, Thailand) 
(adverted from two regional blocks North American free trade agreement (NAFTA) and European 
Union (EU). Such liberalization opens the possibilities for favorable economic development that 
may result in stock market integration (Errunza, 2001; Ho et al., 2023). Although over the decade, 
different factors affected the global stock market in the form of VS or contagion due to financial 
strain and financial crises like the recent Russia-Ukraine war (Babar et al., 2023; Bouri et al., 2023; 
Mnif et al., 2023), the health crisis brought on by the COVID-19 epidemic (Akhtaruzzaman et al.,  
2021; Al-Nassar et al., 2023; Batten et al., 2022; Hassan et al., 2022; Khan et al., 2023), European 
debt crisis (He et al., 2020; Jebabli et al., 2022; Samarakoon, 2017) , GFC (2007–2009) (Baur, 2012; 
Kenourgios & Dimitriou, 2014). The abovementioned literature confirmed that the stock markets 
are vulnerable to different types of crises, which are transferred as uncertainty shocks in the form 
of spillover due to interconnectedness (directly or indirectly) in the markets.

With the expansion of financial deregulation, the strengthening of economic and financial 
cooperation, and the growth of mutual investments, APEC stock markets are becoming more 
integrated on a regional level (Kuroda & Kawai, 2004). International investors are increasingly 
looking to the Asia-Pacific equities markets as a critical component of their portfolios due to the 
region’s high return and risk potential (Anwer et al., 2022; Wu et al., 2020). Subsequently, it was 
founded, APEC has worked tirelessly to promote regional integration and free capital movement, 
and the member’s collaboration on the economic front has grown enormously.

This increasing integration and connectedness create a conducive environment for studying 
volatility spillovers, as demonstrated by the linkages between news transmission, uncertainty, and 
volatility in stock prices across markets (Bekaert et al., 2005; Forbes & Rigobon, 2002; Luk et al.,  
2020; Zhang et al., 2020). From the perspective of the interconnectedness of stock markets, 
contagion has emerged as a black swan with an abnormal increase in market co-movements 
due to a crisis (Forbes & Rigobon, 2002; Yarovaya et al., 2022). Especially during times of crisis or 
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shock, the economy is vulnerable to contagion effects that might impede progress (Bekaert et al.,  
2005). The linkage between news transmission and uncertainty is shown via VSs (Luk et al., 2020). 
It might also apply to changes in equity-return volatility across markets (Zhang et al., 2020). 
Several papers revealed robust VSs between markets (Baur & Jung, 2006; Hamao et al., 1990; 
Savva et al., 2009; Seth & Sidhu, 2021).

The study of stock market reactions to volatility in economies with less developed financial 
systems and the effects of foreign market volatility on domestic markets has been extensively 
explored (Habiba et al., 2021; Muharam et al., 2019).

Various econometric and non-econometric models have been utilized to investigate market 
contagion, risk spread, and correlations, including studies by Forbes and Rigobon (2002) and 
Bessler and Yang (2003) on financial market interconnectedness for returns volatilities. Diebold 
and Yilmaz (2009, 2012) developed a methodology using variance decompositions in vector 
autoregressions (VAR) to measure return and volatility spillovers accurately. Their approach allows 
for the assessment of directional spillovers and provides insights into information-sharing 
mechanisms and the negative impacts of contagious periods, making it a benchmark in studying 
dynamic network spillovers.

Additionally, since portfolio output is dependent on the association of portfolio resources, 
examining the spillover among APEC financial markets for portfolio diversification is becoming 
increasingly important. Moreover, if a country has negative or low correlations within some 
countries, it presents foreign investors with diversification investing options (Caliari et al., 2023). 
The literature indicates the urgency of this study since there is a substantial research gap caused 
by the absence of systematic research on stock market connectivity and VSs, especially among 
APEC members. Diebold and Yilmaz’s (2012) technique, based on the GFEVD framework, is applied 
to a sample of 19 APEC countries in order to determine the direction and magnitude of VSs. 
Diebold and Yilmaz (2012) devised a unique and innovative approach to understanding volatility 
spillover in equity markets. Their methodology involves utilizing generalized forecast-error variance 
decompositions (GFEVD) to break down the sources of volatility spillover. Specifically, they analyze 
the contribution of a particular stock market’s shock versus the impact of a shock in a different 
stock market. This enables a comprehensive and detailed understanding of the drivers of volatility 
spillover and sheds light on the complex interconnections between different equity markets. By 
utilizing GFEVD, Diebold and Yilmaz’s approach represents a significant step forward in accurately 
measuring and quantifying volatility spillover. This shows how much the two markets depend on 
each other, mapped by two significant theories, i.e., financial integration theory and information 
transmission theory.

The importance of this study lies in understanding the dynamics of volatility spillovers among 
APEC stock markets and their interconnectedness in the global financial system. By addressing the 
research problem of identifying major transmitters of spillovers and analyzing the magnitude of 
volatility spillover, specially at the onset of various crises cycle, this study fills a research gap in the 
literature. While previous studies have explored the interconnectedness of global financial mar-
kets, there is a lack of comprehensive analysis, specially focusing on the APEC economic bloc. This 
study’s results imply that the degree of connectivity changed over time and that the changes 
occurred in cycles related to important events and shocks in the equity market. The highest degree 
of volatility transmission remains in other markets except for the US, Canada, and Mexico, as there 
are identified as spillover transmitters. The findings contribute to effective risk management 
strategies, investment decisions, and policy measures to enhance financial stability and resilience 
in the APEC region.

This study has three significant contributions to the literature. First, it focuses on identifying and 
analyzing variation in VS among APEC economies; second, it unveils the impact of specific events 
on market interconnectedness and provides a basis for further analysis and risk management 
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strategies. Overall, this research expands the literature on volatility spillover in APEC countries, 
providing policy makers, investors, and researchers with valuable information for decision-making, 
risk assessment, and portfolio management. Further, the study is alienated into six sections as 
follows: Section 1 shows a brief literature review, methodology, and data enclosed in Section 2, 
and Section 3 presents an interpretation of the analysis. Section 4 indicates the conclusion, 
Section 4.1 represents regulatory implications, and Section 6.1 covers recommendations to 
investors.

2. Literature review
In the existing literature, only seven studies on the APEC group were identified in the context of VS 
in stock markets. Lin and Rajan (1999) investigated the Thai baht crisis (1997), resulting in the 
international standing of ASEAN and APEC being severely damaged during the crisis period. Bende 
Nabende et al. (2003) investigated the FDI, output, and various spillover variables (international 
trade, human capital, capital stock, employment, and new technology); also it revealed the positive 
(developed to less developed countries) and negative (less developed to developed countries) 
spillovers between the APEC countries. Valdes et al. (2016) discussed Agri based business stock 
indices, and Li and Rose (2008) indicated different extreme correlations and market integration. 
Lee et al. (2012) showed that intra-regional goods trade impacted stock market integration in 
APEC. Idrees and Sarwar (2022) investigate international implications on the availability of inno-
vative resources leading to the formation of “global convergence clubs.” It resulted that when 
a country is geographically close to another with a high innovation performance, strong economic 
integration, and high trade, they share the spillover effect’s advantages. Sun et al. (2023) revealed 
that the liberalization of China’s capital markets policies has considerably improved risk connec-
tions between China and foreign stock markets which ultimately boosted the Chinese stock 
market’s capacity to withstand external risk shocks.

For mapping an in-depth literature review, core-related studies were considered. Previous 
research has employed asset pricing and statistical integration models to investigate the effects 
of market integration and diversification. According to the mean-variance hypothesis, assets 
traded on different exchanges should fall into similar groups along the security market line. 
Nonetheless, if security prices across markets tend to move together over time, the statistical 
integration model would say that the markets are integrated. The extent to which foreign markets 
are integrated has significant ramifications for investors’ investment portfolios and capital- 
efficient markets, making this research field more popular in recent years. When market integra-
tion grows, the advantages of variety may disappear. Moreover, when price series are cointegrated, 
the weak form market efficiency may be undermined since it involves an error-correcting repre-
sentation of the security prices (Granger, 1986). Financial market integration produces a world in 
which rewards and volatility are inextricably intertwined. No matter how far apart, financial 
markets across the globe have grown more linked because of the growth of digital communica-
tions and the liberalization of international commerce.

The word “spillover” refers to the influence of more significant connections across global 
financial markets on disseminating newly available information from one country to another. 
Due to its significance in asset pricing and risk assessment, this dependency has piqued the 
interest of scholars, as has the appraisal of international portfolio diversification. The spillover 
effect has two components: return spillover and VS First, information on stock returns and volatility 
travels internationally, demonstrating the global interconnectedness of financial markets. 
Historically, stock returns have been seen as a barometer for market level. Second, stock volatility 
is seen as a proxy for market risk. Therefore, most portfolio theories assess the return-to-risk trade- 
off by analyzing the average and variation of asset returns (Markowitz, 1952). Five techniques for 
examining the spillover effect based on statistical integration models have been developed in the 
empirical literature. The first method accounts for the spillover effect using conditional or uncondi-
tional correlation coefficients (Liu et al., 2020; Zhong & Liu, 2021). The second method utilized the 
co-integration framework to quantify the spillover influence (Athari et al., 2022; Kannadas & 
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Viswanathan, 2022; Longin & Solnik, 1995). The third method examines the highest prices in 
various marketplaces (Harrison & Moore, 2009; Melvin, 2003; Milunovich & Thorp, 2006). The VAR 
and GARCH model is the fourth option, and it’s also one of the most popular since it can be used to 
study both return and VSs (Ahmed et al., 2022; Campbell & Hamao, 1992; Engle et al., 1990; Eun & 
Shim, 1989; Hamao et al., 1990). The fifth method employs the spillover index. Based on variance 
decomposition, this indicator appropriately assesses how much one market influences another 
(Bonilla & Sepúlveda, 2011; Diebold & Yilmaz, 2012; Kang et al., 2019; Panda et al., 2021).

Regional location may be one of the factors causing spillover effects. Throughout the past several 
decades, governments worldwide, particularly in Asia’s financial markets, have changed their policies 
to facilitate foreign investment. Thomas et al. (2017) investigate the established, emerging, and 
frontier markets in the Asia-Pacific area through time, considering the impact of global and regional 
shocks. According to the results, the stock markets in China, Thailand, Sri Lanka, and Pakistan vary 
from those in the rest of the Asia-Pacific region. As a result, foreign investors might profit from the 
diversification opportunities offered by these markets. Also, the findings of the bidirectional co- 
integration test show that emerging and frontier markets influence established markets. As a result, 
it is reasonable to infer that the cliché “more is better” does not apply in today’s economy. Kirkulak 
Uludag and Khurshid (2019) observed the influence of the Chinese market on the E7 and G7 markets 
from 1995 to 2015 through the stock market channel. The most substantial volatility spillover occurs 
between China and India for the E7, whereas between China and Japan for the G7, the optimum 
weights and hedging ratios results show that investors should allocate more shares to G7 countries 
than E7 countries. Therefore, liberalization policies typically result in more regional and global market 
returns convergence and more cross-national spillover effects are expected.

Zhong and Liu (2021) demonstrated a positive dynamic conditional connection between China 
and five Southeast Asian stock markets, which peaked in 2015, just around the period of the Asian 
financial crisis, the GFC (2007–2009). Chen and Wang (2021) studied the interdependence and risk 
spillover effects between the Chinese and ASEAN-6 stock markets from 2010 to 2021. Using the 
Copula-TV-GARCH-CoVaR and the MES model, the study found that, except for Vietnam, these 
stock markets were interconnected. The Chinese and Singaporean markets exhibited the highest 
reliance, while the Chinese and Vietnamese markets displayed the lowest. These findings are 
distinct from prior research, which produced inconsistent results.

Consequently, spillover effects may vary over time and between circumstances. During a crisis, 
the financial contagion effect increases the strength of linkages between markets. Such research, 
however, has concentrated on the time-varying character of market integration by high and low 
volatility periods (Kirikkaleli & Athari, 2020; Kondoz et al., 2021). Xiao (2020) investigates the 
impact of Chinese stock market volatility on crucial East Asian markets during calm and turbulent 
periods (2014–2018). He discovered some noteworthy discoveries using direct CoVaR, such that 
negative and positive spillovers differ throughout stormy and peaceful periods (during that time, 
China’s only significant partnerships were with Japan and South Korea.).

Although global or regional financial crises are known to have spillover effects, there is some 
evidence that these effects multiply across certain periods (Daly et al., 2019; Krishnan & Dagar,  
2022; Shaikh et al., 2021). Gulzar et al. (2019) analyzed Asian financial systems during the GFC 
(2007–2009) using daily stock returns (2005 to 2015), indicating that US and emerging markets 
became more cointegrated post-crisis, with US financial market shocks having a momentary effect 
on developing markets. Only South Korea and India experienced cross-market news and volatility 
spillovers during the crisis, while post-crisis information boosted India and Russia but hit Malaysia and 
China. Samitas et al. (2022) studied the impact of COVID-19 on 51 established and emerging stock 
markets using dependency dynamics and network analysis. The study found that the pandemic led to 
swift financial contagion, with an ongoing investigation into the possibility of excessive risk spreading 
among the markets. Su (2020) studied high-risk spillovers between G7 and BRICS stock markets from 
1998 to February 2017. While some G7 markets transmitted high-risk spillovers, not all did, and no 
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BRICS markets were net receivers. The UK, Japan, and Italy benefited from high-risk spillovers, while 
Brazil was a major transmitter. Only pairwise direction spillovers occurred between G7 and BRICS 
markets. The study found time variability in severe risk spillovers, with the US, Germany, France, and 
Canada as net transmitters and the UK, Italy, and BRICS markets as net recipients. Some publications’ 
findings, on the other hand, disagree. Studies by Chan-Lau and Ivaschenko (2003) and Bayoumi and 
Swiston (2007) show that the “Wall Street Virus” and spillovers from the US have affected Asian 
economies. Fujiwara and Takahashi (2012) identified the US as the primary driver of market move-
ments despite China’s financial growth. Trung (2019) found that US policy uncertainty shocks sig-
nificantly drove fluctuations in the global economic cycle, using a GVAR framework and data from 32 
countries. In conclusion, the impact of US policy uncertainty on other countries varies depending on 
their characteristics. Kang et al. (2019) found that directional spillovers from world stock markets to 
ASEAN-5 stock markets were greater than the reverse. The degree of spillover varied over time across 
ASEAN-5 stock markets, with an increase in return and volatility spillovers during financial crises. The 
study analyzed data from 2003 to 2019 and corroborated the power of information transmission 
during instability. Jebran et al. (2017) found evidence of bidirectional volatility spillovers between the 
Indian and Sri Lankan stock markets using daily data in both periods. However, volatility spillovers 
between other emerging Asian markets varied from normal to turbulent circumstances (Lohan et al.,  
2023; Sidhu et al., 2021). The study also highlighted the integration of the US and worldwide stock 
markets as a prominent issue in finance. Zhang et al. (2020) examine the geographical connections of 
volatility spillovers in G20 stock markets from 2006 to 2018 using the GARCH-BEKK model. The study 
finds extensive volatility contagion and superposition occurrences in the network. Unstable markets 
amplify the intensity of spillover interactions and raise the volatility rate. According to Mensi et al. 
(2021), stock markets in Japan, New Zealand, Brazil, and Russia are net recipients of spillover effects, 
while the US, Canada, France, Indonesia, Korea, India, and Taiwan are net transmitters. Most Asian 
countries were responsible for sending negative shocks to other markets in 2016, and negative shocks 
outnumbered positive ones. Emerging economies such as India, Thailand, China, Taiwan, Brazil, and 
Russia have experienced heightened negative volatility due to asymmetric spillover. Bala and 
Takimoto (2017) researched volatility spillover (VS) between emerging and developed stock markets, 
using weekly data from 1994 to 2016 and multivariate-GARCH models. Their findings showed that 
during crises, correlations between emerging markets increased, and VS effects were larger within 
emerging markets than across them. Additionally, they found significant asymmetry in mature 
markets but only modest evidence in emerging markets. Trihadmini and Falianty (2020) used the DCC- 
GARCH model to investigate the volatility spillover effect from four developed stock markets to five 
ASEAN countries during the crisis. They found that the spillover impact was greater in the crisis period, 
except for Malaysia, and that the influence of volatility on stock returns decreased. The study suggests 
market imperfections may be responsible for slower reactions to identical information. Internal spil-
lovers are traced over time by the sluggish dissemination of foreign information (Strohsal & Weber,  
2015). Second, it is sluggish to respond to new information since local investors do not get knowledge 
of international market movements until after the deal has already occurred (Strohsal & Weber, 2015). 
Strohsal and Weber’s (2015) study of the link between international stock market contact and financial 
volatility focuses on financial VS. They demonstrate how volatility-dependent spillovers across mar-
kets may be read in two ways: as a sign of information flow or uncertainty. Volatility indicates the 
information (uncertainty) if higher (lower) volatility in one market causes higher (lower) reactivity in 
another. Nevertheless, within behavioral finance theory, the herding behavior hypothesis has arisen as 
a significant alternative explanation (Gong et al., 2021; Yasir & Önder, 2022; Zhang & Giouvris, 2022). 
From 2001 to 2013, Leung et al. (2017) investigated VS between the DJI, FTSE 100, and N225 equities 
markets; they discovered evidence of market contagion caused by irrational investor activity.

From the above literature, two significant theories are related to this research for VS, i.e., 
financial integration theory and information transmission theory. Financial integration is 
a mechanism through which an economy’s financial institutions and stock markets become 
more tightly connected with those in other nations or the rest of the globe. Moreover, financial 
integration highlights three core features, i.e., 1) It does not have interdependence on regional 
financial structures, 2) integration through asymmetric or symmetric effect due to the presence of 
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the fraction, 3) it differentiates two constituents of the equity market, i.e., supply and demand for 
investment opportunities (Stavarek et al., 2012). Information transmission theory indicates that 
transmitting information through different channels significantly impacts stocks. An event study 
by Fama et al. (1969) focused on three hallmarks 1) an enormous array of information events, 2) 
multiple channels or mechanisms of information transmission, and 3) the content of news or 
information backed by non-numeric information. Investors’ beliefs are caused by the dissemina-
tion of information that often leads to the convergence or divergence of investors’ beliefs, which 
may or may not be based on rational grounds. Various theoretical frameworks emphasize the 
significance of divergent perspectives among investors in comprehending the dynamics of asset 
valuation and transactional activity. Similarly, Tetlock (2010) posits that the impact of public 
information on trading activity is contingent upon its ability to mitigate information irregularity 
and facilitate the conjunction of traders’ views.

Therefore, there is a research gap in understanding the extent and dynamics of volatility spil-
lover among the APEC economies, especially considering the region’s diverse economic conditions, 
financial market structures, and policy frameworks. Addressing this research gap would contribute 
to a better understanding of the interdependence and interconnectedness of stock markets within 
the APEC economies, which is crucial for investors, policymakers, and market participants in 
managing risk and making informed investment decisions.

The research questions of the study are as follows-

RQ1: What is the extent and magnitude of volatility spillover among the APEC stock market?

RQ2: What are the main drivers of the observed spillover effects among APEC stock markets?

RQ3: What are the implications of APEC stock market spillovers for portfolio diversification 
strategies?

3. Data and methodology

3.1. Methodology
To Investigate the interconnectedness among APEC stock markets, this study applies the Diebold 
and Yilmaz (2012) technique. Using the FEVD within a GVAR framework measure of volatility 
spillovers, this study examines the spillovers across and within markets. Unlike traditional meth-
ods, the GFEVD is order-invariant, allowing each variable to simultaneously examined the spillovers 
across and within markets impacted by shocks to itself and the primary variables. Diebold and 
Yilmaz’s (2012) spillover index is a method that allows us to examine the transmission of informa-
tion and shocks across different markets. It employs a vector autoregressive (VAR) model to 
decompose the variance of prediction errors. This approach enables us to analyze the impact of 
directional spillovers by assessing markets’ net exposure to other regions’ information exchange 
mechanisms (Kashyap, 2023). To measure directional spillovers, one can calculate the net effect of 
information flow between stock markets in Asia and other global regions and within Asia itself. This 
involves examining these markets’ directional returns and volatility to identify the extent of spil-
lovers occurring between them. By studying these spillover effects, we can gain insights into the 
interconnections and dependencies among different markets and regions.

VDs may be performed using an N-variable VAR(q) process, as shown in Equation 1, which can be 
expressed in an endless moving average (MA) form, as shown in Equation 2
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In Equation 2, Ai ¼ ∑Φi Ai� jis a N� N coefficient matrix, where j51, . . . , q. A0 is N� N is an identity 
matrix, while Ai ¼ 0 for i<0. Assessing the interconnectedness between variables using hundreds 
of MA coefficients can be a difficult and confusing task. As MA coefficients require specific 
transformations, insights into system dynamics can be gained through IRFs or VDs. In particular, 
VDs are important for identifying which parts of each variable’s forecast error variance (FEV) are 
attributable to different tremors in the system. By using VDs, it’s likely to measure the proportion of 
FEV of a particular market (i) caused by shocks to another market (j), allowing us to understand the 
interdependencies between variables more clearly, "j�i; for each i: 

In this context, ∑ it symbolizes the covariance matrix of the error vector; the standard deviation of the 
error term for the jth equation is represented by σjj, and the selection vector ejis 1 for the jth element 
and 0 for all others. The coefficient matrix in the infinite MA representation is Ah. GFEVD incorporates 
interrelated shocks instead of orthogonalizing them, allowing for a better understanding of the 
interdependence between variables. However, the sum of contributions of the jth market to the ith 
market may not equal one, as the row sum of the VD matrix’s elements. Thus, Diebold and Yilmaz 
(2012) suggest normalizing each part of the VD matrix by the row sum, as shown in Equation 4. 

Each element of the VD matrix has a column sum of one, denoted as∑
N

j¼1

~θg
ij Hð Þ ¼ 1 and 

∑
N

i;j¼1

~θg
ij Hð Þ ¼ N. Volatility spillovers can be measured as the proportion of error variances used in 

forecasting the volatility of stock market “i” caused by shocks to the stock market “j.” This is 
represented by the sum of cross-variance shares, known as the total spillovers index (TSI), and can 
be calculated using Equation (5). 

In addition, it is worth noting that Equation (6) depicts the directional VSs that market i receives 
from all other markets j, while Equation (7) illustrates the VSs that market i transmits to all other 
markets j. As a result, Equation (8) shows the net directional VSs, which is the difference between 
Equation (7) and Equation (6). This net spillover measurement is crucial as it provides valuable 
insights into whether a particular stock exchange is a net transmitter or recipient of shocks.

From others to market i:  

To others from the market i:  
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Net Volatility Spillover:  

The spillover estimate depends on three factors: (1) the variables being monitored, (2) the H-step- 
ahead prediction horizon for error VDs, and (3) a dynamic process (L) that captures time-varying 
spillovers. Increasing the prediction horizon widens the window for spillovers, allowing for not only 
contemporaneous but also long-run spillovers. This analysis uses a 10-day forecast horizon (H) and 
a rolling window width (W) of 200 days. A 10-day forecast horizon corresponds to the 10-day value 
at risk (VAR), while the rolling window approach is simple and suitable for time-varying parameter 
systems. A W of 200 days is commonly used for daily data analysis, and a W of 5767 days is used 
for robustness testing.

3.2. Data description
We have obtained daily closing price data (4 January 2001- 10 February 2023) of APEC benchmark 
stock indices (19 countries)2 from Bloomberg. Due to the late establishment of some stock markets 
in emerging economies and non -the availability of data, this current study obtained data from 
4 January 2001. This sample size covers events during the time series that unveil the integration or 
connectedness. Logarithm returns (rt) for different indices are computed using the daily closing 
price of stock market indices. The summary data for the log return series are shown in Table 1. It 
comprehensively analyzes the daily stock index returns across various markets. Examining the 
average daily returns, we observe that all markets exhibit positive mean values, indicating an 
overall positive performance.

Peru IGBVL 0.000504, followed by Russia (IMOEX) 0.000488, giving maximum returns and 
Hongkong market (HSI) 0.000068, followed by the Chinese market (SHCOMP) 0.000075 showing 
the lowest returns. But the overall view suggests that the daily returns have a relatively low 
magnitude. The return variability or volatility analysis reveals different risk levels among the 
markets. For instance, the Chinese stock market (SHCOMP) demonstrates the highest standard 
deviation (0.014581), indicating greater volatility, while the Malaysian market (FBMKLCI) displays 
the lowest standard deviation (0.00755), suggesting lower volatility. The skewness values shed 
light on the asymmetry of the return distributions. In this case, all markets exhibit negative 
skewness, implying a higher frequency of negative returns than positive returns. Kurtosis, which 
measures the peakedness of the return distributions, indicates that all markets have kurtosis 
values greater than 3. This suggests fat tails and a distribution with thicker tails than a normal 
distribution. Therefore, there is a higher likelihood of extreme events or outliers in the stock market 
returns. To assess the normality of the data, the Jarque-Bera test is employed. The extremely low 
P-values (0.00) for all markets indicate a rejection of the null hypothesis of normality.

Table 2 indicates that for the majority of the countries’ stock market indices, such as Australia 
(AS51 Index), Canada (SPTSX Index), Chile (IPSA Index), and others, the ADF test, PP test, and KPSS 
test statistics are lower than the critical values. This implies that these indices are likely stationary, 
indicating a relatively stable pattern over time. Additionally, the Break Point unit root test exam-
ines whether there is a structural break in the unit root properties of the index. The test statistic is 
compared to the critical value, and a higher test statistic suggests the presence of a structural 
break. The results indicated that most analyzed stock market indices are likely stationary and do 
not exhibit a structural break in their unit root properties. Moreover, the empirical results conclude 
that all series are stationary at I (0).

4. Results and discussions
Table 3 displays a comprehensive matrix of the VS for 19 APEC region stock markets, which 
includes the stock market indices of Australia (AS51), Canada (SPTSX), Chile (IPSA), Japan (NKY), 
Hong Kong (HSI), Indonesia (JCI), South Korea (KOSPI), Malaysia (FBMKLCI), Mexico (MEXBOL), Peru 
(IGBVL), Philippines (PCOMP), Russia(IMOEX), Singapore (STI), Taiwan (TWSE), Thailand (SET), US 
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(SPX), Vietnam (VNINDEX), China (SHCOMP), and New Zealand (NZSE50). The Variance decomposi-
tion (VD) matrix has off-diagonal elements of 24 × 24 dimensions that indicate the contribution to 
the FEV of a specific equity market due to shockwaves from other markets, except itself. The 
spillover’s directionality is presented in the “from others” column and the “to others” row that 
show off-diagonal column sums and row sums, respectively. The net VSs can be calculated by 
subtracting the “from others” column from the “to others” row. The top row of the table shows the 
total spillover index (TSI), which indicates the extent to which cross-market spillovers occur in 
either direction. The “total” row aggregates the effects of a market shock on its variance and that 
of other markets. Directional spillovers “to others” from every 19 equity markets illustrate sig-
nificant differences in the transmitted VSs. The contribution of an equity market shock projecting 
the volatility of other financial markets concerning the error variance exhibits more significant 
variability than the spillovers received by stock markets from others. The contribution of variance 
to different needs varies widely across countries, from 16.29% in Vietnam to 133% in the US. 
Likewise, spillovers received by stock markets from other markets also range significantly, from 
33.74% in Vietnam to 70.27% in Hong-Kong. In terms of VS transmitter, the results indicated the 
US (69.54%) as the major transmitter, followed by Canada (52.92%), Mexico (37.09%), Chile 
(13.20%), Peru (10.42%), Hong-Kong (5.61%) and others to the error variance (Table 3). Over the 
years (2001, 2021) (total trade with the US) (in billion US $), Canada ($ 446.24, $ 664.77), Mexico 
($112.63, $ 779.08) were the major trading partner of the US (US Census Bureau, 2023). The results 
of this study aligned as Canada had maximum trading with the US over the years, in a similar 
sequence level of net spillover identified (Statsapec, 2023). It indicates cyclic trading between the 
countries, resulting in strong connectedness among them. Moreover, the US, Canada, and Mexico 
have strong connectedness due to a free trade agreement indicating strong trading ties through 
a regional bloc, i.e., North Atlantic Free Trade Agreement (NAFTA). Conversely, In Latin America, 
Chile is the third largest bilateral goods trading partner (Hong Kong $ 20.9 billion) in 2021. Yousaf 
and Ahmed (2018) also indicated positive volatility spillover among the US and major Latin 
America (Mexico, Argentina, Chile, and Peru). Johnson and Soenen (2003) also resulted that 
Canada and Mexico have same-day solid Intermarket reactions (at least 91%). Argentina, Brazil, 
Chile, and Peru have 50% same-day Intermarket response as they interact considerably on the 
same day, indicating excellent market integration and efficiency. Moreover, In 2022, the Canada- 
Chile commercial relationship celebrated the 25th anniversary of the Canada-Chile Free Trade 
Agreement (CCFTA) (the agreement covers trade in goods, services, and investments and includes 
side agreements on the environment and labour relations), the cornerstone of Canada’s strong 
trade and investment relationship with Chile (Government of Canda, 2023).

Although Russia has lowest net spillover (0.01%) as it almost infuses and diffuse equivalent 
spillover among APEC countries, in 2001 (in USD million), Russia had highest exports (2001, 2021) 
with China ($3942.6, $66305.3), US ($2897.6, $16622.8) and imports (2001, 2021) with China 
($1646.3, $ 72380.1), US ($3257.5, $11916.9) which raised over the period significantly 
(StatsAPEC, 2023). Russia has the highest portfolio investment (in USD millions, 2021) with the 
US ($23216.4), Canada ($1935.9), Mexico ($1381.7), and Singapore ($5633), which reflects the 
spillover transmitter behavior of all these countries almost negligible net spillover transmission by 
Russia to spillover receiver APEC countries. Singapore (in USD million) (2001, 2022) exports 
Malaysia (20,814.1, 48275.8), US (18,442.9, 44244.1), Hong-Kong (10,491.2, 52810.3) and imports 
with Malaysia (20,066.8, 59242.2), US (18,727.5, 50845.1), Hong-Kong (2,761.7, 1,648.9) which 
indicates minor net trading difference (StatsAPEC, 2023). Similarly, Singapore neutralizes the spil-
lover effect as it has the second lowest transmitter (4.78%) in net directional spillover in APEC. 
These findings are partially supported by Al-Hajieh (2023), who indicated that China had been 
observed to be primarily receiving net inflows, Hong Kong and Singapore exhibit a distinct trend of 
reintegration with other stock markets, while this study indicates Hong Kong and Singapore are 
lowest net spillover transmitter of APEC, which shows these countries also have close trade ties.

On the other hand, New Zealand (32.86%) has the highest net inflow of VSs, followed by 
Philippines (30.91%), Japan (21.05%), Australia (20.37%), Malaysia (19.70%), Vietnam (17.44), 
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China (16.88%), Indonesia (12.84%), Thailand (10.40%), Taiwan (8.98%), South Korea (2.12%) 
(Table 3). These findings are aligned with Panda et al. (2021) and Al-Hajieh (2023) results, which 
indicated negative spillover in Australia, China, Hong Kong, Malaysia, and Korea, that there is an 
extraordinary level of innovation diffusion between different stock markets, as pairwise directional 
spillover is between China-Australia, Japan-Australia, Malaysia-Australia, Thailand-Australia, 
Malaysia-Hong Kong, Philippine-Hong Kong, Taiwan-Japan, and Thailand-Japan. Moreover, Hung 
(2019) results were partially consistent with results that stated volatility spillover from the China 
stock market to Vietnam, Thailand, Singapore and Malaysia, but in this study, Singapore is the third 
lowest transmitter. Mbarki et al. (2022) indicated that Japan tends to contribute considerably to 
the sentiment network, while China looks to contribute the least; a similar quantitative pattern of 
net spillover recipient was identified in Japan (21.05%), and China (16.88%). Hence, sentiment 
networks have significant impacts on the stock market. Moreover, the results of this study are 
partially consistent with Kim et al. (2015) as they supported the level of stock market integration 
varies among Asia-Pacific economic regions and inconsistent with the results as China-US con-
tinues to have an impact with the diminished influence of Japan on stock markets in the Asia- 
Pacific region. Over the period (2001–2023), this study encountered China (16.88%) as 
a diminished influence as a spillover receiver over Japan (21.05%), which indicates that in the 
APEC bloc, Japan is a more significant spillover receptor than China. It is because the China— 
ASEAN trade agreement (2010), i.e.CAFTA (aims to increase trade cooperation by maximizing the 
China-ASEAN free trade zone effect), was completely operational, significantly changing the 
quantity of trading with Japan. Although sometimes a different behavior (receiver or transmitter) 
of spillover is understandable even in free trade agreements as due to, the presence of domestic 
demand serves as a protective measure against external disturbances, safeguarding their econo-
mies from fluctuations in the global market and mitigating the transmission of adverse effects. 
They, moreover, established vital policy steps to control their economies and avoid external risks. 
This comprises strategies like cautious fiscal policy, effective monetary policy, and exchange rate 
management, which buffer the effects of external shocks and prevent volatility spillover. New 
Zealand (in USD Millions) (2001, 2022) significant imports from Australia (2907.8, 5848.8), US 
(2144.9, 4886.3), Japan (1467.4, 3283.7), China (927.2, 12579.2) and significant exports to 
Australia (2501.8, 5052.6), US (2038.7, 2568.0), Japan (1716.1, 2568.0), China (567.1, 12417.3) 
(StatsAPEC, 2023) indicates strong integration in these economies. Hence, Japan, Australia, and 
New Zealand are primary net directional spillover receptors from US and Canada (as depicted in 
Figure 3).

Although South Korea (2.12%, only received from US and Canada), Taiwan (8.98%, received 
from Mexico, Canada, US, and Thailand), Thailand (10.40%, received from Canada and US) are the 
lowest receptor of net directional spillover. These results are consistent with Hwang et al. (2013), 
who identified similar significant breaks during the crises between these countries (Korea, 
Thailand, and Taiwan), which created a single bloc of these countries and in phases of adjust-
ment, results are similar with different magnitude. Moreover, all these countries have major 
trading with China, the US, Japan, and Hong Kong, which indirectly created an internal trade bloc 
where the US and Hong Kong are the major net directional spillover transmitter to these 
countries. This trading share represents the cyclic integration in the economy of different similar 
countries. This shows these countries have a similar nature which is due to different collabora-
tion, agreements and partnerships under the Comprehensive and Progressive Agreement for 
Trans-Pacific Partnership (CPTPP) elven Pacific Rim countries between 11 (Canada, Mexico, Peru, 
Chile, New Zealand, Australia, Brunei, Singapore, Malaysia, Vietnam, and Japan) connected under 
a free-trade agreement (FTA).

Moreover, The US possesses the world’s biggest and most prominent stock market, with 
significant trading volumes and diverse international investors (Eun & Shim, 1989). The US 
market’s size and high trading volumes make it a significant player (with the level of activity 
and liquidity) in the global financial landscape (as influenced by the interest and participation 
of a wide range of investors in US equities). Therefore, fluctuations in the US stock market can 
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impact investor sentiment and risk appetite globally (including APEC). Due to different uncer-
tainties in the US stock market, investors may adjust their investments and portfolios, affecting 
the APEC stock markets. The total spillover index, which encompasses overflow components in 
every direction, suggests that spillovers account for 59.81% of the error variance in predicting 
volatility across all 19 APEC equity markets.

Figure 1 exhibits the gross VSs with multiple small cycles and a few large ones for APEC 
stock markets during the given sample period. The figure reveals that the degree of total 
connectedness between the markets is both intense and time-varying, ranging from 62.8% to 
97.2%. It depicts different spikes like the Chinese stock bubble in 2006 (85.5%) and the GFC 
(2007–2009) in 2008 (85.3%). Before the GFC (2007–2009), there existed a minor cycle in the 
VSs that featured periodic spikes, but after that, due to an increased inflow of capital, several 
economies gradually liberalized their markets these spikes surged more. European Debt Crisis 
in 2011 (86.7%), the Chinese stock market crash in 2015–16 (84.8%), and the cryptocurrencies 
crash in 2018 (82.8%) were other reasons for VSs. The COVID-19 pandemic triggered the most 
significant wave of spillovers (97.2%), which began in early 2020 when countries worldwide 
implemented lockdown measures to curb the virus’s spread. The resulting economic slowdown 
led to a sharp decline in activity, widespread unemployment, diminished investor confidence, 
loss of millions of lives, and a surge of uncertainty akin to the pandemic’s scale. The last wave 
of spillover was due to Russia Ukraine conflict in February 2022 (80.6%). Over the period, 
spillover in APEC countries has shown net transmitting and net receiving behavior from the 
different shocks in the stock market, which suggests that the informational value transmitted 
in the form of rumors of interest rates to curb inflation (Chinese stock bubble, 2007), the 
bankruptcy of one biggest real estate company belongs to the most dominant stock market 
(i.e. the US) (GFC, 2007–08), popping of stock market bubble (Chinese stock market crash, 
2015–2016), related to the suspension of activities, pandemic (COVID-19), war (Russia-Ukraine 
conflict, 2022–23) and any negative news or individual economic announcements or amid 
financial uncertainty act as disseminating economy of a country.

Figure 2 displays the “To spillover,” “From spillover,” and “Net directional spillovers” plots for 
APEC stock markets, which indicates that the US’s SPX, Canada’s SPTSX, Mexico’s MEXBOL, Peru’s 
IGBVL, Hong-Kong’s HIS, Singapore’s STI, and Chile’s IPSA are the primary net sources of volatility 
transmission throughout the sample period. On the other hand, all the other APEC countries are 
net recipients of VSs. Figure 3 depicts the network plot of the spillover and connectedness of the 
APEC nations. Results of the study stated that the US is the largest transmitter of VSs in APEC 
nations, accounting for 69.54%, followed by Canada (52.92%) and Mexico (37.09%).

Figure 1. APEC nation’s time - 
varying gross volatility 
spillover.

Kakran et al., Cogent Economics & Finance (2023), 11: 2254560                                                                                                                                      
https://doi.org/10.1080/23322039.2023.2254560

Page 14 of 23



Figure 2. APEC countries trans-
mitters (to others), receiver 
(from others), and net direc-
tional volatility spillover. 
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4.1. Robustness results
On the final results of spillover, the robustness checks are performed based on different forecast 
horizons (H) and rolling widths (W). As preliminary results from previous analysis, via a rolling width 
of 200, a prediction10 days horizon, and a lag duration of 1 day (Figure 4). Again, the robustness 
findings for the dynamic spillovers index for various rolling window and forecast horizon values for 
APEC countries indicated that once the rolling window is enlarged from 200 to 250 days, the 

Figure 2. (Continued). 

Figure 3. Net directional con-
nectedness of the APEC 
countries.
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spillover plot for APEC nations becomes smoother. However, the pattern stays consistent, implying 
that our preliminary results resist the alternative rolling window option.

5. Conclusion
This study analyzed the magnitude and directional VS using GFEVD for 19 APEC countries from 
4 January 2001 to 10 February 2023. The findings indicated that the US is the primary transmitter 
of volatility spillovers (VSs) in return series among APEC countries, accounting for 69.54%, followed 
by Canada (52.92%) and Mexico (37.09%). The significant findings align with the role of economic 
integration as a major factor contributing to volatility spillovers (VSs) among APEC countries. 
Specifically, the North American Free Trade Agreement (NAFTA) has established a highly inter-
connected trading system and economic bloc, fostering substantial trade and investment flows 
between Mexico, Canada, and the US. Consequently, any changes in these countries’ economic 
conditions or policy decisions can exert significant spillover effects on other APEC economies. This 
finding aligns with the information transmission theory, which posits that information from one 
country or market can be transmitted to and impact others. This could involve diversifying their 
trading partners, developing more robust domestic financial markets, and implementing policies to 
reduce their vulnerability to external shocks. Secondly, further research could explore the role of 
other factors, such as differences in economic and political conditions, trade relationships, and 
financial integration levels, in contributing to VSs between APEC countries. The study also mentions 
the potential influence of investor sentiment in generating VSs among APEC countries. Countries 
like New Zealand and the Philippines, with high inflows of VSs (approximately 30% from others), 
may be affected due to their small and open economies, dependence on commodity exports, and 
relatively sensitive financial markets. Moreover, Japan’s significant foreign investment makes it 
highly interconnected with major APEC countries. These findings align with the financial integra-
tion theory, which suggests that closer economic ties and interdependence between countries can 
lead to increased transmission of shocks and spillover effects. The study’s significant findings have 
profound implications for various stakeholders, including investors, financial advisers, and regula-
tors. By understanding the dynamics of spillover transmission, market participants can gain 
improved insights into risk estimation and make optimal decisions regarding asset allocation 
and portfolio diversification.

In short, this study demonstrates the presence of substantial gross volatility spillovers among 
APEC stock markets, characterized by both small and large cycles. Significant spikes in volatility 
spillovers have been observed during significant events, including the GFC (2007–2008), the COVID- 
19 pandemic, and the Russia-Ukraine conflict. These findings highlight the significance of con-
sidering significant events and crises in understanding market interconnectedness. Furthermore, 
they emphasize the importance of implementing effective risk management strategies and mea-
sures to mitigate the impacts of such events in the future.

0
100
200
300
400
500
600
700

Dynamic spillover for different values of rolling window

W=150 W=200 W=250

Figure 4. Dynamic spillover on 
different values of W indicates 
the robustness of 
APECcountries.

Kakran et al., Cogent Economics & Finance (2023), 11: 2254560                                                                                                                                      
https://doi.org/10.1080/23322039.2023.2254560

Page 18 of 23



The study has limitations as it focuses on APEC stock markets, and the findings may not be 
generalizable to other regional blocs. Additionally, the study relies on the Diebold and Yilmaz index 
model, which has assumptions and limitations. Furthermore, the study does not consider other 
factors influencing volatility spillovers, such as political events or regulatory changes. Future 
research can focus on expanding the analysis to other regional blocs and different time frames, 
exploring additional factors influencing contagion effects, investor behavior and sentiment. These 
research avenues will enhance investors’ understanding of spillover dynamics and inform the 
development of effective risk management strategies and policies.

5.1. Regulatory Implications
The regulatory implications derived from this study are paramount in managing volatility spil-
lovers among APEC countries. Regulators must enhance risk monitoring and assessment cap-
abilities, particularly for countries with significant transmission influence. Strengthening regional 
cooperation and information sharing among regulators is crucial for timely response and coor-
dinated actions by developing robust surveillance systems to identify early warning signals of 
potential systemic risks and contagion. Reviewing and enhancing regulatory frameworks for 
cross-border transactions will help address the challenges posed by spillover effects. This could 
involve implementing measures to manage the risks associated with capital flows, foreign 
investments, and the interconnectedness of financial institutions. Promoting strategies encoura-
ging diversification, implementing macroprudential policies, and enhancing investor protection 
and education are essential measures to mitigate systemic risks and bolster market resilience. By 
implementing these regulatory initiatives, authorities can foster stability, safeguard investor 
interests, and ensure the robust operation of financial markets amidst the challenges posed by 
volatility spillover.

5.2. Recommendations to investors
The fund manager should consider diversifying the portfolio across different regions to minimize 
regional risks and dependencies. The analysis provides insights into the spillover effects between 
markets in other countries or regions. The portfolio can benefit from reduced concentration risk by 
diversifying across geographically diverse markets. A fund manager seeking greater market inde-
pendence and lower interdependencies may consider investing in markets with higher diagonal 
values (own shock impact) and lower off-diagonal values (transmitter and recipient of shocks). 
Examples of such markets include South Korea, Taiwan, Thailand, and Indonesia. These markets 
have a lower degree of dependence on other markets, suggesting potential opportunities for 
diversification. Additional factors such as market conditions, investment objectives, risk tolerance, 
and specific investment strategies should also be considered when making portfolio decisions.
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2031 (IMF, 2023). The combined GDP of all APEC 
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benefits are encouraged via economic or technical 
exchanges to build regional or global relations. 
According to World Bank estimates, Japan’s invest-
ments in China have reached 38.6 percent of overall 
investments, or $397.07 billion, from January to 
April 2021.

2. As APEC group is group of 21 countries but for this 
study only 19 countries data (except Papua New 
Guinea, and Brunei Darussalam) are considered based 
on data availability on the Bloomberg database.
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