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Abstract
Purpose – This study explores the persistence of stock market spillovers and the speed of recovery from global 
financial market uncertainty across different economic cycles.
Design/methodology/approach – We analyse daily stock data from 15 countries spanning 2002 to 2024, 
covering the Dot-com bubble, the 2008 Global Financial Crisis and the COVID-19 pandemic. A vector 
autoregression (VAR) model is employed to examine the dynamics of spillover transmission and the resilience 
of markets across developed, emerging and developing economies.
Findings – During the Dot-com recovery, global markets showed moderate interdependence, with the US, UK 
and Switzerland exerting the largest spillover effects. The 2008 financial crisis significantly increased 
interconnectedness, with Mexico and other emerging markets showing high contagion, while developed 
markets remained key transmitters. During COVID-19, markets became increasingly sensitive to global shocks. 
Notably, countries like Thailand, Japan and Brazil began to exhibit stronger spillover influence, while Russia 
showed quicker recovery. In the post-pandemic recovery, overall resilience improved, with faster absorption of 
shocks and stronger internal stability. However, the US, UK and Switzerland remained primary spillover sources 
throughout all periods.
Practical implications – Findings underscore the need to strengthen economic resilience, especially in 
vulnerable emerging and developing economies.
Originality/value – This study adds depth to the literature by offering a comparative analysis of spillover 
persistence and resilience across various market types under changing economic conditions. It provides 
evidence of evolving spillover dynamics and highlights the growing importance of emerging markets in global 
volatility transmission.
Keywords Global markets, Spillovers, Financial crises, VAR model, Market resilience, Emerging economies
Paper type Research paper

1. Introduction
Global financial markets have become increasingly interconnected, with shocks originating in 
one market often echoing across the globe. This growing integration has created a financial 
landscape where fluctuations in one market can trigger ripple effects, influencing portfolio 
values, risk management strategies, and global economic outlook. The interconnectedness of 
global markets raises significant questions about economic stability, investor behaviour, 
and policy formulation, making it a critical area of study for financial experts and scholars. 
This phenomenon is especially evident during periods of economic turmoil or financial crises, 
where volatility in one market often spikes abnormally due to external shocks, regardless of a 
country’s underlying economic conditions (Forbes and Rigobon, 2002). As financial markets 
become more integrated, understanding the dynamics of these interdependencies has become 
essential for crafting effective risk mitigation strategies and fostering economic resilience.
An extensive body of research has explored the nature and extent of interconnection among 

financial markets. Raddant and Kenett (2021), Eun and Shim (1989), and Gębka and Serwa 
(2007) demonstrated that market movements are far from isolated events, highlighting that a 
substantial portion of a market’s returns and volatility are attributed to conditions in other
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markets. These findings emphasise that while global shocks can trigger synchronous market 
responses, deeper interlinkages persist among markets beyond the influence of external 
shocks. Moreover, geographic proximity often plays a pivotal role in market interactions. 
Raddant and Kenett (2021) observed stronger correlations among markets within the same 
region, suggesting a regional clustering effect in market responses. In addition, there exists 
different spillover effects on different sizes of the markets, for instance, markets with smaller 
capitalisation are disproportionately impacted by fluctuations in larger markets (Nguyen et al., 
2020; Baum€ohl et al., 2018). Notably, Mukherjee and Mishra (2010) demonstrated the 
presence of bi-directional spillover effects, indicating that even smaller markets can influence 
larger ones.
Despite the significant progress made in understanding market spillovers, gaps remain in 

the existing literature. Many earlier studies, such as Eun and Shim (1989), were constrained by 
limited datasets; for instance, their analysis covered just five years with 1,560 observations, 
limiting the generalisability of their findings. Additionally, some studies have overlooked 
critical factors such as regional clustering, time zones and market opening hours, which can 
significantly influence the speed and magnitude of spillover effects (Baum€ohl et al., 2018). 
Furthermore, little attention has been paid to how spillover dynamics vary across different 
economic contexts, such as during crises and recovery periods, or among markets in mature, 
emerging, and developing economies. The varying responses of these markets remain under-
explored, leaving a gap in understanding how market characteristics influence spillover 
impacts. Addressing these limitations is essential for providing a more systematic and 
comprehensive understanding of global market interdependencies, particularly given 
increasing global financial integration.
Our study builds on existing research by offering a comprehensive perspective on global 

market interconnection to address these critical gaps in literature. First, we conducted a cross-
country study and systematically quantified spillover effects across 15 mature, emerging, and 
developing markets. This provides a detailed understanding of how market characteristics and 
economic maturity influence spillover dynamics. Our analysis highlights differences in the 
vulnerability and resilience of various economies and offers insights into the specific drivers of 
market behaviour within different economic contexts. Second, we conduct a cross-period 
study, and the data collection spans an extensive period from 2002 to 2024. This period 
contains major global financial events, including the 2008 Global Financial Crisis, the 
COVID-19 pandemic, and their respective recovery phases. By covering both crisis and 
recovery periods, this research provides a robust analysis of market behaviour under diverse 
economic conditions. It goes beyond existing studies by identifying how spillover dynamics 
evolve over time, therefore, it offers critical insights into market adjustments during both 
turmoil and stabilisation phases.
Finally, we examined the duration of spillover effects from the US market, shedding light 

on how long shocks from a dominant global economy persist and influence other markets. 
This is particularly important given the central role of the US in global finance, where its 
market often acts as a transmitter of volatility to other economies. Understanding the 
persistence of these effects is crucial to help policymakers and investors manage risks and 
stabilise markets. By addressing these three aspects, market-specific spillover behaviour, 
temporal analysis across economic conditions, and the duration of spillover effects, our study 
deepens the understanding of global financial interconnection and provides practical insights 
for improving economic stability, crafting policy interventions, and developing more resilient 
investment strategies.
Our study utilises daily close prices from 15 countries across three economic groups: 

mature, emerging, and developing countries, over the period from 2002 to 2024. 
We investigate the spillover effects among global stock markets, focusing on key regions 
including Europe, Asia, and emerging markets. We focus on quantifying the spillover effects 
of different markets under various economic conditions using VAR models. We analyse each 
market’s self-resilience, the extent of the spillovers it transmits to other countries, and the
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degree to which it receives spillovers from other markets. Additionally, we analyse the 
persistence of the US market’s influence over time and examine how shocks originating from 
the US affect other markets in terms of volatility transmission, correlation, and market
integration. 
We find that during the recovery from the Dot.com bubble, global markets displayed 

moderate interdependence, with a slow absorption of shocks from the US market, taking 
9–15 days. Developed economies like the UK, US and Switzerland exhibited the highest 
spillover effects on other markets, reflecting their strong global integration. During the 2008 
financial crisis, intermarket spillovers surged significantly. Markets in India and Mexico 
experienced prolonged contagion effects lasting 15 days, while Thailand and the UK 
demonstrated quicker responses to shocks from the US. While the UK, US and Switzerland 
maintained their roles as major spillover contributors, Mexico emerged as a developing 
economy with significant outbound spillovers. In the recovery phase following the financial 
crisis, markets returned to moderate interdependence, but they continued to show high 
persistence in responding to external shocks. The UK, US, Switzerland, and Mexico remained 
prominent spillover contributors. During the COVID-19 pandemic, markets witnessed 
vulnerability to external shocks, though the Russian market demonstrated very short 
persistence. While spillovers from the US market decreased, they still played a significant role, 
Switzerland and the UK became the most influential. Additionally, Thailand, Japan, and Brazil 
emerged as notable sources of spillovers to other markets. In the recovery phase from COVID-
19, most markets exhibited greater self-containment and resilience, with faster absorption of 
shocks. However, the UK, the US, and Switzerland continued to have significant spillover 
effects on other economies.
Understanding the dynamics of spillovers between markets is critical for designing 

effective global crisis responses. For instance, during the 2008 financial crisis and the 
COVID-19 pandemic, coordinated interventions by central banks and governments were 
instrumental in stabilising global markets. Analysing how markets react to external shocks and 
propagate spillovers can help policymakers develop targeted strategies to manage economic 
instability. Additionally, emerging and developing markets, often burdened by structural 
vulnerabilities such as high external debt, currency volatility, and political uncertainty, are 
more susceptible to spillover effects. By examining the transmission of shocks from mature 
economies to these vulnerable markets, policymakers can focus on building economic 
resilience and addressing weaknesses to mitigate future risks. The second section presents the 
literature review. The third section illustrates the study design while the fourth section 
discusses the findings. The fifth section discussed the key findings and made comparisons with 
existing literatures. The final section summarises the conclusion, practical implications, 
limitations, and future study directions.

2. Literature review
2.1 Spillover, persistence and speed of adjustment
Spillover has been widely used as an index to assess the connectedness among different 
financial markets. It was first introduced by Diebold and Yilmaz (2012) as a foundational tool 
to measure volatility transmission and directional spillovers across markets. Since then, 
spillover framework has been instrumental in understanding how financial disturbances 
propagate during stable and volatile periods. Similarly, Engle (2002) developed dynamic 
conditional correlation (DCC) models to capture evolving correlations between markets, 
offering deeper insights into the dynamic nature of global financial interconnectedness. Given 
the dominance of the US stock markets, numerous studies have analysed their influence on 
other economies. Forbes and Rigobon (2002) noted that contagion effects, where financial 
shocks in the US spread to other markets, are recurring phenomena during crises. Bekaert et al. 
(2014) further highlighted the role of the US market in driving global volatility and affecting 
both developed and emerging economies.
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However, studies on the persistence and intensity of the US market spillovers reveal 
variations based on market conditions and regional characteristics. For example, Sahiner 
(2024) observed that during crises such as the 2008 Global Financial Crisis and the COVID-19 
pandemic, US-driven shocks persisted for weeks to months, with greater intensity during 
periods of high volatility. Su et al. (2024) found that developed markets like Hong Kong and 
Japan are particularly sensitive to US shocks; while emerging Asian markets experience more 
localised and shorter-lived effects. Aloui et al. (2011) demonstrated that US volatility 
spillovers persist over extended periods, particularly during downturns, raising concerns about 
the resilience of other economies. However, Kose et al. (2003) argued that while the US 
remains central, regional hubs such as Europe and Asia are emerging as influential players, 
challenging the long-existing dominance of the US.
Research on global financial interconnectedness underscores its impact on market stability 

and systemic risks. Raddant and Kenett (2021) investigated how interdependencies among 
global financial markets affect risk dynamics. They identified key determinants of network 
structure, including country-level impacts (e.g. the US, Netherlands, and Hong Kong), 
sector-specific dynamics (e.g. financial, energy, and materials), regional groupings (e.g. 
“West” versus “East”), economic development, and country-to-country interactions. Eun and 
Shim (1989) employed a VAR model to examine interdependencies among national stock 
markets, demonstrating that US innovations are the most influential globally, with European 
and Asian-Pacific markets responding strongly within one or two days. Gębka and Serwa 
(2007) analysed contemporaneous and lagged linkages in emerging markets across Central 
and Eastern Europe, Latin America, and Southeast Asia. They concluded that spillovers within 
these regions are driven by both global shocks and local factors, with overlapping trading 
hours facilitating contemporaneous news absorption.
Several studies have focused on regional contagion dynamics. Nguyen et al. (2022), using 

DCC-EGARCH models, explored the contagion effects of the US, Japan, China, and other 
Asian markets during the 2008 crisis and the COVID-19 pandemic. They found strong 
correlations between the US and Japanese markets with Asian emerging markets, as well as an 
increasing influence of the Chinese market in the region. Mukherjee and Mishra (2010) 
applied GARCH models to investigate spillovers between India and 12 other Asian markets, 
identifying bi-directional intraday return spillovers. However, they noted that volatility 
spillovers were stronger from foreign markets to India, with information transmission often 
delayed by a day. Baum€ohl et al. (2018) provided additional insights into volatility spillovers 
during the 2008 crisis, identifying statistically significant spillovers in 40% of observed cases 
across 40 markets. They observed that while interconnectedness among markets has declined 
slightly, volatility spillovers remain stable, with larger markets experiencing smaller 
propagated shocks.

2.2 Economic policy uncertainty and volatility
Numerous studies have examined how economic policy uncertainty (EPU) influences 
financial market volatility and international spillovers. Sen and Wesselbaum (2023) used a 
multivariate GARCH model to show that EPU can spill over across countries, especially 
during the Global Financial Crisis, though spillovers from China were limited outside crisis 
periods. He et al. (2020) analysed EPU from six major economies and found that the US stock 
market is mainly a net recipient of EPU spillovers, with Japan having the strongest impact. 
They also showed that “bad” volatility reacts more strongly to EPU shocks, particularly during 
debt crises and trade tensions. Nguyen et al. (2020) applied a DCC-GARCH model to explore 
spillovers between US and EU stock markets. Their findings revealed that the US EPU 
negatively affects all EU markets, while only some European countries, Spain, Ireland, 
Sweden, and the UK, have a significant impact on US markets.
The effect of EPU also varies by market conditions: in bear markets, both US and EU EPU 

have negative effects on EU returns, while in bull markets, only US EPU has a significant
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impact. Chiang (2020) found that US policy uncertainty, covering monetary, fiscal, and trade 
areas, negatively affects US stock returns both immediately and with a lag. Similar effects 
were seen in global markets, including Europe, China, and Japan. Sector-level data also 
showed a consistent negative relationship between policy uncertainty and stock returns. 
Li et al. (2023) used spillover indices and network analysis to examine connections between 
the US EPU and stock markets in the US and Asia. They found strong spillover effects, with 
EPU being a recipient of shocks and stock markets acting as transmitters. Japanese and South 
Korean markets were especially sensitive to changes in US EPU, and spillovers peaked in 
2020 during the COVID-19 pandemic. Su et al. (2024) confirmed that global stock markets 
experience strong volatility spillovers, especially during the COVID-19 crisis. They also 
showed that EPU plays a key role in increasing market connectedness during turbulent times.
To deepen the analysis of cross-country spillover dynamics, several studies have employed 

Global Vector Autoregressive (GVAR) models to quantify bilateral spillovers of uncertainty 
across countries. For example, Moramarco (2022) develops a novel approach to jointly 
measure global macroeconomic uncertainty and its bilateral transmission using a GVAR 
framework. By integrating a wide range of uncertainty indicators, including financial 
volatility, survey forecasts, policy-related and econometric measures, he finds that the 
spillover structure closely mirrors global economic linkages and intensifies during systemic 
crises such as the Global Financial Crisis and the COVID-19 pandemic. Similarly, Trung 
(2019) examines how shocks to US policy uncertainty propagate internationally within a 
GVAR model. He shows that US uncertainty significantly influences global business cycles, 
but the transmission is heterogeneous across countries. Both studies underscore the 
importance of accounting for interdependencies and asymmetries when modelling 
uncertainty spillovers in a globally integrated economy.
In summary, these studies collectively highlight the critical role of the US stock market in 

global financial spillovers while acknowledging the growing influence of regional financial 
hubs. The persistence and intensity of these spillovers are influenced by the nature of crises and 
market conditions, underscoring the importance of understanding global financial dynamics 
during periods of stability and instability.

3. Study design
3.1 Data collection
Table 1 presents the list of the countries in our sample. We select these 15 stock markets based on 
their market development, regional representation, as well as economic and financial 
significance. The matured markets represent highly developed and globally influential 
economies with well-established stock markets; emerging markets capture the dynamics of 
fast-growing economies with significant contributions to global GDP while developing markets 
provide insights into economies with growth potential and less mature financial markets. These 
15 countries also represent diverse geographical regions, including North America, South 
America, Europe, Asia, and Oceania. This ensures the study captures regional variations in 
economic structures, trade relations, and financial interconnectedness. We collect the daily close, 
open, highest, and lowest prices of these 15 stock markets. The datasets span from 1st March 
2002 to 30th April 2024, encompassing two decades of financial market activity. This timeframe 
covers periods of both economic booms and crises, especially the 2008 Global Financial Crisis 
and COVID-19 outbreak, thereby providing a comprehensive view of market dynamics under 
various economic conditions. We used Yahoo! Finance as our main data source, which 
aggregates data from credible sources, such as stock exchanges and financial data providers.
Based on the global annual GDP growth rates published by the World Bank (2023), the 

proposed timeframe is divided into 5 sub-periods, as illustrated in Table 2. The first three 
windows include 02-01-2002 to 17-09-2007; 18-08-2007 to 27-10-2011; and 28-10-2011 to 
31-12-2018, aligning with data availability, with India starting on 18-09-2007, and the 
Philippines on 28-10-2011.
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3.2 Data imputation
To ensure uniformity across time-series data, we addressed missing values caused by non-
trading dates, such as bank holidays, which vary across countries. These gaps were filled using 
linear interpolation, a widely used method that estimates missing values by assuming a linear 
relationship between adjacent data points. This approach maintains the continuity and 
consistency of the dataset within the same time window. Additionally, we apply a logarithmic 
transformation to standardise the stock market data (Erdugan et al., 2019). Since the price data 
originates from different markets and is denominated in local currencies, the logarithmic 
function helps normalise the data by stabilising variance and reducing skewness. These 
transformations ensure that data from various markets are comparable, facilitating more robust 
and reliable analysis. After that, we compute the volatility of each stock market in each time 
window (Zhang et al., 2020a, b) and we use the Augmented Dickey-Fuller (ADF) test to assess 
the stationarity of each dataset.

3.3 VAR model
Building on Diebold and Yilmaz’s methodology (2009, 2012), the extended VAR framework 
offers a more accurate way to quantify market interactions and dependencies. We estimate the 
spillover index using the VAR model, as shown in Equation (1):

Table 1. Summary of data collection

Economic
type Country Index

Matured United States S&P 500
Switzerland SMI 
United Kingdom FTSE 100
Japan Nikkei 225

Emerging India S&P BSE 500
South Korea KOSPI
Brazil IBrX 100
Russia MOEX
China CSI 300
Singapore STI

Developing Vietnam VN 30
Thailand SET
Malaysia FTSE Bursa Malaysia KLCI Index 
Philippines PSEi
Mexico MXX (IPC Mexico)

Source(s): Authors’ own creation

Table 2. Sub-periods of data collection

Time
window Period Economic stage

1 02/01/2002–17/09/2007 Recovery from Dot-com bubble
2 18/09/2007–27/10/2011 Financial crisis
3 28/10/2011–31/12/2018 Recovery from financial crisis
4 02/01/2019–31/12/2022 COVID-19 crisis
5 02/01/2023–30/04/2024 Recovery from COVID-19 crisis
Source(s): Authors’ own creation
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RV t ¼ 0:511ðH t � L t Þ 2 � 0:019½ðC t � O t ÞðH t þ L t � 2O t Þ � 2ðH t � O t ÞðL t � O t Þ�

� 0:303ðC t � O t Þ 
2 (1)

where H t is the highest price on day t, L t is the lowest price on day t, C t is the closing price and 
O t is the opening price. Variance decomposition under the context of the VAR model is a 
technique that divides the forecast error variances of each variable into components 
attributable to shocks within the system. The H-step-ahead forecast error variance 
decomposition, θ g, ij (H) is calculated using Equation (2):

θ ij ðHÞ ¼
σ −1 

jj
PH−1

h¼0

� 
e 0iA h Σe j 

� 2

PH−1

h¼0

� 
e 0iA hΣA 0he i 

�
(2)

where σ jj is the standard deviation of the error term for the j-th equation, e i is a selection vector 
with the i-th element being one, and 

P 
is the variance matrix for the error vector ε (Diebold 

and Yilmaz, 2012). In the variance decomposition matrix, the element in each row is 
normalised according to Equation (3) to represent how many percent of the total error is 
attributable to each variable in each row:

e θ ij ðHÞ ¼
θ g;ij ðHÞ
P N

j¼1
θ g;ij ðHÞ

(3)

We derive directional contagion to determine the contributions of each market to others and 
vice versa. We use Equation (4) to identify the proportion of volatility contagion that is 
transmitted from one variable to others, while Equation (5) measures the spillover effect 
received by that variable from others (Zhang et al., 2020a, b):

From ¼ 
X 

i≠j

θ ij ðHÞ
P 

i
θ ij ðHÞ

(4)

To ¼ 
X 

j≠i

θ ij ðHÞ
P 

j
θ ij ðHÞ

(5)

In addition, we calculate net pairwise using Equation (6) to measure the net directional 
spillover effects from one asset to another:

S g;i→$ ðHÞ ¼
1
N
X N

j¼1;j ≠ i

f θ g;ij ðHÞ 3 100 (6)

Lastly, this study utilises the Akaike Information Criterion (AIC) to calculate the persistence of 
the US market’s shock on others, as shown in Equation (7):

AIC ¼ −2lnðLÞ þ 2k (7)

where L represents the maximised value of the likelihood function of the model, and k is the 
number of estimated parameters. By minimising the AIC value, it determines the most
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appropriate length of lag that best captures the dynamics of how shocks in the US market affect 
other markets.

4. Results analysis
4.1 Descriptive analysis
The descriptive analysis of daily open, high, low, and close prices of market data from the 15 
countries is summarised in Table 3, while Figure 1 illustrates the market trends from 2002 
to 2024.
The US stock market exhibits strong growth and resilience, characterised by high mean 

prices and notable volatility throughout 2002 to 2024, supported by steep upward trendlines. 
Based on high mean prices with tight price ranges and lower volatility, the Swiss market seems 
very stable. The UK market demonstrates strong growth over time, evidenced by its upward 
trendlines. Japan’s stock market grow has a wide range of min and max prices, with high 
volatility, reflecting both economic recovery and challenges over the period. India’s market 
exhibits dramatic growth, especially post-2020, highlighted by its wide price ranges and 
considerable volatility during the period. South Korea’s market indicates considerable growth 
and periodic high volatility. Brazil’s stock market demonstrates steady growth until 2016, but 
increased drastically from 2016 to 2024, resulting in significant volatility. Russia’s market 
exhibits high volatility, with stable growth until 2020, followed by downturns possibly due to 
the COVID-19 and Ukraine war from 2022. China’s stock market reflects significant 
economic changes and rapid growth based on its high volatility and upward trendlines. 
Singapore’s market shows a relatively stable yet upward trend over the period. 
The Vietnamese market, while smaller, shows substantial growth and volatility. The Thai 
market shows an upward trend with some fluctuations. Malaysia’s market displays steady 
growth with moderate fluctuations, and a declining trend in stock prices over time. 
The Philippine stock market has exhibited a significant range of prices over the studied period, 
indicating a rapid growth throughout the period. Mexico’s stock market has shown significant 
growth, especially after 2007, with high volatility.

4.2 Results of ADF test
Table 4 presents the results of the ADF test result. The results reveal that the time-series data of 
close prices for all stock markets are stationary, demonstrating their feasibility in using the 
VAR models.

4.3 Observation of spillover effects
To evaluate spillover effects across selected stock markets, we use results from the VAR 
model, applied over five distinct time windows. Only the UK, Mexico, Japan, Korea, 
Thailand, Switzerland, and the US have available stock market data as early as 2002, so these 
seven countries are included in the spillover analysis. Tables 5–10 below show the spillover 
dynamics among these countries across each of the five windows. The rows indicate the level 
of spillover received from other countries, while the columns indicate the level of spillover 
transmitted to other countries. Green, yellow and red cells indicate the strong, moderate and 
light spillovers, respectively.
Table 5 indicates a period of relative stability, where markets exhibit moderate 

interdependence in Window 1, reflected by a total spillover index of 27.16%. This suggests 
that, while the markets are interconnected, the influence of external shocks is not 
overwhelmingly strong. Most markets demonstrate a degree of independence, as over 50% 
of their variances are explained by their own past values. The UK, Switzerland and the US play 
the most central roles in this network, acting as both primary transmitters and recipients of 
spillovers. The UK exerts a directional spillover effect of 57.79%, showing its strong influence 
on other markets. It also receives 41.95% of its variability from spillovers generated by other
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Table  3.  Descriptive  analysis  of  stock  markets

Count Mean Standard  deviation Minimum Maximum
Stock market Open High Low Close Open High Low Close Open High Low Close Open High Low Close Open High Low Close

US 5,620 5,620 5,620 5,620 2,077 2,089 2,065 2,078 1,138 1,144 1,132 1,139 679 695 667 677 5,258 5,265 5,246 5,254
Switzerland 5,610 5,610 5,610 5,610 8,057 8,101 8,010 8,056 2,038 2,043 2,035 2,039 3,715 3,760 3,618 3,675 12,978 12,997 12,906 12,971
UK 5,597 5,597 5,597 5,597 6,104 6,143 6,064 6,104 1,102 1,100 1,104 1,102 3,287 3,466 3,278 3,287 8,147 8,200 8,138 8,147
Japan 5,466 5,466 5,466 5,466 16,901 16,999 16,795 16,899 7,127 7,157 7,097 7,130 7,060 7,101 6,995 7,055 40,943 41,088 40,714 40,888
India 4,062 4,062 4,062 4,062 12,740 12,803 12,653 12,727 6,873 6,892 6,841 6,869 2,978 3,019 2,899 2,983 33,246 33,382 33,104 33,143
South Korea 5,512 5,512 5,512 5,512 1,833 1,843 1,820 1,832 621 622 618 620 529 532 512 515 3,305 3,316 3,295 3,305
Brazil 3,060 3,060 3,060 3,060 66 67 66 66 24 24 24 24 31 31 31 31 111 112 111 111
Russia 2,749 2,749 2,749 2,749 2,360 2,375 2,341 2,359 720 723 714 719 1,238 1,248 1,183 1,237 4,285 4,293 4,259 4,288
China 4,697 4,697 4,697 4,697 3,228 3,258 3,198 3,230 1,094 1,102 1,083 1,093 817 824 808 818 5,922 5,931 5,816 5,877
Singapore 3,181 3,181 3,181 3,181 3,138 3,150 3,124 3,137 208 206 210 208 2,274 2,274 2,208 2,233 3,624 3,642 3,607 3,615
Vietnam 3,821 3,821 3,821 3,821 778 783 773 778 310 313 306 309 231 231 231 231 1,577 1,587 1,568 1,572
Thailand 5,442 5,442 5,442 5,442 1,136 1,141 1,129 1,135 444 445 443 444 304 305 302 305 1,843 1,853 1,831 1,839
Malaysia 3,436 3,436 3,436 3,436 1,624 1,629 1,618 1,624 138 138 139 138 1,217 1,243 1,208 1,220 1,896 1,896 1,892 1,895
Philippines 3,055 3,055 3,055 3,055 6,877 6,914 6,833 6,877 897 898 893 896 4,228 4,256 4,039 4,210 9,052 9,078 9,008 9,059
Mexico 5,607 5,607 5,607 5,607 34,617 34,847 34,381 34,621 14,684 14,755 14,603 14,679 5,535 5,645 5,501 5,534 58,856 59,021 58,383 58,712

Source(s):  Authors’  own  creation
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countries, highlighting its bidirectional integration within the global financial system. 
Switzerland similarly contributes significantly to outward spillovers at 40.23% and absorbs 
46.84% from other markets, indicating a balanced role in transmitting and receiving financial 
impacts. The US market, with a 46.31% contribution to outward spillovers and a 33.22% 
inflow from other markets, maintains its position as a major source of global financial 
influence, though it is less impacted by external spillovers than Switzerland and the UK.
Japan’s market plays a significant role in the Asian region, especially influencing 

neighbouring countries. It exerts spillovers to Korea and Thailand at 6.15% and 1.43%, 
respectively, while receiving 6.48% from Korea and 2.01% from Thailand. Japan also has 
substantial financial ties with Western markets, receiving spillovers of 4.04% from the US and 
4.31% from the UK, reflecting its integration with both regional and global markets. 
The Korean market is notably influenced by major players, particularly Japan and the US, from

Figure 1. Trends of stock markets. Source: Authors’ own creation
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Figure 1. (continued)
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Figure 1. (continued)
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Figure 1. (continued)
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which it receives 6.15% and 5.06%, respectively. In turn, Korea exerts spillovers of 6.48% to 
Japan and 1.69% to Thailand, underscoring its growing capacity to influence neighbouring 
economies due to regional economic integration. Korea’s market dynamics indicate a balance 
between sensitivity to international spillovers and its expanding role in the region.

Figure 1. (continued)
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Table 4. Results of ADF tests

Stock
market

ADF
statistic p-value

UK �6.24 0.00
Mexico �6.71 0.00
Japan �8.30 0.00
South Korea �7.71 0.00
Thailand �9.76 0.00
Switzerland �6.62 0.00
US �6.54 0.00
Philippines �7.02 0.00
Singapore �5.55 0.00
India �7.54 0.00
Vietnam �5.04 0.00
Brazil �3.66 0.00
Malaysia �4.95 0.00
China �4.31 0.00
Russia �3.81 0.00
Source(s): Authors’ own creation

Table 5. Spillover index of 7 countries in Window 1

UK Mexico Japan South 
Korea 

Thailand Switzerland US Directional 
FROM 
others 

UK 58.04 3.57 0.89 1.08 0.24 23.45 12.72 41.95 
Mexico 4.55 79.34 0.87 0.71 0.39 2.4 11.73 20.65 
Japan 4.04 2.65 78.55 6.48 2.01 1.97 4.31 21.46 
South Korea 4.08 1.41 6.15 79.5 0.65 3.15 5.06 20.5 
Thailand 0.19 0.94 1.43 1.69 94.52 0.21 1.02 5.48 
Switzerland 31.14 2.02 0.93 0.86 0.42 53.16 11.47 46.84 
US 13.79 8.1 0.55 1.57 0.16 9.05 66.78 33.22 
Directional TO others 57.79 18.69 10.82 12.39 3.87 40.23 46.31 
Directional TO including own 115.83 98.03 89.37 91.89 98.39 93.39 113.09 

61.72xednir evollipsl atoT
Source(s): Authors’ own creation

Table 6. Spillover index of 7 countries in Window 2

htuoSnapaJocixeMKU
Korea 

Thailand Switzerland US Directional 
FROM 
others 

UK 36.63 16.43 2.6 3.29 2.27 19.45 19.33 63.37 
Mexico 12.25 50.46 3.96 1.99 1.37 7.6 22.37 49.54 
Japan 7.38 12.88 50.06 8.26 1.54 6.45 13.42 49.93 
South Korea 4.49 11.45 6.67 55.03 4.01 5.64 12.71 44.97 
Thailand 5.79 11.19 1.51 3.16 67.66 3.32 7.36 32.33 
Switzerland 18.76 14.03 2.99 4.12 1.55 39.59 18.96 60.41 
US 14.55 22.2 3.52 1.81 1.56 11.08 45.29 54.72 
Directional TO others 63.22 88.18 21.25 22.63 12.3 53.54 94.15 
Directional TO including own 99.85 138.64 71.31 77.66 79.96 93.13 139.44 

57.05xednir evollipsl atoT
Source(s): Authors’ own creation
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As an emerging market, Mexico shows moderate spillover dynamics, contributing 18.69% 
in directional spillovers to others and receiving 20.65% from external sources. Mexico’s 
financial linkages are especially pronounced with the US, from which it receives 11.73% of

Table 7. Spillover index of 7 countries in Window 3

UK Mexico Japan South 
Korea 

Thailand Switzerland US Directional 
FROM 
others 

UK 51.86 6.64 3.8 5.97 2.09 13.1 16.55 48.15 
Mexico 7.81 67.88 2.2 3.8 3.01 3.66 11.64 32.12 
Japan 7.29 4.69 62.79 6.5 4.11 4.35 10.28 37.22 
South Korea 6.73 2.97 6.76 70.6 3.19 2.46 7.3 29.41 
Thailand 2.11 2.27 3.68 1.61 86.53 1.2 2.6 13.47 
Switzerland 18.61 4.08 2.29 1.98 1.39 58.79 12.86 41.21 
US 12.11 8.77 1.86 4.56 1.23 6.18 65.3 34.71 
Directional TO others 54.66 29.42 20.59 24.42 15.02 30.95 61.23 
Directional TO including own 106.52 97.3 83.38 95.02 101.55 89.74 126.53 

67.33xednir evollipsl atoT
Source(s): Authors’ own creation

Table 8. Spillover index of 7 countries in Window 4

UK Mexico Japan South 
Korea 

Thailand Switzerland US Directional 
FROM 
others 

UK 39.63 4.61 4.61 1.73 11.51 27.14 10.78 60.38 
Mexico 11.95 48.01 5.07 1.76 8.17 16.25 8.78 51.98 
Japan 15.34 3.8 41.4 5.38 8.67 17.72 7.69 58.6 
South Korea 13.11 5.25 9.3 39.02 12 14.13 7.19 60.98 
Thailand 16.19 5.79 8.16 4.67 43.17 18.64 3.39 56.84 
Switzerland 23.47 4.69 6.48 1.53 11.66 42.14 10.03 57.86 
US 16.55 6.78 7.06 2.71 7.38 21.74 37.77 62.22 
Directional TO others 96.61 30.92 40.68 17.78 59.39 115.62 47.86 
Directional TO including own 136.24 78.93 82.08 56.8 102.56 157.76 85.63 

14.85xednir evollipsl atoT

Source(s): Authors’ own creation

Table 9. Spillover index of 7 countries in Window 5

UK Mexico Japan South 
Korea 

Thailand Switzerland US Directional 
FROM 
others 

UK 67.22 1.33 1.73 0.42 1.76 20.74 6.8 32.78 
Mexico 1.8 90.96 0.21 0.29 0.09 4.13 2.52 9.04 
Japan 1.42 0.16 91.28 2.09 1.99 2.32 0.74 8.72 
South Korea 0.24 1.92 3.26 90.79 0.24 0.89 2.66 9.21 
Thailand 3.67 1.13 1.56 0.53 87.42 3.63 2.05 12.57 
Switzerland 17.2 4.04 0.75 1.2 1.59 64.88 10.33 35.11 
US 1.81 2.03 1.34 0.78 0.1 5.84 88.11 11.9 
Directional TO others 26.14 10.61 8.85 5.31 5.77 37.55 25.1 
Directional TO including own 93.36 101.57 100.13 96.1 93.19 102.43 113.21 

50.71xednir evollipsl atoT

Source(s): Authors’ own creation
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spillovers while transmitting 8.1% back to the US. However, Mexico has a limited impact on 
advanced economies like Japan and Switzerland. Overall, the interdependencies in Window 1 
reveal a structure where developed markets such as the UK, Switzerland, and the US drive 
spillovers, while emerging and regional markets like Mexico, Japan, and Korea exhibit a mix 
of influence and susceptibility, with varying degrees of connectedness.
Table 6 shows the spillover behaviour during the 2008 financial crisis and demonstrates a 

remarkable spillover increase within the global financial market. The spillover index rises to 
50.75%, and in each country, the spillover received from other countries jumps drastically 
compared Window 1. This suggests that during the financial crisis, global markets became 
more interconnected. The variances explained by their own past values reduced dramatically, 
with the UK having the smallest value at 36.63% and Thailand having the largest percentage at 
67.66%. The UK market is both a key source and recipient of spillovers. While it influences

Table 10. Summary of key spillover indicators during 5 windows

Country Type of spillover

Recovery
from the
Dot.com
bubble

Financial
crisis

Recovery
from
financial
crisis

COVID-
19 crisis

Recovery 
from 
COVID- 
19 crisis

UK Variances explained by own 
past values

58.04 36.63 51.86 39.63 67.22

Spillover to other countries 57.79 63.22 54.66 96.61 26.14
Spillover from other
countries

41.95 63.37 48.15 60.38 32.78

Mexico Variances explained by own 
past values

79.34 50.46 67.88 48.01 90.96

Spillover to other countries 18.69 88.18 29.42 30.92 10.61
Spillover from other
countries

20.65 49.54 32.12 51.98 9.04

Japan Variances explained by own 
past values

78.55 50.06 62.79 41.4 91.28

Spillover to other countries 10.82 21.25 20.59 40.68 8.85
Spillover from other
countries

21.46 49.93 37.22 58.6 8.72

South Korea Variances explained by own 
past values

79.5 55.03 70.6 39.02 90.79

Spillover to other countries 12.39 22.63 24.42 17.78 5.31
Spillover from other
countries

20.5 44.97 29.41 60.98 9.21

Thailand Variances explained by own 
past values

94.52 67.66 86.53 43.17 87.42

Spillover to other countries 3.87 12.3 15.02 59.39 5.77
Spillover from other
countries

5.48 32.33 13.47 56.84 12.57

Switzerland Variances explained by own 
past values

53.16 39.59 58.79 42.14 64.88

Spillover to other countries 40.23 53.54 30.95 115.62 37.55
Spillover from other
countries

46.84 60.41 41.21 57.86 35.11

US Variances explained by own 
past values

66.78 45.29 65.3 37.77 88.11

Spillover to other countries 46.31 94.15 61.23 47.86 25.1
Spillover from other
countries

33.22 54.72 34.71 62.22 11.9

Total spillover index 27.16 50.75 33.76 58.41 17.05
Source(s): Authors’ own creation
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other markets with 63.22% spillovers transmitted, a significant portion of its variation 
(63.37%) is attributed to influences from other countries, suggesting that the UK has strong 
bidirectional interconnections. Major contributors to the UK’s received spillovers are the US 
(19.33%) and Switzerland (19.45%). Switzerland has substantial bidirectional spillovers, with 
60.41% of its variance influenced by external factors and contributing 53.54% of spillovers to 
other markets. It is notably impacted by the UK (18.76%) and the US (18.96%), which reflect 
its integrated role in the global financial network. The US market exhibits both high inward 
and outward spillovers. It transmits 94.15% of its variance to other markets, primarily 
impacting Mexico (22.37%) and Switzerland (18.96%). It also receives 54.72% of its total 
variance from spillovers, showing a balanced interdependence with major global economies, 
particularly the UK (14.55%) and Switzerland (11.08%).
Mexico shows the highest outward spillovers among all markets, transmitting 88.18% to 

others, primarily influencing the US (22.20%) and Japan (12.88%). However, it is also 
relatively impacted by external forces, with 49.54% of its variance attributed to spillovers from 
other countries. The most substantial inbound influence for Mexico comes from the US 
(22.37%). Japan exerts moderate spillover effects, particularly influencing Korea (6.67%) and 
Mexico (3.90%). It receives 49.93% of its total influence from external sources, with notable 
contributions from the US (13.42%) and Mexico (12.88%). This interdependence highlights 
Japan’s strong regional influence in Asia and its susceptibility to broader global market 
changes. Korea receives a substantial portion of its variance (44.97%) from spillovers, 
indicating its sensitivity to external forces, especially from Japan (6.67%) and Mexico 
(11.45%). In turn, Korea transmits 22.63% of its spillovers to other markets, suggesting its 
growing but limited regional impact compared to larger economies. Thailand shows the 
highest degree of independence among these markets, with 67.66% of its variability explained 
by its own past values. It receives spillovers primarily from Mexico (11.19%) and Korea 
(3.16%) and contributes modestly to other markets with only 12.3% outward spillover, 
reinforcing its relative isolation in the network. Overall, Window 2 reveals that Mexico and the 
US are the most influential in terms of spillovers transmitted to others, while the UK, 
Switzerland, and the US are central nodes in this network, demonstrating strong bidirectional 
interdependence with the other markets. In contrast, Thailand remains relatively isolated with 
limited influence on and from other markets.
Table 7 indicates that the total spillover index decreases to 33.76% in Window 3, reflecting 

continued but moderate interdependence. The results suggest a period of recovery and relative 
stability following a crisis, where markets are still intertwined, but the intensity of contagion 
effects has reduced. Each market, again, has relatively high self-dependence of over 50%. 
The UK market shows a notable level of self-reliance, with 51.86% of its variance explained 
by its own past values. It is a strong source of spillovers to other markets, contributing 54.66% 
to others, primarily impacting Switzerland (18.61%) and the US (12.11%). It also receives 
significant influence from external sources (48.15%), particularly from the US (16.55%) and 
Switzerland (13.1%), indicating its central role in the global network. The US market is again 
central in the spillover network, explaining 65.3% of its variance internally but transmitting a 
significant 61.23% to others. It has a considerable influence on the UK (16.55%), Mexico 
(8.77%), and Japan (10.28%). The US also receives 34.71% of its variance from spillovers, 
particularly from the UK and Switzerland, reinforcing its strong bidirectional links with other 
major markets. Switzerland is a significant player in terms of bidirectional spillovers, with 
58.79% of its own variance explained internally while transmitting 30.95% of spillovers to 
other markets. It is particularly influenced by the UK (18.61%) and is a notable contributor to 
the US (12.86%) and UK markets. This reflects Switzerland’s importance in the European 
financial landscape.
Mexico demonstrates a high degree of independence, with 67.88% of its own variance 

attributed to its internal dynamics. It transmits 29.42% of its spillover to other markets, mainly 
affecting the US (8.77%) and Japan (4.69%). Mexico is relatively insulated from external 
influences, with only 32.12% of its movements impacted by other markets. Japan’s stock
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market shows strong self-sufficiency, with 62.79% of its variance explained by its own values. 
It transmits 20.59% of spillovers to others, with notable influence on Korea (6.76%) and the 
US (10.28%). Japan’s moderate inward spillovers (37.22%) indicate its position as both a 
regional leader and a receiver of spillovers, mainly from the US and Mexico. Korea exhibits 
high independence, with 70.6% of its variance explained by its own history, showing less 
sensitivity to external shocks. It transmits 24.42% of spillovers to other markets, primarily 
impacting Japan (6.76%) and the US (7.3%). The inward spillovers for Korea are relatively 
low (29.41%), highlighting its relative stability in this window. Thailand is the most 
self-contained market in this period, with 86.53% of its variance explained by its own values, 
suggesting limited integration with global financial markets. It contributes a small 15.02% to 
other markets, making it the least influential in terms of spillovers. Thailand is also minimally 
affected by external influences, with only 13.47% of its variance attributed to spillovers from 
others.
Overall, in this window, markets exhibit a more independent phase, with a lower total 

spillover index (33.76%) indicating reduced interdependence. Thailand and Korea maintain 
the highest levels of internal variance, signalling regional stability. The UK, Switzerland, and 
the US are the main contributors to spillovers, with the US remaining a key influencer globally, 
while Switzerland and the UK play essential roles within Europe. The emerging market of 
Mexico shows high self-reliance and low spillover activity, demonstrating its relative isolation 
from external shocks.
In Table 8, the overall spillover index rises to 58.41% in Window 4. This reflects another 

period of significant global economic stress and enhanced market integration, corresponding 
to the COVID-19 pandemic crisis. During this phase, all seven markets exhibit a high degree of 
vulnerability to external shocks, with over 50% of their variance explained by movements in 
other markets. The UK shows a high level of outward influence, contributing 96.61% in 
directional spillovers to other markets. This reflects its role as a major global financial centre. 
Meanwhile, the UK absorbs a significant 60.38% of spillovers from other markets, indicating 
it is affected by global dynamics, particularly from Switzerland (27.14%) and Thailand 
(11.51%). Switzerland has the highest outward spillover at 115.62%, indicating its significant 
global influence, particularly on the UK (23.47%) and Thailand (18.64%). Switzerland, 
meanwhile, receives 57.86% spillovers, suggesting substantial feedback from global markets, 
mainly from the UK and Thailand. The US shows a significant 47.86% outward spillover 
effect, impacting Mexico (8.78%), Japan (7.69%), and other major markets. It also has a high 
inward spillover rate of 62.22%. On the other hand, the US is influenced heavily by 
Switzerland (21.74%) and the UK (16.55%).
Mexico exerts moderate influence with 30.92% in directional spillovers to other markets 

and receives 51.98% from others, showing more sensitivity to external factors. Mexico is 
particularly influenced by the UK (11.95%) and Switzerland (16.25%), suggesting a strong 
susceptibility to external shocks. Mexico’s close economic ties with the US and its emerging 
market status make it sensitive to changes in advanced economies. Trade and foreign direct 
investment links with the UK and Switzerland might also contribute to spillover effects. Japan 
transmits 40.68% of directional spillovers, with considerable influence on Korea (9.3%) and 
Thailand (8.16%). However, it also receives 58.6% spillovers from other stock markets, 
especially, since it is highly influenced by the UK (15.34%) and Switzerland (17.72%). Korea 
has moderate outward spillovers (17.78%) but is more impacted by spillovers from other 
countries (60.98%), especially Japan (9.3%), Thailand (12%), and Switzerland (14.13%). 
Thailand shows a relatively high directional impact on others (59.39%), indicating it plays a 
more influential regional role than previously thought. It also receives 56.84% from external 
markets, especially from the UK, Japan, and Switzerland. Thailand is affected notably by 
Switzerland (18.64%) and Japan (8.67%), reflecting dependencies on global and regional
players.
The spillover analysis reveals that mature financial centres like Switzerland, the UK and the

US exert strong influences on global markets, while also being significantly impacted by each
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other. Emerging markets such as Mexico, Korea, and Thailand display moderate outward 
spillovers but are more sensitive to shocks from larger economies, particularly those with close 
economic ties. Regional interdependencies are evident, especially in Asia, where Japan plays a 
key role in influencing Korea and Thailand, reflecting both global and regional economic 
interconnectedness.
Table 9 reveals that the spillover index in Window 5 drops remarkably to 17.05%, 

indicating a period of reduced global market interdependence. This suggests a post-crisis 
recovery phase and a period of relative economic stability, in which global market 
interdependence is reduced. During this period, all markets exhibited strong self-dependence, 
with over 65% of their market variance explained by their own historical data. Emerging 
and developing markets such as Mexico, Korea and Thailand show significantly high 
independence with approximately 90% of their variances driven by their own shocks. 
This suggests that during periods of recovery or stability, internal factors drive market 
movements rather than external shocks.
The UK market exhibits a moderate degree of independence, with 67.22% of its variance 

driven by its own past values. However, it also has a substantial outward spillover influence, 
especially towards Switzerland (20.74%) and the US (6.8%). Switzerland displays a high 
degree of influence on other markets, as evidenced by its substantial directional spillovers, 
especially to the UK (17.2%). It retains 64.88% of its variance through self-dependence but 
still absorbs spillovers from the UK (10.33%) and the US (5.84%). The US market is 
predominantly self-sustaining, with 88.11% of its behaviour internally determined. It has a 
moderate spillover influence on Switzerland (5.84%) and receives spillovers from the UK 
(1.81%) and Mexico (2.03%).
Mexico’s stock market is highly self-contained, with 90.96% of its behaviour explained by 

its historical performance. Its interactions with other markets are limited, with minimal 
spillovers received or exerted. However, there are some moderate spillover effects from 
Switzerland (4.13%) and the US (2.52%). This high level of independence indicates Mexico’s 
relative insulation from external market shocks during this period. Japan also shows a high 
level of self-dependence, with 91.28% of its variance driven internally. The primary 
international influence on Japan’s market comes from Switzerland (2.32%) and Korea 
(2.09%), suggesting the interconnectedness within regional and global markets. Japan has 
minimal outward spillovers, indicating that its market dynamics during this period were 
mostly inward-focused, with limited influence on other markets. Korea’s stock market is 
largely driven by internal factors, with 90.79% of its variance explained by its own history. 
It receives moderate spillovers from Japan (3.26%) and the US (2.66%), reflecting both 
regional and global economic ties. Korea’s influence on other markets is relatively small, with 
limited spillovers sent outward. Thailand’s market is also highly self-reliant, with 87.42% of 
its variance internally driven. It exhibits vulnerability to spillovers from the UK (3.67%) and 
Switzerland (3.63%), which may reflect trading or economic ties with these economies. 
Thailand’s outward influence is minimal, and its dynamics remain primarily contained, 
showing low interdependence with other markets in this period.
In summary, this shows that mature economies such as the UK, Switzerland and the US 

exhibit moderate spillover effects both outward and inward and maintain interdependencies, 
especially with each other. In contrast, developing markets (e.g. Mexico and Thailand) and 
emerging economies (e.g. Korea) are more self-contained with limited influence on global 
markets.
Table 10 summarises the key spillover indicators of 7 countries during 5 windows. Mexico, 

Japan, South Korea, and Thailand demonstrate high self-reliance, with strong internal variance 
across all periods. Their self-variance ranges from 39.02% to 67.66% during crisis periods and 
increases to 58.79% to 94.52% during recovery periods. In contrast, the UK, Switzerland, and 
the US exhibit relatively lower internal variance, with values between 36.63% and 45.29% 
during crises and 51.86% to 88.11% during recoveries. Outbound spillovers peak during crisis 
periods, with Mexico and the US reaching 88.18% and 94.15%, respectively, during the 2008
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financial crisis, and the UK and Switzerland exhibiting 96.61% and 115.62% during the 
COVID-19 crisis. During recovery periods, the UK, Switzerland, and the US consistently 
show higher outbound spillovers compared to Mexico, Japan, South Korea, and Thailand. 
In terms of inward spillovers, the US, UK, and Switzerland are heavily influenced by external 
factors, with inbound spillovers exceeding 54.72% during crisis periods. In contrast, Mexico, 
Japan, South Korea, and Thailand generally maintain lower dependence on external factors, 
particularly during recovery phases. This disparity can be attributed to the globally integrated 
financial markets of developed economies like the UK, US, and Switzerland, which act as 
financial hubs with substantial cross-border capital flows and strong international trade ties. 
Conversely, Japan, South Korea, and Thailand, though export-driven, are more insulated due 
to regional trade blocs and a focus on domestic markets, which buffer them from global market 
shocks.
The results for 15 countries are included in Windows 4 and 5 to provide a more 

comprehensive analysis. The results are summarised in Tables 11 and 12.
Table 11 reveals that global stock markets from 15 countries are highly interconnected in 

Window 4, with a total spillover index of 56.24%. In terms of matured countries, the US 
market retains a high self-driven variance of 35.18% and shows a strong spillover from 
Switzerland (18.68%) and the UK (14.06%). The US remains influential and is moderately 
impacted by European markets, with 64.82% of its variance driven by external factors, 
underscoring its interconnectedness in the global financial system. Switzerland has a high 
level of self-reliance at 36.3% but significantly influences other countries, notably the UK 
(21.3%) and Thailand (13.72%). With 63.7% of its market variance impacted by international 
markets, Switzerland plays a central role in global finance. The UK retains a considerable 
34.19% self-dependence but shows a high level of exposure to other markets (65.82%), 
especially Switzerland (22.38%) and the US (8.38%). This reflects the UK’s status as a major 
financial hub with extensive international ties, particularly with Europe and the US. Japan’s 
market variance is internally driven by 33.65% but receives considerable spillovers from 
Switzerland (13.94%) and the UK (12.7%). This reliance on foreign markets highlights 
Japan’s integration into the global economy, with 66.35% of its variance affected by external 
movements.
In terms of emerging countries, India has a notable inward spillover influence, with 68.72% 

of its variance attributed to external markets. Key influencers are Switzerland (12.81%) and 
the UK (10.86%), which underscores India’s connection to global markets, especially Europe. 
Self-driven dynamics make up 31.29%, showing a moderate degree of independence within its 
market. South Korea maintains a self-driven portion of 33.76% but has substantial external 
influence, particularly from Thailand (11.62%) and Switzerland (9.74%). This suggests South 
Korea’s sensitivity to both regional and global economic trends, with external factors 
accounting for 66.24% of its variance. Brazil shows a strong self-dependence at 45.35%, with 
key external influences from Switzerland (12.79%) and the UK (9.26%). While Brazil is 
relatively self-sustained, with 54.64% external influence, it remains moderately impacted by 
European markets. Russia displays high self-reliance, with 74.9% of its variance internally 
driven. It has minimal interaction with other markets, receiving modest spillovers from 
Switzerland (8.1%) and the UK (3.52%). Russia’s low connectivity reflects its economic 
detachment from most global markets. China’s market is largely self-sustaining with 70.46% 
of its variance internally driven, exhibiting limited spillover influence from global markets. 
It receives moderate external influence, with Switzerland (6.76%) as the primary external 
factor, reflecting China’s relative economic isolation and resilience. Singapore’s market is 
self-driven by 37.63% but is significantly influenced by the UK (13.99%) and Switzerland 
(11.84%). This high spillover from European financial hubs suggests Singapore’s strong ties to 
global finance, making it a bridge between Asian and European markets with over 62% of its 
variance due to external influences.
In terms of developing countries, Vietnam is highly self-reliant with 71.07% of its variance 

internally generated. It has minimal connections with global markets, although it is somewhat
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Table  11.  Spillover  index  of  15  countries  in  Window  
4

 Philippines Singapore India UK Mexico Japan Vietnam 
South 
Korea Thailand Brazil Malaysia Switzerland China Russia US 

Directional  
FROM 
others 

Philippines 35.38 2.82 6.27 8.03 4.51 4.42 1.47 2.7 15.15 4.23 1.06 10.87 0.42 0.73 1.93 64.61 
Singapore 1.55 37.63 3.94 13.99 3.19 2.94 1.24 1.38 8.68 4.71 1.56 11.84 0.54 2.64 4.19 62.39 
India 2.56 1.97 31.29 10.86 7.74 6.04 1.35 2.93 10.61 4.66 0.68 12.81 0.37 1.32 4.82 68.72 
UK 0.79 2.83 3.35 34.19 5.95 3.58 1.37 1.38 9.1 4.02 0.92 22.38 0.3 1.47 8.38 65.82 
Mexico 2.48 1.96 2.59 10.2 40.34 3.42 3.21 1.24 5.39 3.7 1.21 13.15 0.36 2.78 7.98 59.67 
Japan 2.02 1.92 3.7 12.7 4.31 33.65 2.26 4.74 7.93 4.42 0.57 13.94 0.41 1.38 6.05 66.35 
Vietnam 1.62 0.84 0.72 3.66 2.96 1.42 71.07 1.09 2.09 5.04 0.27 2.45 1.64 0.34 4.81 28.95 
South Korea 2.39 2.17 4.67 10.06 3.45 6.27 2.19 33.76 11.62 5.82 1.9 9.74 0.92 0.42 4.62 66.24 
Thailand 3.33 3.56 6.33 13.17 5.98 5.26 2.08 3.43 34.35 5.26 0.83 13.72 0.65 0.48 1.57 65.65 
Brazil 2.06 1.27 2.09 9.26 3.6 3.51 2.99 1.75 10.29 45.35 0.67 12.79 0.73 0.07 3.56 54.64 
Malaysia 1.97 6.02 1.23 8.42 3.78 2.08 1.7 1.83 10.03 4.89 42.57 10.15 0.65 1.39 3.29 57.43 
Switzerland 1.26 1.4 2.42 21.3 5.23 4.45 1.68 1.23 9.91 4.49 0.47 36.3 0.3 1.45 8.11 63.7 
China 1.28 1.25 0.2 4.92 0.6 2.1 1.67 1.9 3.24 0.91 0.87 6.76 70.46 1.76 2.09 29.55 
Russia 0.37 1.77 0.44 3.52 1.01 2.46 0.64 0.47 0.69 0.04 1 8.1 0.48 74.9 4.11 25.1 
US 0.87 1.38 1.71 14.06 6.85 4.71 2.73 1.44 4.96 4.36 0.53 18.68 0.3 2.24 35.18 64.82 
Directional 
TO others 24.55 31.16 39.66 144.15 59.16 52.66 26.58 27.51 109.69 56.55 12.54 167.38 8.07 18.47 65.51  
Directional 
TO 
including 
own 59.93 68.79 70.95 178.34 99.5 86.31 97.65 61.27 144.04 101.9 55.11 203.68 78.53 93.37 100.69  
Total 
spillover 
index 

56.24 

Source(s): Authors’ own creation
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Table  12.  Spillover  index  of  15  countries  in  Window  
5

 Philippines Singapore India UK Mexico Japan Vietnam 
South 
Korea Thailand Brazil Malaysia Switzerland China Russia US 

Directional  
FROM 
others 

Philippines 81.95 1.46 4.2 0.51 0.87 0.45 1.18 2.34 0.36 0.56 0.25 1.41 0.35 0.74 3.37 18.05 
Singapore 0.62 83.69 1.71 2.77 1.48 1.73 0.23 1.91 0.18 0.16 0.3 1.37 0.39 1.36 2.1 16.31 
India 1.91 0.46 82.59 0.39 0.2 0.69 0.15 2.04 0.54 1 0.1 1.29 1.89 1.34 5.4 17.4 
UK 1.13 1.87 0.67 63.88 1.33 1.3 0.72 0.44 0.95 0.08 0.39 19.27 0.26 2.02 5.69 36.12 
Mexico 0.82 0.66 0.3 1.08 89 0.15 0.53 0.34 0.26 0.04 0.31 3.47 1.23 0.1 1.71 11 
Japan 0.41 1.7 0.38 0.45 0.16 88.69 0.19 1.84 2.1 0.07 0.08 1.83 0.07 1.15 0.89 11.32 
Vietnam 1.63 0.46 0.97 0.79 0.15 0.23 85.93 1.1 0.2 0.39 0.69 4.43 0.47 0.08 2.49 14.08 
South Korea 1.68 1.76 2.75 0.81 1.06 2.31 0.94 79.12 0.19 0.17 0.67 1.02 2.8 1.09 3.63 20.88 
Thailand 0.6 0.28 0.63 2.81 1.51 1.47 0.26 0.59 82.34 0.21 1.05 2.95 0.54 3.29 1.48 17.67 
Brazil 1.39 0.05 0.51 0.42 0.11 0.33 0.36 0.06 0.35 86.98 0.61 0.87 0.57 1.36 6.05 13.04 
Malaysia 0.47 0.03 0.01 0.91 0.12 1.9 0.5 0.75 2.31 0.32 90.77 1.19 0.06 0.18 0.47 9.22 
Switzerland 1.7 0.69 1.47 18.06 3.72 0.35 1.47 0.8 1.38 0.7 0.75 59.29 0.04 1.29 8.29 40.71 
China 0.18 0.22 1.99 0.39 0.94 0.46 0.24 1.11 0.32 0.4 0.15 0.11 91.8 1.26 0.42 8.19 
Russia 0.51 0 0.65 4.89 0.77 1.3 0.01 0.7 0.32 0.49 0.12 1.13 0.54 87.95 0.61 12.04 
US 3.84 0.9 4.4 3.61 1.92 0.95 2.75 0.32 0.03 2.74 0.38 5.57 1.37 0.11 71.11 28.89 
Directional 
TO others 16.89 10.54 20.64 37.89 14.34 13.62 9.53 14.34 9.49 7.33 5.85 45.91 10.58 15.37 42.6  
Directional 
TO 
including 
own 98.84 94.23 103.23 101.77 103.34 102.31 95.46 93.46 91.83 94.31 96.62 105.2 102.38 103.32 113.71  
Total 
spillover 
index 

18.33 
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influenced by Brazil (5.04%) and Switzerland (2.45%), showing that Vietnam’s market is 
relatively isolated, with only 28.95% external influence. With 34.35% of its variance internally 
driven, Thailand’s market is influenced by Switzerland (13.72%) and the UK (13.17%). 
This significant spillover from European markets highlights Thailand’s global financial 
integration, with 65.65% of its variance impacted by external markets. Malaysia retains 
42.57% of its own market variance but is heavily influenced by Switzerland (10.15%) and the 
UK (8.42%). With 35.38% of its variance driven by its own factors, the Philippines market is 
moderately self-reliant. It is influenced heavily by Thailand (15.15%) and Switzerland 
(10.87%), indicating sensitivity to Asian and European financial movements. This suggests 
that external factors, particularly from regional economies, play a substantial role, with 
64.61% of its variance impacted by other countries. Mexico’s market displays a notable self-
driven portion at 40.34%, yet it is moderately influenced by Switzerland (13.15%) and the UK 
(10.2%). This indicates that while Mexico demonstrates certain market independence, its 
financial dynamics are shaped by both European and North American economic activities, 
with a 59.67% external spillover.
This analysis reveals that mature economies act as major sources of spillovers, while most 

emerging and regional markets are relatively self-dependent and have limited external 
influences.
Table 12 reveals that global interconnectedness had decreased significantly, with the total 

spillover index of 18.33%. Most countries show greater self-containment, with over 80% 
being driven by its historical volatility. The US, UK, and Switzerland remained influential but 
with reduced impact. This period indicates a shift toward increased market resilience and 
reduced vulnerability to global shocks, likely a response to the challenges posed by the 
COVID-19 pandemic.
In terms of mature countries, the US has a substantial internal influence at 71.11%, with 

significant outward influence on other countries, notably the highest directional spillover to 
others at 42.6%. It has a substantial influence on economies worldwide, particularly in 
Switzerland (8.29%), Brazil (6.05%), and the UK (5.69%), indicating its far-reaching 
economic impact. Switzerland has the smallest internal spillover of 59.29% within the 15 
countries, demonstrating a highly interconnected and internationally influenced economy. It 
receives substantial influence from the UK at 18.06% and exerts a high directional spillover of 
45.91%, reflecting its strong role in European and global finance. The UK demonstrates a 
moderate internal influence of 63.88%, but receives substantial spillover from Switzerland 
(19.27%), indicating close financial ties within Europe. The UK exerts a strong influence on 
other countries, with the highest directional spillover to others (37.89%), underscoring its 
global economic impact. Japan exhibits an internal spillover of 88.69%, showing a robust 
economy with significant self-sufficiency. Externally, Japan exerts influence on other 
economies such as Thailand (2.1%) and Korea (1.84%), which are key trade partners in Asia.
With regards to emerging markets, India retains 82.59% of its economic influence 

domestically yet receives notable spillovers from the US (5.4%) and China (1.89%), which 
reflects its strong economic connections with both countries. India exerts a high level of 
influence on other countries at 20.64%, indicating its significant role in regional economic 
dynamics. South Korea has a lower internal influence at 79.12%, indicating higher sensitivity to 
external economic conditions. It receives significant influence from India (2.75%) and the US 
(3.63%), reflecting the importance of both countries in South Korea’s economic landscape. With 
a directional spillover of 14.34% to others, South Korea demonstrates notable outward influence 
on other countries. Brazil shows strong domestic stability with an internal spillover of 86.98%. It 
receives its largest influence from the US at 6.05%, underscoring the significance of trade and 
financial connections between the two countries. Brazil has a relatively low spillover to others at 
7.33%, indicating a smaller impact on global economies compared to larger economies like the 
US or UK. Russia’s internal spillover is 87.95%, with substantial influence from the UK 
(4.89%), reflecting its historical and economic ties to Europe. Its directional spillover to others is 
15.37%, indicating moderate external influence. China has a high internal spillover of 91.8%,
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suggesting strong domestic resilience and a largely self-contained economy. Externally, it exerts 
moderate influence on other markets (10.58%), while India (1.99%) and Russia (1.26%) are the 
most significant external influences. Singapore shows a high level of internal stability with 
83.69% of influence being internal. It also exerts a moderate influence on other countries with a 
directional spillover of 10.54%, especially towards the UK (2.77%) and Korea (1.91%).
From the perspective of developing countries, Vietnam has a strong internal spillover of 

85.93%, but it also receives notable influence from Switzerland (4.43%), possibly due to trade 
or financial market connections. Its spillover influence on other countries is relatively low at 
9.53%, with the largest impact on US (2.75%), Switzerland (1.47%), and the Philippines 
(1.18%). Thailand maintains a high internal spillover at 82.34%, signalling domestic stability, 
but it also receives substantial influence from the UK (2.81%) and Japan (2.1%). Thailand has 
a moderate spillover impact on other economies at 9.49%, indicating that its economic 
influence is largely regional. Malaysia has a high internal influence at 90.77%, reflecting a 
resilient domestic market with minimal dependence on external factors. The US, with a 0.47% 
influence, and Thailand, with 2.31%, are its major external influences, showing the importance 
of regional and US trade ties. Its directional spillover to others is 5.85%, the lowest in this table, 
indicating a limited external influence. The Philippines receives the majority of its spillover 
influence internally, with 81.95% originating within its own economy, indicating strong 
domestic stability and insulation. Among external influences, the largest impact comes from 
the US at 3.37%, followed by Korea at 2.34%, and India at 4.2%, reflecting economic ties with 
key trade and economic partners in the region. Overall, the Philippines has moderate influence 
on other countries, with a directional spillover to others at 16.89%, indicating regional 
engagement, especially in Asia. Mexico shows a high internal spillover at 89%, signifying 
domestic economic resilience and lower dependence on foreign economies. Externally, it is 
most influenced by the US at 1.71%, reflecting strong economic ties with its northern 
neighbour. Mexico’s directional influence on other countries is 14.34%, showing a moderate 
spillover impact in the region, largely driven by trade partnerships.

4.4 Persistence of US market shocks
The optimal lag order determined by the AIC algorithm provides insights into how long the 
effects of a shock originated in the US stock market persist in other selected markets. The lag 
order represents the number of days that past information continues to influence the current 
values in the VAR model. Higher lag orders suggest that the impact of a shock persists for a 
longer duration, while lower lag orders indicate a quicker dissipation. Table 13 summarises the 
results of AIC for each time window.
In the first window, markets exhibit high persistence (9 to 15 days) in absorbing shocks 

from the US, reflecting slow adjustment likely caused by lingering uncertainties after the 
crisis. In the second window, persistence varies across markets: India and Mexico experience 
strong contagion effects with longer lag times (15 days), while Thailand and the UK adjust 
more quickly (5 to 7 days), possibly due to effective policy responses. The third window 
mirrors the first, showing consistently high persistence, which indicates continued market 
vulnerability driven by cautious investor behaviour and ongoing structural adjustments 
(Baele, 2005).
During the COVID-19 pandemic (fourth window), lag times decrease significantly, with 

markets like Russia showing very short persistence. This can be attributed to rapid global policy 
implementation and advancements in digital communication, enabling faster market responses 
(Zhang et al., 2020a, b). In the fifth window, persistence shortens further (5 to 10 days), 
suggesting greater market resilience and faster absorption of shocks. This improvement is likely 
due to advancements in global communication, technological innovation, and experience 
gained from previous crises (Diebold and Yilmaz, 2014).
Overall, these findings reveal that the persistence of US market shocks varies with the 

economic cycle, being higher during recovery phases and lower during crises when markets
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react swiftly but remain vulnerable. Post-crisis periods demonstrate improved resilience, 
reflecting lessons learned and structural advancements.

5. Discussion
Our study reveals the existence of spillover effects among mature, emerging, and developing 
economies, with the intensity of these effects varying based on the global economic 
environment. We find that spillover effects are reinforced during crisis periods and diminish 
during relatively stable times. This observation aligns with Nguyen et al. (2022), who 
highlighted the extension of financial contagion and spillover effects across global markets 
during the COVID-19 pandemic. Specifically, our findings corroborate their conclusion 
regarding strong correlations between the US and Japanese markets with Asian emerging 
markets. Additionally, although our study period differs, our conclusions align with Bekaert 
et al. (2014) and Forbes and Rigobon (2002), who demonstrated that financial shocks 
originating in the US consistently propagate to other markets, particularly during crises, 
driving global volatility in both developed and emerging economies. Furthermore, we observe 
that the UK, Switzerland, and Japan are emerging as influential markets, challenging the 
longstanding dominance of the US. This finding is consistent with Kose et al. (2003), 
further validating our research methods and outcomes. Beyond examining spillover effects 
from the US and other mature economies, our study takes a broader approach by analysing 
cross-country spillover effects among a diverse range of mature, emerging, and developing 
economies. This comprehensive analysis underscores the dynamic nature of global financial 
interconnections and provides valuable insights into how spillover effects evolve across 
different market types.
As economic events unfold, capital markets react to policy changes, liquidity injections, or 

opportunities created by volatility. Cross-border capital flows intensify as investors chase 
returns, hedge risks, or rebalance portfolios to adjust to new realities. Global economic shocks 
often lead to massive shifts in capital allocations. For example, if the US Federal Reserve lowers 
interest rates, it makes US assets less attractive, causing capital to flow emerging or developing 
markets. This amplifies financial integration, as investors simultaneously adjust positions across 
global markets. The rise of technology and financial innovation has made it easier for investors

Table 13. AIC of different countries

Country

Lag order (days) 
Time
window
1

Time
window
2

Time
window
3

Tine
window
4

Tine
window
5

Philippines – – 12 8 5
Singapore – – 15 10 7
India – 15 11 9 5
UK 9 7 15 11 10
Mexico 15 15 12 9 5
Japan 15 12 11 10 5
Vietnam – – 13 8 5
Korea 10 10 15 8 5
Thailand 15 5 12 11 5
Brazil – – 12 6 5
Malaysia – – 14 9 5
Switzerland 15 9 5 10 8
China – 9 13 5 5
Russia – – – 3 7
Source(s): Authors’ own creation
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to access global markets in real-time. Economic events trigger immediate reactions due to high-
speed information flow, algorithmic trading, and instant access to foreign assets. For example, 
during the COVID-19 pandemic, digital platforms allowed global investors to shift their 
investments in response to events rapidly, leading to more integrated financial reactions as 
national borders became less relevant in the movement of capital. Globalization has led to a 
deeper integration of trade and investment networks, meaning shocks in one part of the world 
quickly propagate through supply chains, financial markets, and investment channels.
During the COVID-19 crisis, Vietnam, China, and Russia demonstrated strong 

self-resilience, maintaining high levels of variance explained by their own past values. 
In contrast, countries such as the Philippines, Singapore, India, the UK, Japan, South Korea, 
Thailand, Switzerland, and the US experienced significantly lower self-variance values, 
indicating greater external influence on their markets. The UK, Thailand, and Switzerland 
emerged as key contributors to global spillovers, exerting substantial influence on other 
economies. Meanwhile, Mexico, Brazil, and Malaysia experienced medium levels of spillover 
impacts from external sources. Notably, Malaysia and China had minimal outbound spillover 
effects, while Vietnam, China, and Russia received the least spillover impacts from other 
countries, reflecting their relative insulation from global market turbulence during this period. 
During the recovery from COVID-19, most countries regained high self-resilience, with 
variance explained by their own past values exceeding 80%. However, the UK, South Korea, 
Switzerland, and the US displayed relatively lower self-variance levels (ranging from 63.88% 
to 79.12%), indicating ongoing external influences. The UK, Switzerland, and the US 
continued to exert higher spillover effects on other economies, with outbound spillovers 
ranging between 37.89% and 45.91%. These countries, along with South Korea, also received 
relatively higher spillover impacts from external sources, highlighting their 
interconnectedness within the global financial system even during the recovery phase.

6. Conclusion and practical implications
In conclusion, this study offers several key innovations that contribute to the understanding of 
global financial market interconnectivity. First, it systematically quantifies spillover effects across 
markets from different economic groups, developed, emerging, and developing, providing 
valuable insights into the varying resilience of these markets during periods of crisis and recovery. 
The study uses a comprehensive dataset from 2002 to 2024, incorporating significant global events 
such as the 2008 Global Financial Crisis and the COVID-19 pandemic, allowing for a 
comprehensive analysis of market behaviour under different economic conditions. By employing 
VAR models, the study not only measures the self-resilience of markets but also explores the 
transmission of shocks and the direction of spillover effects between countries. This study design 
enables a deeper understanding of how shocks propagate through different economies, 
highlighting the increased vulnerability of certain markets and the resilience of others.
Using 7 countries in the VAR model, it is found that Mexico, Japan, South Korea, and 

Thailand show high self-reliance, with internal variance ranging from 39.02% to 67.66% 
during crises and 58.79% to 94.52% during recoveries, while the UK, US, and Switzerland 
demonstrate lower self-variance (36.63%–45.29% in crises and 51.86%–88.11% in 
recoveries). The UK, US, and Switzerland are highly interconnected globally, with 
outbound spillovers peaking during crises (e.g. 96.61%–115.62% during COVID-19), and 
inbound spillovers exceeding 54.72%, whereas Mexico, Japan, South Korea, and Thailand 
exhibit lower cross-border dependence, especially during recoveries.
Another set of spillover analyses involved 15 countries. During the COVID-19 crisis, 

Vietnam, China, and Russia demonstrated strong self-resilience with minimal external 
influences, while the UK, Thailand, and Switzerland emerged as key contributors to global 
spillovers. In the recovery period, most countries regained high self-resilience, but the UK, the 
US, South Korea, and Switzerland continued to exhibit significant interconnectedness through 
higher spillover effects on and from other economies. Moreover, the persistence of US market
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shocks varies across economic cycles, with high persistence during recovery phases (9–15 days) 
reflecting slower adjustment, and shorter persistence during crises (as low as 5 days) indicating 
faster but more vulnerable responses due to rapid global policy actions and technological 
advancements. Post-crisis, markets show improved resilience and faster absorption of shocks 
(5–10 days), reflecting lessons learned and structural improvements over time.
Given the varied persistence of shocks during crises, market participants should implement 

rapid response mechanisms and suitable hedging strategies. Shifting investments toward safer 
assets, such as government bonds or gold, can offer protection during periods of heightened 
uncertainty. On the other hand, as markets exhibit higher persistence of shocks during recovery 
phases, market participants should adopt a cautious investment strategy. Diversifying 
portfolios across less correlated assets can help mitigate risks associated with prolonged 
market adjustments. Additionally, closely monitoring global economic indicators and policy 
developments is crucial, as broader economic conditions remain fragile. As markets become 
more resilient in post-crisis and stable periods, investors can engage in more aggressive 
strategies to capitalize on quick rebounds and reduced shock persistence. Leveraging 
advanced analytics and communication tools is critical, enabling market participants to stay 
ahead of market trends and make informed decisions. Regularly rebalancing portfolios is also 
recommended to ensure they remain aligned with the current economic environment and risk 
tolerance, helping maintain an optimal risk-return profile. Since financial markets dynamics 
vary over time as shown over five windows, market participants are highly recommended to 
regularly revisit and adapt risk management practices considering the latest data to maintain 
resilience against market shocks. Lastly, given the proven existence of contagion effects, 
regulators and financial oversight bodies should closely monitor the connectedness among 
markets to identify potential systematic risks and ensure market stability.

6.1 Study limitations and future studies
Despite valuable insights provided by this study, it is important to acknowledge several 
limitations that could be addressed in future research. Firstly, this study, although focuses on 
markets with diverse economic standings, does not cover the entire spectrum of global financial 
markets. Future research can extend the scope of the analysis by including extensive range of 
global markets, such as African and Middle Eastern markets, for more comprehensive 
understanding of contagion effects. Secondly, the focus of this study is exclusively on stock 
indices. Since financial contagion can spread across various asset classes, including bonds, 
commodities, derivatives, digital assets, etc., expanding the analysis to include other classes 
offers deeper insights into how shocks propagate across different financial markets. Additionally, 
adjusting for different time zones is omitted in this project due to the asynchronous opening hours 
of global markets and utilization of closing prices, which already reflect all market activities on 
that day. However, many scholars believe that time zone differences can distort the results of the 
VAR model. Future studies can adjust for time differences to enable more accurate assessment. 
Another limitation of this project is the use of VAR model, which assumes linear relationships 
among variables. As financial markets often exhibit non-linear behaviour in practice, future 
research can explore non-linear modelling approaches, such as GARCH, to better capture the 
complex dynamics of financial contagion. Lastly, further research can extend this study by 
applying Impulsive Response Functions (IRFs) to calculate the transmission speed of a shock 
originating in one market to another. Integrating this into machine learning models to forecast 
transmission speed undoubtedly aids risk management.
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