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ABSTRACT
This study explores volatility spillovers and financial connectedness between conven-
tional and Islamic equity stock markets in developed, emerging, and frontier econo-
mies. Four regions– Gulf Cooperation Council (GCC), South Asian Association for
Regional Cooperation (SAARC), Brazil, Russia, India, and China (BRIC), and Group of
Seven (G7)–were selected for this study following the Diebold and Yilmaz (DY-12) and
Barun�ık and Krehl�ık (BK-18) spillover methods. Daily data from 01 January 2012 to
December 31, 2021, were sourced from the Eikon Refinitiv data stream. The results
showed that the COVID-19 crisis was lethal compared to the oil crisis of 2014–15.
These results suggest that Islamic stock markets are highly interconnected in terms of
overall returns. For conventional stocks, the USA stock market largely serves as the
top transmitter of returns and volatility. However, for Islamic stocks, France and the
USA found to be the top transmitter and receiver of the shock, respectively. Together
with these findings, we found that the DY-12 approach could replicate the frequency-
domain connectivity measurements of BK-18. Our findings have significant implica-
tions for investors, regulators, and policymakers.

IMPACT STATEMENT
This study comprehensively explored the static and dynamic volatility spillover effect
between Islamic and conventional stock markets across the globe in four regions cover-
ing major economic turmoil including the Oil crisis and Pandemic. The results showed
that the US conventional stock market appeared to be the top transmitter of shock dur-
ing the oil crisis. However, the oil rich countries including Oman, Bahrain, UAE, Kuwait,
and Qatar were heavily affected due the decline in the oil prices. In addition, with time-
and frequency-volatility spillover perspective, Islamic stock market had stronger impact
during the COVID-19 compared to the conventional markets. However, Qatar Islamic
index stands out as an exception during pandemic. The findings of our study provide
strong implications for the portfolio managers to put emphasize on static and dynamic
volatility connectedness to make prudent and informed investment decisions.
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Introduction

‘Black Swan’ events harmed stock markets by making investors react impulsively, hence creating uncertainty
(Lewis & Kindleberger, 1979; Kindleberger et al., 2005). For instance, the Gulf War (1990–91), the Asian finan-
cial crisis (1997–98), the September 11 attacks (2001–02), the global financial crisis (GFC) (2007–08), the
Russian Financial Crisis (2014), the Brazilian economic crisis (2014–17), the crude oil crises (2014–15), the
China stock market crash (2015–16), and the COVID-19 pandemic (2019–20) are all examples of Black Swans
(Lewis & Kindleberger, 1979; Kindleberger et al., 2005; Ansell & Boin, 2019). The Coronavirus (COVID-19) has
caused an unprecedented level of panic and uncertainty among global business operators, which has
shaken economic markets and caused the global economy to enter recession. It started out as a health crisis,
but it has become a huge economic disaster, causing economic and financial chaos around the world.
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People began to worry about an even bigger pandemic, which caused investors to get scared and pull their
money out of the stock market. The stock markets in Europe, the UK, France, and Japan all lost around 30–
42% of their value due to the pandemic (Taera et al., 2023). In just one-week, global stocks lost almost $6 tril-
lion, while the US S&P 500 lost around $5 trillion. Therefore, the pandemic impacted almost every sphere of
life and stock markets are no exception. Unpredictably, stock market indices show varied response to exter-
nal shocks, which requires further investigation (Hasan et al., 2021). Investors have been drawn to Islamic
stocks in recent years, especially since the GFC and European Debt Crisis (EDC). Studies have shown that
Islamic stocks outperform their conventional counterparts during a crisis, and have become popular among
investors who want to invest in stocks that reflect their religious beliefs. The Islamic financial market has
been growing steadily, at an annual rate of 11% according to the Islamic finance development indicator
(IFDI) for 2018, showing that it’s a long-term investment opportunity (Bossman et al., 2022).

Recent studies have compared Islamic and conventional markets during the pandemic (Ali et al., 2022;
Bahloul & Khemakhem, 2021; Bossman et al., 2022; Li et al., 2021; Mensi et al., 2021a; Taera et al., 2023; Zahid
et al., 2023). On the other hand, Gulf Cooperation Council countries play a leading role in the global econ-
omy, with a contribution of 23 percent of proven oil and gas investments, while stock market behavior is
understudied (Naeem et al., 2021). Furthermore, Gulf Cooperation Council economies, known as developing
markets, are undergoing financial liberalization, resulting in a significant connection with the global econ-
omy. In context of oil crisis, despite ample studies in stock markets (Basher et al., 2018; Naeem et al., 2021)
the evidence of spillover covering the developed, emerging, and frontiers market is limited. In addition,
Rehman et al. (2023) discovered a weak spillover effect in the conventional market from the leading markets
around the globe, However, this study investigates the economic relationship between conventional and
Islamic stock market returns via return and volatility spillover effects in the four regions (GCC, SAARC, BRIC,
G7). There is a conspicuous lack of studies discussing volatility spillovers and financial connectedness world-
wide. All studies, except the one in the UK (Ahmad et al., 2021), are based on collective indexes. Moreover,
prior research has not paid sufficient attention to how global conventional and Islamic stock markets are
connected. This study attempts to examine the dynamic relationship between Islamic and traditional stocks
to fill this gap. Importantly, majority of the studies seem to focus on the impact between developed mar-
kets, or alternatively between local and regional markets. This study includes a wide range of 18 countries
with Islamic and conventional stock markets from developed, emerging, and frontier markets and identifies
the directional co-movements of volatility and connectedness. Furthermore, the current study intends to
help financial regulators assess future market risk owing to crises such as COVID-19. Asset managers and for-
eign corporations can use changing spillover dynamics to improve their investment decisions.

The current study is expected to contribute to the literature in the following ways. First, by utilizing coun-
tries-specific stock indices, which cannot entirely indicate the performance of the global market, this study
analyzes conventional and Islamic markets using regional stock indices. Furthermore, the study considers
four Islamic and conventional stock markets based on major geographical region around the globe. This
resulted in a substantial set of eighteen (18) stock markets studied in the broad connectivity framework to
confirm that all significant financial sectors were covered. Third, building on the current empirical research,
we broaden our understanding of the issues that cause volatility spillovers across financial markets. Due to
the fact that the COVID-19 pandemic prompted several policy actions by governments worldwide, including
the closure of businesses and stock exchanges. Therefore, to determine whether the coronavirus is reason for
risk transmission is of great significance. We investigate the spread of coronavirus in four regions: the GCC,
SAARC, BRIC, and G7, and their roles in global and Islamic financial sector. The COVID-19 has enhanced invest-
ment strategy uncertainties in many countries and heightened investor’s concerns. As a result, it is hypothe-
sized that these factors, rather than the actual COVID-19 spread, may be more responsible for volatility
spillovers across markets. The hypothetical or sentimental factors were examined within the equity market
volatility due to infectious diseases, economic setbacks, and US financial uncertainty (Adekoya et al., 2022).

Literature review

The spread of coronavirus pandemic impacted stock markets in many countries, and immediately after
this outbreak, the markets experienced negative abnormal returns. This section provides a brief review
of existing studies in the context of stock market volatility and financial connectedness.
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Stock market reaction to the pandemic

The economic impact of COVID-19 affected 202 countries worldwide (Zahid et al., 2023). Setiawan et al.
(2022) investigated risk and return to analyze how financial and alternative assets behaved during the
COVID-19 pandemic. Financial markets frequently exhibit behavior influenced by external factors. The
findings show that asset behavior reacts to market information and economic conditions in various
ways. For instance, the risk is lower than usual during the pandemic period for gold and Bitcoin.
Therefore, one strategy for handling this type of situation is to assess investment performance by care-
fully monitoring portfolios and controlling risk by diversifying sets across various instruments, especially
during periods of global economic unrest. According to Ali et al. (2022), the global pandemic has
affected both the conventional and Islamic stock indices. The KSE and KMI indices of the PSX were used
to analyze the results. The findings suggest that the conventional stock index and Islamic stock index
behaved in a similar way during the COVID-19. As the crisis affected both types of stocks, and investors
reacted impulsively resulting the greater volatility and lower returns in the end. To conclude the find-
ings, the risk associated with both markets is of equal intensity. Similarly, Taera et al. (2023) investigated
how the current health crisis and geopolitical unrest increased the volatility of both traditional and non-
traditional financial assets, such as the fintech, Islamic, ESG, and cryptocurrencies. Using GARCH (1,1),
GJRGARCH, and EGARCH. The findings showed, with the exception of Bitcoin, all financial markets and
alternative assets experienced high volatility throughout the observation period. Before the pandemic
outbreak, Islamic stocks and ESG indices were more volatile than other financial assets. On the other
hand, Setiawan et al. (2022) explored the risk and return convergence of Islamic, ESG, conventional and
other financial assets in selected countries of Muslim majority countries from the Group of Seven (G7).
The finding revealed the risk associated to stock markets in Muslim-majority countries showed a random
behavior. Therefore, no evidence of risk convergence in pre-pandemic period is observed in Islamic stock
markets. However, the risk of the alternative assets including commodities, US bonds, and cryptocur-
rency converged in the selected countries in pre-pandemic period, which made the asset market riskier
than Islamic stock market in selected Muslim states. Similarly, Chowdhury et al. (2022) documented evi-
dence in favor of resilience of Islamic stock market during the COVID-19 crisis compared to conventional
counterparts. Using the Max. DD approach, the authors further argued in the speedy recovery of the
Islamic equity market as opposed to the time taken by non-Islamic markets. In support of Chowdhury
et al. (2022) findings, Hassan et al. (2022) confirmed the fact that Islamic stock market in Asian region
was least affected and experience a speedy recovery compared to Middle East, Africa, Europe, and the
US. Furthermore, the authors noticed a positive annual return where Islamic markets performed tremen-
dously well during the COVID crisis. These results reinforce the views of proponents of Islamic financial
market, which states that Islamic financial market is more resilient to economic setbacks.

Saleem et al. (2021) explored how the COVID-19 pandemic has affected Islamic stock indices world-
wide. The study considered Islamic equity indices from Australia, Qatar, Bahrain, United Arab Emirates,
Middle East and North Africa (MENA), Middle East, North Africa, and Southeast Asia (MENASA), BRIC, and
GCC. The results revealed that Australian, UAE, MENASA, and Bahrain Islamic equity indices were the
least affected by the crisis until mid-2020. However, investors from GCC, BRIC, MENA, Qatar, and Asian
countries responded pessimistically to the crisis. Contrary to the linearity, Suleman et al. (2021) examined
the asymmetric volatility effect between the Dow-Jones Islamic Equity Market Index (DJIM), the Brent
crude, silver, and gold markets. The results showed a strong evidence of volatility transmission between
the DJIM and commodity markets, with the DJIM and Brent oil markets being the largest transmitter.
Moreover, non-linearity volatility transmission was also confirmed by Aziz et al. (2021), who studied
financial uncertainty between US stock market and the market of SAARC countries, namely India, Sri
Lanka, Pakistan, and Bangladesh. The results from EGARCH indicate that the US market has a negative
spillover effect on stock market returns in SAARC member countries. The exception is Sri Lanka, in which
the spillover effect is positive. Pakistan’s stock market volatility is not affected by US stock market.
Furthermore, Hamid et al. (2019) argued that majority of the Islamic stock markets are found to be the
volatility receptor. The authors covered the risk transmission from international, local, and GIPSI markets.
MSCI is taken as international benchmark, whereas on local front S&P500 is taken to represent United
States, Stoxx300 is for European region, and P1Dow is taken for Asia-Pacific region. The multivariate
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GARCH models revealed the risk transfer to and from Islamic stock market to conventional markets. In
addition, Sevinç (2022) examined volatility results that rippled across MIST stock markets, including
countries (Mexico, Indonesia, South Korea, and Turkey) using the GARCH model to show how all series
are provisionally affected by shocks. It is worth noting that these studies explored the volatility shifts
caused by pandemics using contemporary GARCH family models. Aslam et al. (2023) reinstated the find-
ing of symmetric effect of COVID-19 on Islamic and conventional markets along with the US market
impact on other markets including Pakistan, Indonesia, India, and Thailand. The authors used Multifractal
Detrended Cross-Correlation Analysis (MF-DCCA) to analyze the pair-wise comparison of US economic
policy uncertainty (EPU) with Islamic and conventional stock markets of the selected countries. The
results revealed a similar impact on both markets, arguing that the conservative characteristics of Islamic
stocks had failed to protect their investors during the time of economic uncertainties, financial crisis,
and external shocks.

Stock market spillover effect in response to pandemic

One of the comprehensive studies by Mensi et al. (2018) explored MSCI World Indexes as global bench-
marks, regional indices (S&P500 in the US, Stoxx300 in Europe, P1DOW in Asia/Pacific), and the five
GIPSI stock markets (Greece, Ireland, Portugal, Spain, Italy) by Diebold and Yilmaz (2012) (hereafter DY
(2012)) and used the GRACH-ADCC model. The findings indicate that the stock market exhibits signifi-
cant risk spillover. Similarly, Kang et al. (2019) observed that the world Index to the ASEAN-5 stock mar-
kets using a multivariate DECO-GARCH model and Diebold and Yilmaz (2012) Spillover Index, which
identifies the net directional spillover effect of each market. It is estimated that the ripple effect of the
ASEAN-5 stocks price index and the world stock price index shows a positive equi-correlation. The use
of the time-varying parameter vector autoregression (TYP)-VAR technique to study the dynamic inter-
dependence between Islamic and conventional stock markets in GCC economies and global financial
uncertainty has proven efficient in obtaining reliable and robust results (Naeem et al., 2021). This study
explains how Islamic and traditional stocks exhibit strong interdependencies between nations. Together
with these results, the Islamic stock market receives more ramifications than the traditional stock market.
The study also shows that indicators of global financial uncertainty (GVZ, USEPU, and UKEPU) have posi-
tive and negative impacts, respectively, on financial market interconnectedness. In contrast, VIX and OVX
were still not significant (Naeem et al., 2021).

Zhang et al. (2020) found a significant evidence of volatility spillover effect in the G20 equity market
using BEKK-GARCH models. Similarly, evidence of volatility spillover in the emerging markets particularly
in Pakistan, China, Bangladesh, and India is documented from Pakistan to India, China to China, and
China to Pakistan. In addition, larger negative shifts in volatility occur more frequently (Hamid et al.,
2020). Moreover, Panda et al. (2021) examined the volatility spillover by Diebold and Yilmaz (2012), by
analyzing stock indices for 16 regions of BRICS countries to determine the cross-country directional, roll-
ing, gross, net, and net pairwise volatility spillovers. On the contrary, Agyei et al. (2022) considered a
newer technique by using the Barun�ık and K�rehl�ık (2018) (referred to as BK(18)) spillover index to
explore time-frequency spillovers between BRIC and G7 equity markets. The UK, France, and Germany
are the main transmitter of short-span shocks. The authors further explained that Canada and the
United States appeared to be the shock originator towards the BRIC market spillover over the medium
term, leaving the UK out. In the long term, the US, Canada, France, and Germany are the risk remitter.
To conclude the discussion on volatility spillover, Naeem et al. (2021) studied the Chicago Board Options
Exchange (CBOE) to implement a volatility index to estimate the time and frequency of information
between financial markets. The study used wavelet correlation (DY, 2012), and BK (2018). The results
confirmed the dynamic short- and long-term relevance between the alternative asset classes of the asset
class. Moreover, several other studies have confirmed similar results, for instance, across the US equity
market (Mensi et al., 2021a), emerging markets (Bahloul & Khemakhem, 2021), G20 stock markets (Li
et al., 2021), BRICS equity markets (Chien et al., 2021; Hung, 2021a; Karim et al., 2022; Mensi et al.,
2021b), the SAARC region (Kotishwar, 2021), and Chinese A and B listed stocks (Khalid et al., 2021).

Furthermore, Aloui et al. (2022) employed the multivariate GJR-GARCH model within the framework
of dynamic conditional correlation (DCC) alongside partial wavelet coherence techniques to assess the
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impact of the coronavirus on the interconnectivity between Chinese Islamic and conventional stock mar-
kets. The findings of the multivariate GJR-GARCH model indicated that the incidence rate of COVID-19
significantly influenced the mean dynamic conditional correlation (DCC) between Islamic and conven-
tional stock markets. Conversely, the cumulative number of recoveries demonstrated no discernible
impact on this correlation. Notably, neither factor yielded a statistically significant effect. Numerous stud-
ies have explored the phenomenon of spillover effects, albeit many are confined to specific geographic
regions. However, Naeem et al. (2022) conducted a comprehensive analysis encompassing 19 countries
representing both developed and developing financial markets worldwide, examining the dynamic inter-
action between sustainable and Islamic investments. Their findings reveal moderate intra-national corre-
lations between sustainable and Islamic investments, alongside limited cross-border linkage within
ethical investment domains. A sub-sample analysis focusing on the impact of COVID-19 in North
American and European regions further illustrates inter-regional connections, particularly evident in
high-frequency bands dominating total returns and volatility spillovers (Geng et al., 2021), inclusive of
structural disruptions. Casual diversification tests indicate two-way casual diversification across all mar-
kets except South Korea and Mexico, with mutual volatility spillovers observed among MIST countries.
Consistent with preceding research, Lin and Chen (2021) examined various connectivity indicators to
assess information spillover in financial markets using a (TVP)-VAR model. Their results highlight inter-
connectivity between major financial markets in China and the United States, spanning equity stocks
and real estate markets.

Materials and methods

Data and variables

This study utilizes daily closing stock indices from the GCC, BRIC, SAARC, and G7 equity markets. Two
distinct sets of market indices are employed: conventional stock indices encompassing Bahrain, Kuwait,
Oman, Qatar, Saudi Arabia, the UAE, Pakistan, India, Brazil, Russia, China, Canada, France, Germany, Italy,
Japan, the UK, and the USA. Additionally, Islamic stock indices for the selected countries are incorpo-
rated, including the FTSE Shariah Index, Refinitiv-Idealratings Islamic Index, S&P Shariah Index, and
Islamic Index KMI30. The data collection period (01 January 2012 to 31 December 2021) spans various
volatile phases and disruptive events, including significant global incidents such as the oil price crisis,
the Brazilian economic crisis, the Russian Financial Crisis of 2014, the Chinese stock market crash of
2015, and the COVID-19 global pandemic of 2019. Thomson Reuters DataStream and investing.com
serve as the primary sources for data collection. Spillover effects are estimated and interconnectivity is
analyzed through the examination of logarithmic returns and volatilities. Tables A1 and A2 (Appendix)
provide a comprehensive listing of the selected indices, their respective abbreviations, and the sources
of data collection.

Methods

Based on the research objective and support from previous literature (Aloui et al., 2022; Bahloul &
Khemakhem, 2021; Chien et al., 2021; Hung, 2021b; Karim et al., 2022; Khalid et al., 2021; Kotishwar,
2021; Li et al., 2021; Mensi et al., 2021a; Mensi et al., 2021b), this study used two popular methods to
analyze the financial connectedness and spillover effect considering the time-and frequency- dependent
response functions. These methods have been widely used in empirical studies to understand the inter-
connectedness and transmission of shocks among different financial markets or regions (Xiao et al.,
2023; Alsubaie et al., 2023; Owusu Junior, 2022; Khalid et al., 2021; Kotishwar, 2021; Aloui et al., 2022;
Rehman et al., 2023).

1. Diebold and Yilmaz Spillover Index.
2. Barunik and Kehlik Spillover Index

COGENT ECONOMICS & FINANCE 5



1. Diebold and Yilmaz (2012) Spillover Index
This study used the connectedness structure developed by Diebold and Yilmaz (2012) to investigate
risk spillovers across various stock markets. The method measures the time-dependent spillover index
and contagion risk focus of the spillover index using the forecast generalized variance decomposition
(FGVD) process in vector autoregression (VAR) models. Furthermore, the method overweighs on other
spillover models in several way. For instance, DY-12 provides a straightforward visualization of spill-
over dynamics through the construction of spillover index metrices, and this allows for the compari-
son of spillover intensities across different markets. Therefore, it turned out to be sensitive to the
choice of variance and covariance estimator, potentially affecting the accuracy of spillover measure-
ments (Diebold & Yilmaz, 2012). The process is built on a stationary N-variable covariance generalized
VAR framework with lag p.

Rt ¼ ;1Rt−1 þ ;2Rt−2 þ ::::þ ;pRt−p þ �t I

Where ‘u i’ is the ith coefficient matrix and Rt ¼ (R1t, R2t… , RNT) denotes volatility in numerous stock’
markets’ 1, 2… , N. White noise, �t � N (0,

P
�) exists. Let Rt be a stationary covariance procedure

assuming that the roots of ju ij, where i¼ 1, 2… , p, are located outside the unit circle. The vector mov-
ing average representation shown below can be used to represent VAR(p):

Rt ¼ �t þ K1�t−1 þ K2�t−2 þ :::þ K1�t−1 II

where Kh ¼ u1Ki − 1 þ u2Ki − 2 þ … þ upKi − p (i¼ 1, 2, … , 1Þ is recursive and remains an N-dimen-
sional unit matrix. The forecast error variance of Rj on the (h¼ 1, 2, … , H) horizons can be measured
using Equation (II) by accounting for market Rk.

The DY method breaks down the variance of the forecast error in the Equation (II). The forecast error
ratios in Rj forecast because of market shocks Rk at H-horizon is ðNHÞj, k. When j 6¼ k, the pairwise direc-
tional spillover from the market ‘k’ to market ‘j’ is denoted by ðNHÞj, k and can be calculated as:

ðNHÞj, k ¼
r−1kk

PH¼1
h¼0 ð KhR�ð Þj, kÞ2PH¼1

h¼0 ðKh
P

�Kh
0Þj, j III

In the VAR framework, rkk ¼ (Ʃkk) Represents the standard error of the kth equation, and Kh is an
N�N matrix affecting average coefficients with a lag of h. et is the VAR error term’s non-diagonal covari-
ance matrix of Re. The standard pairwise spillover from the market ‘k’ to ‘j’ is based on ðNHÞj, k is

ðN0HÞj, k ¼ ðNHÞj, k=
X

k
ðNHÞj, k IV

Additionally, the construction of the total volatility spillover index is

QH ¼ 100

P
j 6¼ kðN0HÞj, kP ðN0HÞj, k ¼ 100 1 −

Br ðN0H
� �
N

� �
V

where Br denotes the trace operator is denoted by Br fog. The total spillover index calculates the vari-
ance in the total forecast error caused by volatility shock spillovers across all the markets. Additionally,
market ‘j’ receives the following definition of directional spillover from all the other k markets:

QH, j o ¼ 100

P
k:k 6¼ jðN0HÞj, k
ƩðN0HÞj, k

¼ 100

P
k, k 6¼jððN0HÞj, k

N
VI

The directional spillover from the market’s ‘j’ to all other markets’ ‘k’ is similar.

QH, o j ¼ 100

P
k, k 6¼jðN0HÞk, jP ðN0HÞk, j ¼ 100

P
k, k 6¼jðN0HÞk, j

N
VII

In addition, we can quickly determine the difference between Equations (VI) and (VII) to determine
the net directional spillover of the market ‘j’.

QH, j ¼ QH, o j − QH, j o VIII
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2. Barunik and Kehlik (2018) Spillover analysis in the frequency domain:
A frequency response function developed by Barunik and Kehlik (2018) (hereafter referred to as the BK-
18) is applied to analyze risk spillovers covering the time horizons (Liu et al., 2022). Barunik and Krehlik
(BK-18) method is robust to the curse of dimensionality, making it suitable for high-dimensional datasets
with many markets. This method allows for incorporating additional features like nonlinearity and time-
varying correlations, enhancing the flexibility of spillover analysis. Moreover, it might require more com-
putational resources than simpler spillover measures, especially when dealing with a large dataset.
Therefore, the interpretation of spillover results might be more complex due to the high dimensional
nature of the analysis, requiring careful consideration and validation of the findings (Shah & Dar, 2022).
By applying a Fourier transformation to the impulse response Zi, we can obtain (f (x)) j, k, which is the
ratio of the jth market’s spectrum at frequency x (x e (−p, p)) payable shocks in the kth market. The
formula is as follows:

ðfðxÞÞj, k ¼
r−1kk jZðe−ixÞRÞj, kj2
Z e−ixð ÞRZ 0 eþixð Þð Þj, j IX

The jth market’s frequency share of variance must be weighted into ðfðxÞÞj, k to consider the forecast
error variance decomposition for various frequencies. The weighting function is defined as

�j xð Þ ¼
ðZðe−ixÞR’ZðeþixÞÞj, j

1
2p

Ð p
−pðZðe−inÞR’Z eþinð ÞÞj:j dn X

which expresses the influence of something at a specific frequency over all other frequencies in the fre-
quency band (−p, p). The frequency band (−p, p). Therefore, the FEVD on the frequency band h¼(a, b),
a, b e (−p, p) and a<b is

ðXHð ÞÞj, k ¼
1
2p

ð
h

�j ðxÞ fðxÞÞj, kdx
�

XI

In the time domain. Equation (XI) can be transformed into when h! 1, ðX1Þj, k

ðX1Þj, k ¼
1
2p

ðp
−p

�j xð ÞðfðxÞÞj, k dx XII

Further standardization of the GFEVD on frequency bands h ¼ (a, b), a, b e (−p, p), and a<b can be
further standardized as.

ð ~Xh Þj, k ¼
ðXhÞj, kP
kðX1Þj, k

XIII

The spillover from the market’s ‘k’ to the market’s ‘j’ is measured inside the frequency band h by
~ðXhÞj, k: Following this definition, the frequency spillover effect on the frequency band h is as follows:

CF
h ¼ 100:

P
j 6¼ k ~ðXhÞj, k
~ðXhÞj, k

−
Tr

~ðXhÞ
~ðXhÞj, k

0
B@

1
CA ¼ 100: 1 −

Tr
~ðXhÞ
N

 !
XIV

We compute directional and net spillovers in the same way that Equations does (VI)–(VIII).
In conclusion, Diebold and Yilmaz (DY-12) and Barunik and Krehlik (BK-18) spillover methods are often

preferred over the Dynamic Conditional Correlation (DCC) GARCH model due to their ability to compre-
hensively analyze and visualize spillover effects among multiple markets in high-dimensional settings.
These methods offer a faster understanding of the interconnectedness and transmission of shocks across
financial markets. While the DCC GARCH model excels at modelling time-varying conditional correlations
between pairs of assets, and they lack the scalability, interpretability and flexibility required for analyzing
spillovers in large markets (Zhang et al., 2020).
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Results and discussion

Descriptive statistics

Table A3 displays the return series for conventional stocks and Table A4 for Islamic stocks. Except for
Oman, we find that the mean returns on conventional stocks are all positive. India recorded the highest
mean return of 0.0005, followed by the UAE with a mean return of 0.0005. The UK recorded the lowest
average return of 0.000094. At the same time, in Islamic stocks, all mean returns are positive, except for
Oman and Brazil, with Qatar recording the highest mean return of 0.0007. Kuwait recorded the lowest
average return at 0.00007. Nonetheless, all return series exhibit excess kurtosis, with leptokurtosis and a
fat tail for the financial variables. Among conventional stocks, Brazil is the most volatile (as measured by
standard deviations), followed by Italy. Among Islamic stocks, Qatar is the most volatile (as indicated by
the standard deviations), followed by Brazil. All series show negative skewness in conventional stocks,
while all Islamic stocks show negative skewness, except Bahrain and Qatar. The Jarque-B test revealed a
non-normal distribution with a 0.00 probability of all the series in both Conventional and Islamic stocks.
When kurtosis is high, the probability of high yields is higher than in a normally distributed series.

We further investigated the data stationarity variables using the unit root test of the augmented
Dickey-Fuller (ADF) stationary test, and Tables A3 and A4 demonstrate that all variables are stationary at
level. Figure A1(a,b) demonstrate the pairwise correlation between the Conventional and Islamic stock
asset prices. Data from this analysis were not normally distributed. For conventional and Islamic stocks,
all pairwise correlations are significant at the 1% level and are positive, negative, or neither. In conven-
tional stocks, France and Germany have the strongest pairwise correlation (.975), followed by Russia and
the USA. (.971), and Russia-India (.974), implying that they are less efficient. In contrast, for Islamic stocks,
Japan and the USA have the strongest pairwise correlation (.954), followed by Italy-USA (.939). In
Conventional stocks, there is a weak pairwise correlation between Oman-Pakistan (.183) and Bahrain-
Pakistan (.193), while in Islamic stocks, there is a weak pairwise correlation between Canada-UK (.004)
and Oman-Brazil (.019), implying the benefits of diversification between Bahrain, Oman, Pakistan,
Canada, the UK, and Brazil. Overall, it is clear that France has a relatively strong association with conven-
tional stocks in the majority of BRIC and G7 nations, while the USA has a fairly strong pairwise

Table 1. Interpretations to frequency bands.
Frequency Bands Days Interpretation

Band 1 3.14–0.79 1–4 Short-term
Band 2 0.79–0.31 4–10 Medium-term
Band 3 0.31–0.00 10�1 Long-term

Table 2. Conventional stocks return connectedness (Diebold–Yilmaz spillover method (DY-12)).
Bahrain Kuwait Oman Qatar Saudi UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA From

Bahrain 89.23 0.65 0.65 1.33 0.12 1.97 0.06 0.22 1.34 0.24 0.06 1.26 0.22 0.23 0.23 0.95 0.47 0.78 0.60
Kuwait 0.08 94.55 0.99 0.89 0.22 0.77 0.19 0.04 0.31 0.09 0.18 0.04 0.12 0.44 0.27 0.33 0.21 0.30 0.30
Oman 0.27 2.49 91.66 0.73 0.31 0.45 0.24 0.13 1.27 0.21 0.28 0.46 0.09 0.03 0.09 0.45 0.25 0.58 0.46
Qatar 0.19 1.07 0.93 88.63 1.47 0.46 0.58 0.23 1.22 1.02 0.13 0.31 0.33 0.33 0.19 1.55 0.22 1.15 0.63
Saudia 1.40 0.51 1.36 3.99 81.66 1.98 0.77 0.36 1.26 0.49 0.12 1.22 0.74 0.80 0.36 0.98 0.96 1.05 1.02
UAE 1.62 0.89 0.72 6.30 1.68 78.01 0.44 0.29 2.08 0.66 0.20 1.30 0.91 0.82 0.96 0.62 0.62 1.86 1.22
Pakistan 0.15 0.15 0.71 0.44 0.86 0.70 88.89 0.62 1.58 0.66 0.17 0.52 0.18 0.65 0.37 0.34 0.61 2.41 0.62
India 0.51 0.26 0.74 0.29 0.35 0.47 0.28 82.38 3.62 1.08 0.13 2.40 0.65 0.94 0.48 0.70 1.03 3.69 0.98
Brazil 0.52 0.15 0.07 1.27 0.75 0.27 0.22 0.62 83.02 2.81 0.25 0.28 0.23 0.36 0.74 1.31 0.98 6.12 0.94
Russia 0.07 0.21 0.11 0.44 0.25 0.34 0.25 0.68 2.22 92.55 0.33 0.43 0.15 0.17 0.06 1.36 0.08 0.30 0.41
China 0.02 0.46 0.17 0.11 0.16 0.07 0.04 0.03 0.15 0.25 96.93 0.09 0.06 0.11 0.10 0.65 0.29 0.30 0.17
Canada 1.43 0.27 0.71 1.11 0.73 0.47 0.65 1.13 10.07 2.34 0.50 47.91 0.89 1.93 0.99 1.40 1.87 25.59 2.89
France 0.36 0.14 0.07 0.46 0.17 0.52 0.06 0.83 3.10 1.59 0.21 2.00 41.21 16.59 19.66 0.54 6.24 6.25 3.27
Germany 0.40 0.19 0.06 0.16 0.78 0.59 0.06 0.81 2.97 1.82 0.37 1.87 14.87 46.15 10.63 0.54 9.41 8.34 2.99
Italy 0.22 0.27 0.19 0.31 0.13 0.54 0.05 0.55 2.25 1.14 0.25 1.78 21.96 13.07 46.45 0.49 4.60 5.74 2.97
Japan 0.21 1.01 0.09 0.07 0.07 0.07 0.02 0.14 0.43 1.53 1.27 0.34 0.05 0.16 0.06 94.27 0.07 0.13 0.32
UK 0.74 0.13 0.07 0.27 0.42 0.38 0.19 1.57 5.73 1.97 0.25 3.93 5.27 9.85 3.57 0.94 54.01 10.70 2.56
USA 0.63 0.65 0.17 1.46 0.56 0.47 0.45 1.28 7.62 2.65 0.27 1.70 0.91 2.71 0.85 1.36 2.75 73.50 1.47
TO 0.49 0.53 0.43 1.09 0.50 0.58 0.25 0.53 2.62 1.14 0.28 1.11 2.65 2.73 2.20 0.81 1.70 4.18 23.83
Net −0.11 0.23 −0.03 0.46 −0.52 −0.64 −0.37 −0.45 1.68 0.73 0.11 −1.78 −0.62 −0.26 −0.77 0.49 −0.86 2.71 TCI:1.32%

Note. Table 2 presents the DY (2012) Conventional return spillover from other markets to other markets of the selected regions, Net spill-
overs is calculated by ‘TO’ minus ‘FROM’, and TCI present the total spillovers index and calculated by Total FROM/Number of variables.
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correlation with most SAARC and G7 nations in Islamic stocks. In contrast, Oman had the lowest and
most negative pairwise correlations with almost all nations. This means that the Oman stock market
offers a good opportunity to diversify and hedge assets, although it is less successful than the stock
markets of France and the USA.

Time- and frequency-domain analysis

This section presents the results of the DY-12 time-domain and BK-18 frequency-domain connectedness.
Return and volatility spillovers over time were calculated using the VAR model. Using the DY-12, generalized
variance decomposition was used to build the volatility and spillover as shown in Table 1. We used the gen-
eralized variance decomposition of variances to assess the magnitude and direction of variation in the tem-
poral domain across a set of markets. Meanwhile, the spillover Table 1 is divided into three separate
frequency bands using the BK-18 frequency domain technique (following (Mensi et al., 2023)). The three

Table 3. Barunik–Krehlik spillover method (BK-18) – spillover band: 3.14–0.79; corresponds to 1–4 days (short term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
From
ABS

From
WTH

Bahrain 60.87 0.22 0.21 0.65 0.08 1.05 0.05 0.17 0.94 0.10 0.03 0.52 0.14 0.12 0.10 0.12 0.32 0.69 0.31 0.43
Kuwait 0.06 65.43 0.51 0.39 0.12 0.59 0.16 0.02 0.20 0.08 0.08 0.04 0.08 0.42 0.13 0.24 0.20 0.26 0.20 0.28
Oman 0.09 0.63 53.81 0.30 0.30 0.12 0.15 0.09 0.64 0.06 0.10 0.33 0.08 0.03 0.06 0.20 0.14 0.35 0.21 0.29
Qatar 0.11 0.48 0.21 64.53 0.96 0.30 0.26 0.12 0.55 0.43 0.07 0.19 0.33 0.31 0.17 0.69 0.22 0.54 0.33 0.47
Saudia 0.63 0.07 0.51 1.10 58.82 1.20 0.20 0.29 0.59 0.14 0.05 0.77 0.58 0.45 0.27 0.10 0.57 0.84 0.46 0.66
UAE 1.07 0.75 0.31 3.34 0.58 58.45 0.30 0.23 0.59 0.23 0.16 0.47 0.37 0.28 0.29 0.22 0.20 0.99 0.58 0.82
Pakistan 0.05 0.12 0.32 0.09 0.29 0.20 61.98 0.19 0.80 0.08 0.05 0.29 0.14 0.51 0.31 0.02 0.22 2.02 0.32 0.45
India 0.33 0.14 0.59 0.15 0.10 0.28 0.16 62.55 1.46 0.49 0.04 1.76 0.27 0.36 0.18 0.07 0.47 2.31 0.51 0.72
Brazil 0.41 0.09 0.05 1.16 0.49 0.11 0.19 0.45 65.43 1.21 0.06 0.25 0.14 0.32 0.44 0.44 0.81 5.39 0.67 0.94
Russia 0.07 0.04 0.08 0.33 0.15 0.26 0.23 0.65 0.92 70.35 0.12 0.24 0.10 0.08 0.04 0.33 0.07 0.16 0.22 0.30
China 0.01 0.39 0.07 0.08 0.16 0.06 0.04 0.03 0.08 0.07 71.77 0.06 0.06 0.07 0.10 0.25 0.28 0.22 0.11 0.16
Canada 1.19 0.17 0.59 0.62 0.32 0.25 0.58 1.03 6.43 0.68 0.19 38.90 0.63 1.43 0.66 0.34 1.20 20.17 2.03 2.87
France 0.26 0.08 0.04 0.37 0.03 0.40 0.05 0.55 1.27 0.49 0.07 0.77 32.66 9.89 13.76 0.15 3.05 3.07 1.90 2.70
Germany 0.34 0.12 0.02 0.07 0.64 0.49 0.05 0.40 1.03 0.63 0.17 0.68 11.93 36.56 8.00 0.13 5.63 4.29 1.92 2.72
Italy 0.11 0.15 0.10 0.23 0.03 0.47 0.04 0.28 0.87 0.19 0.11 0.80 17.48 8.15 36.84 0.06 2.25 3.16 1.92 2.71
Japan 0.18 0.48 0.08 0.06 0.04 0.05 0.01 0.09 0.21 0.65 0.51 0.21 0.05 0.07 0.05 68.68 0.07 0.12 0.16 0.23
UK 0.62 0.07 0.01 0.14 0.29 0.22 0.19 1.07 2.83 0.78 0.08 2.03 4.54 8.30 3.05 0.27 43.77 5.82 1.68 2.38
USA 0.60 0.59 0.07 1.20 0.29 0.20 0.43 1.05 4.28 1.13 0.11 0.86 0.86 2.40 0.74 0.34 2.18 60.29 0.96 1.36
TO_ABS 0.34 0.25 0.21 0.57 0.27 0.35 0.17 0.37 1.32 0.41 0.11 0.57 2.10 1.84 1.57 0.22 0.99 2.80 14.48
TO_WTH 0.48 0.36 0.30 0.81 0.38 0.49 0.24 0.53 1.86 0.58 0.16 0.81 2.97 2.61 2.23 0.31 1.41 3.96 20.48
NET 0.03 0.05 0.00 0.24 −0.19 −0.23 −0.15 −0.14 0.65 0.19 0.00 −1.46 0.20 −0.08 −0.35 0.06 −0.69 1.84

Note. Table 3 presents the BK (2018) Conventional return spillover in short-term from other markets to other markets of the selected regions,
Net spillovers is calculated by ‘TO’ minus ‘FROM’, and describe Net Transmitter and Net Receiver from ‘Net’ in short-term.

Table 4. Barun�ık–Krehl�ık spillover method (BK-18) – Spillover band: 0.79–0.31; corresponds to 4–10 days (medium
term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
From
ABS

From
WTH

Bahrain 17.00 0.19 0.21 0.38 0.02 0.52 0.00 0.03 0.24 0.06 0.01 0.43 0.05 0.06 0.07 0.36 0.08 0.07 0.16 0.87
Kuwait 0.01 18.14 0.29 0.31 0.06 0.12 0.02 0.01 0.07 0.01 0.06 0.00 0.02 0.01 0.08 0.06 0.01 0.03 0.07 0.37
Oman 0.10 0.99 22.85 0.22 0.01 0.18 0.05 0.02 0.33 0.08 0.09 0.07 0.01 0.00 0.02 0.14 0.06 0.12 0.14 0.78
Qatar 0.05 0.28 0.38 15.17 0.29 0.10 0.20 0.06 0.32 0.33 0.05 0.07 0.00 0.02 0.01 0.49 0.00 0.35 0.17 0.94
Saudia 0.44 0.19 0.47 1.62 14.34 0.46 0.32 0.02 0.30 0.17 0.02 0.27 0.10 0.22 0.05 0.40 0.23 0.11 0.30 1.69
UAE 0.26 0.04 0.17 1.67 0.57 12.21 0.07 0.04 0.72 0.20 0.01 0.46 0.32 0.33 0.37 0.19 0.23 0.49 0.34 1.92
Pakistan 0.04 0.02 0.20 0.16 0.28 0.26 17.01 0.22 0.40 0.24 0.05 0.14 0.03 0.09 0.04 0.13 0.22 0.26 0.16 0.88
India 0.10 0.05 0.07 0.05 0.11 0.10 0.06 12.42 1.07 0.23 0.04 0.40 0.22 0.35 0.16 0.26 0.31 0.73 0.24 1.35
Brazil 0.07 0.04 0.02 0.04 0.13 0.10 0.02 0.09 10.71 0.87 0.10 0.02 0.05 0.02 0.17 0.43 0.10 0.40 0.15 0.84
Russia 0.00 0.09 0.02 0.07 0.06 0.05 0.01 0.01 0.78 13.89 0.11 0.13 0.02 0.05 0.02 0.56 0.01 0.09 0.12 0.66
China 0.00 0.04 0.06 0.02 0.00 0.00 0.00 0.00 0.03 0.10 15.99 0.02 0.00 0.03 0.00 0.22 0.01 0.06 0.03 0.19
Canada 0.12 0.05 0.04 0.22 0.22 0.12 0.05 0.06 2.01 0.86 0.15 5.50 0.16 0.32 0.18 0.53 0.39 3.28 0.49 2.75
France 0.04 0.04 0.02 0.05 0.06 0.05 0.01 0.14 0.94 0.59 0.07 0.69 5.53 4.33 3.69 0.18 1.94 1.85 0.82 4.61
Germany 0.02 0.05 0.02 0.04 0.05 0.04 0.01 0.22 1.01 0.64 0.11 0.68 1.89 6.26 1.63 0.22 2.34 2.35 0.63 3.55
Italy 0.05 0.06 0.05 0.04 0.04 0.03 0.01 0.15 0.67 0.48 0.08 0.55 2.91 3.20 6.14 0.20 1.43 1.51 0.64 3.59
Japan 0.03 0.32 0.01 0.00 0.02 0.01 0.01 0.03 0.15 0.55 0.44 0.07 0.00 0.05 0.01 15.95 0.00 0.01 0.10 0.54
UK 0.05 0.05 0.03 0.05 0.05 0.07 0.00 0.27 1.54 0.65 0.08 1.14 0.47 1.03 0.30 0.32 6.54 2.91 0.50 2.83
USA 0.01 0.04 0.05 0.11 0.14 0.16 0.02 0.12 1.77 0.82 0.08 0.50 0.03 0.21 0.05 0.51 0.34 8.16 0.27 1.55
TO_ABS 0.08 0.14 0.12 0.28 0.12 0.13 0.05 0.08 0.69 0.38 0.09 0.31 0.35 0.57 0.38 0.29 0.43 0.81 5.30
TO_WTH 0.44 0.80 0.66 1.59 0.66 0.75 0.27 0.47 3.87 2.16 0.48 1.77 1.97 3.24 2.15 1.63 2.41 4.58 29.89
NET −0.08 0.07 −0.02 0.11 −0.18 −0.21 −0.11 −0.16 0.54 0.26 0.06 −0.18 −0.47 −0.06 −0.26 0.19 −0.07 0.54

Note. Table 4 presents the BK (2018) conventional return spillover in medium-term from other markets to other markets of the selected
regions, net spillovers is calculated by ‘TO’ minus ‘FROM’, and describe net transmitter and net receiver from ‘net’ in medium-term.
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frequency ranges are defined as follows: short-term (one week to four days), medium-term (four days to ten
days), and long-term (ten days to infinity, or one year). Consistent with Mensi et al. (2023), based on a 200-
day rolling window size, we evaluated the dynamic connectivity. The BK-18 system also uses a 100-day fore-
cast horizon, although it is not dependent on it.

Static connectedness

Tables 2–9 present the empirical findings of the impact on return and volatility of conventional stocks
while, Tables 10–17 present the Islamic stocks, respectively. The results for the DY-12 approach are
shown in Tables 2, 6, 10, 14, and the estimates for the BK-18 method for the three frequency bands are
shown in Table 3–5, 7–9, 11–13, 15–17. From row to column, the cross-market spillover effect can be
shown, showing the directional spillovers from market i-th to market j-th and vice versa. The overall

Table 5. Barun�ık–Krehl�ık spillover method (BK-18)—spillover band: 0.31–0.00; corresponds to 10 days to infinite days
(long term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
From
ABS

From
WTH

Bahrain 11.36 0.23 0.22 0.29 0.02 0.40 0.01 0.02 0.16 0.08 0.02 0.31 0.04 0.05 0.06 0.46 0.07 0.02 0.14 1.19
Kuwait 0.00 10.98 0.19 0.19 0.04 0.06 0.01 0.01 0.04 0.01 0.05 0.00 0.02 0.01 0.06 0.03 0.00 0.01 0.04 0.35
Oman 0.07 0.87 15.00 0.20 0.00 0.15 0.03 0.02 0.29 0.07 0.09 0.06 0.00 0.00 0.01 0.11 0.05 0.11 0.12 1.03
Qatar 0.03 0.31 0.34 8.93 0.22 0.06 0.12 0.05 0.34 0.26 0.01 0.05 0.00 0.00 0.00 0.37 0.00 0.26 0.13 1.16
Saudia 0.34 0.25 0.39 1.27 8.50 0.32 0.25 0.04 0.37 0.18 0.05 0.17 0.06 0.13 0.04 0.48 0.16 0.11 0.25 2.20
UAE 0.30 0.10 0.24 1.29 0.53 7.35 0.07 0.01 0.78 0.22 0.03 0.38 0.22 0.21 0.30 0.22 0.19 0.38 0.30 2.63
Pakistan 0.05 0.01 0.20 0.19 0.29 0.23 9.90 0.20 0.39 0.34 0.07 0.10 0.01 0.04 0.02 0.18 0.17 0.12 0.14 1.25
India 0.08 0.07 0.08 0.08 0.14 0.09 0.05 7.41 1.09 0.35 0.04 0.24 0.16 0.23 0.14 0.37 0.26 0.65 0.23 1.99
Brazil 0.05 0.02 0.00 0.07 0.13 0.06 0.01 0.07 6.87 0.73 0.10 0.01 0.04 0.02 0.12 0.44 0.08 0.33 0.13 1.10
Russia 0.00 0.08 0.01 0.03 0.04 0.03 0.00 0.01 0.52 8.30 0.10 0.06 0.02 0.04 0.01 0.46 0.00 0.05 0.08 0.71
China 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.03 0.08 9.17 0.01 0.00 0.02 0.00 0.18 0.00 0.03 0.02 0.21
Canada 0.12 0.05 0.07 0.28 0.19 0.10 0.02 0.04 1.63 0.80 0.16 3.51 0.11 0.17 0.15 0.53 0.27 2.14 0.38 3.29
France 0.06 0.03 0.01 0.04 0.07 0.06 0.00 0.14 0.89 0.51 0.07 0.54 3.03 2.37 2.21 0.21 1.25 1.33 0.54 4.70
Germany 0.04 0.02 0.02 0.05 0.09 0.06 0.00 0.19 0.93 0.54 0.08 0.51 1.04 3.33 1.00 0.20 1.44 1.70 0.44 3.80
Italy 0.06 0.05 0.04 0.04 0.06 0.04 0.00 0.13 0.71 0.47 0.06 0.42 1.58 1.72 3.47 0.23 0.91 1.08 0.42 3.64
Japan 0.00 0.21 0.00 0.00 0.01 0.00 0.01 0.02 0.08 0.33 0.32 0.05 0.00 0.03 0.00 9.63 0.00 0.00 0.06 0.51
UK 0.07 0.02 0.03 0.07 0.08 0.09 0.00 0.23 1.36 0.54 0.09 0.77 0.26 0.52 0.22 0.36 3.69 1.97 0.37 3.21
USA 0.01 0.02 0.05 0.15 0.14 0.11 0.01 0.11 1.58 0.71 0.07 0.35 0.02 0.10 0.06 0.51 0.23 5.06 0.24 2.03
TO_ABS 0.07 0.13 0.11 0.24 0.11 0.10 0.03 0.07 0.62 0.35 0.08 0.22 0.20 0.32 0.24 0.30 0.28 0.57 4.05
TO_WTH 0.61 1.14 0.93 2.04 0.99 0.90 0.29 0.62 5.37 2.99 0.68 1.94 1.72 2.72 2.11 2.56 2.44 4.94 34.98
NET −0.07 0.09 −0.01 0.11 −0.14 −0.20 −0.11 −0.16 0.49 0.27 0.06 −0.16 −0.34 −0.12 −0.18 0.24 −0.09 0.33

Note. Table 5. presents the BK (2018) Conventional return spillover in long-term from other markets to other markets of the selected regions,
Net spillovers is calculated by ‘TO’ minus ‘FROM’, and describe Net Transmitter and Net Receiver from ‘Net’ in long-term.

Table 6. Conventional stocks volatility connectedness – Diebold–Yilmaz spillover method (DY-12).
Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA FROM

Bahrain 93.37 3.74 0.40 0.18 0.18 0.38 0.01 0.33 0.14 0.02 0.02 0.15 0.06 0.19 0.40 0.26 0.15 0.02 0.37
Kuwait 0.16 92.94 1.01 1.53 0.63 0.05 0.04 0.07 0.51 0.57 0.07 0.11 0.47 0.21 0.52 0.01 0.60 0.49 0.39
Oman 0.32 0.83 93.40 1.54 1.29 0.17 0.22 0.04 0.54 0.32 0.01 0.04 0.25 0.13 0.21 0.17 0.33 0.17 0.37
Qatar 0.10 2.25 0.80 93.48 0.50 0.46 0.38 0.30 0.44 0.34 0.00 0.18 0.00 0.03 0.07 0.00 0.17 0.49 0.36
Saudia 0.14 3.94 1.28 8.48 79.95 0.71 0.20 0.65 0.88 0.59 0.09 0.19 0.17 0.41 0.51 0.36 0.83 0.62 1.11
UAE 0.43 2.51 0.76 11.49 1.00 77.19 0.07 0.12 0.31 2.12 0.34 0.58 0.45 0.53 0.74 0.65 0.41 0.31 1.27
Pakistan 0.03 0.11 0.29 2.80 0.65 0.06 94.99 0.66 0.04 0.03 0.02 0.04 0.02 0.02 0.00 0.04 0.11 0.09 0.28
India 0.46 0.29 0.46 0.63 0.68 0.56 0.44 82.68 0.95 0.71 0.90 1.61 0.32 0.31 0.54 5.51 0.67 2.29 0.96
Brazil 0.14 1.04 0.87 1.12 1.00 0.17 0.01 0.43 78.65 3.14 1.10 1.15 1.03 0.45 0.80 4.90 2.51 1.50 1.19
Russia 0.08 0.58 0.25 0.16 0.28 0.72 0.00 0.09 1.06 89.41 0.77 1.06 0.60 0.38 0.32 2.60 0.88 0.75 0.59
China 0.03 0.16 0.01 0.05 0.56 0.01 0.09 0.21 0.10 0.21 96.40 0.15 0.38 0.58 0.16 0.57 0.25 0.07 0.20
Canada 0.18 1.70 0.20 0.78 0.90 0.58 0.01 0.81 3.91 2.50 1.57 52.32 1.32 1.21 1.74 11.53 3.00 15.74 2.65
France 0.09 0.76 0.16 0.05 0.34 0.38 0.01 0.45 1.80 2.02 1.47 4.55 28.25 15.48 13.12 6.11 13.86 11.13 3.99
Germany 0.12 0.72 0.14 0.26 0.43 0.40 0.01 0.46 1.65 2.61 1.87 3.71 9.47 37.88 6.81 6.87 13.14 13.45 3.45
Italy 0.19 0.69 0.17 0.20 0.39 0.51 0.00 0.45 1.43 2.92 1.02 3.64 13.74 10.04 43.21 5.82 8.05 7.53 3.15
Japan 0.23 0.09 0.11 0.01 0.15 0.13 0.00 0.38 0.90 0.38 1.76 0.81 0.39 0.89 1.31 91.03 0.62 0.80 0.50
UK 0.10 1.63 0.21 0.48 0.65 0.28 0.03 0.61 2.64 1.23 1.75 6.36 4.43 4.77 2.99 6.77 49.30 15.77 2.82
USA 0.04 0.67 0.08 0.57 0.26 0.17 0.00 1.18 3.47 1.71 3.44 7.19 0.46 1.32 0.26 9.51 3.05 66.62 1.85
TO 0.16 1.21 0.40 1.68 0.55 0.32 0.08 0.40 1.15 1.19 0.90 1.75 1.87 2.05 1.69 3.43 2.70 3.96 25.50
NET −0.21 1.21 0.4 1.68 0.55 0.32 0.08 0.4 1.15 1.19 0.9 1.75 1.87 2.05 1.69 3.43 2.7 3.96 TCI:1.41%

Note. Table 6 presents the DY (2012) conventional volatility spillover from other markets to other markets of the selected regions, Net spill-
overs is calculated by ‘TO’ minus ‘FROM’, and TCI present the total spillovers index and calculated by Total FROM/Number of variables.
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spillover index from all other variables is indicated by the last value in the last column in Tables 2, 6,
10, 14.

The overall frequency connectedness for the three frequency bands is provided by the last value in
the second-to-last column of Table 3–5, 7–9, 11–13, & 15–17, ‘FROM-ABS’, where adding these three
parts equals the total connectedness index of ‘FROM’ in Table 2, 6, 10, 14. The unweighted connectivity
from the variable inside its corresponding band, as opposed to outside, is presented by ‘FROM-WTH’.
The ‘TO’ in Table 2, 6, 10, 14, ‘TO-ABS’ in Table 3–5, 7–9, 11–13, & 15–17, and ‘TO-WTH’ represent the
unweighted connectivity to other variables that are inside its frequency range, respectively. A positive
(negative) value indicates the transmitter (receiver) of returns and volatility to (from) the other markets.
Finally, ‘NET-ABS’ determines the difference between the ‘TO-ABS’ row and the ‘FROM-ABS’ column.

In Table 2, 6, 10, 14, we provide the time-domain findings obtained using the DY-12 approach, fol-
lowed by the frequency-domain results obtained using the BK-18 method for the short-, medium-, and
long-term in Table 3–5, 7–9, 11–13, & 17–19, respectively. As indicated in Table 2 & 6, the overall inter-
connectivity in returns reaches 23.83% for conventional stocks, 25.5% for volatility, whereas 44.3% for
Islamic stocks, and 34.29% for volatility in Table 10 & 14. This suggests that compared to conventional

Table 7. Barun�ık–Krehl�ık spillover method (BK-18)—spillover band: 3.14–0.79; corresponds to 1–4 days (short term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
FROM
ABS

FROM
WTH

Bahrain 9.91 0.01 0.03 0.01 0.01 0.04 0.00 0.04 0.01 0.00 0.00 0.01 0.00 0.01 0.03 0.02 0.01 0.00 0.01 0.18
Kuwait 0.01 6.51 0.01 0.02 0.03 0.00 0.00 0.00 0.03 0.02 0.00 0.01 0.03 0.01 0.03 0.00 0.03 0.03 0.02 0.21
Oman 0.02 0.01 6.87 0.01 0.02 0.01 0.01 0.00 0.03 0.02 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.14
Qatar 0.00 0.02 0.01 5.78 0.02 0.03 0.02 0.02 0.02 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.03 0.01 0.16
Saudia 0.01 0.02 0.02 0.02 5.92 0.04 0.01 0.03 0.00 0.01 0.00 0.00 0.00 0.02 0.02 0.01 0.03 0.00 0.01 0.18
UAE 0.02 0.00 0.01 0.02 0.04 5.89 0.00 0.00 0.00 0.04 0.00 0.02 0.02 0.03 0.04 0.01 0.01 0.00 0.01 0.20
Pakistan 0.00 0.01 0.01 0.03 0.01 0.00 7.60 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.08
India 0.03 0.00 0.00 0.02 0.04 0.00 0.04 8.35 0.02 0.00 0.01 0.02 0.01 0.00 0.02 0.02 0.02 0.02 0.02 0.23
Brazil 0.01 0.03 0.03 0.03 0.00 0.00 0.00 0.02 8.58 0.06 0.00 0.07 0.07 0.01 0.04 0.06 0.14 0.07 0.04 0.50
Russia 0.00 0.03 0.02 0.01 0.02 0.05 0.00 0.00 0.06 7.63 0.01 0.02 0.04 0.02 0.01 0.02 0.05 0.03 0.02 0.29
China 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 6.77 0.01 0.02 0.02 0.01 0.02 0.01 0.00 0.01 0.09
Canada 0.01 0.00 0.00 0.01 0.01 0.02 0.00 0.02 0.03 0.01 0.00 5.28 0.07 0.03 0.11 0.02 0.10 0.18 0.03 0.47
France 0.00 0.02 0.01 0.00 0.00 0.01 0.00 0.00 0.03 0.02 0.01 0.05 4.39 0.77 1.07 0.00 0.30 0.02 0.13 1.76
Germany 0.01 0.01 0.00 0.00 0.01 0.02 0.00 0.00 0.01 0.01 0.02 0.02 1.03 5.14 0.75 0.02 0.34 0.06 0.13 1.77
Italy 0.01 0.02 0.01 0.00 0.02 0.03 0.00 0.01 0.02 0.00 0.00 0.10 1.31 0.70 5.04 0.03 0.23 0.02 0.14 1.91
Japan 0.02 0.00 0.01 0.00 0.01 0.01 0.00 0.02 0.05 0.02 0.01 0.04 0.01 0.04 0.04 6.31 0.02 0.04 0.02 0.25
UK 0.00 0.03 0.01 0.01 0.03 0.01 0.00 0.01 0.10 0.04 0.01 0.10 0.52 0.48 0.32 0.02 6.11 0.13 0.10 1.38
USA 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.01 0.04 0.02 0.00 0.20 0.02 0.08 0.02 0.02 0.14 5.32 0.03 0.46
TO_ABS 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.03 0.02 0.01 0.04 0.18 0.12 0.14 0.01 0.08 0.03 0.74
TO_WTH 0.12 0.18 0.13 0.16 0.21 0.22 0.08 0.19 0.35 0.21 0.07 0.53 2.41 1.71 1.91 0.21 1.11 0.47 10.25
NET 0.00 −0.01 0.00 0.00 0.00 0.01 0.00 −0.01 −0.01 0.00 0.00 0.01 0.05 −0.01 0.00 −0.01 −0.02 0.00

Note. Table 7 presents the BK (2018) conventional volatility spillover in short-term from other markets to other markets of the selected
regions, Net spillovers is calculated by ‘TO’ minus ‘FROM’, and describe Net Transmitter and Net Receiver from ‘Net’ in short-term.

Table 8. Barun�ık–Krehl�ık spillover method (BK-18)—spillover band: 0.79–0.31; corresponds to 4–10 days (medium
term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
FROM
ABS

FROM
WTH

Bahrain 17.12 0.09 0.05 0.01 0.02 0.07 0.00 0.08 0.02 0.00 0.01 0.02 0.00 0.03 0.05 0.04 0.01 0.00 0.03 0.21
Kuwait 0.02 11.79 0.03 0.05 0.06 0.00 0.01 0.01 0.05 0.04 0.01 0.01 0.05 0.02 0.06 0.00 0.06 0.05 0.03 0.22
Oman 0.04 0.02 12.43 0.03 0.05 0.01 0.02 0.00 0.05 0.03 0.00 0.00 0.03 0.01 0.02 0.01 0.03 0.00 0.02 0.15
Qatar 0.01 0.05 0.02 10.58 0.04 0.05 0.04 0.03 0.04 0.02 0.00 0.02 0.00 0.00 0.01 0.00 0.02 0.05 0.02 0.17
Saudia 0.01 0.07 0.04 0.11 10.63 0.07 0.02 0.05 0.01 0.02 0.00 0.01 0.01 0.03 0.04 0.01 0.05 0.01 0.03 0.24
UAE 0.04 0.02 0.01 0.15 0.07 10.60 0.00 0.00 0.01 0.09 0.01 0.04 0.04 0.05 0.07 0.01 0.02 0.01 0.04 0.27
Pakistan 0.00 0.01 0.03 0.07 0.02 0.00 13.63 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.09
India 0.06 0.01 0.01 0.04 0.07 0.01 0.07 14.42 0.04 0.01 0.02 0.07 0.02 0.01 0.04 0.09 0.03 0.07 0.04 0.28
Brazil 0.01 0.06 0.06 0.05 0.02 0.01 0.00 0.04 14.57 0.16 0.02 0.11 0.12 0.03 0.08 0.16 0.27 0.12 0.07 0.57
Russia 0.00 0.05 0.03 0.02 0.03 0.10 0.00 0.01 0.11 13.53 0.02 0.06 0.07 0.03 0.02 0.05 0.09 0.05 0.04 0.31
China 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.02 11.10 0.01 0.03 0.03 0.01 0.03 0.01 0.00 0.01 0.08
Canada 0.01 0.03 0.00 0.02j 0.02 0.04 0.00 0.04 0.14 0.06 0.01 9.03 0.14 0.09 0.22 0.18 0.23 1.09 0.13 0.99
France 0.00 0.03 0.02 0.01 0.01 0.03 0.00 0.01 0.05 0.04 0.01 0.15 6.31 2.30 2.22 0.03 1.18 0.24 0.35 2.69
Germany 0.01 0.02 0.01 0.00 0.03 0.04 0.00 0.01 0.03 0.08 0.02 0.08 1.75 8.12 1.26 0.06 1.18 0.38 0.28 2.11
Italy 0.02 0.04 0.01 0.01 0.03 0.06 0.00 0.02 0.05 0.07 0.00 0.19 2.49 1.66 8.76 0.06 0.69 0.24 0.31 2.40
Japan 0.03 0.00 0.01 0.00 0.01 0.01 0.00 0.04 0.10 0.03 0.04 0.08 0.02 0.07 0.09 11.43 0.04 0.07 0.04 0.27
UK 0.01 0.06 0.02 0.02 0.04 0.02 0.00 0.02 0.16 0.06 0.01 0.33 0.95 0.87 0.60 0.07 10.04 0.68 0.22 1.67
USA 0.00 0.04 0.00 0.05 0.00 0.01 0.00 0.05 0.13 0.05 0.03 0.50 0.09 0.20 0.10 0.14 0.33 9.41 0.10 0.74
TO_ABS 0.02 0.03 0.02 0.03 0.03 0.03 0.01 0.03 0.05 0.04 0.01 0.09 0.32 0.30 0.27 0.05 0.24 0.17 1.76
TO_WTH 0.12 0.26 0.15j 0.27 0.23 0.23 0.08 0.21 0.42 0.33 0.09 0.72 2.47 2.31 2.08 0.40 1.82 1.30 13.46
NET −0.01 0 0 0.01 0 −0.01 0 −0.01 −0.02 0 0 −0.04 −0.03 0.02 −0.04 0.01 0.02 0.07

Note. Table 8 presents the BK (2018) Conventional volatility spillover in medium-term from other markets to other markets of the selected
regions, Net spillovers is calculated by ‘TO’ minus ‘FROM’, and describe Net Transmitter and Net Receiver from ‘Net’ in medium-term.
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stocks, stock market returns for Islamic stocks are more closely linked. In Table 3–5, 7–9, 11–13, & 15–17,
conventional stocks’ short-, medium-, and long-term frequency connectedness for returns is 14.48, 5.30,
and 4.05%, respectively, while Islamic stocks’ short-, medium-, and long-term frequency connectedness
for returns is 28.77, 9.44, and 6.09%, respectively (higher frequency lowers the returns spillover), indicat-
ing that return spillovers from one market that is transmitted to other markets only have short-term
effects.

Additionally, according to the results of Tables 2 & 6 and 10 & 14 analysis of volatility spillover, the
frequency spillover (FROM-ABS) for conventional stocks over the short, medium, and long terms is 0.74,
1.76, and 22.99%, respectively, whereas the corresponding figures for Islamic stocks are 2.04, 3.84, and
28.40% (the higher the frequency, the greater the volatility spillover). The corresponding figures for
whole period, medium-term, long-term connectedness is given in Appendix in Figures A5(a–c)–A8(a–c).
However, contrary to the return spillover, the volatility spillover from one market spreads to other mar-
kets and is initiated by effects that last for a long period.

Table 9. Barun�ık–Krehl�ık spillover method (BK-18)—spillover band: 0.31–0.00; corresponds to 10 days to infinite days
(long term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
FROM
ABS

FROM
WTH

Bahrain 66.33 3.64 0.32 0.16 0.14 0.28 0.01 0.22 0.12 0.02 0.02 0.11 0.05 0.15 0.32 0.19 0.13 0.02 0.33 0.41
Kuwait 0.14 74.64 0.97 1.46 0.54 0.04 0.03 0.06 0.43 0.50 0.06 0.09 0.39 0.17 0.44 0.01 0.50 0.42 0.35 0.44
Oman 0.26 0.79 74.10 1.50 1.22 0.15 0.18 0.04 0.47 0.28 0.01 0.04 0.21 0.12 0.18 0.15 0.29 0.17 0.34 0.42
Qatar 0.09 2.18 0.77 77.12 0.44 0.39 0.31 0.25 0.38 0.31 0.00 0.15 0.00 0.02 0.06 0.00 0.15 0.41 0.33 0.41
Saudia 0.12 3.84 1.23 8.36 63.40 0.60 0.18 0.57 0.87 0.55 0.09 0.17 0.16 0.36 0.45 0.35 0.75 0.62 1.07 1.34
UAE 0.37 2.49 0.74 11.32 0.89 60.69 0.07 0.12 0.30 2.00 0.33 0.52 0.38 0.45 0.64 0.63 0.37 0.30 1.22 1.53
Pakistan 0.03 0.10 0.25 2.71 0.61 0.05 73.76 0.55 0.04 0.03 0.02 0.04 0.01 0.01 0.00 0.04 0.10 0.09 0.26 0.33
India 0.37 0.28 0.46 0.56 0.57 0.54 0.32 59.91 0.89 0.70 0.86 1.52 0.30 0.30 0.48 5.40 0.62 2.20 0.91 1.14
Brazil 0.12 0.95 0.78 1.04 0.98 0.16 0.01 0.37 55.49 2.91 1.08 0.97 0.84 0.41 0.69 4.67 2.10 1.31 1.08 1.35
Russia 0.08 0.51 0.20 0.14 0.24 0.58 0.00 0.09 0.89 68.24 0.74 0.98 0.50 0.33 0.29 2.54 0.74 0.67 0.53 0.66
China 0.02 0.15 0.01 0.05 0.56 0.01 0.09 0.18 0.09 0.18 78.53 0.13 0.33 0.52 0.15 0.52 0.23 0.07 0.18 0.23
Canada 0.16 1.67 0.20 0.75 0.87 0.52 0.01 0.76 3.74 2.42 1.56 38.02 1.11 1.10 1.41 11.33 2.67 14.47 2.49 3.12
France 0.08 0.71 0.14 0.04 0.33 0.33 0.00 0.44 1.72 1.96 1.45 4.36 17.55 12.40 9.83 6.07 12.39 10.87 3.51 4.40
Germany 0.10 0.70 0.13 0.25 0.39 0.34 0.00 0.45 1.61 2.53 1.84 3.61 6.69 24.62 4.79 6.79 11.62 13.01 3.05 3.82
Italy 0.16 0.63 0.14 0.19 0.34 0.42 0.00 0.42 1.36 2.84 1.01 3.35 9.94 7.68 29.41 5.73 7.13 7.28 2.70 3.39
Japan 0.19 0.09 0.09 0.01 0.13 0.11 0.00 0.32 0.75 0.33 1.70 0.69 0.36 0.79 1.18 73.29 0.56 0.70 0.45 0.56
UK 0.09 1.54 0.18 0.45 0.58 0.25 0.02 0.58 2.38 1.13 1.73 5.93 2.97 3.42 2.08 6.68 33.16 14.97 2.50 3.14
USA 0.04 0.61 0.08 0.50 0.26 0.15 0.00 1.12 3.31 1.64 3.41 6.49 0.34 1.03 0.14 9.35 2.59 51.89 1.73 2.17
TO_ABS 0.13 1.16 0.37 1.64 0.50 0.27 0.07 0.36 1.07 1.13 0.88 1.62 1.37 1.63 1.28 3.36 2.38 3.75 22.99
TO_WTH 0.17 1.45 0.47 2.06 0.63 0.34 0.09 0.46 1.35 1.42 1.11 2.03 1.72 2.04 1.61 4.22 2.99 4.71 28.86
NET −0.2 0.81 0.03 1.31 −0.57 −0.95 −0.19 −0.55 −0.01 0.6 0.7 −0.87 −2.14 −1.42 −1.42 2.91 −0.12 2.02

Note. Table 9 presents the BK (2018) conventional volatility spillover in long-term from other markets to other markets of the selected
regions, Net spillovers is calculated by ‘TO’ minus ‘FROM’, and describe Net Transmitter and Net Receiver from ‘Net’ in long-term.

Table 10. Islamic stocks return connectedness – Diebold–Yilmaz spillover method (DY-12).
Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA From

Bahrain 95.4 0.52 0.4 0.06 0.05 1.42 0.21 0.1 0.19 0.06 0.05 0.36 0.24 0.15 0.32 0.15 0.25 0.06 0.26
Kuwait 0.27 92.59 1.74 0.2 0.21 0.83 0.29 0.41 0.51 0.23 0.15 0.43 0.3 0.44 0.19 0.42 0.32 0.48 0.41
Oman 0.53 1.02 95.8 0.08 0.22 0.6 0.33 0.04 0.14 0.1 0.06 0.35 0.13 0.1 0.16 0.07 0.12 0.14 0.23
Qatar 0.02 0.62 1.43 96.28 0.09 0.17 0.1 0.04 0.18 0.12 0.33 0.05 0.06 0.04 0.05 0.11 0.1 0.21 0.21
Saudia 0.05 0.06 0.3 0.06 92.69 0.51 0.32 0.54 0.59 1.46 0.16 0.8 0.28 0.37 0.58 0.23 0.43 0.58 0.41
UAE 1.23 0.74 0.6 0.43 0.32 78.27 0.66 0.44 2.36 1.99 0.17 2.26 2.25 2.01 2.31 0.21 2.94 0.81 1.21
Pakistan 0.36 0.47 0.25 0.3 0.23 1.02 88.46 1.05 1.52 0.23 0.2 1.27 0.82 0.73 0.74 0.65 1.14 0.56 0.64
India 0.04 0.14 0.04 0.08 0.25 0.89 0.81 47.75 3.17 2.02 5.28 3.27 3.99 4.21 3.04 13.94 4.1 6.98 2.9
Brazil 0.09 0.12 0.14 0.14 0.21 0.65 0.72 0.18 42.49 7.41 0.6 11.38 9.25 8.34 7.39 0.69 9.41 0.79 3.2
Russia 0.02 0.07 0.01 0.07 0.75 0.47 0.09 0.12 7.97 42.2 0.21 10.15 9.55 8.92 8.98 0.37 9.34 0.71 3.21
China 0.02 0.09 0.02 0.21 0.03 0.53 0.22 4.24 3.36 2.16 37.93 3.99 4.26 4.39 3.37 21.88 5.02 8.3 3.45
Canada 0.11 0.04 0.16 0.11 0.07 0.6 0.39 0.25 9.62 7.69 0.27 35.7 12 10.74 8.86 0.26 12.69 0.41 3.57
France 0.01 0.06 0.03 0.02 0.06 0.52 0.11 0.01 5.37 5.65 0.19 8.33 25.01 20.54 16.43 0.24 16.45 0.98 4.17
Germany 0.01 0.08 0.02 0.05 0.04 0.48 0.09 0.02 5.09 5.59 0.18 7.84 21.77 26.52 15.5 0.26 15.52 0.94 4.08
Italy 0.03 0.05 0.03 0.04 0.18 0.44 0.07 0.07 4.6 5.85 0.15 6.59 17.93 15.99 27.4 0.28 19.25 1.06 4.03
Japan 0.03 0.05 0.03 0.11 0.05 0.75 0.43 8.15 4.4 2.68 15.87 5.09 5.35 5.64 4.08 27.7 6.27 13.32 4.02
UK 0.04 0.05 0.06 0.05 0.05 0.59 0.19 0.06 5.72 5.7 0.23 9.38 17.08 15.21 18.27 0.29 25.84 1.19 4.12
USA 0.02 0.05 0.04 0.07 0.18 0.97 0.26 3.67 4.42 3.24 4.69 6.85 10.26 10.3 8.36 10.82 11.16 24.64 4.19
TO 0.16 0.23 0.29 0.12 0.17 0.64 0.29 1.08 3.29 2.9 1.6 4.35 6.42 6.01 5.48 2.83 6.36 2.08 44.3
NET −0.1 −0.18 0.06 −0.09 −0.24 −0.57 −0.35 −1.82 0.09 −0.31 −1.85 0.78 2.25 1.93 1.45 −1.19 2.24 −2.11 TCI:

2.46%

Note. Table 10 presents the DY (2012) Islamic return spillover from other markets to other markets of the selected regions, Net spillovers is
calculated by ‘TO’ minus ‘FROM’, and TCI present the total spillovers index and calculated by Total FROM/Number of variables.
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Table 2. According to conventional stocks, the USA (4.18%) and Brazil (2.62%) are the largest transmit-
ters and recipients of spillovers in the temporal domain. The largest net transmitter of return spillover to
other markets is the USA stock market, followed by Russia and Japan. The highest net recipients of
return spillover are Canada, the United Kingdom, and Italy. In Table 3–5, the total spillovers in the short-
term frequency, a high level of spillovers is found among the markets of the United States, Brazil, and
France. The United States and Brazil continue to be the top net transmitters of stock returns in the
medium and long term, while Canada is the top receiver in the short and medium term and France is
the top receiver in the long term. Table 10 Islamic equity stock markets also show that, in the temporal
domain, France (6.42%) and the United Kingdom (6.36%) are the top transmitters and receivers of spill-
overs. The French stock market, followed by Germany and Italy, is the largest transmitter of return spill-
over to other markets. The United States, India, and China are the top recipients of return overflow.

Table 11. Barun�ık–Krehl�ık spillover method (BK-18)—spillover band: 3.14–0.79; corresponds to 1–4 days (short term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
From
ABS

From
WTH

Bahrain 67.31 0.16 0.26 0.03 0.04 0.64 0.18 0.10 0.12 0.05 0.02 0.22 0.16 0.07 0.13 0.12 0.15 0.05 0.14 0.20
Kuwait 0.12 65.28 0.52 0.09 0.15 0.63 0.17 0.32 0.09 0.08 0.13 0.14 0.17 0.26 0.10 0.35 0.14 0.35 0.21 0.31
Oman 0.22 0.37 60.96 0.02 0.09 0.44 0.20 0.03 0.04 0.05 0.06 0.15 0.12 0.08 0.16 0.06 0.11 0.13 0.13 0.19
Qatar 0.02 0.36 1.23 71.80 0.03 0.10 0.06 0.04 0.14 0.11 0.20 0.02 0.03 0.02 0.03 0.10 0.05 0.18 0.15 0.22
Saudia 0.05 0.05 0.22 0.06 68.85 0.42 0.18 0.47 0.38 1.01 0.07 0.72 0.21 0.28 0.36 0.19 0.28 0.39 0.30 0.43
UAE 0.56 0.44 0.27 0.13 0.11 57.83 0.35 0.37 0.80 0.57 0.07 0.68 0.72 0.62 0.67 0.11 0.98 0.25 0.43 0.62
Pakistan 0.20 0.40 0.14 0.09 0.08 0.38 62.33 0.75 0.95 0.22 0.07 0.67 0.48 0.43 0.41 0.30 0.54 0.19 0.35 0.50
India 0.03 0.10 0.02 0.02 0.15 0.55 0.34 36.78 1.43 0.80 4.14 1.46 2.03 2.03 1.49 10.45 2.12 4.25 1.75 2.52
Brazil 0.08 0.04 0.13 0.07 0.19 0.47 0.59 0.12 33.00 5.28 0.40 8.18 6.68 5.94 5.39 0.46 7.00 0.42 2.30 3.33
Russia 0.02 0.03 0.01 0.03 0.70 0.38 0.04 0.07 5.10 31.84 0.13 6.04 6.74 6.37 6.39 0.25 6.63 0.50 2.19 3.17
China 0.02 0.05 0.02 0.15 0.02 0.19 0.11 3.21 1.29 0.83 28.29 1.43 1.62 1.64 1.37 15.96 2.23 4.52 1.93 2.78
Canada 0.11 0.02 0.15 0.06 0.06 0.35 0.26 0.23 7.31 5.50 0.19 26.46 8.20 7.43 6.21 0.20 9.26 0.23 2.54 3.68
France 0.01 0.04 0.02 0.01 0.03 0.32 0.08 0.01 3.81 4.06 0.16 5.55 18.63 15.34 12.29 0.21 12.34 0.75 3.06 4.42
Germany 0.01 0.05 0.01 0.02 0.01 0.28 0.06 0.01 3.60 4.06 0.16 5.29 16.13 19.77 11.61 0.23 11.66 0.71 3.00 4.33
Italy 0.03 0.03 0.03 0.02 0.07 0.30 0.04 0.05 3.27 4.17 0.12 4.53 13.49 12.11 20.90 0.24 14.71 0.78 3.00 4.34
Japan 0.02 0.03 0.02 0.06 0.04 0.29 0.20 6.21 1.70 0.97 11.69 1.93 1.96 2.01 1.45 20.71 2.61 7.62 2.16 3.12
UK 0.03 0.02 0.06 0.02 0.02 0.39 0.12 0.03 4.02 4.01 0.19 6.19 12.31 11.01 13.25 0.23 19.16 0.82 2.93 4.23
USA 0.00 0.03 0.02 0.03 0.12 0.41 0.15 3.01 2.06 1.39 3.61 3.15 4.39 4.45 3.52 8.37 5.20 17.32 2.22 3.21
TO_ABS 0.08 0.12 0.17 0.05 0.11 0.36 0.17 0.83 2.01 1.84 1.19 2.57 4.19 3.89 3.60 2.10 4.22 1.23 28.77
TO_WTH 0.12 0.18 0.25 0.07 0.15 0.53 0.25 1.21 2.90 2.66 1.72 3.72 6.06 5.63 5.21 3.04 6.11 1.78 41.59
NET −0.06 −0.09 0.04 −0.10 −0.19 −0.07 −0.18 −0.92 −0.29 −0.35 −0.74 0.03 1.13 0.89 0.60 −0.06 1.29 −0.99

Note. Table 11 presents the BK (2018) Islamic return spillover in short-term from other markets to other markets of the selected regions, Net
spillovers is calculated by ‘TO’ minus ‘FROM’, and describe Net Transmitter and Net Receiver from ‘Net’ in short-term.

Table 12. Barun�ık–Krehl�ık spillover method (BK-18)—spillover band: 0.79–0.31; corresponds to 4 days to 10 days
(medium term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
FROM
ABS

FROM
WTH

Bahrain 17.60 0.20 0.09 0.02 0.00 0.45 0.02 0.00 0.04 0.00 0.02 0.07 0.04 0.04 0.09 0.02 0.05 0.01 0.06 0.34
Kuwait 0.08 17.10 0.67 0.05 0.03 0.11 0.08 0.06 0.22 0.07 0.02 0.15 0.08 0.11 0.06 0.05 0.09 0.09 0.11 0.59
Oman 0.18 0.35 20.96 0.03 0.08 0.10 0.08 0.00 0.06 0.03 0.00 0.10 0.01 0.01 0.00 0.00 0.00 0.00 0.06 0.30
Qatar 0.00 0.17 0.15 15.69 0.03 0.04 0.02 0.00 0.02 0.01 0.07 0.02 0.01 0.01 0.01 0.01 0.03 0.02 0.04 0.18
Saudia 0.01 0.01 0.05 0.00 15.17 0.07 0.09 0.06 0.14 0.30 0.05 0.07 0.06 0.06 0.14 0.03 0.10 0.14 0.08 0.40
UAE 0.39 0.15 0.19 0.17 0.12 12.81 0.17 0.05 0.86 0.79 0.06 0.84 0.79 0.72 0.88 0.06 1.06 0.33 0.42 2.23
Pakistan 0.10 0.06 0.07 0.11 0.08 0.37 16.71 0.20 0.31 0.00 0.08 0.31 0.16 0.15 0.17 0.22 0.31 0.22 0.16 0.85
India 0.00 0.03 0.01 0.03 0.05 0.21 0.28 7.00 1.04 0.72 0.74 1.07 1.14 1.28 0.89 2.22 1.17 1.64 0.70 3.64
Brazil 0.01 0.04 0.00 0.04 0.01 0.10 0.08 0.04 6.01 1.31 0.13 1.95 1.54 1.43 1.20 0.15 1.46 0.22 0.54 2.83
Russia 0.00 0.02 0.00 0.02 0.03 0.06 0.03 0.04 1.82 6.66 0.06 2.57 1.74 1.58 1.62 0.08 1.71 0.13 0.64 3.35
China 0.00 0.03 0.00 0.05 0.01 0.20 0.06 0.65 1.22 0.78 6.21 1.49 1.52 1.60 1.15 3.78 1.63 2.30 0.92 4.80
Canada 0.00 0.01 0.00 0.03 0.01 0.16 0.08 0.02 1.45 1.36 0.06 5.80 2.31 2.02 1.61 0.04 2.13 0.12 0.63 3.32
France 0.00 0.01 0.00 0.01 0.02 0.14 0.02 0.00 1.00 1.00 0.02 1.76 4.06 3.32 2.63 0.02 2.65 0.15 0.71 3.72
Germany 0.00 0.02 0.00 0.02 0.01 0.13 0.02 0.00 0.95 0.97 0.02 1.62 3.59 4.31 2.47 0.02 2.49 0.15 0.69 3.64
Italy 0.00 0.01 0.00 0.01 0.06 0.09 0.02 0.01 0.83 1.03 0.02 1.27 2.76 2.41 4.09 0.02 2.86 0.17 0.64 3.37
Japan 0.00 0.02 0.00 0.03 0.00 0.27 0.14 1.22 1.60 1.00 2.68 1.85 1.96 2.11 1.51 4.46 2.15 3.46 1.11 5.83
UK 0.00 0.01 0.00 0.02 0.02 0.12 0.04 0.02 1.07 1.05 0.03 1.97 2.94 2.59 3.11 0.05 4.21 0.23 0.74 3.87
USA 0.01 0.02 0.01 0.03 0.03 0.34 0.06 0.42 1.43 1.10 0.70 2.22 3.49 3.49 2.87 1.60 3.60 4.55 1.19 6.24
TO_ABS 0.04 0.06 0.07 0.04 0.03 0.16 0.07 0.15 0.78 0.64 0.26 1.07 1.34 1.27 1.13 0.47 1.30 0.52 9.44
TO_WTH 0.23 0.34 0.37 0.20 0.18 0.86 0.38 0.81 4.10 3.36 1.39 5.63 7.03 6.67 5.95 2.44 6.84 2.74 49.50
NET −0.02 −0.05 0.01 0.00 −0.05 −0.26 −0.09 −0.55 0.24 0.00 −0.66 0.44 0.63 0.58 0.49 −0.64 0.56 −0.67

Note. Table 12 presents the BK (2018) Islamic return spillover in medium-term from other markets to other markets of the selected regions,
Net spillovers is calculated by ‘TO’ minus ‘FROM’, and describe Net Transmitter and Net Receiver from ‘Net’ in medium-term.
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Table 11–13 show short-term spillovers between the French and British markets. In the medium- and
long-term frequencies, France remains the top transmitter of stock returns, while the United States is
the top receiver in the short-, medium-, and long-term frequencies.

Similarly, Tables 6–9 show that the highest volatility spillovers at all frequencies: France in the short-
term (0.18%), USA in the medium-and long-term (0.17, 3.75%). According to Tables 14–17, France con-
tributes the most to volatility spillovers at all frequencies: short-term (0.29%), medium-term (0.58%), and
long-term (4.91%). Tables 2–9 indicate conventional stock market returns and volatility, in which the
USA significantly contributes to spillover to other countries. By contrast, Tables 10–17 indicate Islamic
stock market returns and volatility, in which France significantly contributes to spillover to other coun-
tries. Our evidence is supported by Bossman et al. (2022), who show stock market integration between
the USA in Conventional and France in Islamic stock markets throughout the crisis. Our findings are also
close to those of Bossman et al. (2022), who identified Canada as the largest net shock recipient and the
USA as the country that contributes the most spillovers.

Table 13. Barun�ık–Krehl�ık spillover method (BK-18)—spillover band: 0.31–0.00; corresponds to 10 days to infinite days
(long term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
FROM
ABS

FROM
WTH

Bahrain 10.49 0.16 0.05 0.01 0.00 0.34 0.01 0.00 0.04 0.01 0.01 0.07 0.04 0.04 0.09 0.01 0.06 0.01 0.05 0.45
Kuwait 0.07 10.21 0.54 0.05 0.02 0.10 0.05 0.03 0.20 0.08 0.01 0.15 0.05 0.06 0.02 0.01 0.09 0.04 0.09 0.74
Oman 0.14 0.30 13.88 0.03 0.05 0.07 0.05 0.00 0.05 0.02 0.00 0.10 0.00 0.01 0.00 0.00 0.00 0.00 0.05 0.39
Qatar 0.00 0.09 0.05 8.79 0.02 0.02 0.01 0.00 0.02 0.00 0.06 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.17
Saudia 0.00 0.00 0.03 0.00 8.67 0.02 0.05 0.01 0.07 0.16 0.04 0.01 0.02 0.03 0.08 0.00 0.05 0.05 0.03 0.29
UAE 0.28 0.14 0.15 0.13 0.10 7.63 0.13 0.02 0.69 0.62 0.04 0.75 0.74 0.67 0.76 0.04 0.90 0.24 0.36 3.02
Pakistan 0.06 0.02 0.04 0.09 0.07 0.28 9.42 0.10 0.26 0.01 0.05 0.30 0.18 0.15 0.16 0.13 0.30 0.15 0.13 1.11
India 0.00 0.02 0.01 0.03 0.05 0.13 0.19 3.97 0.71 0.50 0.41 0.74 0.82 0.90 0.65 1.28 0.81 1.08 0.46 3.93
Brazil 0.01 0.04 0.00 0.03 0.01 0.07 0.05 0.02 3.48 0.82 0.07 1.26 1.04 0.97 0.81 0.08 0.95 0.14 0.35 3.01
Russia 0.00 0.02 0.00 0.02 0.01 0.03 0.02 0.02 1.05 3.71 0.03 1.54 1.07 0.97 0.97 0.04 0.99 0.07 0.38 3.24
China 0.00 0.01 0.00 0.01 0.00 0.14 0.05 0.38 0.84 0.55 3.43 1.06 1.12 1.15 0.84 2.15 1.15 1.48 0.61 5.16
Canada 0.00 0.01 0.00 0.02 0.00 0.10 0.05 0.00 0.86 0.83 0.03 3.44 1.49 1.29 1.04 0.02 1.31 0.06 0.40 3.36
France 0.00 0.01 0.00 0.00 0.01 0.07 0.01 0.00 0.55 0.58 0.01 1.01 2.32 1.88 1.51 0.00 1.47 0.07 0.40 3.40
Germany 0.00 0.01 0.00 0.01 0.01 0.07 0.01 0.00 0.53 0.56 0.00 0.93 2.05 2.44 1.42 0.00 1.38 0.07 0.39 3.34
Italy 0.00 0.00 0.00 0.01 0.04 0.05 0.01 0.00 0.50 0.64 0.01 0.79 1.68 1.46 2.42 0.01 1.68 0.10 0.39 3.31
Japan 0.00 0.00 0.00 0.01 0.01 0.19 0.10 0.72 1.10 0.71 1.51 1.30 1.44 1.52 1.12 2.54 1.51 2.23 0.75 6.37
UK 0.00 0.01 0.00 0.01 0.02 0.07 0.03 0.01 0.64 0.64 0.01 1.22 1.83 1.61 1.91 0.02 2.47 0.14 0.45 3.85
USA 0.01 0.01 0.00 0.02 0.04 0.22 0.04 0.25 0.93 0.76 0.37 1.47 2.38 2.36 1.97 0.86 2.36 2.77 0.78 6.64
TO_ABS 0.03 0.05 0.05 0.03 0.03 0.11 0.05 0.09 0.50 0.42 0.15 0.71 0.89 0.84 0.74 0.26 0.83 0.33 6.09
TO_WTH 0.27 0.40 0.43 0.23 0.22 0.93 0.40 0.74 4.27 3.54 1.25 6.01 7.54 7.13 6.32 2.20 7.09 2.81 51.77
NET −0.02 −0.04 0.00 0.01 0.01 −0.25 −0.08 −0.37 0.15 0.04 −0.46 0.31 0.49 0.45 0.35 −0.49 0.38 −0.45

Note. Table 13 presents the BK (2018) Islamic return spillover in long-term from other markets to other markets of the selected regions, Net
spillovers is calculated by ‘TO’ minus ‘FROM’, and describe Net Transmitter and Net Receiver from ‘Net’ in long-term.

Table 14. Islamic stocks volatility connectedness - Diebold–Yilmaz spillover method (DY-12).
Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA FROM

Bahrain 94.25 0.35 0.01 0.67 0.06 0.12 0.19 0.41 0.66 0.00 0.36 0.37 0.27 0.39 0.19 0.80 0.41 0.49 0.32
Kuwait 0.30 97.68 0.35 0.33 0.00 0.03 0.00 0.03 0.19 0.07 0.06 0.01 0.47 0.11 0.14 0.03 0.14 0.05 0.13
Oman 0.44 1.17 93.68 1.54 0.28 0.27 0.56 0.05 0.03 0.08 0.52 0.23 0.12 0.14 0.08 0.51 0.16 0.15 0.35
Qatar 0.25 5.14 0.38 92.21 0.00 0.15 0.40 0.00 0.13 0.16 0.22 0.45 0.08 0.09 0.08 0.04 0.13 0.08 0.43
Saudia 0.13 0.26 0.28 0.10 80.38 0.28 0.16 0.87 1.70 2.31 0.71 3.86 1.20 1.24 1.49 1.62 1.65 1.76 1.09
UAE 0.21 3.32 0.37 4.33 0.01 89.52 0.05 0.16 0.18 0.07 0.04 0.09 0.28 0.41 0.29 0.51 0.13 0.03 0.58
Pakistan 0.18 0.00 0.87 0.46 0.12 0.02 96.51 0.11 0.08 0.33 0.03 0.49 0.00 0.06 0.04 0.19 0.26 0.24 0.19
India 0.41 0.95 0.08 0.12 0.71 1.29 0.10 72.46 0.78 0.45 3.48 1.10 1.59 1.57 1.52 7.30 2.07 4.03 1.53
Brazil 0.57 1.25 0.44 0.35 0.40 0.46 0.10 0.39 68.35 2.34 0.97 7.76 4.39 2.77 2.81 1.45 4.09 1.11 1.76
Russia 0.07 1.71 0.20 1.16 1.28 4.48 0.31 0.15 2.44 65.75 0.18 5.35 3.78 3.86 5.00 0.41 3.57 0.31 1.90
China 0.29 0.22 0.34 0.19 0.44 0.07 0.04 2.74 1.42 0.37 53.87 3.52 2.82 1.80 2.19 21.27 3.74 4.66 2.56
Canada 0.33 1.83 0.94 0.60 1.06 0.76 0.32 0.40 4.81 1.90 0.74 57.90 7.56 6.41 5.36 1.15 6.58 1.35 2.34
France 0.15 1.30 0.06 0.12 0.18 1.02 0.00 0.19 1.92 1.59 0.46 3.00 40.88 21.23 14.49 0.52 11.82 1.07 3.28
Germany 0.20 0.62 0.07 0.47 0.27 0.43 0.03 0.34 1.50 1.83 0.32 3.75 26.39 38.40 13.42 0.49 10.59 0.87 3.42
Italy 0.11 0.24 0.04 0.09 0.37 0.49 0.02 0.56 1.47 2.50 0.31 3.71 17.34 13.56 39.55 0.57 17.15 1.90 3.36
Japan 0.49 0.43 0.30 0.12 0.80 0.44 0.15 4.11 2.04 1.02 15.16 5.62 5.40 3.82 4.43 38.95 6.96 9.78 3.39
UK 0.22 0.85 0.10 0.12 0.38 0.18 0.11 0.62 2.31 1.87 0.48 6.11 16.04 11.58 18.38 0.84 37.75 2.06 3.46
USA 0.30 0.72 0.12 0.09 0.73 0.38 0.11 1.65 2.11 1.28 2.20 5.90 16.26 10.65 12.23 5.82 14.72 24.74 4.18
TO 0.26 1.13 0.28 0.60 0.39 0.60 0.15 0.71 1.32 1.01 1.46 2.85 5.78 4.43 4.56 2.42 4.68 1.66 34.29
NET −0.06 1.00 −0.07 0.17 −0.70 0.02 −0.04 −0.82 −0.44 −0.89 −1.10 0.51 2.50 1.01 1.20 −0.97 1.22 −2.52 TCI: 1.9%

Note. Table 14 presents the DY (2012) Islamic volatility spillover from other markets to other markets of the selected regions, Net spillovers
is calculated by ‘TO’ minus ‘FROM’, and TCI present the total spillovers index and calculated by Total FROM/Number of variables.
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Dynamic overall spillover

From the return overall spillover indices for all the studied markets (Figure 1(a,b)), the return spillovers
in Islamic stocks are much higher than those in conventional stocks, and we find that the magnitude of
volatility spillovers increases with increasing frequencies. Thus, volatility spillovers (Figure 1(a,b)) are
lower in the short-, medium-, and long-term horizons. For instance, the volatility spillover within the first
band, 3.14� 0.79, which approximates 1� 4 days, is 0.74%, which increases to 1.76 and 22.99% in con-
ventional stocks, and 2.04%, which increases to 3.84 and 28.40% in Islamic stocks, respectively, through
the second to third (0.79� 0.00) spillover/frequency bands. Our findings are consistent with (Alsubaie
et al., 2023), who used a similar methodology and found that short-term return spillovers are more sig-
nificant than medium-term spillovers for Islamic and conventional (G7) markets, respectively, indicating
that short-term return spillovers are more significant than medium-term and long-term spillovers for
Islamic and conventional (Global) markets (Alsubaie et al., 2023) (Figure 2).

Table 15. Barun�ık–Krehl�ık spillover method (BK-18)—spillover band: 3.14–0.79; corresponds to 1–4 days (short term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
FROM
ABS

FROM
WTH

Bahrain 8.75 0.03 0.00 0.01 0.01 0.01 0.02 0.04 0.06 0.00 0.03 0.03 0.02 0.03 0.02 0.07 0.04 0.04 0.03 0.31
Kuwait 0.02 7.89 0.03 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.04 0.01 0.01 0.00 0.01 0.00 0.01 0.11
Oman 0.00 0.02 7.80 0.02 0.00 0.02 0.04 0.00 0.00 0.00 0.03 0.01 0.00 0.01 0.00 0.03 0.01 0.01 0.01 0.14
Qatar 0.01 0.01 0.02 6.58 0.00 0.01 0.03 0.00 0.01 0.01 0.01 0.04 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.12
Saudia 0.01 0.00 0.00 0.00 10.09 0.00 0.01 0.08 0.04 0.15 0.05 0.15 0.04 0.05 0.07 0.11 0.07 0.15 0.06 0.67
UAE 0.01 0.00 0.01 0.01 0.00 6.51 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.03 0.00 0.00 0.01 0.09
Pakistan 0.01 0.00 0.04 0.03 0.01 0.00 7.29 0.01 0.01 0.02 0.00 0.04 0.00 0.00 0.00 0.01 0.02 0.02 0.01 0.15
India 0.03 0.00 0.00 0.00 0.06 0.01 0.01 7.42 0.03 0.01 0.33 0.04 0.02 0.05 0.06 0.69 0.11 0.37 0.10 1.22
Brazil 0.05 0.01 0.00 0.01 0.03 0.00 0.01 0.03 7.28 0.17 0.09 0.51 0.31 0.18 0.20 0.13 0.31 0.09 0.12 1.43
Russia 0.00 0.00 0.00 0.01 0.12 0.00 0.03 0.01 0.18 7.81 0.01 0.18 0.28 0.30 0.44 0.02 0.28 0.02 0.10 1.26
China 0.02 0.00 0.03 0.01 0.03 0.00 0.00 0.28 0.07 0.01 6.42 0.05 0.06 0.02 0.03 2.42 0.05 0.43 0.19 2.35
Canada 0.02 0.00 0.00 0.03 0.10 0.00 0.03 0.03 0.41 0.15 0.06 5.67 0.37 0.34 0.33 0.09 0.46 0.11 0.14 1.69
France 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.14 0.12 0.03 0.21 3.08 1.59 1.08 0.03 0.88 0.08 0.23 2.82
Germany 0.01 0.00 0.00 0.00 0.02 0.01 0.00 0.03 0.09 0.14 0.02 0.22 1.77 3.54 1.01 0.03 0.77 0.05 0.23 2.79
Italy 0.01 0.00 0.00 0.00 0.03 0.01 0.00 0.03 0.10 0.20 0.02 0.21 1.21 1.01 3.54 0.03 1.42 0.15 0.25 2.97
Japan 0.04 0.00 0.02 0.00 0.05 0.02 0.01 0.43 0.07 0.01 1.78 0.06 0.04 0.03 0.04 4.73 0.06 0.98 0.20 2.45
UK 0.01 0.00 0.00 0.00 0.03 0.00 0.01 0.06 0.15 0.13 0.03 0.28 0.99 0.77 1.44 0.06 3.62 0.17 0.23 2.78
USA 0.02 0.00 0.00 0.00 0.06 0.00 0.01 0.20 0.04 0.01 0.28 0.06 0.09 0.05 0.14 0.88 0.15 4.21 0.11 1.33
TO_ABS 0.02 0.01 0.01 0.01 0.03 0.01 0.01 0.07 0.08 0.06 0.15 0.12 0.29 0.25 0.27 0.26 0.26 0.15 2.04
TO_WTH 0.19 0.07 0.11 0.11 0.37 0.07 0.13 0.84 0.95 0.76 1.86 1.39 3.53 3.01 3.27 3.11 3.11 1.79 24.70
NET −0.01 0.00 0.00 0.00 −0.03 0.00 0.00 −0.03 −0.04 −0.04 −0.04 −0.02 0.06 0.02 0.02 0.06 0.03 0.04

Note. Table 15 presents the BK (2018) Islamic volatility spillover in short-term from other markets to other markets of the selected regions,
Net spillovers is calculated by ‘TO’ minus ‘FROM’, and describe Net Transmitter and Net Receiver from ‘Net’ in short-term.

Table 16. Barun�ık–Krehl�ık spillover method (BK-18)—spillover band: 0.79–0.31; corresponds to 4–10 days (medium
term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
FROM
ABS

FROM
WTH

Bahrain 15.39 0.04 0.00 0.02 0.01 0.02 0.03 0.07 0.10 0.00 0.05 0.06 0.04 0.06 0.03 0.13 0.06 0.08 0.04 0.31
Kuwait 0.04 14.12 0.05 0.03 0.00 0.00 0.00 0.01 0.02 0.00 0.01 0.00 0.06 0.01 0.02 0.00 0.02 0.01 0.02 0.11
Oman 0.01 0.05 13.91 0.05 0.00 0.03 0.07 0.00 0.00 0.00 0.06 0.01 0.01 0.01 0.00 0.05 0.01 0.01 0.02 0.15
Qatar 0.02 0.09 0.04 11.93 0.00 0.02 0.05 0.00 0.01 0.02 0.03 0.06 0.01 0.01 0.01 0.00 0.02 0.01 0.02 0.15
Saudia 0.01 0.00 0.00 0.00 14.90 0.00 0.02 0.12 0.04 0.23 0.07 0.21 0.05 0.07 0.10 0.17 0.10 0.22 0.08 0.53
UAE 0.01 0.03 0.03 0.06 0.00 11.78 0.00 0.02 0.01 0.00 0.00 0.00 0.02 0.04 0.03 0.06 0.01 0.00 0.02 0.13
Pakistan 0.02 0.00 0.07 0.06 0.02 0.00 13.15 0.02 0.01 0.04 0.00 0.07 0.00 0.01 0.00 0.02 0.03 0.03 0.02 0.16
India 0.05 0.03 0.00 0.00 0.11 0.02 0.01 12.85 0.06 0.02 0.57 0.08 0.06 0.10 0.12 1.19 0.20 0.64 0.18 1.26
Brazil 0.08 0.01 0.01 0.01 0.05 0.01 0.01 0.06 12.44 0.30 0.14 0.94 0.52 0.32 0.34 0.21 0.53 0.16 0.21 1.42
Russia 0.00 0.01 0.00 0.01 0.21 0.09 0.04 0.02 0.32 13.06 0.02 0.43 0.48 0.52 0.75 0.03 0.49 0.03 0.19 1.33
China 0.04 0.00 0.04 0.02 0.05 0.00 0.00 0.48 0.14 0.02 10.75 0.17 0.14 0.07 0.10 4.08 0.19 0.76 0.35 2.42
Canada 0.03 0.04 0.02 0.05 0.17 0.01 0.05 0.06 0.72 0.26 0.10 9.85 0.70 0.65 0.61 0.15 0.82 0.18 0.26 1.76
France 0.01 0.02 0.00 0.00 0.02 0.01 0.00 0.02 0.24 0.21 0.06 0.38 5.53 2.86 1.94 0.06 1.59 0.14 0.42 2.90
Germany 0.02 0.00 0.01 0.01 0.04 0.02 0.00 0.05 0.17 0.25 0.03 0.42 3.23 6.11 1.80 0.05 1.37 0.09 0.42 2.90
Italy 0.01 0.01 0.00 0.01 0.05 0.01 0.00 0.05 0.18 0.36 0.03 0.40 2.20 1.81 6.21 0.06 2.52 0.27 0.44 3.05
Japan 0.07 0.00 0.03 0.00 0.10 0.03 0.02 0.74 0.16 0.05 2.97 0.25 0.18 0.14 0.18 7.84 0.33 1.68 0.38 2.65
UK 0.03 0.01 0.01 0.01 0.05 0.00 0.02 0.10 0.28 0.24 0.06 0.59 1.84 1.42 2.57 0.11 6.26 0.30 0.42 2.92
USA 0.04 0.00 0.01 0.01 0.10 0.00 0.02 0.31 0.15 0.07 0.42 0.35 0.85 0.59 0.80 1.27 1.05 5.98 0.34 2.32
TO_ABS 0.03 0.02 0.02 0.02 0.05 0.02 0.02 0.12 0.15 0.12 0.26 0.25 0.58 0.48 0.52 0.43 0.52 0.26 3.84
TO_WTH 0.19 0.13 0.12 0.14 0.38 0.11 0.13 0.81 1.01 0.80 1.77 1.70 3.98 3.32 3.59 2.94 3.58 1.76 26.45
NET −0.01 0.00 0.00 0.00 −0.03 0.00 0.00 −0.06 −0.06 −0.07 −0.09 −0.01 0.16 0.06 0.08 0.05 0.10 −0.08

Note. Table 16 presents the BK (2018) Islamic volatility spillover in medium-term from other markets to other markets of the selected
regions, Net spillovers is calculated by ‘TO’ minus ‘FROM’, and describe Net Transmitter and Net Receiver from ‘Net’ in medium-term.
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Table 17. Barun�ık–Krehl�ık spillover method (BK-18)—spillover band: 0.31–0.00; corresponds to 10 days to infinite days
(long term).

Bahrain Kuwait Oman Qatar Saudia UAE Pakistan India Brazil Russia China Canada France Germany Italy Japan UK USA
FROM
ABS

FROM
WTH

Bahrain 70.12 0.28 0.01 0.63 0.05 0.09 0.14 0.30 0.49 0.00 0.27 0.28 0.21 0.30 0.14 0.60 0.31 0.37 0.25 0.32
Kuwait 0.23 75.67 0.27 0.29 0.00 0.02 0.00 0.03 0.15 0.07 0.05 0.00 0.38 0.09 0.12 0.02 0.11 0.04 0.10 0.13
Oman 0.43 1.10 71.96 1.46 0.27 0.22 0.45 0.05 0.03 0.07 0.42 0.20 0.11 0.13 0.08 0.42 0.14 0.13 0.32 0.41
Qatar 0.21 5.05 0.33 73.70 0.00 0.12 0.32 0.00 0.11 0.13 0.18 0.35 0.07 0.08 0.06 0.04 0.11 0.07 0.40 0.52
Saudia 0.11 0.26 0.28 0.10 55.40 0.28 0.13 0.67 1.62 1.92 0.60 3.50 1.12 1.11 1.32 1.34 1.48 1.39 0.96 1.24
UAE 0.19 3.29 0.33 4.26 0.01 71.23 0.04 0.13 0.17 0.07 0.04 0.09 0.25 0.35 0.25 0.42 0.12 0.03 0.56 0.72
Pakistan 0.15 0.00 0.77 0.37 0.10 0.01 76.07 0.09 0.07 0.26 0.02 0.39 0.00 0.05 0.03 0.16 0.20 0.19 0.16 0.21
India 0.33 0.91 0.07 0.12 0.55 1.26 0.08 52.18 0.68 0.42 2.59 0.98 1.50 1.41 1.34 5.42 1.76 3.02 1.25 1.62
Brazil 0.44 1.23 0.43 0.33 0.32 0.45 0.09 0.30 48.63 1.88 0.74 6.30 3.56 2.27 2.28 1.11 3.26 0.86 1.43 1.86
Russia 0.07 1.70 0.19 1.14 0.94 4.39 0.24 0.13 1.93 44.88 0.16 4.74 3.01 3.04 3.81 0.36 2.79 0.26 1.61 2.08
China 0.23 0.22 0.27 0.15 0.36 0.06 0.04 1.98 1.22 0.34 36.70 3.30 2.63 1.70 2.07 14.77 3.51 3.47 2.02 2.61
Canada 0.27 1.80 0.91 0.52 0.80 0.75 0.25 0.31 3.67 1.49 0.59 42.39 6.50 5.42 4.42 0.91 5.30 1.06 1.94 2.52
France 0.13 1.26 0.05 0.12 0.14 1.00 0.00 0.16 1.54 1.27 0.37 2.41 32.27 16.78 11.47 0.43 9.35 0.85 2.63 3.41
Germany 0.17 0.61 0.07 0.45 0.21 0.40 0.02 0.27 1.24 1.44 0.27 3.12 21.39 28.75 10.62 0.41 8.45 0.73 2.77 3.59
Italy 0.09 0.23 0.04 0.08 0.29 0.47 0.02 0.48 1.20 1.93 0.26 3.11 13.93 10.74 29.80 0.47 13.21 1.49 2.67 3.46
Japan 0.39 0.42 0.25 0.11 0.65 0.38 0.12 2.93 1.81 0.96 10.40 5.32 5.18 3.66 4.22 26.38 6.57 7.12 2.81 3.63
UK 0.18 0.83 0.09 0.10 0.31 0.17 0.08 0.47 1.87 1.50 0.39 5.25 13.20 9.39 14.37 0.67 27.87 1.59 2.80 3.63
USA 0.25 0.72 0.11 0.07 0.57 0.37 0.08 1.14 1.91 1.19 1.50 5.49 15.32 10.01 11.29 3.67 13.52 14.55 3.73 4.84
TO_ABS 0.21 1.11 0.25 0.57 0.31 0.58 0.12 0.52 1.10 0.83 1.05 2.49 4.91 3.70 3.77 1.73 3.90 1.26 28.40
TO_WTH 0.28 1.43 0.32 0.74 0.40 0.75 0.15 0.68 1.42 1.08 1.36 3.22 6.36 4.79 4.88 2.25 5.05 1.63 36.79
NET −0.04 1.01 −0.07 0.17 −0.65 0.02 −0.04 −0.73 −0.33 −0.78 −0.97 0.55 2.28 0.93 1.10 −1.08 1.10 −2.47

Note. Table 17 presents the BK (2018) Islamic volatility spillover in long-term from other markets to other markets of the selected regions,
Net spillovers is calculated by ‘TO’ minus ‘FROM’, and describe Net Transmitter and Net Receiver from ‘Net’ in short-term.

Figure 1. (a) Conventional stocks return spillovers. (b) Islamic stocks return spillovers.

Dynamic returns spillover
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Conclusion and policy implications

This study investigated the returns and volatility spillover of conventional equity stock markets and
Islamic equity stock markets (Bahrain, Kuwait, Oman, Qatar, Saudia, UAE, Pakistan, India, Brazil, Russia,
China, Canada, France, Germany, Italy, Japan, UK, and USA) from (developed, emerging, and frontier mar-
kets) and used daily data ranging from 01 January 2012 to 31 December 2021, considering the two
major economic crisis that including Oil crisis and pandemic.

The static analysis results show that the total return spillover among conventional stock indices indi-
cates a weak level of interconnectedness. In contrast, the total return among Islamic stock indices indi-
cates a strong level of interconnectedness. Among conventional stock indices, the USA is the highest,
and China is the lowest net transmitter of shocks under different periods. In addition, Canada is the
highest, and Oman is the lowest net recipient of shocks to other countries. The total volatility spillover
among conventional stock market indices is weaker among and suggests a diversification benefit in
making a portfolio investment in conventional stock markets. Using a Time and frequency-domain meth-
odology, we found evidence that return spillovers mainly occur in Islamic stocks. In contrast, overall
volatility spillover is more pronounced in the long term in Islamic stocks. Most of the spikes in total
return spillovers correspond to global events, namely the 2014 Russian Financial crisis, the 2014–2017
Brazilian economic crises, the 2014–2015 crude oil crises, and the 2019–2020 Coronavirus disease. We
also recognized that the USA stock market acts primarily as the top transmitter in returns and volatilities
for other countries (conventional stocks), especially during the economic crisis. Russia Islamic index
(Russia FTSE Shariah index) performs well in returns and volatility from the conventional index (IMOEX)
because the IMOEX index declined 8.1% at one point before ending the day higher during the Russian

Figure 2. (a) Conventional stock volatility spillovers. (b) Islamic stocks volatility spillovers.

Dynamic volatility spillovers
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crisis. The 60% decline in the price of crude from 2014 to 2015 has been the remarkable growth of U.S.
tight oil production. In the wake of falling oil prices, conventional stock countries such as Saudi Arabia,
Oman, Bahrain, UAE, Kuwait, and Qatar, whose economies rely heavily on exporting oil, often suffered
greater losses and were highly affected. Still, declining oil prices have less affected Qatar Islamic index
(TRQAPI). The effect of the Coronavirus disease on directional spillovers amongst Conventional and
Islamic countries, known as the GCC, SAARC, BRIC, and G7, was examined. Our study examines the
return and volatility spillovers among Conventional and Islamic stock markets from time-domain (DY12)
and frequency-domain (BK18) perspectives. We demonstrated that the pandemic had a greater impact
on the return and volatility of conventional and Islamic stock markets, except Qatar, where the Qatar
Islamic index (TRQAPI) was the least affected during the COVID-19.

Investors stand to benefit significantly from the results. Spillovers show variability over time, which is
an important factor for equities investors to consider. During energy crises and health crises, such as the
COVID-19 pandemic, investors might use insights into market patterns and volatility to hedge against
anticipated stock return losses, particularly in the short term (within four trading days), when spillover
effects are most prominent. When estimating stock price volatility and building equity portfolios, port-
folio managers must consider the implications of policy changes resulting from market shocks like
energy crises and the COVID-19 pandemic. Furthermore, during times of financial instability, officials
must actively watch spillover effects, which can disrupt cross-market relationships, prompting immediate
action to restore financial markets and limit crisis implications on the broader economy.

Portfolio managers and policymakers can make better decisions by analyzing data on the frequency
and dynamics of spillover intensities and directions. Understanding the findings from financial connect-
edness analyses emphasizes the importance of understanding the dynamic interrelationships across dif-
ferent time horizons for the ideal asset management strategies. For both international investors and
portfolio managers, timely portfolio rebalancing is critical in capitalizing on diversification, safe haven
assets, and hedging between Islamic and conventional stocks. Similarly, regulatory bodies can attract
international investment by implementing timely interventions based on optimal policy impact forecasts
for financial markets.
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Appendix A

Table A1. Conventional equity stock market indices.
Regions Index Code Source

Bahrain Bahrain all share index BAHASI Thomson Reuters Eikon
Kuwait Kuwait price index KUWPI Thomson Reuters Eikon
Oman MSX 30 index MSX30 Thomson Reuters Eikon
Qatar Qatar All Share Index QATAI Thomson Reuters Eikon
Saudi Arabia Tadawul FF Index TASI Thomson Reuters Eikon
UAE ADX General Index ADXG Thomson Reuters Eikon
Pakistan KSE 30 Index KSE30 Thomson Reuters Eikon
India Nifty 200 Index NIFTY200 Thomson Reuters Eikon
Brazil Bovespa Index BVSPI Thomson Reuters Eikon
Russia MOEX Russia Index MOEX Thomson Reuters Eikon
China Shanghai Comp Index SSEC Thomson Reuters Eikon
Canada S&P/TSX 60 Index SPTSE Thomson Reuters Eikon
France CAC 40 Index CAC40 Thomson Reuters Eikon
Germany DAX Index DAX Thomson Reuters Eikon
Italy Italia All-Share Index ITLAI Thomson Reuters Eikon
Japan Topix 100 Index TOPX100 Thomson Reuters Eikon
UK FTSE 100 Index FTSE100 Thomson Reuters Eikon
USA S&P 500 Index SPX Thomson Reuters Eikon
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Table A4. Descriptive statistics of Islamic stock market.
Mean Median Maximum Minimum Std. Dev Skewness Kurtosis Jarque-B ADF

Bahrain 0.00010 0.0000 0.1283 −0.0934 0.0141 0.7122 12.571 9458.5� −32.845�
Kuwait 0.00007 0.0002 0.0500 −0.0976 0.0078 −2.8634 36.368 115770.2� −33.324�
Oman −0.00022 0.0000 0.0643 −0.0480 0.0066 −0.2002 14.659 13746.2� −29.463�
Qatar 0.00073 0.0003 1.3962 −0.0984 0.0302 40.8291 1891.119 361000� −34.600�
Saudia 0.00025 0.0000 0.2389 −0.2825 0.0123 −2.5285 181.823 3232358� −34.508�
UAE 0.00047 0.0006 0.1273 −0.1194 0.0134 −0.1307 18.375 23882.6� −33.830�
Pakistan 0.00054 0.0002 0.0640 −0.0783 0.0120 −0.3137 7.394 1990.1� −33.916�
India 0.00035 0.0000 0.0959 −0.1436 0.0128 −0.6030 15.777 16636.7� −33.925�
Brazil −0.00021 0.0000 0.1651 −0.1767 0.0217 −0.5829 11.690 7765.6� −35.522�
Russia 0.00010 0.0003 0.1093 −0.1704 0.0175 −0.5317 11.686 7735.5� −35.441�
China 0.00017 0.0002 0.0817 −0.0652 0.0133 −0.0162 6.383 1156.2� −33.385�
Canada 0.00008 0.0004 0.1067 −0.1427 0.0128 −0.8878 16.400 18456.2� −33.430�
France 0.00031 0.0005 0.0886 −0.1298 0.0113 −0.8494 15.503 16081.2� −33.783�
Germany 0.00028 0.0006 0.0847 −0.1233 0.0118 −0.7326 11.322 7212.3� −33.720�
Italy 0.00037 0.0010 0.0887 −0.1921 0.0168 −1.2003 16.348 18577.7� −34.366�
Japan 0.00023 0.0005 0.0961 −0.0618 0.0099 0.0452 12.046 8265.8� −31.241�
UK 0.00016 0.0008 0.1332 −0.1490 0.0145 −0.9444 17.655 22052.0� −34.416�
USA 0.00022 0.0004 0.0734 −0.1040 0.0089 −0.7178 16.439 18450.4� −30.854�
Note. Tables A3 and A4 contain the descriptive statistics for GCC, SAARC, BRIC, and G7. Jarque-Bera test of normality and augmented Dickey
(ADF) stationarity test, respectively. At 1% significance level, indicates rejection of the null hypothesis of normality and the unit root. Source:
Rehman et al. (2023).

Table A3. Descriptive statistics of conventional stock market.
Mean Median Maximum Minimum Std. Dev Skewness Kurtosis Jarque-B ADF

Bahrain 0.00018 0.000133 0.033828 −0.06001 0.004945 −1.08488 18.475 24663.6� −30.493�
Kuwait 0.00013 0.000294 0.049855 −0.09798 0.008247 −2.15762 29.715 73963.7� −32.748�
Oman −0.00014 −0.00004 0.053696 −0.06413 0.00606 −1.07694 20.414 31098� −28.712�
Qatar 0.00026 0.000314 0.072725 −0.09998 0.00952 −0.80416 16.725 19288.1� −33.977�
Saudia 0.00023 0.000822 0.085475 −0.08685 0.010865 −0.97195 14.628 14038.7� −33.557�
UAE 0.00051 0.00056 0.080762 −0.08406 0.010382 −0.17654 16.055 17227.2� −34.123�
Pakistan 0.00021 0.000090 0.050398 −0.0778 0.011566 −0.44232 7.3443 1985.2� −33.253�
India 0.00056 0.001071 0.078009 −0.13744 0.010754 −1.31726 20.262 30797.9� −34.240�
Brazil 0.00024 0.000304 0.130228 −0.15994 0.016199 −0.82393 15.450 15930.5� −35.192�
Russia 0.00037 0.000426 0.074349 −0.11419 0.011683 −0.77874 12.289 8959.8� −35.197�
China 0.00021 0.000569 0.056036 −0.08873 0.013348 −0.96111 10.201 5610.7� −34.906�
Canada 0.00024 0.000683 0.116801 −0.13365 0.009576 −1.48232 49.231 216755.8� −35.429�
France 0.0003 0.000772 0.080561 −0.13098 0.012167 −0.84325 13.439 11293.7� −34.024�
Germany 0.00039 0.000883 0.104143 −0.13055 0.012234 −0.65353 13.145 10568.4� −33.839�
Italy 0.00024 0.000867 0.079994 −0.1791 0.014466 −1.24664 18.088 23622.8� −34.127�
Japan 0.00041 0.000492 0.081345 −0.0782 0.012454 −0.15833 7.4635 2022.3� −32.589�
UK 0.00009 0.000469 0.086668 −0.11512 0.010079 −0.70892 16.266 17978.7� −35.757�
USA 0.00053 0.000692 0.089683 −0.12765 0.010406 −1.03847 25.005 49344.6� −34.784�

Table A2. Islamic equity stock market indices.
Regions Index Code Source

Bahrain Refinitiv-Ideal ratings Islamic Index IRBHPI Thomson Reuters Eikon
Kuwait Refinitiv-Ideal ratings Islamic Index IRKWPI Thomson Reuters Eikon
Oman Refinitiv-Ideal ratings Islamic Index IROMPI Thomson Reuters Eikon
Qatar Refinitiv-Ideal ratings Islamic Index IRQAPI Thomson Reuters Eikon
Saudi Arabia S&P Saudi Shariah Index SPSHSA Thomson Reuters Eikon
UAE FTSE NASDAQ UAE 20 Index FTSUAE Thomson Reuters Eikon
Pakistan KMI 30 Index KMI30 Investing.com
India FTSE Shariah Index FTSIND Thomson Reuters Eikon
Brazil FTSE Shariah Index FTSBRAE Thomson Reuters Eikon
Russia FTSE Shariah Index FTSRUSS Thomson Reuters Eikon
China FTSE Shariah Index FTSCHN Thomson Reuters Eikon
Canada FTSE Shariah Index FTSCAN Thomson Reuters Eikon
France FTSE Shariah Index FTSFRA Thomson Reuters Eikon
Germany FTSE Shariah Index FTSGER Thomson Reuters Eikon
Italy FTSE Shariah Index FTSITY Thomson Reuters Eikon
Japan FTSE Shariah Index FTSJAP Thomson Reuters Eikon
UK FTSE Shariah Index FTSUK Thomson Reuters Eikon
USA FTSE Shariah Index FTSUSA Thomson Reuters Eikon
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Figure A1. (a) Conventional stocks correlation. (b) Islamic stocks correlation. Note. Figure A1(a,b) Correlation heat map.
This graph displays a matrix of price correlations for the GCC, SAARC, BRIC, and G7. The color intensity of the shaded
boxes indicates the magnitude of the correlations. Blue denotes positive correlation, whereas red denotes negative
correlation. All correlations were significant at 1% level.
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Figure A2. (a) Time series plot for conventional stocks. (b) Time series plot for Islamic stocks. Note. Figure A2(a,b)
describe the market prices for the financial markets of GCC, SAARC, BRIC, and G7.
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Figure A3. (a) Dynamics for conventional stocks return. (b) Dynamics for Islamic stocks return. Note. Figure A3(a,b)
describe the market returns for the GCC, SAARC, BRIC, and G7 financial markets.

COGENT ECONOMICS & FINANCE 25



Figure A4. (a) Dynamics for conventional stock market volatility. (b) Dynamics for Islamic stock market volatility. Note.
Figure A4(a,b) describe the market volatility for the GCC, SAARC, BRIC, and G7 financial markets.
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Figure A5. (a) Conventional stock markets, short-term. (b) Conventional stock markets, medium-term. (c) Conventional
stock markets, Long-term. Note. Figure A5(a–c) describe the BK-18 return spillovers with short-, medium-, and long-term
frequency bands. The weighted red circle describes the net transmitter of shocks to other markets, whereas the
weighted green circle describes the net receiver of shocks from other markets. The weighted edges describe the highest
and lowest return spillovers, respectively.
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Figure A6. (a) Islamic stock markets, short-term. (b) Islamic stock markets, medium-term. (c) Islamic stock markets,
long-term. Note. Figure A6(a–c) describe the BK-18 return spillovers with short-, medium-, and long-term frequency
bands. The weighted red circle describes the net transmitter of shocks to other markets, whereas the weighted green
circle describes the net receiver of shocks from other markets. The weighted edges describe the highest and lowest
return spillovers, respectively.
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Figure A7. (a) Conventional stock markets, short-term. (b) Conventional stock markets, medium-term. (c) Conventional
stock markets, long-term. Note. Figure A7(a–c) describe the BK-18 volatility spillovers with short-, medium-, and long-
term frequency bands. The weighted red circle describes the net transmitter of shocks to other markets, whereas the
weighted green circle describes the net receiver of shocks from other markets. The weighted edge describes the highest
and lowest volatility spillovers.
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Figure A8. (a) Islamic stock markets, short-term. (b) Islamic stock markets, medium-term. (c) Islamic stock markets,
long-term. Note. Figure A8(a–c) describe the BK-18 volatility spillovers with frequency bands, short-, medium-, and long-
term. Weighted Red circle describe the net transmitter of shocks to other markets, while the weighted green circle
describes the net receiver of shocks from other markets. Weighted edge describes the highest and lowest volatility
spillovers.
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