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Abstract: The aim of the present research is to highlight whether there exist any diversification
opportunities from investing in developed and developing countries’ Shariah-compliant and non-
Shariah-compliant stock markets during global financial crisis (GFC) and the COVID-19 pandemic
periods. For this purpose, we employ daily data for both Shariah and non-Shariah indices from
29 October 2007 to 31 December 2021. The study uses multivariate GARCH-DCC and wavelet
approaches to examine if there exist diversification opportunities in the selected markets. Evidence
from this study shows that although the developing markets’ stock returns experience high volatility
of a similar degree, the conventional indices of Malaysia have the highest volatility among them.
This shows that Shariah indices have less exposure to risk and higher possibilities of diversification
compared to their conventional counterparts. Regarding developed markets, the Japanese conven-
tional index and the U.S. Shariah indices are more volatile compared to other indices in the market.
Moreover, the results of the wavelet power spectrum show significant and higher volatility during
the COVID-19 pandemic rather than the GFC. Similarly, the Chinese conventional market experi-
enced minimum variance during the GFC and COVID-19 pandemic period. On the other hand, the
results of wavelet-coherence transform indicate that the Japanese Shariah-based market offered better
portfolio opportunities for U.S. traders during the GFC and the COVID-19 pandemic periods. Hence,
opportunities for investment in this selected market are basically close to zero. Therefore, investors
should carefully choose which stocks they can include in their investment portfolio.

Keywords: dynamic dependency; Shariah and traditional stock markets; diversification opportunity;
COVID-19; GFC

1. Introduction

The global financial crisis (GFC) in 2007–2009 and the recent COVID-19 pandemic
unprecedentedly affected global financial markets (Borio 2020; Shahzad and Naifar 2022).
The nature, consequences, and causes of both crises are different, but the consequences
and disturbances of the real economy are prominent in these markets. For instance, many
security markets, in both developed and developing economies have faced a sharp decline
of at least 30 percent in total assets (IMF 2020). Therefore, an optimum level of co-movement
is required for portfolio implications in different asset classes’ dynamics or linkages during
crisis periods. In this regard, contemporary empirical research has paid considerable
attention to the importance of including new or alternative asset classes in the portfolio,
for example, crypto-currencies (Garcia-Jorcano and Benito 2020; Mensi et al. 2020; among
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others), clean energy indices (Asl et al. 2021; Nguyen et al. 2020; among others), and
Islamic indices (Al-Yahyaee et al. 2020; among others). Interestingly, Islamic products
and services have gained popularity from both Muslim and non-Muslim investors due
to their unique characteristics. Islamic financial products and services are guided by the
principles of Shariah. The Shariah principles condemn any products and services that have
elements of Riba (e.g., interest), Gharar (e.g., uncertainty), and Mysir (e.g., gambling or
speculation), which are fundamentally prohibited in Islamic finance. Moreover, investment
in Islamic financial instruments is less dependent on leverage; rather, it encourages profit
and loss-sharing businesses, which have to meet two-stages screening criteria (Hasan et al.
2021). The growth in Islamic finance assets has been remarkable in recent decades (Naz
and Gulzar 2022). The Islamic finance industry has shown substantial growth and touched
the milestone of an estimated USD 3958 billion in total assets in 2021. Moreover, the growth
rate of the Islamic finance industry maintained a double-digit growth rate of approximately
14% that proved resilient during the COVID-19 pandemic in 2020 (IFDI 2022).

Despite this significant growth recorded by the Islamic finance industry, it is not
immune to the changing paradigm of financial and economic crises. This motivates us
to investigate the dynamic dependency between Shariah and traditional stock indices
for portfolio diversification implications in a time-frequency environment. Investors and
financial managers usually look to diversify their investments in cross-country economies
into different asset classes to save their investments from extreme losses during periods
of turmoil. A handful of studies have investigated the time-varying relationship between
Shariah and traditional equity markets and arrived at different conclusions (see Ali et al.
2021; Erdoğan et al. 2020; Tuna et al. 2021). The current study is unique from earlier studies
because it analyzes the two most important crises that have put stress on the financial
market, namely the GFC and the COVID-19 pandemic. To bridge this gap, the current study
examines the dependency of the Shariah and traditional equity markets in developed and
developing countries by covering the above-mentioned crises by using daily stock price
data from 2007 to 2021. Hence, the study employs two techniques, namely (1) multivariate
GARCH-DCC and (2) cross-wavelet approaches, which significantly address the research
questions due to the dynamic nature of financial data. We therefore discern our study from
the existing literature by examining dynamic linkages between cross-country datasets and
different asset lines for portfolio diversification (Khan and Jan 2022). The rest of the study
is designed as follows. In Section 2, we present theoretical underpinning and empirical
related literature on the Shariah and traditional stock markets. We present the empirical
methodology in Section 3. In Section 4, we present the results and discussion and finally,
we conclude our study in Section 5.

2. Theoretical Underpinning and Related Literature Review

The financial market experiences erratic movement and is hardly predictable. In
addition, spontaneous movement may bring a market crash apparently without any vast
changes in the essential parameters of an economy. In the international financial literature,
the capital asset pricing model (CAPM) is widely used, such as that applied by Sharpe (1964)
and Lintner (1965). The main purpose of this theory is to develop a theoretical underpinning
between the expected rates of return and systematic risk on asset prices. Furthermore, this
theory supports efficient decision making in well-diversified asset lines for better portfolio
benefits. However, it provides a comprehensive framework to explain the risk–return
trade-off between two investment horizons. The empirical findings suggest that there is a
significant and positive relationship between realized return and systematic risk, in line
with the linear combination of return and risk. Nevertheless, the CAPM emphasizes market
risk (e.g., systematic risk) and the implication of total risk is not in doubt as the return is
positively related to both types of risk. Again, an identified drawback is that investors
do not embrace the assumptions of the CAPM, even though this does not reduce the
importance of the theory. However, analysis of the security market line is also not relevant
to the bond analysis, though bonds are included in investors’ portfolios. However, besides
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some criticisms, the CAPM has become a significant approach for investment-management
strategies in the computation of comparative performance and portfolio diversification
among the asset classes (Rossi 2016).

The efficient market hypothesis (EMH) theory enunciates that financial markets have
informational efficiency, which means that the required information should be accurately
assimilated into prices. Moreover, over- or under-reaction may befall, seemingly by noise,
traders at any time, who essentially emerge in the market to grant liquidity to rational
stakeholders. From experience, pragmatic evidence illustrates that the stock market is not
emphatically pronounced by normal random walk theory and normal distribution (Johnson
and Soenen 2003; Mantegna 1999; Mantegna and Stanley 1997). Market collapses may
occur off and on with zero movement in economic imperatives. Volatility and discrepancies
in market price can be triggered by assuming herding behavior, which is directed by the
unspecified market system. To explicate the above spectacle and the impasse of the financial
market, the FMH as voluminous theoretical and quantitative compensations over the EMH
by demonstrating and scrutinizing data. In the FMH, stock markets are delineated as
multifaceted vigorous systems that express that the augmentation of mystification could be
inevitable (Münnix et al. 2012).

A fractal technique is engaged to evaluate financial time series by employing vari-
ous intervals of time resolutions. This leads to the heterogeneous market hypothesis, in
which several market participants and contributors investigate earlier proceedings and
innovative proceedings with different time prospects. Weron and Weron (2000) revealed
and introduced a new common technique for the return of assets in the context of the
FMH. In modern times, time-series prediction has been a prominent field of research re-
garding statistics and operational research. Furthermore, the literature on empirical work
tries to observe the volatility among Shariah and traditional stock market indices, where
different emerging researchers arrive at different conclusions and consequences. Jawadi
et al. (2014) used Shariah and traditional stock indices in three leading regions, namely
the world, America, and Europe, by employing and approaching several progress ratios
and CAPM-GARCH models. Moreover, their study captures pre- and post-recent crisis
periods and their findings showed that stock markets’ performance depends on financial
risk time-variation and investment horizons. While Islamic stock markets outperformed
during the onset of the sub-prime crisis, conventional stock markets performed better
during the pre-crisis period. Additionally, their research specified that the influence of the
worldwide financial crisis (2007–2009) exposes significant differences between Shariah and
traditional stock markets. Another study by Rana and Akhter (2015) found that the perfor-
mance of Shariah and traditional stock indices from pragmatic evidence of a struggling
economy (Pakistan) by applying risk-adjusted methods, e.g., Sharpe ratio, Treynor ratio,
MM performance ratio, and GARCH (1,1) analysis, for the period of 2008 to 2013. Empirical
evidence shows that the traditional stock index achieves more than the Shariah stock index.

Moreover, Majdoub and Sassi (2017) envisioned volatility spillover between Asian
Islamic equity indices and China by employing a bivariate VARMA-BEKK-AGARCH model
for the time span of 2011–2016. Considering the conditional volatility of the returns series,
they added the effectiveness of portfolio diversification among variables. The evidence
shows that there are significant direct and adverse return spillovers from China to selected
Asian Shariah stock markets and bidirectional volatility spillovers among China, Korea,
and Thailand stock markets. For worldwide portfolio divergence and hedging approaches,
they recommended that stockholders in Asia should hold supplementary stocks in the
Chinese market in comparison to other stock markets in Asia in order to diminish the
hazard without dropping the projected revenues of their portfolios.

El-Alaoui et al. (2018) investigated the leverage consequence of financial shock waves
in the framework of a European portfolio by employing mean-variance efficient frontier,
the Sharpe ratio, and capital market line inspection. They used 320 firms as an observation
by considering 8 European states, e.g., UK, Sweden, Switzerland, Italy, Germany, France,
and Austria. Their numeric outcomes revealed that embarking on leverage lessens portfolio
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incomes, unpredictability, and importance at menace. Additionally, they presumed that
optimum portfolio alignment is acquired via a high fraction of minimum debt resources
as a consequence of two distinct equity funds, e.g., minimum leverage and maximum
leverage portfolios. Using different data from different regions and continents. Dewandaru
et al. (2014a), Abbes and Trichilli (2015), and Antar and Alahouel (2019) studied the
deviation advantages of capitalizing in different international capital markets. For example,
Antar and Alahouel (2019) analyzed the MENA region index with seven other global
indices. They found the presence of diversification benefits among the stocks. The authors
recommended incorporating the U.S., Canada, and emerging market indices in the MENA
index so as to gain the benefit of portfolio diversification. Similarly, Rahim and Masih
(2016) employed data from Shariah-compliant stock in Malaysia and compared it with its
main trading partners. The authors found no long-term diversification opportunities for
Malaysian investors seeking to invest in the selected markets. However, they may gain
limited diversification benefits for a very short time period.

Many studies have been made to determine risk and return connections by employing
the CAPM strategy (Rahman et al. 2006; Rhaiem et al. 2007; Chang et al. 2011). Compared
to the emergence of Islamic stocks, there exists less literature regarding the Islamic market
compared to traditional stock. Several studies have explored the progress of Shariah
funds and matched their progress with traditional stock. On the other hand, some more
scholars have inspected Shariah funds with few Shariah indices as determinants and
matched them with non-Shariah funds. Few researchers, e.g., Ismaila and Shakranib (2003)
have found the link between return and beta for Shariah component trusts in Malaysia
with both provisional CAPM and no provisional CAPM. They established a horizontal,
non-provisional, and insignificant liaison between beta and risk premium, whereas with
provisional CAMP scrutiny, there is a significant and direct rapport between beta and
return. Their consequences also specified that stockholders in Shariah component trusts
are risk opposed because of their preparedness to invest in indices with a minimum degree
of threat.

Hammoudeh et al. (2014) showed time-varying dependency between Islamic and
traditional stock indices, while Saiti et al. (2014) reported evidence that traditional stock
markets are mostly affected by the contagious effect rather than the Shariah-based markets
during the U.S. sub-prime crisis period in 2007–2009. Al-Yahyaee et al. (2020) supported the
evidence that during the crisis and post-crisis periods, the Shariah-based equity markets
showed better performance, while the traditional equity markets showed outperformance
during the pre-crisis period. In contrast, Shahzad et al. (2017) rejected the decoupling
hypothesis between Shariah and traditional stock markets. Similarly, Hasan et al. (2021)
pointed out that Shariah and traditional markets are highly associated with risk factors
during crisis periods. They suggested that Shariah-based markets fail to provide healthy
immunity against economic crises, such as GFC and the COVID-19 pandemic.

The findings of dependency between the Shariah and traditional stock markets are
still inconclusive. In a nutshell, the empirical literature has found different results on the
relationship between Shariah and traditional stock markets during the 2007/2008 global
financial crisis and the recent COVID-19 pandemic. Moreover, previous studies mostly
relied on standard time series (Abbes and Trichilli 2015; Saiti et al. 2014), the CAPM (Aarif
et al. 2021; Al-Yahyaee et al. 2020; Suryadi et al. 2021), and traditional GARCH model (Ben
Rejeb and Arfaoui 2019; Jabeen and Kausar 2022) to investigate the relationship between the
Shariah and traditional stock markets. Therefore, to fill the gap, we further investigate the
dependency between the Shariah and traditional stock markets in a time-frequency-based
dynamic environment.

3. Methodology
3.1. Multivariate GARCH—DCC

The GARCH model has a long and noteworthy history and consists of a big family,
including GARCH (1,1), EGARCH, FGARCH, GRACG-BEKK, and others (Dritsaki 2017).
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Among this big family, the GARCH (1,1) model is a very popular model, which captures the
volatility of time-series data. It covers the shortfall of the ARCH model as it captures past
information in the time-varying conditional-variance model. However, they are not free
from limitations. For example, it cannot capture the asymmetric and dynamic relationship
among the variables that arise from the bad or good news from the markets. MGARCH is a
developed version of the GARCH model introduced by Bollerslev (1990) that can cover
the conditional correlation among the variables. This new model, MGARCH, keeps the
correlation among the variables fixed but allows the correlation coefficient to vary over time.
However, this mode makes certain estimation assumptions too simple without considering
the complexity of reality (Longin and Solnik 2001). Hence, the MGARCH-DCC model was
proposed by Engle, which takes care of the dynamic nature of time-series data.

The model is written as follows:

rt = β0 +
k

∑
ki=1

βi rt−1 + ut = µt − ut

µt = E [ rt |Ω rt−1 ]

µt | Ωt−1 ∼ N (0, Ht )

Ht = GtRtGt

Gt diag
{ √

hii,t

}
Zt = G−1

t ut

Source: Ku (2008).
Where hii,t represents the estimated univariate GARCH models of conditional variance,

Gt represents the diagonal matric of conditional standard deviations, the time-varying
conditional correlation coefficient matrix of returns is represented by Rt, while Zt is a vector
for standardized residuals with zero mean and variance of one. Therefore, the DCC model
of dynamic correlation coefficient matrix can be written as follows:

Rt = (diag (Qt ))
− 1

2 Qt (diag (Qt))
− 1

2

Qt =
(
qij,t
)

diag(Qt))
− 1

2 = diag
(

1√
q11,t

, . . . .., 1√
qnn,t

)

qij,t = ρij + α
(
zi,t−1zj,t−1 − ρij

)
+β
(

qij, t−1 − ρij
)

where ρij represents the unconditional correlation coefficient, while ρi,j,t
√

q11, t is the time
varying conditional correlation. In order to take care of the leptokurtic nature of the time
series data, t distribution is introduced in to the model to solve the problem. Therefore,
µt |Ωt−1 ∼ N(0, Ht) is replaced by µt |Ωt−1 ∼ fstudent−1 (ut : v), where v represents

the degree of freedom.
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3.2. Wavelet Approach

We use the wavelet power spectrum (WPS) technique to measure the single-assets
market variations. The WPS technique is very popular and widely applicable to illustrate
the local variations between two series in time-frequency spaces. We can define the WPS as:

WPSx(τ,s)=[Wx(τ, s) ]
2

Here, the WPS is the wavelet power spectrum for the wavelet transform WX(τ,s).

WX(τ,s) =
∫ +∞

−∞
x(t)ψ

(
t− τ

s

)
dt, τ, s ε R, S/ = 0

Here, ψ denotes the mother wavelet; τ and s represent the translation parameter and
scaling; and the asterisk represents complex conjugation (Karamti and Belhassine 2022).

WSC = R2
xy(τ,s) =

∣∣∣S(s−1W§/†\(s)
∣∣∣2

S(s−1
∣∣W\§(s)

∣∣·S(s−1
∣∣∣W\(s)†

∣∣∣2
Here, R2 presents the wavelets coherence, and S contains the smoothing operator.

3.3. Data

This study employs daily data for stock prices of Shariah equity indices and traditional
equity indices from three developed (U.S., UK, and Japan) and three developing countries
(Malaysia, Indonesia, and China). This sample spans from 29 October 2007 to 31 December
2021. All data were obtained from DataStream. In order to provide a matched-pair
comparison, the research limited the duration of the study to a similar duration for both
traditional and Islamic indices. The Dow Jones Shariah index and the traditional index are
used to represent the U.S., while in the United Kingdom, the Dow Jones Shariah Index and
the FTSE100 Composite Index are used for both Shariah and traditional indices. In Japan,
the FTSE Shariah index and the Tokyo price index are used. In developing countries, the
FTSE Bursa Malaysia Hijarah Shariah index and the FTSE Bursa Malaysia KLCI Composite
Index are used as a proxy for the Malaysian indices, while the Jakarta Islamic Index and
the Indonesia Composite Index are used from Indonesia. Finally, the FTSE Shariah Index
and Shanghai Composite Index are used as proxies for China (see Table 1).

Table 1. List of variables.

Country of Origin Shariah-Compliant Stock Indices Ticker Non-Shariah-Compliant Stock Indices Ticker

Developed countries
U.S. Dow Jones Islamic Index USDI Dow Jones Composite Index USDC
UK Dow Jones Islamic Index UKDI FTSE100 Composite Index UKFC

Japan Japan FTSE Shariah index JPNI Tokyo Price Index (TOPIX), Japan TOPX
Developing countries

Malaysia FTSE Bursa Malaysia Hijarah
Shariah index BMHS FTSE Bursa Malaysia KLCI Composite

Index MKLC

Indonesia Jakarta Islamic Index JAKI Indonesia Composite Index INDX
China FTSE Shariah Index, China FTCI Shanghai Composite Index SCHN

Note: Authors’ own calculation.

Stock outcomes were considered by taking the differences of the logarithmic of the
daily closing prices of the indices. However, the daily return is measured as follows:

Rt = ln(Pt/(Pt − 1) × 100, where Rt unveils the daily return and Pt and (Pt − 1) denote
the present and previous day’s prices, respectively.

The time-series plots of each index are transformed into log form and are presented
in Figure 1, which shows that all the returns are non-stationary. Furthermore, the index
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shows heightened volatility during the 2007–2008 financial crisis, as evidenced by spikes
recorded during that period.
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4. Statistical Findings and Discussion
4.1. Descriptive Statistics

Table 2 presents the results of the descriptive statistics for the return series. Four of the
series have direct positive returns, while two have negative average returns. The highest
and lowest mean returns for developed markets are found in the U.S. index, with a value of
0.0163, and the Japan index for both the Shariah and traditional stock index; meanwhile, for
developing markets, China has the lowest return (0.0027). The highest standard deviation
(0.6867) is from the UK Shariah index, while the lowest is from Malaysia at 0.3167. The
results of Table 2 indicate that the distribution of all indices is negatively skewed except
the UK Shariah index, which expresses that stock price distributions are not symmetric,
thus leading to relatively higher volatility and risk. Shariah and traditional stock market
indices are leptokurtic (peaked) of the price distribution. In both situations, prices are not
normally distributed and consequently, there exists price variability.

Table 2. Summary of statistical properties.

Islamic Stock Markets Conventional Stock Markets

Mean SD Skew Kurt JB Mean SD Skew Kurt JB

Developed countries
U.S. 0.0163 0.5485 −0.4383 16.3059 27,198.4900 0.0100 0.5433 −0.4776 18.1393 35,197.1500
UK 0.0100 0.6867 5.2541 157.5857 3,672,098.0000 0.0011 0.5197 −0.3857 13.2120 16,042.2200

Japan 0.0032 0.6006 −0.3215 11.4497 10,979.3600 0.0024 0.5935 −0.3638 10.7932 9370.7250
Developing countries

Malaysia 0.0021 0.3457 −0.8410 18.2865 36,175.6100 0.0014 0.3167 −0.8869 18.3184 36,373.2500
Indonesia 0.0023 0.6511 −0.4067 10.7598 9311.5310 0.0110 0.5407 −0.5540 12.6270 14,363.500

China −0.0027 0.8745 −0.3190 84.9092 1,026,277.0000 0.0078 0.5943 −0.7787 8.4811 4966.2480
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4.2. MGARCH-DCC

Tables 3 and 4 show the results obtained from Student’s t-distribution test. It depicts
the maximum-likelihood estimates for both Shariah and traditional stock returns in devel-
oped and developing states. The maximum likelihood obtained is 63,057.5, which is within
the acceptable region. In addition, the level of freedom for the t-distribution is 6.653, which
is less than the 30-point mark. This makes it a suitable model for capturing and indicating
the fat-tailed nature of the normal distribution of stock returns (Najeeb et al. 2015).

Table 3. Student’s t-distribution for developed Islamic and conventional markets.

Parameter Country Estimate T-Ratio

Lambda 1 (λ1) U.S. Islamic 0.87923 70.5778
UK Islamic 0.93639 115.1142

Japan Islamic 0.91181 97.7216
U.S. Conventional 0.88181 71.3517
UK Conventional 0.92103 101.7882

Japan Conventional 0.91133 87.5851
Lambda 2 (λ2) U.S. Islamic 0.10869 10.1986

UK Islamic 0.053841 8.2698
Japan Islamic 0.075973 10.2299

U.S. Conventional 0.10794 10.0019
UK Conventional 0.066979 9.2411

Japan Conventional 0.075578 9.2759
Delta 1 (δ1) 0.91279 120.7646
Delta 2 (δ2) 0.033373 14.3188

Degree of Freedom (df) 6.6533 21.6897
Maximum Log Likelihood 63,057.5

Note: Authors’ own calculation.

Table 4. Student’s t-distribution for developing Islamic and conventional countries.

Parameter Countries Estimates T-Ratio

lambda 1 (λ 1) China Islamic 0.89505 72.8431
Indonesia Islamic 0.89085 59.8594
Malaysia Islamic 0.91045 79.0092

China Conventional 0.93739 112.3559
Indonesia Conventional 0.88501 54.5649
Malaysia Conventional 0.89438 57.0745

Lambda 2 (λ 2) China Islamic 0.09694 8.8604
Indonesia Islamic 0.08325 8.0656
Malaysia Islamic 0.07655 8.2102

China Conventional 0.05757 7.856
Indonesia Conventional 0.09229 7.6813
Malaysia Conventional 0.08674 7.2524

Delta 1 (δ1) 0.92211 98.38
Delta 2 (δ2) 0.02334 11.7945

Degree of Freedom (df) 6.1721 22.0576
Maximum Log Likelihood 60086.8

Note: Authors’ Own Calculations.

Figure 2 shows the conditional volatility between Shariah and traditional stock returns
for developing markets represented in four regions (A–D). In Figure 2 of region A, which
plots RMKLC and RJAKI, the results show that both markets moved in the same direction
during both crises (GFC and COVID-19 pandemic). The former experienced sharper spikes
during the crisis period compared to the latter. This makes it more volatile and riskier
compared to the latter. This is because the RMKCL market has more international exposure
compared to RJAKI. Shock emanating from international markets affected it more than it did
RJAKI. This result is consistent with the findings in the literature which show that Shariah-
compliant stocks fared better compared to their conventional counterpart during the crisis
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(Mirza et al. 2022; Dewandaru et al. 2014b; Jawadi et al. 2014). In both markets, volatility
tends to decrease after a crisis has subsided, an indication that investors have started feeling
confident about the markets. Region B plots RMKLC and FTCI, which are also similar to
the plots in region A. The only difference is that the latter has less volatility in relation to
the former. Although COVID-19 originated in China, the Chinese Shariah index did not
exhibit much volatility compared to other Shariah markets in the region. Both markets
witnessed spiked volatility during the crisis; however, they exhibited stable volatility after
the crisis subsided. Region C shows the results of MKLC and of INDX. Both markets
moved in a similar fashion during both crises. The Malaysian conventional index had the
highest volatility among all the indices analyzed during the crises, making it have less of a
diversification opportunity for investors desiring to invest in the market. Finally, region D
shows the volatility between Malaysia and China’s conventional indices, where the former
exhibited higher volatility than the former. In fact, the volatility in the former was stable and
lesser. This makes it preferable to investors seeking diversification opportunities. Figure 3
compares the conditional correlations between Shariah-compliant and traditional stock
returns for developing markets. Region A shows the plots of Malaysia’s and Indonesia’s
Shariah indices. Region B shows the plots for the Malaysia and China Shariah index,
and region C shows the plots for the Jakarta Shariah and Malaysia conventional indices.
The indices of Figure 2 show that both indices move in a similar fashion. The figure also
suggests that in both markets, the correlations among them decline and reach −0.18 for
all in the first two regions. In region C, the plots show that Malaysia’s and Indonesia’s
conventional indices have the most intense correlation, reaching almost −0.2. Interestingly,
region D exhibits a negative conditional correlation, especially from the start of the GFC up
to year 2008, peaking at −0.068 in mid-2008 and later recording a slight positive correlation
from 2009 to 2016.
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Figure 2. Plots of volatilities for developing Shariah and traditional stock market returns. (A–D) show
the conditional volatility between Shariah and traditional stock returns for developing markets.
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Figure 3. Plots of conditional correlations for developing Shariah and traditional stock market
returns. (A–D) show the conditional correlations between Shariah and traditional stock returns for
developing markets.

Figure 4 shows the conditional volatility between Shariah and traditional stock returns
for developed markets. Region A shows both conditional correlations for Shariah index
for the U.S. and UK. The UK index exhibits the highest volatility compared to that of the
U.S., even before the outbreak of the pandemic. Although the GFC period also shows a rise
in volatility among both indices, they moved in a similar fashion prior to and during the
pandemic period. Region B shows the plots of Japan’s non-Shariah index and the U.S.’s
Shariah index. Both indices experienced spikes in returns of a similar magnitude during
the GFC, while the U.S. Shariah index experienced higher volatility than the Japan indices.
However, as the crisis subsided after the pandemic, the volatility of the U.S. index became
less intense compared to that of Japan. Region C plots the results of the UK and Japan
conventional indices. During the GFC, both indices witnessed increased volatility of a
similar power, with the Japan index moving a bit higher than the UK index. Interestingly, in
mid-2011, the role was reversed, and Japanese index exhibited a high spark, an indication of
the onset of the tsunami earthquake. This makes the UK index far better than the Japanese
index. However, as the pandemic struck, the volatility of the UK index surpassed that
of the Japanese index. Region D plots the U.S. Shariah and the UK conventional indices.
In both crisis periods, the indices experienced high volatility, with the U.S. Shariah index
experiencing the highest volatility compared to the UK conventional index. The volatility
of the U.S. Shariah index reached almost 3.0 in comparison to 2.2 for the UK index.
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Figure 4. Plots of volatilities for developed traditional stock market returns. (A–D) show the
conditional volatility between Shariah and traditional stock returns for developed markets.

Figure 5 shows a conditional correlation between the Shariah and traditional stock
returns for developed markets. Region A through to region D of Figure 5 represents markets
for the Japan, U.S., and UK Shariah and non-compliant stock returns, respectively. Both
plots show a negative correlation among them, with the B and D region having higher
correlations of about −0.02 and −0.01, respectively. On the contrary, region A and region C
of the same figure depict a lower conditional correlation of around −0.2, an indication of
more diversification opportunities among these markets compared to the earlier mentioned
regions. This suggests that better possibilities of diversification are more present in the
Japan and UK conventional markets and the U.S. Shariah market. The lower correlation
between the U.S. and Japanese stock markets indicates that both markets have shown
performances that are from each other. Market heterogeneity offers better diversification
benefits. Moreover, capital flow from different regions might offer better opportunities
than the same region. This is because of similar paths of risk–return profiles (Donadelli
and Paradiso 2014; Hasan et al. 2021).
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Figure 5. Plots of conditional correlations for developed Shariah and traditional stock market
returns. (A–D) show the conditional correlations between Shariah and traditional stock returns for
developed markets.

Figure 6 presents the local variance intensity of a single asset for the developed markets
using color-coded images for a particular period. The horizontal axis depicts the time scale,
while the vertical axis exhibits the frequency scale. The upper bound (e.g., 2–4 days) of the
images indicates the higher scale and the lower bound (e.g., 64–1024 days) expresses the
lower frequency. The color code from blue to red indicates low to high intensity. The white
thick contour confirms the 5% significant level. The empirical evidence exhibits significant
and higher volatility during the COVID-19 pandemic rather than the GFC.
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Figure 8 presents the wavelet-coherence results between the Shariah and traditional
stock markets for the developed countries. The red regions show a higher correlation, and
the blue zones indicate weaker integration between the two markets. The results indicate
that the Japanese Shariah-based market offered better portfolio opportunities for U.S.
traders during the GFC and the COVID-19 pandemic period, which is in line with the results
of the MGARCH-DCC method. The black arrow indicates the lead–lag relationship between
the two series. The right-pointing-upwards arrow (↗) and left-pointing-downwards arrow
(↙) indicate that the first variable is in the leading positions (e.g., U.S. Shariah index leading
on the UK and Japanese Shariah and traditional stock indices), while the left-pointing-
upwards arrow (↖) and the right-pointing-downwards arrow (↘) indicate that the second
variable or series is in the leading position (Shaik et al. 2023).
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Figure 9 exhibits the wavelet-coherence results between the Shariah and traditional
stock markets for developing countries. The results indicate that the Chinese Shariah and
traditional markets offered better portfolio opportunities for U.S. traders during the GFC
and the COVID-19 pandemic period, which is in line with the results of the MGARCH-
DCC method. However, developing countries, such as Malaysia and Indonesia, offer more
diversification opportunities overall for investments to U.S. investors. This might be due
to the fact they have multiple Islamic asset classes that can meet the demand of different
investors’ tastes. The availability of these investable assets makes these markets more
competitive and attracts investors from around the globe, thereby increasing the depth and
breadth of the market. This also increases the liquidity of the market. As such, investors
who are intending to invest in the U.S. have a good chance of benefiting from capital
gains when investing in these markets. Overall, this study provides significant insights
for policymakers, financial portfolio managers, and investors when making investment
decision strategies during crisis periods, such as the GFC and the COVID-19 pandemic.
Particularly, as crises are hard to predict, policymakers are advised to be more proactive
in taking corrective measures against crises. During the recent COVID-19 pandemic,
policymakers could take protective measures in order to contain the crisis. Measure such
as extending lockdown, increasing access to health care, providing affordable or free
medical care to the old and less privileged, and providing cash handouts or free foodstuffs,
especially to those in remote areas, can go a long way in limiting the severity of the crisis.
On the monetary policy front, policymakers can liberalize monetary policy by making
more funds available to the business sector to boost market trends and maintain investors’
confidence to avoid panic selling of assets in the financial market, which will have a
negative impact on the economy as a whole.
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GFC. However, the Chinese and Malaysian Shariah-based markets experienced lesser vol-
atility during the COVID-19 pandemic period. On the other hand, the wavelet-coherence 
transform results indicate that the Japanese Shariah-based market offered better portfolio 
opportunities for U.S. traders during the GFC and the COVID-19 pandemic period, which 
is in line with the results of the MGARCH-DCC method. However, in the context of de-
veloping countries, Chinese Shariah and traditional markets offer better portfolio oppor-
tunities for U.S.-based investors during crisis periods. The results obtained from the pre-
sent research have implications for multiple stakeholders who desire to invest in the se-
lected markets and policymakers alike. For the former, investing in any of these markets 
yields little diversification opportunities for them. Therefore, it is worthwhile for them to 
scrutinize these markets when making investment decisions. Including them solely in 
their portfolio will not yield much return except for the U.S. and Japanese markets, which 
offer minimal diversification opportunities for them. Therefore, policymakers need to for-
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5. Conclusions

This study examines the relationship between developing countries’ (Malaysia, In-
donesia, and China) and developed countries’ (U.S., UK, and Japan) Shariah and traditional
stock market returns. It used daily data for both Shariah-compliant and non-Shariah-
compliant stocks index returns from 29 October 2007 to 31 December 2021. The study
used multivariate GARCH-DCC, the wavelet power spectrum, and coherence transform
techniques to study the extent to which these markets move together. From the volatility
findings obtained from MGARCH-DCC, it is shown that although the developing markets’
stock returns experienced high volatility of a similar degree, the conventional indices of
Malaysia had the highest volatility among them. This shows that Shariah indices have
lesser exposure to risk and higher possibilities of diversification compared to their con-
ventional counterpart. Furthermore, the MGARCH-DCC conditional correlation results
show that minimal diversification opportunities exist for investors in the conventional
Malaysia and Indonesia markets. The conditional volatility findings for developed Shariah
markets show that the Japanese conventional index and the Shariah indices are more
volatile compared to other indices in the market. Regarding the conditional correlation
of the developed markets, Japan’s conventional index, the UK’s conventional index, and
the U.S.’s Shariah indices offer better possibilities for investments as evidenced by their
low correlations. Moreover, the results of the wavelet power spectrum show that volatility
was higher during the COVID-19 pandemic than during the GFC. However, the Chinese
and Malaysian Shariah-based markets experienced lesser volatility during the COVID-19
pandemic period. On the other hand, the wavelet-coherence transform results indicate that
the Japanese Shariah-based market offered better portfolio opportunities for U.S. traders
during the GFC and the COVID-19 pandemic period, which is in line with the results of the
MGARCH-DCC method. However, in the context of developing countries, Chinese Shariah
and traditional markets offer better portfolio opportunities for U.S.-based investors during
crisis periods. The results obtained from the present research have implications for multiple
stakeholders who desire to invest in the selected markets and policymakers alike. For the
former, investing in any of these markets yields little diversification opportunities for them.
Therefore, it is worthwhile for them to scrutinize these markets when making investment
decisions. Including them solely in their portfolio will not yield much return except for
the U.S. and Japanese markets, which offer minimal diversification opportunities for them.
Therefore, policymakers need to formulate strategies that will increase the possibilities
for investors to gain from investing outside the shores of their countries. Future research
can add more indices from different asset classes, such as oil, gold, Sukuk, and bonds.
Furthermore, researchers may investigate connectedness and volatility spillover using
more advanced econometric methods.
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