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Abstract: Investors are interested in knowing whether sukuk bonds and shariah stock indices in
the Gulf Corporation Council (GCC) region are related. This study examines the connectedness
between the sukuk- and shariah-compliant stock indices in the GCC financial markets. Bivariate and
multivariate wavelet approaches are applied to the daily data covering the period 10 July 2008 to
15 May 2017. The empirical findings demonstrate a strong correlation between these GCC sukuk
bond indices and shariah stock indices. The degree of connectedness between these sukuk and
shariah stock indices varies across time and scale. A strong and positive association is observed in
the short term and a negative association is evident in the long term. The same findings are observed,
using the wavelet cohesion approach that also validates the existence of portfolio diversification
opportunities at a short-time horizon. The multivariate cross-correlation analysis reveals that these
sukuk and shariah stock markets are highly integrated across time and scale. Furthermore, the value
at risk (VaR) for the sukuk bond–shariah stocks portfolio is performed to highlight the significance of
the wavelet analysis. The outcomes show that portfolio stocks are variable with respect to time or
scale (time diversification). Overall, analyzing the sukuk bond–shariah stock index returns in the
GCC at a multiscale level makes it easier for financial agents dealing with heterogeneous trading
horizons to assess the benefits of diversifications.

Keywords: sukuk; Islamic stocks; wavelet analyses; value at risk

1. Introduction

The global Islamic financial market has shown an impressive expansion during the last decade,
because of strong investment in the halal sector, infrastructure, and shariah-compliant financial
instruments. Islamic banking is the largest sector in the Islamic finance industry, contributing to 71%,
or USD 1.72 trillion, of the industry’s assets. Yet commercial banking remains the main contributor to
the sector’s growth; the role of Islamic banking is also impressive. There were 505 Islamic banks in
2017, including 207 Islamic banking windows. Shariah-compliant assets represent a significant portion
of total banking assets of the Gulf Corporation Council (GCC). While in the Middle East and North
African (MENA) region, Islamic banking assets represent 14% of total banking assets. In the GCC,
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the market share of Islamic banking crossed the 25% threshold, which suggests that Islamic banks have
become systemically important in these countries (GIFR 2019)1.

Sukuk provide an alternative mode of debt financing compared to commercial banking. These are
investment certificates that represent a proportional or undivided interest in an asset or a pool of assets,
and that the claim embodied in sukuk is not simply a claim to a cash flow, but an ownership claim.
This differentiates sukuk from conventional bonds, as the latter offer proceeds on interest bearing
securities, while sukuk are investment certificates consisting of ownership claims in a pool of assets.
The main purpose of issuing sukuk is to sell an asset and recover its value from subscription, and in this
case, the holder of the certificate becomes the owner of the assets. Global sukuk outstanding surged by
a record 25.6% to close at USD 399.9 billion by the end of 2017, on the back of strong sovereign and
multilateral issuances in key Islamic finance markets to support respective budgetary expenditures.
This included debut entries into the sovereign sukuk market by Saudi Arabia and Nigeria, as well as
the pan-African multilateral development finance institution, Africa Finance Corporation (GIFR 2019).

There are three main reasons that motivate our attention on Islamic financial markets. First,
the issuance of shariah assets compliant with Islamic laws is the main reason for impressive growth
of Islamic financial markets. Indeed, the sustained investment spending and the large domestic
liquidity have likely supported the issuance of sukuk in Malaysia and GCC countries. Second, lower
values of global interest rates and investors preference for bonds during turbulent periods and decline
in stock markets indicate strong investor demand at all manners of Islamic financial instruments
in the GCC financial market. Third, sukuk bonds and shariah stock assets have heterogeneous
returns’ characteristics and they are anticipated to act contrarily from conventional stocks and bonds.
Islamic shariah laws do not allow investors to engage in prohibited activities (haram), such as debt,
gaming, and alcohol actions. To avoid such prohibited activities, some scholars of the Islam rules have
given concessions to the firms that offer financial programs (i.e., debt, to address liquidity shortage,
and investment in case of excess cash).

The upsurge in Islamic financial products has led to the corresponding expansion in the empirical
literature, exploring the co-movement between sukuk–shariah stocks. However, it is necessary
to distinguish between short- and long-term investments in co-movement analysis because both
these investments have different objectives. This aspect becomes more important when we are
dealing with foreign investors who want to diversify away risk, derive high returns from their
international investment portfolios, and work under different time horizons (Aloui et al. 2015b).
Candelon et al. (2008) argued that from a portfolio management perspective, the objective of short-term
investment is to observe co-movement of stock returns at higher frequencies, while the long-term
investment’s major concern is to observe the relationship at higher frequencies.

The current study contributes to the empirical literature by examining the connectedness and
lead–lag interactive association between the sukuk- and sharia-compliant stock indices in the GCC
financial markets. To this end, firstly, we employ the latest statistical and econometric techniques,
i.e., the continuous wavelet transform, and various multivariate and discrete wavelet approaches to
access the interactive association between the shariah stocks and the sukuk bonds in GCC financial
markets. Secondly, the study performed a value at risk analysis to quantify the risk between financial
assets that have not been previously estimated by most of the relevant studies. Thirdly, the study
offered different interpretations of investment behavior for the policy makers to help in decision
making. In previous literature, researchers have applied linear and nonlinear time-series econometric
methodologies, including ARCH and GARCH class models (Aloui et al. 2015a), switching regime
models (Aloui et al. 2015b), and copula methods (Naifar et al. 2016), to estimate the relevant information.
Recently, wavelet techniques have revealed their ability to overcome the leading shortages of traditional
time-series models, and from a financial perspective, they help in distinguishing between short- and

1 Global Islamic Finance Report.
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long-run investors’ behaviors, which is more appropriate in the co-movement analysis between shariah
stock and sukuk bonds. More precisely, from a portfolio diversification view, managers of Islamic
portfolios are more interested in asset price co-movement at higher frequencies, while some others
are interested at lower frequencies. Thus, it would be helpful for portfolio managers to resort to an
appropriate frequency domain to provide a better perception of the shariah-compliant stocks and sukuk
co-movement behavior at the frequency level. Furthermore, this technique provides improvement
over standard approaches in terms of analysis and implications because it takes into account time and
frequency jointly in a single framework when examining the co-movement between two time-series.
From the implication of this approach, one can easily identify areas in a unified time–frequency band
space where the two Islamic markets move together.

The general result of the study shows a strong correlation between the sukuk bond indices and
shariah stock indices in the GCC region. Positive association is observed between these sukuk and
shariah stocks in the short term and a negative association is found in the long term. Sukuk bond and
shariah stock markets are found to be highly integrated across time and scale. The findings of the
value at risk (VaR) for the sukuk bond–shariah stock index portfolio highlighted the significance of
the wavelet analysis. The outcomes show that shariah portfolios are variable with respect to time or
scale. This conclusion is particularly relevant for policy makers and bond issuers because the Islamic
bonds are extensively growing in the GCC region. Indeed, the reason behind the issuance of Islamic
assets is to assist governments and corporates to finance their investment deficits after the end of
the persistently low energy price period from 1979 to 1980. Sukuk prove their worth in financing
infrastructure and supporting investments in the GCC countries. In sum, it is essential for portfolio
managers and sukuk issuers to understand the co-movement of sukuk indices over time and scale to
better design their hedging strategies and the allocation of assets.

The remainder of the paper is structured as follows. Section 2 presents a brief review of existing
studies; Section 3 describes the empirical methodology. The empirical results are presented in Section 4,
and Section 5 concludes the study.

2. Literature Review

2.1. Theoretical Literature

Three criteria must be fulfilled for sukuk to be compliant with shariah rules. First, the bond must
represent ownership in tangible assets or services of revenue-generating firms; second, payments to
investors come from after-tax profit; third, the value prepaid at maturity may reflect the current market
price of the underlying asset, not the original amount invested (Godlewski et al. 2013; Aloui et al. 2018).
Recently, there has been a debate on whether sukuk are really complying with shariah or whether
they are in violation with one of the aforementioned rules. Two conflicting hypotheses are branded
in Islamic finance literature. The first hypothesis supports the theoretical argument regarding the
relationship between conventional bonds and Islamic stocks (Aloui et al. 2015b). No doubt, the issuance
of sukuk is based on Islamic principles. However, no significant difference has been expected between
the announcement effect of sukuk and conventional bonds issuance on their corresponding stocks.
Some scholars, such as Miller et al. (2007) and Wilson (2008), support this argument. Miller et al. (2007)
claimed that there is no difference between sukuk and conventional bonds, and sukuk are structured
according to western rules. Wilson (2008) argued that financial investors are making efforts to render
sukuk comparable to conventional bonds, and thus unfamiliar investors can evaluate the risk of these
Islamic assets.

The second hypothesis asserts that there are fundamental differences between sukuk and
conventional bonds, and the former offer unique risk reduction benefits when added to a portfolio of
fixed income securities and, therefore, are different from conventional bonds (Cakir and Raei 2007;
Thuronyi 2007). The authors show this through a comparative analysis in terms of risk between
sovereign sukuk and their conventional counter-parts, using the value-at-risk tool. They uncovered
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that the risk is substantially reduced when sukuk are added to a portfolio of fixed income securities
and conjectured that sukuk create higher diversification profits for investors. Fathurahman and Fitriati
(2013) supported this argument and show that yields on sukuk instruments is different from the yields
on comparable conventional bonds in the Malaysian Islamic capital market. In the current study,
we participate in this great debate by investigating the nature of co-movement between sukuk and
shariah stocks in the time–frequency domain and analyze the lead–lag relationship between the two
Islamic asset classes.

2.2. Empirical Literature

The literature suggests there are only limited studies that tried to calculate the co-movement and
portfolio diversification for the Islamic certificates (e.g., Islamic Savings Certificate (ISC)). Most of
the studies focus on the performance of sukuk and the risk–return profile from the sukuk in terms
of investment. For this evidence, Zin et al. (2011) studied the sukuk bond and equity markets in
Malaysia, and their results show the speculation on sukuk bonds was the supreme investment for
investors seeking a fixed investment return with low risk. Similarly, Ariff and Safari (2012) present
another empirical estimation related to conventional bonds and sukuk certificates, in which they
tried to estimate the returns on sukuk bonds and conventional bonds. They found that there was a
significant difference between sukuk and conventional bond returns. In the same year, by employing
the VaR approach, Hassan et al. (2018) provided evidence of different behaviors of the sukuk and
conventional bonds, and results indicated that a pure sukuk portfolio was considerably less safe than
a conventional bond portfolio. This evidence was supported by another study related to issues in
Islamic capital markets, the sukuk and shariah stock markets (Lahsasna and Lin 2012). Later, another
study related to the theoretical and empirical estimation of the sukuk bonds compared the qualitative,
rather than quantitative, research approaches (Zulkhibri 2015).

In a study related to local and global uncertainty issues, Naifar et al. (2017) found different
relations between the sukuk and traditional bonds. They showed that those assets are dissimilar in
term of co-movement, and that both types of bonds cannot be substituted for each other. In another
study related to the long term conventional and sukuk bonds in Malaysia, Saad et al. (2018) used an
inferential statistic test to assess the equality of variances for a variable calculated for two or more
groups (T and Levene’s test) for the verification of the proposed hypothesis related to differences in
the yield spreads between conventional bonds and sukuk. The results also supported the same trend
with the view of different co-movements of sukuk and shariah bonds. In addition, there was a case
study related to conventional bonds and shariah-compliant sukuk done by Khartabiel et al. (2019)
who employed a multiple regression model for 12 financial markets from 2005 to 2017. They used the
economic settings, pre-crisis, during the crisis, and post-crisis, using the (2007–2009) financial crisis as
a benchmark. The findings of the study showed that during the crisis period, market reaction was
significantly negative for both groups. While the market reaction for sukuk was significantly positive,
it was insignificant for conventional bonds for the post-crisis period.

Duqi and Al-Tamimi (2019) examined the behavior of investors related to the sukuk bond
investment. The study used cross-sectional data and the results show that investment in the sukuk
bond was the most important factor influencing investor behavior. Likewise, Junaidi et al. (2019)
analyzed the association between sukuk and endogenous growth in Indonesia using the generalized
method of moments (GMM). The variables used for this analysis were the outstanding value of stocks
in Indonesia, savings, economic growth, and capital flows for the Indonesian economy, and concluded
that sukuk and bonds have a positive significant relationship with economic growth. In addition, in a
study related to sukuk and conventional bonds that employed data from the year 2003 to 2014 and
used the GMM econometric technique for the empirical estimations, Mimouni et al. (2019) revealed
that development of the sukuk market was negatively related to the insolvency risk of Islamic banks
(IBs), and these results are the same for conventional banks (CBs).
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Likewise, Suciningtias (2019) studied the macro-economic impact on the sukuk behavior in
Indonesia, using cointegration and the vector error correction model. This author considered the
exchange rates, inflation, variation in world gold prices, and sukuk bonds as the independent variables.
He contended that the performance of sukuk bonds was influenced by the previous exchange rate,
and world gold prices. However, crude oil prices show an insignificant impact on sukuk performance
both in the long and short run. In the same way, Qizam and Fong (2019) examined the financial
revelation quality in the sukuk and bond markets of Indonesia, Malaysia, and Australia, using the
pooled Feasible Generalized Least Square (FGLS) regression. The results indicated that the quality
related to reliability was affected by the sukuk ratings rather than the bond ratings.

There are also several studies in the existing literature that used similar methodologies to estimate
the co-movement of sukuk and conventional bonds, including Kristoufek (2015), Tian et al. (2016),
Cai et al. (2017), Phillips and Gorse (2018), and Buriev et al. (2018). For the South Asian countries,
Najeeb et al. (2015) examined portfolio diversification by employing the M-GARCH-DCC and wavelet
correlation methods. The findings of their study highlighted the significance of heterogeneity
in investment horizons. Abdullah et al. (2016) tried to estimate the relation between three
commodities—crude oil, gold, and corn—and the Islamic stock indices of five countries (Malaysia,
Thailand, Singapore, Philippines, and Indonesia) by employing wavelet coherence (WC) analysis.
Aloui and Hkiri (2014) used the wavelet squared coherence to estimate the short-term and long-term
dependencies between the stock market returns for the Gulf Cooperation Council economies’ bonds.
They concluded that there were recurrent variations in the pattern of the co-movement for all the
selected markets at higher frequencies. Kristoufek (2015), Tian et al. (2016), Cai et al. (2017), and
Phillips and Gorse (2018) also applied the same methodology in their studies.

As highlighted above, shariah stocks and sukuk are different from conventional stocks and
bonds. However, in the Islamic finance literature, no particular attention has been paid to analyze the
connectedness between shariah stocks and sukuk in the time–frequency domain. We identify only a
few studies that have focused on risk diversification, and the current study was aimed at filling this
research gap. Thus, this study provides contributions to the Islamic financial market literature by
investigating the co-movement and lead–lag relationship between sukuk bonds and shariah stocks by
applying a different variant of the wavelet methodology.

3. Methodology

Understanding the time- and scale-varying correlations between asset returns is important for
both domestic and foreign investors because it helps to design portfolio strategies against uncertainty.
Domestic and foreign investors behave heterogeneously with respect to the time scale or the investment
horizon. Heterogeneity in financial markets implies that true dynamic linkages between financial assets
are observed only when asset prices are decomposed into various time-scales or investment horizons
(In and Kim 2013). This analysis can be explained in the present study by using the continuous wavelet
transform (CWT), and various multivariate and discrete wavelet approaches. Moreover, a value at risk
analysis (VaR) is performed to quantify the risk between financial assets.

3.1. Continuous Wavelet Transform (CWT)

A wavelet in a layman’s terms refers to ‘small waves’ that exhibit an oscillating pattern of growth
and decay in a time period which is limited in nature. A wavelet transformation function enables
decomposition of a time-series into some elementary functions known as daughter wavelets ψι,s(t),
which results out of a mother wavelet ψ(t). The mother wavelet ψ(t) may be expressed as a function
of time and scale, i.e., a translation parameter τ that is a function of time, and a dilation parameter s
which represents the scale that is associated with the frequency-based information. t. The wavelets can
be mathematically expressed as

λs,ι(t) =
1
√

s
λ
( t− ι

s

)
. (1)
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The normalization factor is denoted by 1
√

s
, which ensures the comparability of wavelet transforms

across time-scales.
There are certain conditions that are required of wavelets to comply with in order to become a

mother wavelet ψ(t) (Gencay et al. 2002; Percival and Walden 2000). The conditions are listed as below:

(i) The mother wavelet must have a mean of zero
∞∫
−∞

λ(t)dt = 0.

(ii) The square of the mother wavelet must integrate to one
∞∫
−∞

λ2(t)dt = 1.

(iii) The admissibility condition 0 < Cλ =
+∞∫
0

|Ψ(ω)|
2

ω dω < ∞, where Ψ(ω) is the Fourier

transformation of λ(t), which stands as Ψ(ω) =
+∞∫
−∞

λ(t)e−iwtdt. This condition permits the restoration

of a time-series z(t) from its continuous wavelet transformation (CWT) CWz(s, ι). Thus, from the
wavelet-based transformation, it becomes possible to recover z(t) using the following formula:

z(t) =
1

Cλ

+∞∫
−∞


+∞∫
−∞

1
√

s
λ
( t− ι

s

)
Tz(s, ι)dι

ds
s2 . (2)

Thus, the CWT of a time-series z(t) with respect to λ(t) is given by the following representation:

Tz(s, ι) =

∞∫
−∞

z(t)
1
√

s
λ∗

( t− ι
s

)
dt, (3)

where s is called a scaling parameter and indicates the resolution of the wavelet, ι is known as a
translation parameter and shows where the wavelet is centered.

The complexity of the wavelet transform Tz depends on the complexity of the wavelet function
λ(t). Thus, the transform is distributed into the real part [<{Tz}], an assumed part [I{Tz}], and a phase

tan−1 [I{Tz}]
[<{Tz}]

. The complex wavelet is used to distinguish the phase and amplitude data of a given
time-series. Under some regularity conditions, the given series z(t) can be constructed into CWT from
the following formula:

z(t) =
1

CWλ

∞∫
0


+∫
−∞

Tz(s, ι)λι,s(t)dι
ds
s2

. (4)

The characteristics of a given time-series are also preserved with CWT, therefore,

‖z‖2 =
1

CWλ

∞∫
0


+∫
−∞

∣∣∣Tz(s, ι)
∣∣∣2
dιds

s2 . (5)

Various shapes of wavelet, such as Morlet, Mexican Hat, symlet, and daublets, are used in literature.
However, the most commonly used wavelet is the Morlet wavelet presented by Goupillaud et al. (1984)
and is given by

zη(t) = π−1/4
(
eiηt
− e−η

2/2
)
e−t2/2. (6)

For η ≥ 5, the term e−η
2/2 becomes insignificant and the Morlet wavelet is reduced to

zη(t) = π1/4
√

2e
−1
2 (2

∏
f−η)2

. (7)
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The wavelet power spectra (WPS) can be used to estimate the spectral density of the time-series
within a two-dimensional time scale. Torrence and Compo (1998) calculated a white and red noise
WPS at each time n and scale s, as follows:

D


∣∣∣TZ

n (s)
∣∣∣2

σ2
p
≺ p

 = 1
2

p fχ2
ν (8)

where ν is equal to 1 for real wavelets or 2 for complex wavelets.
Following Torrence and Compo (1998), the cross-wavelet transform of two time-series y(t) and

z(t) is defined as
Wyz(s, ι) = Wy(s, ι)W∗z(s, ι) (9)

where Wy(s, ι) and Wz(s, ι) represent the CWTs of y(t) and z(t), respectively, and the subscript * describes
a complex conjugate. Cross-wavelet transform

∣∣∣Wyz(u, s)
∣∣∣ is used to calculate the cross-wavelet power.

According to Torrence and Webster (1999), the squared WC is defined as

R2
t (s) =

∣∣∣S(s−1wyz
t (s)

∣∣∣2
S(s−1

∣∣∣wy
t (s)

∣∣∣2).S(s−1
∣∣∣wz

t (s)
∣∣∣2) (10)

where R2
t (s) ∈ [0, 1] measures the local correlation in the time–frequency space and S is a smoothing

operator.

3.2. Multivariate Wavelet Methods

The multivariate continuous and discrete wavelet techniques are described in this sub-section.
For this purpose, firstly, we will briefly explain the wavelet cohesion of Rua (2013), that is the
extension of the bivariate WC defined in the earlier segment. Then, the wavelet multiple correlation
and cross-correlation measures presented by Fernandez-Macho (2012) are described in some detail.
The main objective for the application of such approaches is to check the robustness of the results
estimated from the bivariate framework and to evaluate in a concrete way the interdependence of the
Islamic assets.

3.2.1. The Wavelet Cohesion

The wavelet cohesion developed by Rua (2010) is defined as the weighted mean of the
wavelet-based measures between all possible pairs of the time-series

WC(ι, s) =

∑
i, j
$i jρxixj(ι, s)∑

i, j
$i j

(11)

where$i j is the weight assigned to pair (i, j), whileρxixj(ι, s) is the bivariate wavelet based quantification
presented by Rua (2010). The unique characteristics of the wavelet cohesion is that it measures the
spread of cohesion among different series at various frequencies and also examines whether such
cohesion is variable across time and frequency. The value of cohesion lies between −1 and +1.

3.2.2. Wavelet Multiple Correlation (WMC) and Wavelet Multiple Cross-Correlation (WMCC)

WMC and WMCC measure the overall correlation between the series of the multivariate random
variable at various time-scales. The WMC measure suggested by Fernandez-Macho (2012) is expressed
as follows:

ϑz(φ j) = corr(wi jt, ŵi jt) =
cov(wi jt, ŵi jt)√

var(wi jt)var(ŵi jt)
. (12)
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In the above equation, var(wi jt) and cov(wi jt, ŵi jt) are defined as

var(wi jt) = δ
2
j =

1
T j

T−1∑
t= j−1

w2
i jt (13)

cov(wi jt, ŵi jt) = γ j =
1
T j

T−1∑
t= j−1

wi jt, wi jt. (14)

where w jt is the vector of wavelet coefficient of the scale γ j, wi j is the coefficient of determination, and
ŵi j indicates the consistent fitted values. Moreover, several wavelet coefficients are affected by the
boundary related to a given wavelet filter of length L and scale φ j while unaffected by the boundary
condition T̃ j = T − L j + 1. Likewise, a consistent estimator of WMCC at lag p is defined as follows:

ϑz,p(φ j) = corr(wi jt, ŵi jt+p) =
cov(wi jt, ŵi jt+p)√

var(wi jt)var(ŵi jt+p)
. (15)

3.2.3. Value at Risk Analysis (VaR)

VaR is the most commonly used tool to measure the risks constructed for portfolio management.
For the present analysis, we assign an equal weight (1/n) to the sukuk–shariah stock indices in portfolios.
The VaR at a (1− α)% confidence of a (k) entity portfolio is given by

VaR(α) = V0ξ
−1(1− α)θp (16)

where V0 is the value of the initial investment and θp is the square root of the total portfolio risk.
We hypothesize that the portfolio of funds is equally invested in sukuk bond–shariah stock indices.

Thus, the key underlying question is how the association between sukuk and shariah stock indices
impacts the VaR of the portfolio. Formally, the entire risk of a portfolio consisting of k-assets is

θ2
p =

k∑
i=1

ω2
i θ

2
i +

k∑
i

k∑
i, j

ωiω jcov(ri, r j). (17)

The above equation shows that the weight for asset (i) and the return of asset (i) in a portfolio are
represented by ωi and ri, respectively. The above equation further describes that the total risk of a
pooled portfolio is the sum of the risk of each asset and the degree of correlation between asset returns.

Following Rua and Nunes (2009), the VaR of a portfolio is firstly estimated by considering that
there is an absence of association between two assets, and secondly, the VaR for the same portfolio is
valued without the implication of this restriction. However, the total risk of the combined portfolio
in these two cases is estimated by using Equation (17). Next, we estimated the ‘ratio of portfolio
variances’ to check whether taking into consideration the association between two assets affects the
corresponding portfolio’s VaR estimation. This process allows us to quantify the percentage of increase
or decrease in the portfolio risk due to the co-movements between assets.

4. Data Description

In this study, we used daily data from 2009 and 2017, and the main sukuk index is the Nasdaq
Dubai IdealRatings Global Sukuk Index (NISKG)2. We examined the following three sukuk sub-indices,
namely, the NASDAQ Dubai IdealRatings USD GCC SUKUK index (NISKGC Index), the NASDAQ

2 https://www.nasdaqdubai.com/sukukindex.

https://www.nasdaqdubai.com/sukukindex
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Dubai IdealRatings USD Corporate SUKUK index (NISKC Index), and the NASDAQ Dubai IdealRatings
USD Financials SUKUK index (NISKF Index). Notice that the NISKGC index is issued by the Gulf
Corporation Council (GCC) member states3, while the NISKC Index and the NISKF Index are issued
by corporates and financial institutions, as shown in Table 1. These are the US dollar-dominated sukuk
that provide accurate benchmarks against which global fixed income investors can measure their
portfolio performance. These indices have added a valuable new stream of knowledge to investors’
existing trading tools that help them to make more successful short- and long-term trading decisions.

Table 1. Selected indices and their description.

Variables Description

NISKGC index NASDAQ Dubai IdealRatings USD GCC SUKUK index

NISKC Index NASDAQ Dubai IdealRatings USD Corporate SUKUK index

NISKF Index NASDAQ Dubai IdealRatings USD Financials SUKUK index

SPSHGT Index S&P GCC Composite Shariah Total Stock Returns Index

SPSHG Index S&P GCC Composite Shariah Stock Index

Correspondingly, the two indices of the shariah stocks, namely, the S&P GCC Composite Shariah
Total Returns Index (SPSHGT Index) and the S&P GCC Composite Shariah Index (SPSHG Index) are
used in the present study. Shariah stocks are designed to measure the performance of the highest
dividend yielding stocks within the S&P GCC Composite Shariah Index that meet the respective
liquidity, dividend growth, and dividend sustainability criteria. These indices offer a comprehensive
shariah-compliant stock benchmark to the investors of the GCC region. They reflect the float defined by
the foreign investment limits applicable to GCC residents, which is typically larger than that available
to investors based outside the region. The detail about the composition of sukuk and shariah stocks
is provided in Appendix A. The value of shariah-compliant assets is impressive in the GCC, as total
assets are worth over USD 517 billion and accounted for more than 65% of global Islamic banking.
In GCC, Saudi Arabia is the dominant player and 70% of the banking industry was shariah compliant
in 2019, followed by Kuwait with 51%. GCC sukuk issuance has reached USD 28.3 billion by the end
of 2018, 27.3% higher than the same period last year. In 2015, Saudi Arabia was the second big issuer
of sukuk after Malaysia and then the UAE (GIFR 2019).

The daily data of these Islamic assets’ ranges from 10 July 2008 to 15 May 2017 was collected
from the HSBC-NASDAQ sukuk database and S&P Dow Jones Indices database. We used daily
data because it may better capture the interaction between sukuk and shariah stocks than weekly
or monthly data. The use of weekly data induces potential biases arising from the bid-ask effects,
the nonsynchronous trading days, and the effects of illiquid asset prices. Monthly data are not subject
to volatility transmission mechanisms due to time aggregation and strong compensation effects for the
positive and negative shocks (Batten et al. 2010).

5. Empirical Findings and Discussion

5.1. The Wavelet Coherence (WC) Analysis

5.1.1. Co-Movement between Sukuk Sub-Indices and between Shariah Stocks

The WCs between the three sukuk bond sub-index pairs: the NISKGC index and NISKC Index;
the NISKGC index and NISKF Index; the NISKC Index and NISKF Index as well as for pairs of the
sukuk sub-indices and the two shariah stock indices: the SPSHGT Index and SPSHG Index, and pairs

3 Oman, Bahrain, Saudi Arabia, Kuwait, Abu Dhabi, and Dubai.
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of shariah stock indices are displayed through four contour plots, as shown in Figure 1. The visual
inspection of these plots underscores the strong positive correlation between those sukuk sub-indices
and between the shariah stock indices from the whole sample period as the outcome showed more
yellow islands (a high level of coherence) in the diagrams. In addition, a high positive correlation is
depicted between the sukuk pairs at lower frequencies and negative correlations at higher frequencies.
However, a substantial variation is observed in the pattern of the correlation between the sukuk
sub-indices at various time horizons. We can observe a substantial part of the blue islands (negative
correlations) at higher frequencies during the sample period 2009 to the end of 2013. This is the period
followed the end of the financial crisis and investors have considered short-term co-movement to seize
better diversification opportunities during this period. The degree of correlation is high, especially at
the lower frequencies, between all the sukuk sub-index pairs after the end of 2013.J. Risk Financial Manag. 2020, 13, 63 11 of 22 

 

 
Figure 1. Wavelet coherence (WC) between sukuk sub-indices and between shariah stocks. Notes: 
The time interval is shown on the horizontal axis, while the time-scales are displayed on the 
perpendicular axis. The color bar on the right-hand side of each graph shows the range of coherency 
from the low (dark blue color) to high (yellow color). The dark lines represent the 5% significance 
level for WC. 
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Figure 2 displays the WC plots between the pairs of the sukuk sub-indices and the shariah stock 
indices. A number of conclusions can be predicted from these plots. First, a strong negative 
association is observed between the sukuk sub-indices and the shariah stock indices at low 
frequencies (long-time horizon) during the period under study. This result implies that it is beneficial 
for investors that are interested in investing in the GCC asset market to check diversification 
opportunities over a long period of time when designing their portfolios. This outcome is consistent 
with the finding of Aloui et al. (2018). Second, the movement between the sukuk sub-indices and the 
shariah stock indices varies across time and frequencies. This result supports the argument that 
investors are heterogenous, i.e., their investment decisions are time-varying. 

Following this argument, Kim and In (2010) pointed out that investors perceive that there is less 
probability of risk in the stocks than the bonds in the long-term investment horizon, which supports 
the idea of ‘time diversification’. Further, some disparities can be seen in the link between the sukuk 
and shariah stocks. For example, a variation in the pattern of association is clearly seen during the 
start of the period 2008–2009, which corresponds to global financial turmoil. The degree of correlation 
is negative (−0.2), but it turns out to be positive (0.6) between 60 to 32 trading days. A similar pattern 

Figure 1. Wavelet coherence (WC) between sukuk sub-indices and between shariah stocks. Notes:
The time interval is shown on the horizontal axis, while the time-scales are displayed on the perpendicular
axis. The color bar on the right-hand side of each graph shows the range of coherency from the low
(dark blue color) to high (yellow color). The dark lines represent the 5% significance level for WC.

These findings are inconsistent with the argument raised by Fleming et al. (1998) and
Akhtar et al. (2017) that particular characteristics of individual Islamic financial markets may reduce the
collaborative linkage between these Islamic assets. We notice that the reduced set of shared information
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and the low degree of cross-market hedging, as well as prohibition of arbitrage and speculation under
shariah law, have no significant effect on the co-movement between these Islamic assets.

5.1.2. Co-Movement between Sukuk Sub-Indices and Shariah Stocks

Figure 2 displays the WC plots between the pairs of the sukuk sub-indices and the shariah stock
indices. A number of conclusions can be predicted from these plots. First, a strong negative association
is observed between the sukuk sub-indices and the shariah stock indices at low frequencies (long-time
horizon) during the period under study. This result implies that it is beneficial for investors that
are interested in investing in the GCC asset market to check diversification opportunities over a
long period of time when designing their portfolios. This outcome is consistent with the finding of
Aloui et al. (2018). Second, the movement between the sukuk sub-indices and the shariah stock indices
varies across time and frequencies. This result supports the argument that investors are heterogenous,
i.e., their investment decisions are time-varying.

Following this argument, Kim and In (2010) pointed out that investors perceive that there is less
probability of risk in the stocks than the bonds in the long-term investment horizon, which supports
the idea of ‘time diversification’. Further, some disparities can be seen in the link between the sukuk
and shariah stocks. For example, a variation in the pattern of association is clearly seen during the
start of the period 2008–2009, which corresponds to global financial turmoil. The degree of correlation
is negative (−0.2), but it turns out to be positive (0.6) between 60 to 32 trading days. A similar pattern
of the correlation is observed at the end of sample period 2016–2017 and between 256 to 64 trading
days. However, the degree of correlation decreases after the end of 2010. Further, another portion
of the negative correlation between the financial sukuk and shariah stock indices is observed at the
medium to lower frequencies, ranging between 65 to 512 days during the period 2008–2012.

In contrast, the plots of the corporate sukuk/shariah stock indices and the global sukuk/shariah
stock indices show a negative correlation during the whole sample period from the medium- to
short-term frequencies. From these results, it can be noted that the structure of Islamic asset markets
has an insignificant impact in explaining the dynamic linkages between the shariah stock and sukuk in
the GCC markets. Almost similar outcomes are observed for the association between the shariah stock
returns and the sukuk indices.

The above-mentioned findings derived from the WC analysis provide various practical suggestions
to portfolio investors, banks, and Islamic funds. First, the varying co-movement between the
sukuk–shariah stocks over time and frequency suggests that benefits received from portfolio
diversification are strongly integrated with investment horizons and time-scales, and investors
should consider these two dimensions when designing their hedging strategies.

Second, the variability in the connection between the shariah stocks and sukuk with respect to the
time and frequency domain suggests that investors should consider both time and frequency in the
prediction of forecasts. In this respect, Aloui et al. (2015a) hypothesized that rational investors may
not predict weak correlations between assets at a particular point in time. However, they formulate
long-term predictions regarding the potential benefits of portfolio diversification. Our results are
supported by the conclusion of Naifar et al. (2016) and Aloui et al. (2018) regarding the strong
dependence structure between the sukuk yields and shariah stock indices. However, our outcomes are
contradictory to those of Dewandaru et al. (2014), which signify the role of the shariah stocks over the
sukuk in both the short-term and long-term investment periods.
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Figure 2. WC between sukuk sub-indices and shariah stocks. Notes: The time interval is shown on the
horizontal axis, while time-scales are displayed on the vertical axis. The color bar on the right-hand
side of each graph shows the range of coherency from the low (dark blue color) to the high (yellow
color). The dark lines represent the 5% significance level for WC.
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5.2. Wavelet Cohesion Analysis

Figure 3 plots the wavelet cohesion between the sukuk sub-indices and the shariah stock indices.
It is clear from this figure that the co-movement pattern of the sukuk–shariah stocks is variable with
respect to time and scale. The degree of correlation differs from high frequency to low frequency. At the
high frequency (between 2 to 15 days), a series of detached small vortices with color that changes from
blue to yellow are clearly seen. These incongruities imply a strong positive correlation that influences
their peaks when the color spectrum is dominated by the yellow color. These vortices are sharply
dispersed through the whole sample period, reflecting the continuum of adjustments in the Islamic
capital markets across the time scale.
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Figure 3. Wavelet cohesion between the sukuk sub-indices and shariah stocks.

Three big vortices are clearly visible, as we move from the medium term to the lower frequencies.
The first one is located at the beginning of the sample period and between 32 to 64 days, indicating that
sukuk and shariah stocks change in the same direction (indicated by the yellow color of the vortices).
The second vortices appear between the mid of 2009 to 2011 and at the medium term frequency, ranging
between 20 to 60 days, thereby implying that the co-movement between the sukuk and shariah stocks
start to dislocate from each other (i.e., the dominant color is blue yellow showing a correlation of about
0.2). A third zone appears between 2012 to the end of the sample period, and a dominant yellow color
describes the same direction of the co-movement between sukuk and shariah stocks in the Islamic
financial markets.

Finally, at the lowest frequencies, an inverse direction of co-movement is observed over the
whole sample period since the dominant color is blue. In general, the result of the wavelet cohesion
supports the findings of the bivariate coherence method, that is, in both methods the varying degree of
correlation in both assets and the co-existence of the positive versus negative correlations. We prefer the
wavelet cohesion method because it describes the multivariate dimensions of the co-movement, and
thus, represents a more accurate pattern of the co-movement within the selected Islamic financial assets.

The results of wavelet cohesion corroborate the hypothesis of heterogenous behavior of investors
who make asset allocation decisions for various time horizons and operate for different time-scales.
This result has strong implications on the portfolio asset allocation decisions and asset pricing theory.
For asset pricing theory, it may offer alternative interpretations of investment behavior from that of the
traditional capital asset pricing model (CAPM) and market efficiency. In this perspective, using the
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wavelet approach, Chen and Li (2016) stated the heterogenous behavior of investors and explained
that market trading could be separated into segments, each corresponding to different investment
horizons. This result may explain the co-existence of multiple security market lines. For the asset
allocation decisions, In et al. (2011) adopt the wavelet methodology to investigate how the investment
horizon affects portfolio allocation. The authors show that for portfolios combining bonds, and value
and growth stocks, the weight of stocks should be increased as the investment horizon increases
(In et al. 2011).

5.3. Wavelet Multiple Correlation Analysis

Figure 4 shows the plot of the wavelet multiple correlation (WMC) between the sukuk and the
shariah stock indices. The visual inspection of plots shows that the pattern of the multiple correlation
significantly changes with the increase in the time scale. The multiple correlation starts with a level of
0.94 and then converges to its limiting value of 0.88 for a time scale of 8 trading days. The low level of
the multiple correlation implies a high level of divergence between the sukuk and shariah stock indices
and both may unify at short-time horizons. Such a weak multiple correlation may enhance the ability
of financial managers to benefit from their diversification at short-time horizons. Further, we note that
the multiple correlation increases when the time scale exceeds 8 trading days and converges to the
level of 1.00. Thus, there is the possibility that the benefit of diversification may become less important
at long-time horizons (time diversification). In other words, the discrepancies between the sukuk and
the shariah stocks tend to decrease from the medium- to the long-time horizons, and this may be due
to the heterogenous nature of the Islamic financial markets (Kim and In 2007; Aloui et al. 2018). Our
results are inconsistent with the findings of Yang (2005) which show that international diversification
benefits can be gained for investors with long-term investment horizons and passive management
strategies for their bond investments. Another study, conducted by Paltrinieri et al. (2015), analyzed
the diversification opportunities for fixed-income investors and advises that sukuk could provide
institutional investors with benefits, especially in the long run, because no significant relationship was
found with sovereign exposure. In a recent study, Bhuiyan et al. (2019) found attractive opportunities
in terms of diversification benefits, with credit quality and shariah-compliant financial sector exposure
for investors who want to invest in fixed-income securities. Thus, our results are similar to the
outcome of Kim and In (2007) and Aloui et al. (2018), and contradictory to the findings of Yang (2005),
Paltrinieri et al. (2015), and Bhuiyan et al. (2019).
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5.4. Wavelet Multiple Cross-Correlation Analysis (WMCC)

This analysis with lags and leads up to 30 units is displayed in Figure 5. The WMCC plots are
perfectly symmetrical, which implies that the lead/lag relationship between the sukuk–shariah stock
indices have equal forces, irrespective of the time-scale. The cross-correlation is not significantly
different from zero at Levels 1 and 2, which signals a weak cross-correlation between the Islamic stock
indices in the short run. However, the cross-correlation is slightly increased at Levels 3, 4, and 5 (in the
middle run). At Levels 6 to 7, the cross-correlation is clearly discernible, irrespective of positive lags
between 18 to 20 days. At Level 8, the cross-correlations reach their maximum level of unity. Thus,
we can say that selected markets are fully connected in the long run as signified by Fernandez-Macho
(2012) with respect to conventional markets. In other words, WMCC justifies the homogeneity in
Islamic assets and proves that the Islamic financial markets are fully integrated. The results further
pointed out the fact that the shariah stock and the sukuk markets followed the same trading rules,
regardless of the heterogeneity in their investment horizons. Furthermore, the integration in the Islamic
financial markets indicates that these markets share common disturbances and these type of assets
may not be considered valuable against the inherent risks. The homogenous relation between the
shariah stocks and the sukuk intensifies the importance of the neighborhood effect of Haile and Pozo
(2008) among the Gulf countries. More specifically, the evidence of WMCC coincides with the results
of the wavelet cohesion but is not very similar to the WC approach. Thus, our basic emphasis is on the
Fernandez-Macho (2012) multivariate wavelet approach because it has the advantage of finding the
key drivers of similarities in the Islamic financial market through time-scales, and thus, allows one to
detect the lead/lag impact of the shariah stocks and the sukuk indices.J. Risk Financial Manag. 2020, 13, 63 16 of 22 
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5.5. Value at Risk Sukuk-Shariah Stocks Portfolio Analysis

The plot of the ratio of VaR of the sukuk–shariah stocks behavior over the entire period is presented
in Figure 6. A ratio that is equal to unity shows an insignificant effect of the co-movement on the
VaR level, while a ratio higher than unity implies a significant impact of the co-movement on the
VaR. From this figure, the yellow color highlights the presence of higher levels of co-movement in the
portfolio. In other words, in the sample period 2007–2011, the ratio varies between 1.4 to 1.6 from both
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the short-run and the long-run horizon, and for the rest of the sample period at the medium-term
frequency (i.e., indicated by the red color), the VaR ranges between 1.6 to 1.8. In the remaining years of
the sample period, the ratio varies between 1 to 1.2 from the highest to the lowest frequency. Thus, from
all frequencies and scales, the increase in the co-movement between the sukuk–shariah stock results in
higher ratio of the VaR. This result supports the conclusion of the conventional portfolio management
theory that risk increases when the highest co-movement is observed between the portfolio assets.
Moreover, the sukuk–shariah stock correlations exhibit different impacts on the risk over the entire
sample period. Furthermore, the ratio of VaR is high at the low frequencies over the whole sample
period, thus indicating that high correlations imply higher risks at long-term investment horizons.
In general, the findings imply that the advantages implied from Islamic asset diversification vary
across the times/scales. The result is in line with the study of Rua and Nunes (2009) and Aloui et al.
(2015b). Finally, the co-movement across the time/scale provides a guiding role to fund managers and
Islamic banks of the Gulf countries in their selection of Islamic portfolio assets.J. Risk Financial Manag. 2020, 13, 63 17 of 22 
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Figure 6. Value at risk of the sukuk–shariah stock portfolios with and without co-movements.

6. Conclusions and Policy Implications

The present study provides linkages between the sukuk–shariah stocks in the GCC region over
the period 10 July 2008 to 15 May 2017. The sukuk comprises global, corporate, and financial services,
sukuk indices, and shariah stocks consist of the Composite Shariah Total Returns Index and the
Composite Shariah Index. We examine the relationship between these Islamic assets by applying
bivariate and multivariate wavelet methods and the VaR analysis.

Firstly, the results of the bivariate WC (coherence) show a positive correlation between the sukuk
sub-indices at the lower frequencies and negative correlation at the higher frequencies. However, the
association between shariah stocks is found to be positive and very strong throughout the sample
period. Moreover, a considerable change is observed in the pattern of the correlation between the
sukuk–shariah stocks across time and frequencies. This result is valuable for policy makers, Islamic
bond issuers, and the corporate sector due to the extensive growth of Islamic bonds in the Gulf
countries. Indeed, the main purpose for the issuance of the sukuk and shariah stock indices to help
governments and corporates to finance their budget deficits after the prolonged period of low energy
prices. Islamic assets have signified their importance in supporting investment, promoting growth,
and financing infrastructure development in the Gulf countries. Thus, it is essential for domestic and
foreign investors to recognize the varying patterns of the correlation between the sukuk–shariah stocks
across time/frequency for designing their portfolios to obtain the diversification benefits.
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Secondly, the results of the wavelet cohesion reveal that the co-movement pattern of the
sukuk–shariah stocks vary over time and scale. It is worth mentioning that the findings of the bivariate
wavelet coherence (WC) are consistent with the findings of the wavelet cohesion, which supports
the diversification opportunities at lower frequencies. Thus, both the bivariate and multivariate
wavelet approaches signify the varying degree of co-movement and co-existence of strong and negative
associations between the Islamic assets. However, the results obtained from the wavelet cohesion
approach have the advantage over the bivariate wavelet approach as it involves the multivariate
dimensions of the sukuk–shariah stocks, and consequently describes a more accurate pattern of
the linkages between the selected Islamic assets. This finding has strong implications for the asset
pricing theory because it may offer different interpretations of investment behavior from that of the
conventional capital asset pricing method and the market efficiency.

Thirdly, the results from the wavelet multiple correlation (WMC) reveal that the pattern of the
multiple correlation significantly changes as the time scale increases. Discrepancies between the
sukuk–shariah stocks tend to decrease from the medium- to the long-time horizons, and therefore,
the benefits from their diversification remain more significant at the short-time horizon.

Fourthly, the wavelet multiple cross-correlation (WMCC) results imply that the lead/lag
relationship between the sukuk and shariah markets have equal forces, irrespective of the time-scale.
The cross-correlation reaches their maximum level of unity at Level 8, indicating that the Islamic
financial markets are fully connected in the long run, as noted by Fernandez-Macho (2012). From a
portfolio management perspective, the integration in the Islamic financial markets implies that these
markets share a boom or a crash together during distress periods. As a consequence, these Islamic
assets may not prove to be a safe haven for Islamic investors in troublesome periods.

Finally, the results of the VaR analysis demonstrates that the benefits from the Islamic assets
portfolio vary within the time/scale. From a policy perspective, the findings are vital for fund managers
to draw inferences about the variation in the correlation between sukuk–shariah stocks in the Gulf
countries, and consequently, to draw inferences whether such changes are permanent or transitory
because VaR also varies across time or scale.

The findings of this study are interesting because they provide a clear view of co-movement over
the sample period and make it easy for investors to understand with coherence diagrams. Global
investors can allocate their investment in shariah-compliant assets in the short run and may enjoy
diversification benefits. Correlation between sukuk and shariah stocks is high because of financial
market integration. The evidence on the timely and appropriate measure of correlation changes and
the behavior of sukuk and shariah stocks is beneficial in the management of sukuk and shariah stock
portfolios. Nowadays, demand for innovative financial instruments is high and shariah-compliant
assets can be an attractive option because of their unique characteristics, which are better alternatives
for both Islamic and non-Islamic fund holders seeking opportunities for portfolio diversification.

In general, the findings of the present study allow policy makers and market regulators to assess
the degree of Islamic financial market integration. There is a possibility that market development may
be enhanced by the high degree of financial market integration, which in turn increases the short-term
and long-term financial flows in the Gulf countries. Furthermore, the size of short-term speculative
flows that are the key reason of contagion can be reduced by this high degree of integration in the
Islamic asset markets.
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Appendix A

Appendix A.1 Composition of Global Sukuk Market

As far as the international sukuk market is concerned, Sukuk Al Wakalah is the most used
structure since 2015. The share of Wakalah among sukuk issuances made up around 50.77% during the
2010–2016 period. The share of Sukuk Al Ijarah continued to decline from 2010 (30.86%) to 2017 (12%).
However, in 2018, its share improved to 17%. Then, 2015 was the year when the sudden and major shift
from the Ijarah to Wakalah model took place, and this continued in 2018 where the Sukuk Al Wakalah
share stood at USD 16.57 billion (50%) of the total international issuances. In 2017, the issuance by
Saudi Arabia’s USD 9.00 billion sukuk led to the introduction of a new hybrid structure consisting of
Mudarabah and Murabahah, and in 2018, the share of this structure in case of international sukuk
issuance dropped to 6% as compared to 24% of total sukuk issuances achieved last year. In terms
of structure, the Sukuk Al Wakalah is generally a combination of Ijarah with Murabahah and is like
a hybrid structure. The Sukuk Al Wakalah provides flexibility in structuring and the issue of the
shortage of available assets is reduced (IIFM Sukuk Report 2019).J. Risk Financial Manag. 2020, 13, 63 19 of 22 
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and by screening out stocks that are not shariah compliant, they become ideal investment vehicles for
observant Muslims (S&P Dow Jones).
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