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This paper features an application of Diebold and Yilmaz's (2009) spillover
index model to assess the impact of the global financial crisis on spillovers
between the bank sectors in terms of both returns and volatility time series. The
spillover investigation is performed on daily return data for Islamic and
conventional banks in the Gulf Cooperation Council countries for the period
2005-2015. We use a dynamic conditional multivariate GARCH to directly
model the time varying spillover effects among the studied time series. This
study finds a strong bidirectional returns spillover between conventional banks
and a very weak spillover from Islamic banks to conventional banks, so the
transmission of shocks from Islamic banks to conventional banks is reduced. It
also finds that the dependence between stock returns in an Islamic bank market
structure is more strongly affected by the financial crisis than in a conventional
bank market. Moreover, the volatility linkage is highly affected by the crisis in
an Islamic context than that in a conventional bank system. Finally, using the
DCC-GARCH model this study shows a high persistence in the time series of
correlation among all GCC countries, except Bahrain, indicating that a long-run
average of the correlation can be pushed away by shocks for a very long period.
The empirical results are expected to have potentially important implications for
improving the process of selection and allocation for domestic and international
portfolios.
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I.  Introduction

The recent global financial crisis has seriously affected the conventional
banking system all over the world, inducing a series of bank failures and
leading to increased interest in the Islamic banking system. This paper
examines whether there is evidence of spillovers of return and volatility
from one bank to another. The study focuses on three types of banks:
conventional, Islamic and mixed banks. The paper features an
application of Diebold and Yilmaz’s (2009) spillover index model to
assess the impact of the global financial crisis on spillovers to the Saudi
bank sector in terms of both returns and volatility time series. The
spillover investigation is performed on the overall time series, a
subsample for the pre-crisis and a subsample for the post-crisis. This is
followed by an application of a dynamic conditional multivariate
GARCH to directly model the time varying spillover effects among the
studied time series. 

According to Hasan and Dridi (2010), Islamic banks fared better
than conventional banks during 2008-2009. They find that on average,
Islamic banks showed stronger resilience during the global financial
crisis. This drew widespread attention to Islamic banking as the ideal
banking model since it avoids both interest and interest-based assets. In
addition, Islamic modes of financing are based on profit- and
loss-sharing investments. Recently, Islamic banks have contributed to
financial innovations since they actively contribute to the capital
markets and securitization, thus restricting speculation (Hassan and
Lewis, 2007). In contrast, Hasan and Dridi (2010) find that Islamic
banks suffered larger losses than their conventional peers did when the
crisis hit the real economy.

Using data on 22 countries from 1995-2009 that included 510 banks,
88 of which are Islamic banks, Beck, Demirg-Kunt and Merrouche
(2013) show that Islamic banks are less cost-effective but have a higher
intermediation ratio and higher asset quality, and they are both better
capitalized and less likely to disintermediate during crisis periods. They
also note the relatively better stock market performance of Islamic
banks in 2008-2009. However, the performance of Islamic banks is not
universally superior, as there is a significant size effect. Moazzam and
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Sajjad (2015) use a dataset from Pakistan, where Islamic and
conventional banks co-exist. They compare the behaviour of Islamic and
conventional banks during a financial panic and show that Islamic bank
branches (banks that have both Islamic and conventional operations) are
less prone to withdrawals during financial panics. Islamic bank branches
have a tendency to attract deposits during panics. They also find that
Islamic bank branches allow more credit during financial crises and that
their lending decisions are less sensitive to changes in deposits. Using
data on 19 banking systems with a substantial presence of Islamic
banking, Cihak and Hesse (2010) find that small Islamic banks tend to
be financially stronger than both small commercial banks and large
Islamic banks, which reflect the challenges of credit-risk management
in large Islamic banks.

This can be shown by the substantial importance of banks' funding
structure to their resilience to various types of shocks. Indeed,
conventional banks that primarily depend on wholesale funding as
money market funds, funding from other banks, and corporate treasuries
have been seriously affected by the crisis. Conversely, banks that
primarily depend on depository funding have been very resilient to the
crisis. The resistance to the crisis is intimately related to liquidity risk.
For this reason, banks relying on depository funding are more stable
during the crisis since they are less exposed to liquidity risk.
Furthermore, liquidity risk can be propagated in the financial sector
through strong dependence between various financial institutions.
Nevertheless, the liquidity risk creates market risk and provokes
systemic risk, which may affect even sound banks. 

Specifically, banks’ resilience to crisis may be reflected by the
behaviour of stock bank returns both during (short run) and after (long
run) the crisis. Using marginal analysis, the resilience of banks has been
extensively investigated in the theoretical and empirical literature.

Moreover, banks' exposure to liquidity shocks in the context of
increasing dependence in the bank system has been discussed in
financial market theory. Freixas et al. (2000) show that liquidity shock
that affects a single bank may incite depositors to search for solvent
banks because of the lack of liquidity in the banking system. Allen and
Gale (2000) show that an unanticipated liquidity shock could bankrupt
the entire banking system. 

These theoretical models are verified for the conventional bank
system; however, the coexistence of conventional and Islamic banks
may lead to better resilience to shocks that affect the entire bank system.
This new mixed bank market structure is well developed in the GCC
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countries (Saudi Arabia, the United Arab Emirates (UAE), Qatar,
Kuwait, and Bahrain). In the GCC area, the coexistence of conventional
and Islamic banks may lead to stability in the sector and better resilience
to bad news and financial crisis. However, there has been relatively
little empirical analysis of the role that the mixed bank market plays in
financial stability. In this context, the central motivation of this
empirical study is to fill the gap in the literature about bank sectors and
financial stability.  Moreover, the article will investigate the soundness
of bank using dependence and spillover rather than a marginal study.
More specifically, this study aims to investigate the impact of shocks or
bad news on the dependence between banks by analysing the spillover
between stock returns and volatilities both before and after a crisis.

This paper also attempts to supplement the empirical literature on
Islamic banking. To our knowledge, it is the first paper to analyse the
impact of crisis on the interdependence between various Islamic
conventional and mixed bank market structures. 

There are already numerous interesting papers investigating the
transmission mechanism and spillovers among stock price innovation or
mean spillovers through international stock markets (see, e.g., Eun and
Shim, 1989; Koch and Koch, 1991, and Theodossiou et al., 1997).
There are also motivating earlier studies on the   volatility spillover
across international stock markets (Schwert, 1989; Yasushi, Ronald, and
Victor, 1990; Theodossiou, Panayiotis, and Unro Lee, 1993).

The empirical papers that focus on the dependence and spillover
among financial markets or between assets are usually divided into two
sets. To investigate the short-run interdependence between markets or
assets, the more frequently used approach is the implementation of
multivariate autoregressive conditional heteroscedasticity models
(MGARCH), Longin and Solinik (1995), Bekiros (2014) and Chiang,
Chen, and Lin (2013), Benlagha (2014). However, to explore the
long-run interdependence between financial time series, the usual
method is to employ cointegration tests. Onour (2010), Alagidede,
Panagiotidis, and Zhang (2011) and Gil-Alana (2011).

The literature on interdependence shows that these two approaches,
which are used to investigate the long- and the short-run
interdependence between financial or economic time series, have some
limits. The cointegration approach is suitable for exploring the long-run
relationships and is inappropriate for describing the short-run
relationship and the dynamic characteristics of possible dependence or
spillover. In contrast, the multivariate GARCH approach can estimate
the complicated dynamics of spillovers; however, a maximum of two or
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three time series can be employed with the MGARCH to accomplish a
numerical conversion in the estimation. 

Accordingly, this empirical paper focuses on the methodology
proposed by Diebold and Yilmaz (2009), who first introduced the
spillover measures that are founded on forecast error variance
decompositions from the previously orthogonalized impulse response
function. The approach can investigate a large number of time series
simultaneously and enables the exploration of various dynamic features
of spillovers.

We find that there is a strong bidirectional returns spillover between
conventional banks and a very weak spillover from Islamic banks to
conventional banks, so the transmission of shocks from Islamic banks
to conventional banks is reduced.

We also find that the dependence between stock returns in an Islamic
bank market structure is more strongly affected by the financial crisis
than in a conventional bank market. Moreover, the volatility linkage is
highly affected by the crisis in an Islamic context than that in a
conventional bank system.

The outline of the remainder of this paper is as follows. Section II
offers an extended presentation of the literature investigating the
spillover effects. The subsequent section describes the methodology and
tools used to investigate the spillover among bank sectors. Section III
presents the data and some preliminary statistics. Section IV reports and
discusses the main empirical findings. Section V concludes.

II. Literature Review

There are two motivations for this paper. The first motivation is
empirical and has roots in the literature that has modelled and
investigated spillover effects among markets and financial assets.

Many empirical works have analysed the spillover effect in a range
of commodity, stock and international markets. Engle, Ito, and Lin
(1990), Cheung and Ng (1996) and Hong (2001) use return-based
volatility to develop tests for volatility spillover effects and apply those
tests to various conventional stocks and exchange rates. More recently,
Bekiros (2014) adopts vector autoregressions and various multivariate
GARCH representations to examine dynamic linear and nonlinear
causal linkages among the US, the EU and the BRIC markets using a
sample that covers the after-Euro period and includes both the financial
crisis and the Euro-zone debt crisis. The results show that the BRICs
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have become more internationally integrated after the US financial
crisis, and contagion is further substantiated. Chiang, Chen, and Lin
(2013) use an autoregressive conditional jump intensity model (ARJI)
to investigate the spillover effects of returns and volatility in the US
stock market on the stock markets of Brazil, Russia, India, China and
Vietnam in a crisis context. Their results reveal that the greatest
contagious effects of returns and volatility from the US market before
the crisis were felt by Russia. Gilenko and Fedorova (2014) use daily
data on developed stock markets and BRIC stock market indices to
estimate a 4-dimensional BEKK-GARCH-in-mean model and
investigate the external and internal spillovers of returns and volatilities.
They found that the influence of the developed stock markets on the
BRIC stock markets, though present, decays over time. All of these
studies use multivariate generalized autoregressive conditional
heteroskedasticity (GARCH) models to investigate the spillover effect.
These empirical studies focused on return-based volatility.

The spillover index provides a measure of interdependence among
variables with a higher index value, implying that a larger proportion of
the shocks in all markets can be explained by cross-variable shocks
rather than by own-variable shocks.

From a different viewpoint, Diebold and Yilmaz (2009, 2012)
propose a new spillover index to analyse interdependence effects across
major stock markets worldwide. A higher index value indicates that a
larger proportion of the shocks in bank sectors (Islamic and
conventional) can be observed by cross-variable shocks rather than by
own-variable shocks. The proposed volatility spillover indices are based
on the forecast-error variance decomposition framework of a VAR
model. Numerous empirical studies have employed this new approach.
Ehrmann, Fratzscher, and Rigobon (2011) examine the strength of the
transmission mechanisms both among different asset markets within a
country and across countries. Bubák, Kočenda, and Žikeš (2011)
propose a dynamic adaptation of the Diebold-Yilmaz volatility spillover
index and demonstrate that volatility spillovers tend to increase in
periods characterized by market uncertainty. Diebold and Yilmaz (2012)
investigate volatility spillovers among four key US asset classes: stocks,
bonds, foreign exchange, and commodities. Awartani and Maghyereh
(2013) examine the spillover effects of return and volatility among oil
and equities in the Gulf Cooperation Council Countries. Results indicate
that return and volatility transmissions are bi-directional, although
asymmetric. In particular, the oil market gives other markets more than
it receives in terms of both returns and volatilities. Zhou, Zhang, and
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Zhang (2012) propose to study directional volatility spillovers between
the Chinese and world equity markets. The results show that the US
market had central volatility effects on other markets during the
subprime mortgage crisis. The other studied markets were also very
volatile and affected by bad news; their substantial volatilities were
transmitted back to the US market. Antonakakis and Vergos (2013)
analyse sovereign bond yield spread spillovers between Euro zone
countries during a turbulent period encompassing both the global
financial crisis and the Euro zone debt crisis. They mainly found that
the between-effect of BYS spillovers suggests directional spillovers of
greater magnitude from the periphery to the Euro zone core than vice
versa. Duncan and Kabundi (2013) analyse various sources of volatility
transmission for South African bonds, commodities, currencies, and
equities. The results indicate that commodity and equity shocks are
identified as the key sources of spillovers to other asset classes.
Sugimoto, Matsuki, and Yoshida (2014) study the relative importance
of the global and regional markets for financial markets in developing
countries during the US financial crisis and the European sovereign debt
crisis. They suggest that African markets are most severely affected by
spillovers from global markets and only modestly affected by
commodity and currency markets. Antonakakis, Chatziantoniou, and
Filis (2014) examine the dynamic relationship between changes in oil
prices and the economic policy uncertainty index. Their results in the
studied sample show that economic policy uncertainty responds
negatively to aggregate demand oil-price shocks. Moreover, total
spillovers increase considerably, reaching record heights during the
great recession. Zhang and Wang (2014) examine return and volatility
spillovers between China and world oil markets. Results reveal that
return and volatility spillovers between China and world oil markets are
bi-directional and asymmetric.

Grobys (2015) studies volatility spillovers among the foreign
exchange-rate markets related to three of the US's major trading partners
and the US stock market. The results reveal that the level of total
volatility spillover effects is high only when they pave the way to
periods of economic instability. If the economy is quiet, volatility
spillover effects are almost non-existent. Antonakakis and Kizys (2015)
study the dynamic linkage among returns, the volatility of commodities
and major currency markets. They mainly found that the information
content of gold, silver, platinum, and the CHF/USD and GBP/USD
exchange rates can help improve the forecast accuracy of returns and the
volatilities of palladium, crude oil and the EUR/CHF and GBP/USD
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exchange rates.
Nevertheless, the studies employing the methodology suggested by

Diebold and Yilmaz to investigate interdependence and spillover effects
are mainly related to either commodities or financial asset markets.
Numerous other financial or economic variables must be examined.
From that perspective, this paper proposes to investigate the dynamic
spillover among Islamic and conventional stock returns. This paper’s
motivation is to detect the behaviour of Islamic banks and conventional
banks during liquidity crises and to determine how the coexistence of
Islamic and conventional banking institutions in the same market can
reduce risk through diversification. Empirical results are expected to
have potentially important implications for improving the process of
selection and allocation for domestic and international portfolios.

III. Methodology

In this study, we use two competing approaches to investigate the
spillover effects between stock returns and stock volatilities related to
Islamic and conventional banks in GCC. We first employ the method
proposed by Diebold and Yilmaz (2009) to estimate and compare the
spillover index among the considered banks. To analyse time varying
conditional dependence, we estimate a multivariate DCC-GARCH
model.

A. Spillover index

For the formal specification of the spillover, Diebold and Yilmaz (2009)
considered the basic form of the VAR model of Engle, Ito, and Lin
(1990), expressed as follows:

 (1)0
1

p

t t i t i t
i

Y Y Y 


      

where Γ0 is a (k × k) matrix that assigns the coefficient to the
contemporaneous variables with a diagonal of zeros. Γi are (k × k)
matrices assigning coefficients to the ith lag, yt–i. εt is a (k × 1) vector of
independent and Gaussian errors.

After removing the constant form in model (1), the standard model
can be rewritten as follows
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 (2)0 0
1

p

t i t i t
i

Y B Y B 


  
where

 (3)1
0 0[ ]B I   

With the contemporaneous variables subtracted from both sides of
the equation, the remaining parameters in equation (2) can be identified
and estimated using the Ordinary Least Square method.

To derive parameter estimates for the initial form in equation (1)
from equation (2), we need to impose several restrictions on the values
of the parameters, lest the initial form of the model be under-identified.
The most common method of doing so is to impose Cholesky
decomposition on the B0 matrix, which allows us to derive unique
estimates of the orthogonalised errors in equation (1).

Since we are mainly interested in forecast errors, we may rewrite
equation (2) as an infinite order Moving Average process in which the
lag operator, Li, corresponds to the ith lag of the respective variable: 
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To simplify the expression, we define
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such that xt = A(L)εt and the forecast error

 (4)   1, 1 1 1t t t t t te x E x A L      

where εt represents the orthogonalised errors with identity covariance
matrix E(εεN)=Ik. Hence, the error, εi,t, describes the shock that is purely
attributable to variable i; and the degree to which this shock may spill
over to variable j is described by the coefficients in the off-diagonal



Multinational Finance Journal100

elements of the A(L) matrix.
Consider a bivariate first-order model for two indices (Islamic and

conventional), which has the vector of forecast errors (et+1;t). After
expanding equation (4), we could write

(5)1, 1 0,11 0,12 1, 1

2, 1 0,21 0,22 2, 1

t t

t t

e a a
e a a




 

 

    
    

    

Since E(εεN)=I2, this gives us the covariance matrix,

(6)

  0,11 0,12 0,11 0,12
1 1 0 0

0,21 0,22 0,21 0,22

2 2
0,11 0,12 0,11 0,21 0,12 0,22

2 2
0,11 0,21 0,12 0,22 0,21 0,22

                

t t
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E e e A A
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a a a a a a
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Diebold and Yilmaz (2009) define “own variance” as the fraction of the
forecast error variance from forecasting x1,t that is attributable to shocks
relating to x1,t and the “cross variance” as the forecast error variance in
x1,t that is attributed to shocks from the other variable, x2,t. The cross
variance is what is referred to as the spillover effect, where the total
spillover is the sum of the spillover effects that relate to the two
variables. 

Hence,
 (7)2 2

0,21 0,12Total spillover a a 

One can then derive a spillover index, which reflects the proportion of
the total forecast error variance (i.e., the sum of the forecast variance for
all indices at all forecast horizons) that is explained by total spillovers
(Diebold and Yilmaz, 2009),
     

(8)
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For further details about the construction and statistical proprieties of
this index spillover, see Kloessner and Wagner (2014).

B. Multivariate GARCH

The second approach used in this paper to investigate the degree of
volatility dependence between stock returns is the parametric modelling
of conditional variance. Engle, Ito, and Lin (1990), Hamao, Masulis,
and Ng (1990) and Booth, Ainscow, and Dyson (1997) were among the
first to investigate the volatility linkage between markets using
univariate generalized autoregressive conditional heteroscedastic
GARCH model in the tow stage. Subsequently, the multivariate
GARCH model became the most commonly used parametric approach
to investigate the volatility linkage. Various specifications are proposed;
here, we present a DCC-GARCH construction that allows for the
estimation of the dynamic conditional volatility linkage.

The Dynamic Conditional Correlation model was proposed by Engle
and Sheppard (2001). The model was mainly employed to investigate
the dynamic conditional correlation between financial assets, Nelson
(1991), Hansson and Hordahl (1998) and more recently, Engle and
Colacito (2006), Silvennoinen and Terasvirta (2008), Mills and
Markellos (2008) and Benlagha (2014).

The DCC specification can be expressed as: Ht / DtRtDt where Ht is
the covariance matrix and Rt is an n × n matrix of conditional
correlation of the asset returns. The diagonal matrix Dt of time-varying
standard deviations from univariate GARCH is written as follows:

 (9)

1

2

0 0
0 0

0

t

t

t
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h
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h

 
 
 
 
 
 
  




   
   

 

Since Ht is a covariance matrix, it needs to be positive and definite.
Moreover, Rt is symmetric by construction.

  
III. Data and summary statistics

To study volatility dependence and contagion between Islamic and
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conventional banks in GCC countries, we use daily return data for
Islamic and conventional banks in those countries for the period
covering 2005 and 2014. There are 24 Islamic banks and 20
conventional banks in the GCC financial markets, but only 29 banks (13
Islamic and 16 conventional) are considered in the sample because of
the availability of 2005 data. The daily returns are calculated as:

.   1ln lnit it ity p p  
Tables 1 and 2 report basic properties of mean standard deviation

and Jarque-Bera for conventional and Islamic banks, respectively. The
daily mean returns for most of the banks were positive in the 2005-2014
periods. Over the available sample periods, we find that the Albilad
Bank (listed in Saudi Arabia Stock Market) provides the lowest return,
whereas Adib Bank (Listed in Abu Dhabi Stock market) provides the
highest return. Both of these institutions are Islamic banks. The
descriptive statistics indicate that the standard deviation of Islamic
banks is relatively higher than that of conventional banks. The
conventional National Bank of Kuwait (NBKK.KW) exhibits the lowest
sample volatility, whereas the Bahrain Islamic Bank (BISB.BH) is the
most volatile. The empirical distribution of the daily return diverges
from the normal distribution. Banks show both a significant negative or
positive skewness and a large kurtosis, signifying that the return
distribution is a fat-tailed one. Skewness and kurtosis rates satisfy the
Jarque-Bera test for normality, which is rejected. We use the
Phillips-Perron (PP) test (Phillips and Perron, 1988) in a time series
analysis to test the null hypothesis that a time series is integrated in
order 1. This unit root test allows us to confirm that returns are
stationary. The stationary of time series is very important since the
Diebold-Yilmaz approach used in this study requires the stationary of
all input variables.

IV. Empirical results

A. Full-sample analysis
      
We employ Diebold and Yilmaz (2009) to calculate the spillover index
(SOI) on the returns and volatilities of various stocks in the GCC
banking system. We consider a panel of Islamic and conventional banks
to first measure the dependence between the returns of various types of
banks. Next, we study the volatility spillover among the variances in
bank stock returns. 
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Tables 3a to 3e correspond to spillover tables for the five GCC bank
stock daily returns over the entire sample: January 2005 to December
2014. Each table presents the spillover index and the fraction of the
forecast-error variance that one bank exports to all the other banks.
Then, after determining the shift dates of the crisis relative to all GCC
banks, as shown in table 4, in table 6, we report a summary of spillover
effects for bank stock returns and volatility both before and after the
crisis.

To analyse the dependence between stock returns and the volatility
of conventional and Islamic banks, we investigate the decomposition of
the spillover index called ijth into all the forecast errors variance
components for bank i  coming from shocks to bank j, for all banks i and
j.

The value of the total return spillover index in table 4a is 35.92%,
signalling a great interdependence among banks in Saudi Arabia. The
Arab National Bank (ANB) (conventional bank) reports the greatest
spillover to (168.95%) and the lowest from (1.78%). The results in table
4a show that innovations of Islamic stock bank returns in Saudi Arabia
market are responsible for 0.354 percent (0.11+0.058+0.186) of the
error variance of the first conventional bank returns (ANB: Arab
National Bank). The remaining error variance of this bank (1.423%) is
attributable to the innovations of the other conventional banks. The
innovations of the ANB’s returns are responsible for 33.30% and
32.84% of the error of variance in forecasting the Riyadh Bank (RBS)
and the Rajhi Bank (Rajhi), respectively, but only 19.86% of the error
of variance in forecasting the Bank Albilad (Albilad) returns. The
innovations of the Rajhi Bank returns (the greater market capitalization
in Saudi bank sector) are responsible for 11.89% and 11.21% of the
error of variance in forecasting Albilad and Aljazira, respectively, but
conventional banks make no contribution to the error of variance in
forecasting returns. Aljazira can be seen to impart great spillover from
(44.7%) and very weak to (5.63%). Similar results are observed for
Albilad, both to (0.81%) and from (46.31%). As shown in table a4 in
the first column, the bank’s market share plays an important role in the
interaction between returns in the bank sector. There is a large
bidirectional spillover between conventional banks and from
conventional banks to Islamic banks, except for the Saudi British Bank
SJSC (SBB). A spillover effect is observed from the Rajhi Bank to other
Islamic banks, but a very weak spillover to conventional banks. These
results show that the spillover index of the Saudi bank market is mainly
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composed of the variance errors of conventional bank stock returns.
This result is very important in the sense that it permits a possible
successful diversification and reduced risk when we combine
conventional and Islamic banks in a single portfolio.

A small part of the variance explained by the Islamic banks is also
provided for all the conventional banks. However, the share of the error
variance of the Islamic stock bank returns explained by the innovations
to the conventional bank stock returns seems important. The analysis of
the spillover table highlights a similar feature for the other GCC
counties, principally for the (UAE), Qatar and Kuwait; moreover, there
is no spillover in the Bahrain market, which has a spillover index of less
than 1%. The values of the total return spillover index as indicated in
tables 3b to 3d are very important and equal 21.05% for UAE, 33.09%
for Qatar, and a less important spillover of 14.2% for Kuwait. For these
markets, we note a strong bidirectional interaction between
conventional banks and strong unidirectional effects from conventional
to Islamic banks. The bidirectional spillovers between Islamic banks are
less important than the bidirectional spillovers between conventional
banks.

A similar analysis of the variance spillover table for the full sample
indicates that the behaviour of the volatilities indexes follows the
spillover for returns (see tables 8a to 8e). The total volatilities spillover
indexes values are high for Saudi Arabia, the UAE and Qatar at 33.88%,
18.29% and 24.1%, respectively. However, the total volatility spillover
index value is relatively small for Kuwait, at 16.11%. For Bahrain, the
value of the volatility spillover index is less than 2%, indicating a very
weak interdependence between banks. The directional "to" for
conventional banks is higher than that for Islamic banks. The Arab
National Bank (ANB) is very important in this Saudi stock market; the
ANB’s volatility imparts strong shocks estimated at 34.34% and 27.44%
spillovers to the Riyadh Bank (RBS) and the Rajhi Bank, respectively,
but it receives only a 4.2% spillover from the rest of the Saudi banks.
The Rajhi Bank’s volatility imparts shocks to other Islamic banks but
has no impact on conventional banks.

For the UAE bank sector, the total volatility spillover is lower than
in the Saudi bank sector. The Abu Dhabi Commercial Bank, which is
conventional, seems to play the most important role in shock
transmission: it imparts 73.61% to other banks but receives a very weak
spillover from other banks. The Islamic banks impart less than a 1%
volatility spillover to conventional banks, but there are some volatility
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spillovers between Islamic banks. Similar results are observed for the
Qatar and Kuwait bank sectors. The spillover impact in Bahrain bank
sectors is not significant.

This full-sample investigation provides interesting empirical and
practical implications in terms of local and international diversification
opportunities. First, since there are strong spillover effects among
conventional stock bank returns, the inclusion of Islamic bank stocks in
conventional portfolios may improve their opportunity set, thus
encouraging conventional investors to consider Islamic bank stocks as
a complement in their asset-allocation decisions. In addition, there is a
residual local diversification opportunity that might be beneficial to
both investors and risk managers. The second implication from our
full-sample analysis is that there is also a presence of international
diversification opportunities when bank stocks from different GCC
countries are combined into a single portfolio.

In addition to this full-sample analysis, we investigate the soundness
of various banks during the financial crisis. To do so, we first use Zivot
and Andrews’ (1992) test to detect the timing of the crisis in the studied
bank markets. Next, we calculate the spillover indexes for returns and
volatilities both before and after the crisis.

B. Timing of the crisis

Before estimating and analysing the soundness of conventional and
Islamic banks, it is necessary to empirically detect the timing of the
crisis in each studied GCC country. To achieve this goal, we perform a
Zivot and Andrews (1992) test to endogenously search for a breakpoint
and test for the presence of a unit root when the process has a broken
constant or trend. 

The results of the Zivot and Andrews (1992) test are detailed in table
4 and the timing of the breakpoint for each series is reported in table 5.

Our results show that the crisis does initially affect the Bahrain and
UAE financial markets. This may reflect the fact that these financial
markets are more strongly integrated into international markets than are
the financial markets of Kuwait, the UAE or Saudi Arabia. We also can
argue that ultimately, the Saudi and Qatari financial markets are more
resilient than the other GCC markets. These shifting dates correlate
precisely for the Saudi economy with those found by Benlagha and
Mseddi (2016) when they investigated the macroeconomic and financial
impacts of the European crisis on Saudi Arabia.
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C. Bank resilience 

Because of the huge number of results, in table 5, we summarize the
calculated spillover indexes applied to the returns and volatilities for
different banks in the five GCC countries in different studied periods
(before and after the crisis).

The results show that for most of the studied banks, the spillover
index measures on returns and volatilities decrease after the financial
crisis. The results also highlight that the variation of the index spillover
is significantly higher in the Islamic bank sector than in a conventional
bank system. However, when considering a mixed market composed of
both conventional and Islamic banks, the variation of the spillover index
is lower than the two previous structures. These results are highlighted
for the five GCC countries. 

In light of these results, we conclude that the dependence between
stock returns in an Islamic bank market structure is more affected by the
financial crisis than in a conventional bank market. Moreover, the
volatility linkage is more strongly affected by the crisis in an Islamic
context than in a conventional bank system. In other term, in an Islamic
bank system, the volatility of one bank stock as the result of an
exogenous event strongly affects the volatility of another bank stock
return.

In a mixed system, the volatility linkage between bank stock returns
is less affected by exogenous bad news than in a market composed only
of Islamic or conventional banks.

These results reveal that the shock induced by the financial crisis
rapidly impacts the relationship among Islamic banks.

TABLE 5. Timing of the breakpoint for each series.

Series Minimum t-stat Shift dates 

TASI (Saudi Arabia) –5.8047*** 08/12/2010
QSI (Qatar) –13.385*** 10/11/2010
ADI (UEA) –6.3361*** 09/8/2009
KWSE (Kuwait) –10.0482*** 23/03/2010
BAX (Bahrain) –4.2326* 09/06/2009

Note:  For each time series of the minimum t-statistics, three specifications are estimated
(with constant, with trend and with both). The selected specification is based on the AIC and
BIC information criteria. The minimum t-statistic reported is the minimum over all T – 2
regressions. The shift dates indicate the presence of a structural break in each studied series.
The critical values for the t-statistic detecting a break are –4.93, –4.42, and –4.1 at the 0.01,
0.05 and 0.1 level, respectively.
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At this level of analysis, our results are somewhat different from
those advocated by Hasan and Dridi (2010) in the IMF’s report showing
that Islamic banks fared better in all countries in the investigated
sample, except for Bahrain, Qatar, and the UAE.

However, our results corroborate those obtained by Moazzam and
Sajjad (2015) using data from Pakistan, where Islamic and conventional
banks co-exist, suggesting that greater inclusion of faith-based groups
may enhance the stability of the banking system.

The increase in spillover effects among Islamic banks in one region
during the crisis also has important practical implications for investors.
Hence, investors and risk managers must reallocate their portfolios by
diversifying both locally (Islamic and conventional stocks) and
internationally by investing in different GCC countries to reduce
volatility spillover effects without affecting returns.   

The spillover index measurement proposed by Diebold and Yilmaz
(2009) is a useful method to investigate the static spillover effects
between markets. However, it does not consider a dynamic spillover
effect between markets. To test a possible dynamic spillover, we
estimate a DCC-GARCH, which enables us to test the dynamic
correlation between financial time series.

D. Dynamic correlation analysis

To test for possible dynamics in spillovers between stock bank returns,
we employ a DCC-GARCH proposed by Engle and Sheppard (2001).
Our methodology consists of a test for DCC-GARCH followed by an
estimation of models for the studied GCC bank markets using a
maximum likelihood method.

Nevertheless, the results for the DCC(1,1)-GARCH(1,1) model
presented in table 7 show that for all cases, the χ2 statistics are
significant at the 0.05 level, confirming the presence of dynamic
correlation among stock bank returns. The results also show that all
estimated GARCH model parameters (ωi, αi, βi) are highly significant.
For example, we can deduce that the conditional variance of one Saudi
stock bank return is influenced both by the past return innovations in
another stock bank return in the pair (α12, α21) and by its lagged
variances (β12, β21). Moreover, the significance of β12 and β21 reveals that
volatility transmission is bi-directional between two stock bank returns. 

The DCC parameters α and β are statistically significant, and we
have β > α for all cases. This result is supported by the fact that the
behaviour of current variances is more affected by the magnitude of past
variances than by past return innovations.
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It is obvious that we cannot statistically compare multivariate
GARCH results with those obtained in the spillover index approach
proposed by Diebold and Yilmaz (2009). However, some differences
must be mentioned.  

The main advantage of a multivariate GARCH model compared to
Diebold and Yilmaz's approach is that it informs us about the temporal
persistence of correlations. For all GCC countries except Bahrain, our
results show that β value is close to 1, revealing a high persistence in the
time series of correlation. This high persistence indicates that a long-run
average of the correlation can be pushed away by shocks for a very long
period. 

Moreover, the positive coefficients indicate that volatility was a
double-sided phenomenon, produced mutually by idiosyncratic and
systemic factors. From a financial viewpoint, the system is the
aggregation of the individual components; volatility, as the result of
individual and collective market participants, also captures the joint
effects among individual entities, underpinning a potential transmission
chain phenomenon. This important finding is in line with the concept of
“shift-volatility” transmission in the East Asian equity markets proposed
by Aloy et al. (2013), who explored volatility propagation from a low
to a high level, and recently confirmed in the empirical study performed
by Ben Amar, Ben Slimane and Bellalah (2017). The high persistence
phenomenon is also highlighted in previous empirical studies. 

That said, the results obtained using a DCC-GARCH model indicate
that the dependence structure may vary with the sign and magnitude of
returns. It becomes imperative to identify the best forecast method for
the targeted part of the distribution. As indicated above, Diebold and
Yilmaz's approach allows for a straightforward measure of the spillover
index. Moreover, this enables a better understanding of the impact of
one asset on another and a good measure of the fraction of the
forecast-error variance that a headline asset (stock bank) exports to all
the remaining studied assets.

Figure 1 shows that the correlation between returns in one bank
market is time varying.  In particular, we observe the presence of a high
correlation package for all the studied GCC countries just after the
financial crisis. The graphic also indicates the presence of an extremal
conditional correlation in bank markets. This extreme dependence could
be related to financial and economic good or bad news. The number and
the origins of these extremal events must be detected and analysed.
Neither the Diebold and Yilmaz (2009) approach nor DCC-GARCH
modelling provide useful information about this problem. From this
perspective, we will discuss the presence of extremal co-movement or
spillover in a future work.
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DCC conditional
correlations for KSA

DCC conditional
correlations for the UAE

DCC conditional
correlations for Qatar

DCC conditional correlations for
Bahrain

DCC conditional correlations for Kuwait

FIGURE 1.— DCC conditional correlations for the studied GCC
bank markets

V. Conclusion

This paper investigated the spillover effects between the returns and
volatilities of stocks related to Islamic and conventional banks in GCC
countries using Diebold and Yilmaz’s (2009) index measurement
approach. We also employed DCC-GARCH, which provides useful
information about the dynamic behaviour of correlation between such
time series. The study sample contains 29 banks (13 Islamic and 16
conventional) listed in GCC financial markets during the period
2005-2014. The first part of the study attempts to measure and explain
the returns and volatilities spillovers between conventional and Islamic
banks for all the GCC countries except Oman because of a lack of
available data since 2005. The main finding of our research is that there
is a strong bidirectional returns spillover between conventional banks
and a very weak spillover from Islamic banks to conventional banks. For
that reason, the transmission of shocks from Islamic banks to
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conventional banks is reduced. This result has an important impact on
portfolio diversification when combining conventional banks and
Islamic banks in a single portfolio. The behaviour of the volatilities
indexes follows spillover for returns. We find that the total volatilities
spillover indexes values are lower than the return spillover indexes for
Saudi Arabia, UAE and Qatar, but the results are reversed in Kuwait.
The volatilities and returns spillovers are not interesting in Bahrain’s
bank sector. The second part of the study attempts to test bank resilience
to shocks induced by the financial crisis. A Zivot and Andrews (1992)
test is used to detect the timing of the crisis in each GCC studied
country. We find that the dependence between stock returns in an
Islamic bank market structure is more strongly affected by the financial
crisis than in a conventional bank market. Moreover, the volatility
linkage is more highly affected by the crisis in an Islamic context than
that in a conventional bank system.

The third part of the study improves the results of Diebold and
Yilmaz’s (2009) approach by introducing dynamic spillover effects
between markets using a DCC-GARCH model as proposed by Engle
and Sheppard (2001). We find that the behaviour of current variances
is more affected by the magnitude of past variances than during past
return innovations. In addition, for all the GCC countries except
Bahrain, a high persistence in the time series of correlation indicates
that a long-run average of the correlation can be pushed away by shocks
for a very long period.

Studying the relationship between stock returns and volatilities for
Islamic and conventional banks using Diebold and Yilmaz (2009) is
undoubtedly only one of several plausible spillover measurement
alternatives. In particular, the method used is helpful for both investors
and decision makers, since it provides a simple measure for the spillover
between two time series. However, this approach does not allow for an
examination of the structure of the correlation or relationship between
financial or economic time series. A further extension of this work
could investigate the dependence structure between stock returns and
volatilities for Islamic and conventional banks using a copula approach,
which has recently emerged as a useful tool to study both the tail and
the entire structure of dependency among random variables. 

Finally, a time varying extension for Diebold and Yilmaz's spillover
index could be another important method enabling an investigation of
the dynamic relationship between time series. From this perspective, we
will apply a rolling-sample technique to estimate a time varying Diebold
and Yilmaz spillover index.

Accepted by:  Prof. G. Koutmos, Guest Editor, January 2018
 Prof. P. Theodossiou, Editor-in-Chief, January 2018
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