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Abstract

This paper investigates the financial interrelatedness via mean and volatility spill-
overs across stock markets for the Gulf Cooperation Council countries (Bahrain,
Kuwait, Qatar, Oman, Saudi Arabia, and the United Arab Emirates) during the
period 2008-2019 utilizing both the spillover index and the multivariate DECO-
GARCH model. The results suggest that the average return equicorrelation among
GCC stock markets is positive, even though it is found to be very time-varying with
specific periods, which impair the benefits of GCC portfolio diversification. Besides,
our spillover analysis findings provide several straightforward insights into both the
level and the dynamics of stock market integration in the GCC countries over the
past 10 years. Our results report significant heterogeneity among GCC stock markets
in the degree of spillovers over time, strengthening our understanding of the eco-
nomic channels through which GCC equity markets are correlated.

Keywords GCC - Volatility spillover - DECO - Stock markets

JEL Classification C15-C51 - G15

1 Introduction

Over the past two decades, stock market co-movement behavior has become a cru-
cial issue in finance since it has significant implications for understanding business
cycles and evaluating diversification opportunities across emerging equity mar-
kets (Kang & Yoon 2019; Chaffai & Medhioub, 2018; Hung, 2021). This issue has
received much attention from academic researchers and practitioners, and emerg-
ing markets have witnessed substantial economic and financial development owing
to their outstanding contribution to the macroeconomic relationship in the inter-
national economy (Aloui & Hkiri, 2014). The evolution of the emerging equity
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markets has remarkably risen its market size, leverage, and association with an inter-
national financial mechanism. Price and volatility spillovers across financial markets
are larger when market interconnectedness is high. Meanwhile, market prices tend to
be more connected when volatility increases, and essential periods of high variation
are associated with market downturns (Barunik et al., 2016). Market volatility, par-
ticularly for crisis growth, then spills rapidly across markets (Hung, 2020a). More
precisely, a strong connectedness among national markets around the world might
effectively result in higher exposure to contagious impacts if one market in the sys-
tem goes through a crisis or witnesses a severe crash (Chevallier et al., 2018).

The GCC countries play a prominent role in the international economy, jointly
accounting for 40% and 23% of proven oil and gas reserves, respectively, while
stock market behavior is somewhat under-researched (Ziadat et al., 2020). Further-
more, the GCC economies, known as emerging or frontier markets, are experienc-
ing a financial liberalization process, which would lead to a considerable connection
with the global economy. As a result, understanding the nature of the association
among these markets is indispensable for investors who might seek for achieving
cross-country diversification benefits. This study looks into the financial association
via return and volatility spillover effects between stock market returns for the Gulf
Cooperation Council (GCC) countries (Bahrain, Kuwait, Qatar, Oman, Saudi Ara-
bia, and the United Arab Emirates) over the period 2008—-2019. The primary pur-
pose of this paper is to examine the direction and extent of the interdependence of
GCC stock markets. To this end, we employ a multivariate generalized autoregres-
sive conditional heteroscedasticity model with a dynamic equicorrelation specifi-
cation (DECO-GARCH) (Engle & Kelly, 2012) and Diebold and Yilmaz (2012)’s
spillover index. Obviously, the intercorrelation between GCC stock markets plays a
vital role in designing portfolio diversification since the performance of a portfolio
relies on the connection between these assets. Hence, the DECO model is a help-
ful and straightforward approach to capture the global stock markets’ co-movement,
which helps investors reshape portfolio diversification and investment decision
(Kang & Yoon 2019; Hung, 2019). We also use the spillover measure of Diebold
and Yilmaz (2012) to evaluate the cross-market interdependence and direction of
spillovers among sample markets. The essential advantage of this method is that the
spillover estimates the time-varying magnitude of price and volatility transmission
over time and measures the direction of spillovers (Kang et al., 2019; Ziadat et al.,
2020). For the combination of these methods, several recent papers have perfectly
captured the spillover effects among financial markets (Kang & Yoon, 2019; Ahmad
et al., 2018; Mclver & Kang, 2020; Kang et al. 2019).

In light of the above discussion, this study contributes to the related literature
in some ways. First, we analyze the time-varying connectedness among GCC stock
markets, employing a multivariate GARCH model with the DECO framework.
Indeed, DECO uses more information to estimate time-varying condition correla-
tions between each pair of examined variables than the DCC model, which declines
the estimation noise of the correlations (Kang & Yoon, 2019; Kang et al. 2019). As
a result, these multivariate GARCH models are crucial for strengthening our under-
standing of the interrelatedness between the volatilities of our studied indicators. In
the second stage, we quantify the directional return and volatility spillovers by using
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the spillover index of Diebold and Yilmaz (2012) that a particular equity market
receives from other markets. The strength of the connection is further magnified by
the use of networks that help trace the magnitude and speed of information transmis-
sion between GCC stock indices. The measurement of directional price and volatil-
ity is significant for understanding the spillover channels within the inter-regional
market of the GCC countries. Our main results reveal a positive equicorrelation
across GCC stock market returns, even though it is found to be very time-varying
with specific periods, which impairs the benefits of GCC portfolio diversification.
Besides, our spillover analysis findings provide several straightforward insights into
both the level and dynamics of stock market integration in the GCC countries over
the past 10 years. The study reports that UAE, followed by Saudi and Qatar, repre-
sent an active transmission of volatility shocks to others among GCC stock market
returns. This situation is also confirmed by the magnitudes of net returns and volatil-
ity spillovers transferring from one market to all other markets, which implies that
UAE, Saudi, and Qatar might act as catalysts for risk triggers after the global finan-
cial crisis. This information would be useful to both local and global investors and
policymakers.

The remainder of this study is organized as follows: Sect. 2 provides the related
literature. Section 3 depicts the data and methodology. Section 4 reports empirical
results. Finally, Sect. 5 concludes.

2 Literature review

An overview of existing literature on stock market integration uncovers the intercon-
nectedness between global stock and GCC stock markets. Increasing literature has
addressed the stock returns and volatility spillover effects between financial markets.
The information in relation to the spillover effect is of crucial importance for risk
management, which can be helpful in a number of applications consisting of the
evaluation of portfolio hedge ratio effectiveness, value-at-risk, and optimal portfolio
weights (Alotaibi & Mishra, 2015, 2017; Aloui & Hkiri, 2014; Aloui et al., 2015;
Al-Shboul & Alsharari, 2019; Balli et al., 2019; Charfeddine & Al Refai, 2019;
Charfeddine & Khediri, 2016; Daly et al., 2019; Finta et al., 2019; Hung, 2020b; Isik
& Hassan, 2002). For example, Kapar et al. (2020) investigate the financial connect-
edness in the United Arab Emirates Stock Markets and suggest the persistence of
a long-run equilibrium nexus between three stock markets, which means that UAE
stock markets are integrated. Shahateet (2019) determines the dynamic interconnect-
edness among 15 Arab stock markets. He concludes that Arab stock markets have a
weak relationship with the exception of those of the GCC. Finta et al. (2019) esti-
mate the volatility spillovers among oil and the US and Saudi Arabian stock markets
and show the existence of asymmetry in contemporaneous spillover effects. Chaf-
fai and Medhioub (2018) explore the presence of herb behavior in the Islamic Gulf
Cooperation Council stock markets, and provide evidence of herd behavior in the
GCC stock markets. Aloui et al. (2015) show a strong dependence between sharia
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stock and Sukuk indexes and the benefits of portfolio diversification change across
frequencies and time.

Within the GARCH framework, Yousef and Masih (2017) suggest that dynamic
conditional correlation among GCC stock returns is low, which is useful for inves-
tors interested in investing in the GCC markets. Alotaibi and Mishra (2015) unveil
significant return spillover effects from Saudi Arabia and the US to GCC markets.
Charfeddine and Khediri (2016) reveal that GCC markets have divergent degrees of
time-varying efficiency. They also provide evidence of structural breaks in all GCC
markets. In the same vein, Jamaani and Roca (2015) show that GCC stock markets
are not individually weak-form efficient because the movements of past prices of
one GCC stock market can be applied to forecast the current price movement of
another GCC stock market. Chowdhury et al. (2015) find that Bahrain, Oman, and
Qatar experience a strong positive correlation, while Abu Dhabi exhibits negative
autocorrelation of returns. Alotaibi and Mishra (2017) show wide ranges in the
degree of integration for GCC stock markets using the global asset pricing model
of dynamic market integration and DCC model. They suggest that trade openness,
financial market development, turnover, and oil revenue have a dramatic influence
on the integration index of GCC stock markets. Mensi et al. (2016) investigate the
time-varying tail dependence structure for the Gulf equity indices, and find strong
asymmetric dependence at middle and long investment horizons. More recently,
Charfeddine and Al Refai (2019) show volatility spillover effects between Qatar and
the other GCC countries. Al-Shboul and Alsharari (2019) uncover that the Dubai
financial market and the Abu Dhabi stock exchange experience evidence of evolving
efficiency, suggesting that stock prices are predictable and possible arbitrage oppor-
tunities are present. Similarly, Mensi et al. (2018) reveal that five GCC stock mar-
kets experience multifractal features and evidence of time-varying persistence.

Besides this, few studies have also investigated relationships across stock mar-
kets using various econometric techniques. Alhashel (2021) examines whether
stock returns in the frontier markets of the GCC are driven by the same drivers by
explaining a significant proportion of the cross-section of returns in terms of size
and book-to-market. The authors conclude that the empirical asset pricing model
is useful to describe returns in the GCC markets. Buigut and Kapar (2020) analyze
Qatar’s effect on seven stock markets in GCC countries. Their results provide evi-
dence that Qatar’s economy reacts negatively to the crisis over the shorter event
windows, while Saudi Arabia’s banking industry, Dubai’s real estate industry, and
Abu Dhabi’s energy industry register positive abnormal returns.

Under the GCC market setting, a limited number of papers have responded
to the need for stock market making in emerging economies. Chowdhury (2020)
studies how stock market sentiment in the GCC stock market might spill over
to affect other markets’ sentiments using the DCC model. The results show
that Kuwait and Qatar stock markets are segregated from other markets in the
region, while Saudi Arabia and the United Arab Emirates markets are well inte-
grated. Al-Yahyaee et al. (2020) investigate the dependence structure and sys-
tematic risk between Sukuk, Sharia, and GCC stock markets, and provide evi-
dence of dynamic symmetric tail dependence between Islamic stock markets and
GCC stock markets. Algahtani and Chevallier (2020) estimate the conditional
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correlations between GCC stock markets. They find that GCC stock market
returns are negatively correlated with each of the volatility measures, and Saudi
Arabia and Qatar are the most responsive to all shocks among the GCC coun-
tries. Ziadat et al. (2020) investigate the patterns of information transmission for
seven GCC stock markets using the DCC mode and the Diebold Yilmaz spillover
index. The paper reports that GCC markets correlate strongly with the EU and
the US. More importantly, the UAE is the primary transmitter and receiver of
spillover between GCC and world markets, and Bahrain and Kuwait markets cor-
relate weakly with the GCC stock returns. In the same vein, Arin et al. (2020)
take into account financial spillovers among the four largest equity markets in
the GCC region. They find significant spillover effects from the largest market of
Saudi Arabia to Qatar and the UAE in terms of mean and volatility, which identi-
fies that market capitalization is a more crucial factor of financial connectedness
than belonging to a federal union. Besides, Aloui and Hkiri (2014) confirm an
increasing strength of dependence among the GCC stock markets after the global
financial crisis, which might influence the multi-country portfolio’s value at risk
levels.

In spite of growing international attention on the GCC stock markets, relevant
empirical research on spillovers remains strictly limited, supporting the case for fur-
ther study. In addition, the interdependence across markets is frequently captured
utilizing the variance—covariance matrix, which cannot evaluate the direction and
intensity of spillover through time. Therefore, an adequate understanding of the
transmission direction is crucial for constructing optimal portfolio and risk manage-
ment strategies in terms of hedging practices and providing information on the sig-
nificant cross-country sources of variations in policymakers’ business cycle activity.

Overall, our in-depth analysis of equicorrelation and spillover effects among
GCC stock markets appears to extend the studies of Alotaibi and Mishra (2015) and
Balli et al. (2019). Alotaibi and Mishra (2015) examined the effect of price spillo-
vers from regional (Saudi Arabia) and global US markets to GCC stock markets,
while Balli et al. (2019) take into account the pairwise, net, and the total price and
volatility spillover across 15 Islamic equity markets. Unlike previous works, ours is
the first attempt to explore the equicorrelation and connectedness among GCC stock
markets. Empirical estimations are developed by employing the methodologies of
equicorrelation advanced by Engle and Kelly (2012) and the connectedness analysis
introduced by Diebold and Yilmaz (2012). These approaches perfectly complement
each other, allowing us to determine systematic information transmission across
GCC stock markets. More accurately, the time-varying equicorrelation (DECO)
model is to identify co-movement between markets. This framework is an extreme
case of a dynamic conditional correlation model where correlations are equal across
all pairs, but the common equicorrelation changes over time (Kang & Yoon, 2019).
By analyzing the net connectedness and pairwise relationship, the second model
detects the source and recipients of innovation, tackling the flow of shock transmis-
sion. Besides, the regional markets’ focus allows us to provide global investors and
cross-border portfolio managers with valuable information. The specific clusters of
price and volatility spillovers suggest possible contagion risk, restricting GCC port-
folio holders.
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3 Methodology
3.1 Directional spillover model

The present paper uses the Diebold and Yilmaz (2012) (DY) specification to
examine the magnitude and volatility spillovers across variables under study
throughout sample period. The DY approach is built on the VAR model of order
pand N variables, x; = X7 ¢,x,_; + &, where € ~ (0, }) is a vector of independ-
ent and identically distributed distances. The intercept for an AR process, that
is,x, = ¥, ° Aje,_; where N X N coefficient matrix A, is obtained by the recursive
substitution, A; = ¢1A;_; + $,A,, + - + ¢,A,_,, with A, =1, which is an iden-
tity matrix of order n, and A; = 0 fori < 0. The MA presentation can be employed
to forecast the future with the H-step-ahead.

The H-step-ahead generalized forecast-error variance decomposition can be

written as:

H-1

o > (e;Ah > ei)2

h=0
PiH) = — / / (1)
Z (e,‘Ah ZAhei)

h=0

here o; stands for standard deviation of the stochastic term for the ith equation,
while e; is the selection vector with 1 as the ith elements, and 0 otherwise. The sum
of the contribution of variance of the forecast is not equal to unit under the general-

N
ized framework Y (I)‘;(H) £ 1
=1

The normalized entry for each variance decomposition matrix is normalized by
the row sum as

9§(H)
i N 2
o @)
=
N 7 N 5
where Z/’=1 9§(H) = 1land ZiFl Hi(H) =N.
Total volatility spillover index proposed by Diebold and Yilmaz (2012) is
defined as

N N
Y O 2 0
ij=lji ij=Li#j "
Sg(H) = N— x 100 = T x 100 (3)

Y G5(H)

=1

The directional volatility spillovers received by market i from all other markets
Jj can be written as:
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Z eg(H) Z 9g(H)
SE(H) = “N#’— x 100 = % % 100 @)
X 05(H)

The directional spillovers transmitted by market i to all other markets j is:

Z 05(H) Z 05(H)
L,i ij=L,i
SEH) = = % 100 = %x 100 )
N8
> G5(H)

J=1

Finally, the net volatility spillover for each market by calculating the difference
between (5) and (4) is computed:

SE(H) = S4(H) = SE(H) ©)

3.2 DECO-MGARCH model

To perfectly capture the interdependence results, this study employs a dynamic
equicorrelation model of multivariate generalized autoregressive conditional heter-
oscedasticity (DECO-MGARCH) proposed by Engle and Kelly (2012). Engle and
Kelly (2012) proposed the DECO model, which handles a large number of varia-
bles and makes simple computational and presentation challenges with respect to a
high-dimensional system to overcome the issue of curse-of-dimensionality. Similar
to MGARCH-DCC model, the DECO model also follows the two-step estimation
procedure. First, we roughly calculate univariate GARCH model for each variable
to gain the conditional variance. Second, we employ DCC model from standardized
residuals to estimate the dynamic conditional correlation.
The conditional covariance matrix H, is now defined as,

H, = D,R,D, @)

where D, = diag {H,} is the diagonal matrix with conditional variances along the

diagonal, and R, is the time-varying correlation matrix.
In matrix form,

0,=0(-a-p) +ae_e,_, + PO, ®8)

where Q = Cov [e,, t] =K [e,, t] is unconditional covariance matrix of the standard-
ized errors Q can be estimated as,

T
1Y ©)

=1

~]|._
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R, is then obtained by

1/2

R, =(0)"0,(0) (10)

where QF = diag{Q, }.

Nevertheless, Aielli (2013) suggests that the estimation of the covariance matrix
Q, is inconsistent because E[R,] # E[Q,]. He illustrates the following consistent
model with the correlation-driving process (cDCC):

0,=(—a=ps +a(0 e e, 0 ) + 5O, (an
where §* is the unconditional covariance matrix of Q*l/ 2
Engle and Kelly (2012) suggest modeling p, using the cDCC process to gain the
conditional correlation matrix Q, and then taking the mean of its off-diagonal ele-
ments. DECO specification reduces the estimation time. The scalar equicorrelation
can be written as:

n

1 dijt

DECO _ DCC i

, 1 (krrecg, - (12)
' " onn - 1)( n(n -1 lz:‘lg‘l i s

where g;, = pPF + aDECO(Ei,z—l‘Cj/‘,t | = pPEO) + ﬁEco(%,z pPF?), K is a vec-

tor of ones and g; ;. is the (i, jth) components of the matrix Q, from the DCC model.
Then, we apply p?¢? to capture the conditional correlation matrix.

RPECO = (1= p)I, + p,K, (13)

where I, is the n-dimensional identity matrix.

3.3 Data

In this paper, we use daily stock index prices of six GCC stock markets: United Arab
Emirates (UAE), Qatar (QATAR), Saudi Arabia (SAUDI), Oman (OMAN), Kuwait
(KUWAIT), Bahrain (BAHRAIN). Intraday price observations are obtained from
the Bloomberg database, and the sample period covers from 2 January 2008 to 31
December 2019 for a total of 3018 daily prices. We compute the continuously com-
pounded daily returns by taking the difference in the natural logarithm of two con-
secutive prices.

Table 1 provides details of summary statistics for the return and volatility series.
It is clear that all examined variables are not normally distributed, with respect to
the Jarque—Bera statistic for normality, which means that empirical distribution is
characterized by skewness and slight excess kurtosis. The augmented Dickey—Fuller
(ADF) test reveals, for its parts, that all series are stationary at conventional levels.
ARCH-LM tests for squared variables under study are also employed to check the
ARCH effect. The results of this test confirm that the application of the multivariate
GARCH types model to estimate the return and volatility of daily data series is justi-
fied, and thus appropriate for further statistical analysis.
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Table 1 Descriptive statistics of the GCC stock indices

UAE SAUDI QATAR OMAN BAHRAIN  KUWAIT

Panel A: Return
Mean 0.0166 -0.0114 0.0163 -0.0118 ~0.0295 —0.1941
SD 1.0784 1.6672 1.3412 1.0109 0.0615 6.6189
Max 7.6294 16.3995 9.4219 8.0388 0.0010 21.1467
Min —8.6792 —13.4905  —11.279% —8.6989 -1.0380  —33.1246
Skew -0.2286 —0.9568 - 0.4725 -1.2260 -73651  —38.5959
Kurt 11.5029 15.9970 13.9305 22.7392 81.7334  1882.672
J-B 9114.960™"  21,695.56™ 15,131.57"" 49,736.72""" 806,536.8™ 445,423.2™"
ADF —453761""  —28.9276"" —47.0783"" -11.5016"" —6.7226"" -56.6615"""
ARCH-LM 344.0425™  110.8974™" 218.2990"" 881.5762"" = 27.2559"" 321.7452"""

Panel B: Vola-
tility
Mean 0.0224 0.0023 0.0253 - 0.0067 -0.0295 -0.0731
SD 1.0777 1.6558 1.3381 1.0051 0.0613 3.4854
Max 7.9280 17.8208 9.8801 8.3707 0.0000 3.3549
Min —-8.3132 - 12.620 ~10.666 -8.3313 -1.0326 —9.6054
Skew -0.0591 -0.5967 -0.2182 -0.9196 —7.3407 -6.9307
Kurt 11.5307 16.3334 13.6277 22.0563 81.2127 196.4348
J-B 9150.082""  22,527.43"" 14,222.54™ 46,075.53"" 796,083.4™" 472,778.5""
ADF — 454508 —292165™" —47.1726™" —11.6428"" —6.7191""" - 57.9548""
ARCH-LM 349.0662""  102.1939"™"  231.4726™" 903.7836""  27.6410™" 16.0969""

The asterisks *#* ** * illustrate significance at the 1%, 5% and 10% levels, respectively

Next, we look into the unconditional correlation across the GCC stock markets
using the correlation matrix. As shown in Fig. 1, the connectedness between the
GCC stock markets is relatively high, based on the linearity assumption. More
importantly, all return series share both negative and positive dependence, which
means that GCC stock markets have the divergent directional co-movement. This
outcome implies the existence of ample diversification opportunities for investors
who look for constructing a portfolio. Further, the distribution of the examined vari-
ables follows the non-normal shape. Figure 1 provides us with further insight into
the data contribution and correlation structure of the selected variables.

4 Empirical findings
4.1 Estimates of DECO-GARCH model
Table 2 reports the estimated results of the DECO-ARMA-GARCH model across

six GCC stock markets. The lags selection of p = 1 and ¢ = 1 based on the low-
est values of Akaike and Schwarz information criteria was implemented to opt for
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UAE SAUDI QATAR OMAN BARAIN KUWAIT
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Fig. 1 The data distribution and correlation structure

an appropriate the ARMA(1,1)-GARCH(1,1) for all combination returns. Panel A
documents that ARCH and GARCH coefficients for all the examined variables are
statistically significant at 1% level. Specifically, the sum of these coefficients for
all series is close to one and significant, indicating that the conditional variance is
mean-reverting. These results show that the one-period lagged future returns explain
the current future returns and long-term memory behavior for all markets under
investigation.

Panel B of Table 2 shows the results of the DECO model. The time-varying
equicorrelation coefficient is found to be positive (0.077) and statistically sig-
nificant at the traditional level, implying a sign of potential diversification benefits
between stock portfolio and a high degree of integration across these stock mar-
kets. The parameter Appcq 1S positive and significant, underlying the role of inno-
vation between GCC stock markets. At the same time, we can observe that vola-
tility throughout stock markets continues to increase since the Bjp-q parameter is
also statistically significant. Put another way, equicorrelations are highly dependent
on past correlations. Besides, the sum of Apgco Bppco estimates is nearly equal to
unity, showing that the volatility equicorrelation is integrated. The significance of
the two parameters justifies the appropriateness of the DECO-GARCH model, we
can verify that the DECO parameters lie in the range of standard estimates origi-
nating from the GARCH (1,1) model. This implies that the equicorrelation among
stock may be stable. These findings are consistent with Yousef and Masih (2017);
Alotaibi and Mishra (2015).

The diagnostic tests are documented in Panel C. The Ljung-Box test statis-
tics for the standardized squared residuals do not reject the null hypothesis of
no serial correlation for all markets, which means that the residuals reveal no
autocorrelation. We can conclude that there is no misspecification in our model.
Furthermore, the Hosking and McLeod and Li test results suggest that the null
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Fig.2 Dynamic equicorrelation for returns across GCC stock markets
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Fig.3 Dynamic conditional correlation among GCC stock markets

hypothesis of no serial correlation in the conditional variances estimated by the
DECO-GARCH model is accepted, showing that our selected DECO-GARCH
model is correctly specified.

We plot the time-varying conditional equicorrelation among GCC stock mar-
kets, which is obtained from the ARMA-GARCH model with the DECO specifi-
cation. The visual evidence is shown in Fig. 2 and supports the results in Table 2.
The line graph depicts a positive and time-varying correlation over the sample
period with a correlation level varying from a minimum of 2% to a maximum
of 18%. The equicorrelation between GCC stock markets slightly declined from
2013 to 2014 as a result of the 2014 oil crisis, supporting a decoupling hypoth-
esis, which is identified as a significant increase in correlation across stock mar-
kets in various countries during the crisis period (Hung, 2019; Kang et al., 2019).

For robustness check, we estimate dynamic conditional correlation (DCC)
models across GCC stock markets. The pairwise DCC findings are reported in
Fig. 3, which tallies with the DECO estimations indicated in Fig. 2. The condi-
tional correlations between the two variables under consideration were time-vary-
ing and increased during the European debt crises. As a result, the pairwise DCC
outcomes affirm our results obtained for the six GCC stock markets based on the
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DECO estimation of Fig. 2. To confirm the results documented by the DECO
model, we also estimate the return and volatility spillovers.

4.2 Total return and volatility spillovers

Spillover analysis is depicted in this section. Table 3 illustrates the total spillover
index matrices of means and volatilities based on a full sample analysis. All results
are built on the VAR framework with optimum lag as suggested by the AIC, and
generalized variance decompositions of 10-day-ahead forecast errors. The ijth entry
in the tables shows the estimated contribution of sector j to the forecast error vari-
ance of sector i. Each series is related to one of the counterpart nations. Therefore,
the diagonal components (i = j) explain own-variable transmissions of means and
volatility across nations, while the off-diagonal components (i # j) show cross-varia-
ble transmissions through mean and volatility and across GCC nations. Furthermore,

Table 3 Directional spillovers

UAE SAUDI QATAR OMAN BAHRAIN KUWAIT From others

Panel A: Return

spillover

UAE 96.72 123 0.29 0.84 0.05 0.87 33

SAUDI 0.63 98.4 0.04 0.55 0.30 0.03 1.6

QATAR 519 048 93.32 0.80 0.13 0.08 6.7

OMAN 1.05  0.64 0.19 97.87 0.20 0.04 2.1

BAHRAIN 0.03 0.70 0.06 0.01 99.18 0.02 0.8

KUWAIT 082 0.05 0.15 0.04 0.03 98.92 1.1

Contribution to 7.7 3.1 0.7 2.2 0.7 1.1 15.6
others

Contribution 1044 1015 94.1 100.1 99.9 100.0 Spillover index
including own =2.6%

Net spillovers 4.4 1.5 -5.9 0.1 -0.1 0

Panel B: Volatility

spillover

UAE 97.17 141 0.16 0.70 0.05 0.52 2.8

SAUDI 0.78 98.24 0.07 0.46 0.21 0.24 1.8

QATAR 581 0.86 9235 0.52 0.11 0.34 7.6

OMAN 141  0.58 0.16 97.47 0.18 0.21 2.5

BAHRAIN 0.02 0.64 0.09 0.04 989 0.31 1.1

KUWAIT 056  0.16 0.36 0.23 0.25 98.44 1.6

Contribution to 8.6 3.6 0.8 2.0 0.8 1.6 17.4
others

Contribution 105.7 1019 932 99.4 99.7 100.1 Spillover
including own index =2.9%

Net spillovers 5.7 1.9 -6.8 -0.6 -0.3 0.1

The underlying variance decomposition is based on a daily VAR system with 4 lags and generalized vari-
ance decompositions of 10-day-ahead volatility forecast errors
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the row sums, “from others” and column sums, “contribution to others”, measure
the total spillover to (transmitter) and from (receiver) each market index. Finally,
the total spillover index, given on the bottom of each panel, is calculated by the
aggregation of the row and column, with the exclusion of the own variable spillover
shock, performed in percentage points.

Panel A of Table 3 illustrates the total spillover index across six GCC stock mar-
ket returns, decomposed by transmitters and return spillovers recipients. There is
a slightly above average total spillover index of around 2.6% on average for return
forecast error variance. This implies the bi-directional return spillover across GCC
countries. It is noticeable that UAE is the largest contributor to the other countries,
followed by SAUDI and OMAN. UAE has gross and net contributions of 7.7% and
4.4%, respectively. SAUDI contributes 3.1% to the other markets, while it receives
1.6% from other markets. As a result, it contributes 1.5% more to other market
returns in net terms than it receives from other market returns. However, the other
markets (QATAR, BAHRAIN) are net recipients since their contributions to all the
other markets are less than what they receive from the other markets. This finding is
consistent with Ziadat et al. (2020).

Panel B of Table 3 shows that the total volatility spillovers attain a value of 2.9%.
UAE has the highest impact on the variance of the rest of the markets (105.7%), fol-
lowed by the indices of QATAR and KUWAIT. In addition, UAE contributes 5.8%
on the forecasting variance of QATAR, 1.41% on OMAN and 0.78% on SAUDL.
More precisely, UAE is the largest transmitter of volatility spillovers, with the net
spillover estimated at 5.7%. This finding is consistent with the results of return
spillovers. QATAR is the largest recipient of volatility spillovers, with the value of
(-6.8%), followed by OMAN (-0.6%). The results can be attributed to several deter-
minants that confirm the GCC regional financial integration. Past shocks from the
regional markets (AUE and SAUDI) have significant price and volatility spillover
effects in each local GCC stock market, perhaps resulting from liberalization policies
and international capital flows (Ziadat et al., 2020). By contrast, Qatar and Kuwait
are captured with minimum impact of volatility transmissions, leading to isolation
from the GCC markets. This implies that it is necessary to enhance the cross-bor-
der regulation framework to reinforce local asset stability. This result supports the
findings of Alotaibi and Mishra (2015), who confirm that Saudi Arabia has causal
associations for UAE and Kuwait markets. The findings uncover that the domination
of regional innovations is due to the time-varying interdependences, let alone eco-
nomic openness across the GCC nations, which might be the oil-rich GCC frontier
nations act as the primary source of co-moving stresses to each other (Al-Yahyaee
et al. 2020). Specifically, global investors can simultaneously access the GCC stock
markets, reflecting synchronized sentiments in connection with political, economic,
and financial uncertainties about the GCC region. Hence, this situation might have a
considerable influence on their market performance and the stance of their regional
stock market interdependence (Aloui & Hkiri, 2014; Algahtani & Chevallier, 2020).
Overall, the significant relationship among the different GCC stock markets is due
to the strong economic ties, diversification approaches, openness and liberalization,
geographic proximity, harmonization of the regulations and policy coordination,
monetary interdependence, inter-trade, cross-listing in stock markets, the cohesion
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of governmental involvement, all in favor of achieving the declared goal of the GCC
of becoming a unified regional well-rounded economic bloc.

4.3 Rolling—sample analysis: spillover dynamics

Figures 4 and 5 describe the resulting spillover indices, including return and volatil-
ity based on the 200-day rolling window samples, following the Diebold and Yilmaz
(2012) framework. For both spillover indices, they reveal similar cyclical move-
ments and bursts over time. The return spillover index fell to a minimum of less than
4% between 2012 and 2014 and remains low until 2016. In the more recent past, the
return spillover index slightly increased to 12%. The volatility spillover index has a
similar pattern with the return spillover index. Nevertheless, there was a significant
fluctuation between 2014 and 2018. The spillover index nearly doubled from 5 to
10%, which indicated financial contagion. Overall, spillovers across GCC stock mar-
kets have become stronger as a result of the 2014 oil crisis. This finding suggests an
increase in portfolio diversification and supports the study of Arin et al. (2020). The
speculators and portfolio managers should take into account the contagion period
and macroeconomic determinants in constructing risk management portfolios.

We estimate the time-varying net return and volatility spillovers based on 200-day
rolling windows to identify which stock markets are net recipients and net transmit-
ters. Positive (negative) values reveal a transmitter (recipient) to (from) other stock
markets. Figure 6 depicts the net return spillovers across GCC stock markets over
time. The results show that the UAE was almost always a net giver of spillover to
other countries in return spillovers, reaching a peak of 50% between 2009 and 2010.
Besides, the second-largest contributor was Saudi, with an average net contribution
of 50% in 20162017, followed by Oman. By contrast, the other three markets were
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Fig.4 Total return spillover indices for GCC stock markets. The underlying variance decomposition is
based on a daily VAR system with 4 lags and generalized variance decompositions of 10-day-ahead vola-
tility forecast errors
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Fig.5 Total volatility spillover indices for GCC stock markets. The underlying variance decomposition
is based on a daily VAR system with 4 lags and generalized variance decompositions of 10-day-ahead
volatility forecast errors
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Fig. 6 Net return spillovers for GCC stock markets. The underlying variance decomposition is based on
a daily VAR system with 4 lags, generalized variance decompositions of 10-day-ahead volatility forecast
errors and 200-day rolling windows

net recipients for most of the rolling-sample periods. Consistent with the findings
in Table 3, Fig. 7 shows the dynamic evolution of the net volatility spillover index
for GCC stock markets. A close inspection of this figure demonstrates that Qatar,
Oman, and Bahrain markets are net receivers of shocks from other markets. The
UAE, Saudi, and Kuwait markets are the net contributor to shocks and significantly
affect the other markets. However, the UAE and Saudi markets are net recipients of
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Fig. 7 Net volatility spillovers for GCC stock markets. The underlying variance decomposition is based
on a daily VAR system with 4 lags, generalized variance decompositions of 10-day-ahead volatility fore-
cast errors and 200-day rolling windows

volatility spillovers during certain periods. Overall, it is hard to determine the source
of the recipient of net return and volatility spillovers since the net spillover bursts
in either a negative or positive direction. This supports the paper of Ziadat et al.
(2020).

To obtain a complete picture of the return and volatility spillovers among the
examined markets, we take into consideration the network of net-pairwise direc-
tional connectedness over the sample period. Figure 8 demonstrates the structure
of return and volatility spillovers across GCC stock markets, particularly the ones
where the magnitudes of directional spillovers are large. The thick and pronounced
red lines illustrate a greater extent of spillover in comparison with thicker ones.
More precisely, the size of the country circle presents the total spillover contribu-
tion to all other markets, and the width of the arrows represents the forecast error
contribution to a specific country. The graphical evidence is in line with the findings
of Table 3. Specifically, UAE, Saudi, and Qatar markets are strong transmitters of
shocks to other markets. This supports Charfeddine and Al Refai (2019)’s article.

In general, the net return spillovers fluctuated with high spikes during certain
periods, while the net volatility spillovers moved somewhat smoothly through time.
The bar graphs in each stock market exhibited asymmetric positive (transmitter) and
negative (net recipient) values over time. As a result, investors should pay much
attention to what happened in GCC stock markets because volatility spillovers exist
between UAE, Saudi and other countries. These findings are consistent with the
studies of Chowdhury (2020), Arin et al. (2020), Charfeddine and Khediri (2016).

This stylized fact supports previous studies. For example, Aloui and Hkiri
(2014) and Mensi et al. (2018) show the persistence of the short term and long-
term dependencies among GCC stock markets. Alqahtani and Chevallier (2020) fea-
ture extra sensitivity of Saudi Arabia and Qatar in terms of volatility indices, which
would be extremely useful for policymakers and banking analysts. Intra-regionally,
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Fig.8 Network Analysis of Return and Volatility Spillovers. The underlying variance decomposition is
based on a daily VAR system with 4 lags, generalized variance decompositions of 10-day-ahead volatil-
ity forecast errors and 200-day rolling windows

Ziadat et al. (2020) confirm UAE is the primary transmitter of information in the
GCC.

5 Conclusion

This study examines the time-varying nature of returns and volatility spillover
effects across stock markets for the Gulf Cooperation Council countries (Bahrain,
Kuwait, Qatar, Saudi Arabia, Oman, and the United Arab Emirates) during the
period 2008-2019 using both the multivariate DECO-GARCH model and the spillo-
ver index of Diebold and Yilmaz (2012).

Our dynamic conditional correlation model’s empirical results rely on the
assumption that any pairs of stock markets are equicorrelated on a given day, but
this correlation varies over time. The results suggest that the average return equicor-
relation among GCC stock markets is positive, even though it is found to be very
time-varying with certain periods, which impairs the benefits of GCC portfolio
diversification. Besides, our spillover analysis findings provide several straightfor-
ward insights into both the level and the dynamics of stock market integration in
the GCC countries over the past 10 years. The study reports that UAE, followed
by Saudi and Qatar, represents an active transmission of volatility shocks to others
among GCC stock market returns. This situation is also confirmed by the magni-
tudes of net returns and volatility spillovers moving from one variable to all others,
which implies that UAE, Saudi, and Qatar might act as catalysts for risk triggers
after the global financial crisis. On the other hand, Kuwait, Bahrain, and Oman stock
markets exhibit a weak relationship, indicating that these markets would be helpful
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for hedging and diversification opportunities in GCC countries. Overall, the direc-
tional nexus from UAE, Saudi, and Qatar to the other markets is higher than that
in the opposite direction. One of the striking results of this paper is that the plots
of total return and volatility spillovers are able to capture the main turning points
over the period shown. The plot of the DECO-GARCH model further confirms this.
Finally, our findings document significant heterogeneity among GCC stock markets
in the degree of spillovers over time, strengthening our understanding of the eco-
nomic channels through which GCC equity markets are correlated.

The above-mentioned empirical results have significant implications for portfolio
investors and market policymakers addressing the GCC stock markets, predicting
portfolio market risk exposures, and identifying the persistence of diversification
benefits in the markets under consideration. From the policymaker’s perspective, the
outcomes help to construct decoupling strategies to protect to safeguard the markets
against adverse risks. The net transmitter plays a vital role as a hub of the informa-
tion channels, while the net recipient serves as a node of the spillover effect (Mclver
& Kang, 2020). From the asset allocation perspective, UAE and Saudi seem to be
the most attractive markets for hedging and risk minimization because of lower
magnitudes with other stock market indices among GCC countries. Portfolio inves-
tors should adjust their diversified portfolios against the intensity of spillovers dur-
ing periods of turmoil.

Future research works can extend this study’s results by investigating the
time—frequency nexus across stock markets in the GCC regions and checking if the
developed stock markets impact GCC financial markets in a particular market state/
regime. From an investment perspective, it would be helpful for investors to adjust
their portfolio structure under low, medium, and high frequencies and across time
horizons to obtain the optimal decision-making process.
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