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COVID-19 has rapidly evolved into a global pandemic and has strongly

impacted financial markets of the world, including the Gulf Cooperation

Council (GCC) region. Since the outbreak is unprecedented, there is a need

to analyze the e�ects of the disease on volatility spillovers between equity

and bond markets. We empirically investigated the impact of the COVID-19

pandemic on the financial equity and debt markets in the GCC region. We used

the TVP-VAR dynamic connectedness approach to measure risk transmission

in the GCC market. This study investigated the time-varying behavior of GCC

equity and conventional and Islamic debt markets using data from 1 January

2019 to 30 August 2021. The results were also validated by performing a DCC-

GARCH analysis to check the shock and spillovers among the GCC markets.

We found the persistent shock transmitter roles of equity markets to bond

and Sukuk markets in the GCC region, and the total dynamic connectedness

increased during the first wave of the COVID-19 pandemic. Overall, the

significant level of interconnectedness exists within the GCC markets.
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Introduction

The COVID-19 pandemic started in late 2019 in China and then spread globally.

After its spread in a number of countries, the World Health Organization (WHO)

declared it a global pandemic in March 2020. According to studies, coronavirus disease

2019 (COVID-19) has become the fifth documented pandemic since the flu pandemic in

1918. The outbreak initiated in December 2019 from Hubei Province, and according to

the AJMC [1], it is categorized as one of the most infectious viruses to have ensued in

recent times. COVID-19 is attributed to the SARS-CoV-2, a family of SARS-CoV-1 that

almost caused a pandemic in 2002.

Furthermore, in early 2020, the pandemic spread rapidly throughout the world,

which led to economic problems all over the world. COVID-19 has crippled the existence

of many, causing numerous losses of lives and livelihoods. As a result of these economic

and mortality issues, a number of research studies were conducted to find the economic

impact of the crisis, especially in areas of high recorded cases.
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With the surge in COVID-19 cases, governments of different

countries were forced to implement movement restrictions to

control the spread of the disease. These restrictions/lockdowns

resulted in adverse consequences in terms of economies.

Hence, governments were in the dilemma of choosing between

public health concerns and the recovery of economies [2–

4]. Furthermore, governments were also not sure about the

effectiveness of these policy measures. As a result, some

countries eased these restrictions to mitigate the adverse impacts

on their economies.

COVID-19 also affected financial markets (equity, debt,

commodities, and cryptocurrencies) since it was declared a

global pandemic [5–9]. These health-based concerns shattered

investors’ conferences on financial markets. Investors in equity,

debt, and commodity markets faced significant losses due to

negative growth projections as investors base their financial

decisions on news, economic news, market announcements, and

sentiment, which showed higher volatilities [10–13].

The impact of the COVID-19 pandemic first appeared in

Chinese stock markets when fears of the spread of COVID-19

to different countries increased. Various Chinese stock market

indices exhibited a decreasing trend during the initial phase of

the COVID-19 pandemic [14–16]. The fears of the spread of

the pandemic further reduced the Dow Jones Industrial Average

index, and S&P 500 index plunged rapidly in March 2020. The

FTSE 100 Index of the Europeanmarket also experienced a sharp

fall during the initial wave of COVID-19 [17]. Overall, major

equity market indices lost 30–42% market valuation during the

COVID-19 pandemic [18].

Surprisingly, the bond market was also adversely affected by

the COVID-19 pandemic. For instance, the 10-year sovereign

government, which is a risk-free asset, was also affected by the

COVID-19 pandemic. For example, U.S., U.K, German, and

French bonds plunged from 5.50 to 6.5%. The existing studies

show that the COVID-19 pandemic increased sovereign bond

spreads and sovereign risk premiums and increased interest

rates [19–21]. The initial adverse impacts on bond markets

were mitigated by the timely intervention by the U.S. Federal

Reserve [22–24]. Overall, the bond market appeared relatively

stable, while the stock market experienced high-level volatility.

However, the advent of the second decade of the 21st century

saw the equity market returns to dominance. Notwithstanding,

the bond markets kept producing substantial returns. Although

the U.S. Federal Reserve (Fed) reduced special interest rates in

2019, the U.S. bond market still had impressive returns.

As the Gulf Cooperation Council (GCC) region faced

a threat to the economy due to the low oil price shocks,

governments and regulators in these countries aimed to protect

the lives of their people and stabilize the economy from adverse

shocks due to the COVID-19 pandemic [4, 25–27].

However, the literature on the GCC debt market is scarce,

which warrants further investigation during the COVID-19

pandemic to guide the investment managers and governments

of GCC countries. Therefore, to contribute to this stream

of literature, this study investigates the volatility transmission

behavior of equity and debt markets of the GCC region by using

the TVP-VAR model.

The study findings reveal the net transmitter role of the GCC

equity markets toward the bond and Sukuk markets. Overall,

the S&P equity markets of GCC countries and at the regional

level are persistent transmitters of shocks to debt markets. These

results support the equity market investment managers to hedge

their risks during the COVID-19 pandemic.

The remainder of this article is organized as follows: Section

2 provides a brief literature review on the impact of COVID-19

on stock and debt markets in the GCC region; section 3 explains

the dataset used in this study and presents the methodology

employed; section 4 discusses empirical results; and section 5

concludes the study.

Literature review

Several studies have discovered that the health of a

population, as measured by birth and mortality rates, is directly

connected to economic growth [28]. According to McKibbin

and Fernando [29], there are numerous conduits through

which disease outbreaks impact the economy. Some are seen

through direct and indirect economic consequences, such as

high inflation rates, prices of commodities, GDP growth, and

other macroeconomic factors. At the same time, different

channels may be classified as having positive or negative impacts.

However, these factors have been the subject of study, entailing

the use of several modeling techniques to assess the effect of

infectious outbreaks.

The COVID-19 pandemic also adversely affected global

supply chains, which further slowed economic activities as

most of the countries rely on inputs of China. As a result,

global financial markets have plunged. The COVID-19 crisis

is unique and cannot be compared with the global financial

crisis as lockdowns and movement restrictions are not present

in previous financial crises. Today’s world is also integrated,

and spillover effects arise from one market affect the other.

For instance, equity and bond markets are closely integrated,

and spillover risk also affects the bond markets [30]. The

COVID-19 pandemic can potentially disturb the economy if

proper measures for mitigation of its adverse impacts are not

implemented [31]. COVID-19 can reduce 0.5% of global GDP

if not adequately managed [32].

The adverse impacts of COVID-19 are also reflected

in the poor financial performance of stock markets. There

was a high level of uncertainty, volatility, and danger

experienced in financial markets from February 2020 to

23 March 2020. The equity markets witnessed a drastic

decline, losing about 30% of their value within a few

weeks, and the sell-off speed was faster than that during
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2008/2009 Global Financial Crisis (GFC) [18]. The COVID-

19 pandemic wreaked havoc on financial institutions. As

the coronavirus kept spreading throughout the globe,

borrowers and businesses began to experience job losses,

reduced sales, and decreased profitability. The economic

situations that emerged from the COVID-19 pandemic were

unanticipated, thus prompting a swift response from the

Federal Reserve.

The loss in stock markets requires policy interventions

from regulators and governments to safeguard the financial

system and reduce excessive volatilities [33]. Most of the capital

is invested in stock markets, and market returns are highly

influenced by macroeconomic news and investors sentiments

[34–36]. Investors can predict stock returns by considering

macroeconomic factors, but this task becomes problematic when

a health-based crisis affect financial markets.

Investors base their investment decisions by considering

the volatility of stock markets as greater volatility denotes

an increase in the risks, and low volatility denotes stable

prices, which may increase the returns of portfolio managers

[37, 38]. Thus, investors anticipate a bearish market in the

presence of higher volatility. For instance, a bearish market

was present during the COVID-19 pandemic when most of the

markets plunged.

The existing studies [39] highlighted the negative impact of

the COVID-19 pandemic on stock markets. Baker et al. [39]

highlighted various reasons for negative returns of the U.S. stock

market: restrictions, social distancing, and the lack of economic

activities. Onali [40] investigated the impact of COVID-19 on

the U.S. stock market returns using the GARCH model and

found that stock market returns are not affected by COVID-

19 cases and deaths. Furthermore, Yousfi et al. [41] studied

the impact of COVID-19 on returns and volatility of U.S. and

Chinese stock markets during the first and second waves, and

they found contagion effects between these markets during the

initial wave of the COVID-19 pandemic. Corbet et al. [42] also

found the contagion effects of firms named corona in Chinese

stock markets by using the DCC-GARCH method. Zhang et al.

[43] also found that the spread of COVID-19 is associated

with an increase in the risk of global financial markets, which

causes significant losses for investors. Narayan et al. [44] tested

the effect of government response regarding COVID-19 in G7

countries on stock returns. They found the positive impact of

lockdowns, economic stimulus packages, and travel restrictions.

Phan and Narayan [45] found that unexpected news regarding

COVID-19 may lead to over-reaction of investors, and the

market will recover with the availability of information.

Furthermore, some studies highlighted the impact of the

COVID-19 pandemic on the uncertainty in economic policies.

For example, Ashraf [46] used the COVID-19 cases and death

to investigate the response of the stock market to the COVID-19

pandemic. Overall, their findings suggest that the stock markets

responded negatively to the increase in new cases.

Some studies [47–49] also highlighted the adverse impacts

of COVID-19 on stock market volatility using the wavelet

coherence approach to find the time-varying effect of COVID-

19 on stock market volatility. Moreover, Haroon and Rizvi

[50] suggested that labor market disruption caused by this

pandemic has been the quickest and most severe in recent

U.S. history, implying an increase in market volatility and

heightened uncertainty, causing panic and unusual behaviors in

the local markets.

Alam et al. [51] also posited that the COVID crisis had

affected the global financial sectors in a never-before-seen

fashion. Employing FX equity, Bitcoin, national debt, crude

oil and gold local market, they suggested that the markets

in the former focus and origin China has steadied. At the

same time, the rest of the international entities suffered

destabilization as the infection spread, including the relatively

secured commodities in the United States. This uncommon and

novel occurrence has forced governments across the world to

set emergency protocols such as vaccinations, social distancing

rules, quarantine and testing rules, community awareness

platforms, and stimulus checks.

Czech et al. [52] also investigated the effect of the recent

outbreak on the Visegrad Four (Czech Republic, Hungary,

Poland, and Slovakia) in Europe. They opined that based on the

T-GARCH model, there was significant depreciation in the V4’s

exchange rates because of the pandemic. Furthermore, Shehzad

et al. [53] demonstrated that health checks and lockdowns have

peremptorily diminished the financial system based on U.K.

stock markets, inferring that governments should apportion

more funds to conquer any future health crisis.

In general, Wei and Han [54] revealed the financial

assessment of 37 sample countries with severe COVID cases,

including 17 of the G20, was negatively impacted. Their study

showed that equity, FX rate, government bonds, and credit

default swaps were weakened and that strong fiscal policies will

be needed to stimulate the local markets. Albulescu [55] and

Bakas and Triantafyllou [56] empirically analyzed the crisis and

stated that the decline in the U.S. real sector (tourism and travel,

manufacturing, etc.) was caused by the sanitary crisis, and there

is also damage done on the volatility of commodity markets.

Some studies [57–60] also found the positive impact of the

COVID-19 pandemic on agricultural commodities, gold, and

cryptocurrencies. For instance, the price of Bitcoin, Ethereum,

soft commodities, and gold remains relatively stable during

the COVID-19 pandemic due to their inelastic demand and

because of their safe haven properties. Yousef and Shehadeh

[61] reported that an upward trend will continue in the gold

market until a vaccine or other viral therapies are produced to

stabilize the global economic picture because the spread and

events of the COVID-19 pandemic are somewhat connected to

the economies of the countries of the world at large. In general,

from reports of events that ensued because of the COVID-

19 crisis on the financial markets globally, only gold and soft
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FIGURE 1

The S&P equity, bond and Sukuk indices prices.

commodity markets seemed to fare better and experience an

upward turn because of their increased demand as these have

served as leverage assets for investors.

Finally, some studies [4, 9, 21] investigated the impact of the

COVID-19 crisis on the volatility of debt and equity markets

in the GCC region. For example, government interventions

may result in higher uncertainty in the bond market, which

can negatively affect the value of sovereign bonds. Therefore,

policymakers should consider the stabilization effects of the

policies; otherwise, excessive restrictions may result in increased

volatility. So, studying COVID-19 and sovereign bond market

volatility is important to untangle the unforeseen effects of

COVID-19 on the bond market. We contribute to the literature

by studying the time-varying volatility spillovers of equity and

bondmarkets in the GCC region before and during the COVID-

19 pandemic. So far, studies have not examined the time-

varying behavior of GCC financial equity and debt markets

using the TVP-VAR connectedness approach. Hence, this study

will help the academic community and portfolio managers by

giving insights into how the infection has affected the volatility

spillovers in the local financial market based on equity and bond

markets in GCC countries.

Methodology

Data

To analyze and study the impact of the COVID-19 pandemic

on equity and bond market returns, daily data on GCC equity

index closing price and GCC sovereign bond index closing price

before COVID-19 (1 January 2019 to 31 December 2019) and

during the pandemic (1 January 2020 to 30 August 2021) were

collected. These equity and sovereign bond markets are essential

for stability of the global financial system due to the volatility

spillover effects of these markets on other sectors/markets.

Moreover, our dataset includes the data on the first, second, and

third waves of COVID-19, which are useful to observe variations

in volatility across different waves of the COVID-19 pandemic.

Moreover, our dataset includes the data of the first, second, and

third waves of COVID-19, which are useful to observe variations

in volatility across different waves of the COVID-19 pandemic.

The raw prices time series of GCC stock indices, GCC

regional equity index, and GCC bond and Sukuk indices are

shown in Figure 1. Overall, Figure 1 shows that the prices of

equity and bond market indices exhibited a sharp reduction

during the initial wave of the COVID-19 pandemic, and the

prices recovered sharply from the pre-pandemic level and

showed an increasing trend during the second and third waves

of the COVID-19 pandemic.

However, the GCC equity and bond market prices follow

non-stationary and unit root test processes. For implementing

the dynamic connectedness approach, we transformed the data

using the first log-difference of series:

yit = log(xit ) − log (xit−1).

The transformed series are shown in Figure 2. Figure 2 also

shows the log-return increase around the first wave of the

COVID-19 outbreak.
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FIGURE 2

The S&P equity, bond and Sukuk indices returns.

Selection of estimation technique and
research hypothesis

In this study, we investigated the impact of COVID-19 on

volatility in the equity and debt markets in GCC to observe

changes in volatility before and during the COVID-19 pandemic

and test whether volatility spillover can be predicted using the

TVP-VAR dynamic connectedness approach.

For time series model selection to measure risk, we followed

the existing studies in which different measures for checking

the risk/volatility are used, for instance, standard deviation,

kurtosis, and skewness. However, standard deviation requires

normally distributed returns of the data; skewness considers

extreme values in the data, instead of average returns of the

time series [62, 63]. On the contrary, kurtosis is used in the

time series data with extreme values [63, 64]. Skewness is used

in various studies in developing and developed markets for

measuring volatility.

However, during the financial crisis, the distribution of

returns changes abruptly, and the skewness and kurtosis

cannot measure the volatility of returns. Existing studies on

measuring the volatility spillovers [65–68] have measured

volatility transmission using the two-step procedure.

Engle [69] proposed the autoregressive conditional

heteroscedasticity (ARCH) process to integrate the time-

varying volatility, and Bollerslev [70] developed the generalized

autoregressive conditional heteroscedasticity (GARCH) model

to cater few inadequacies of ARCHmodels.

A number of studies using the GARCH family of models

have proven to yield accurate results, and the GARCH system

has essentially become the initial and important method for

modeling volatility in financial time series data [71].

However, recent studies applied the dynamic connectedness

approach by Diebold and Yilmaz [67, 72] and Diebold and

Yilmaz [73] to study the volatility transmission across financial

markets. This approach considers the volatility transmission

of large networks by using the VAR estimation toolkits, for

example, impulse response function (IRF) and generalized

forecast error variance (FEVDs). This approach provides

information about the relative impact of shock in one variable to

another variable forecast error variance by considering feedback

loops across the network. However, the original connectedness

approach has some shortcomings. For instance, in the original

method by Diebold and Yilmaz [67, 72, 73], the rolling-window

size is randomly selected. The use of the optimal window size

estimated by the mean squared prediction error is suggested in a

recent study by Antonakakis et al. [74]. They also suggested the

use of the TVP-VAR approach, which is based on multivariate

Kalman filters [75, 76], and it provides better estimates in the

presence of outliers, which are most prominent during the

crisis times.

Furthermore, according to Caloia et al. [77], the original

dynamic connectedness approach is also based on normalization

techniques and may provide suboptimal results. They suggested

that scalar-based normalization of generalized forecast error

variance is preferable for reducing the sign and rank errors.
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Therefore, by following the studies by Balcilar et al.

[78] and Gabauer and Gupta [79], and Samitas et al. [80],

we applied the time-varying parameter vector autoregression

(TVP-VAR) approach to study the time-varying volatility

spillovers across equity and debt markets. This approach is

helpful in monitoring spillovers across financial markets. The

health-based COVID-19 crisis and strength of shocks are

accurately investigated using this approach, which is useful for

governments and policymakers to mitigate the adverse impacts

of volatility spillovers.

Therefore, based on the aforementioned discussion of

volatility spillovers and their estimation, we examine the

following hypothesis using the TVP-VAR model:

(H0): COVID-19 pandemic had a significant impact on the

volatility spillovers between equity (S&P GCC individual

countries and regional equity indices) and debt market

(bonds and Sukuk) of the GCC countries.

Research methods

Time-varying parameter vector autoregression

The TVP-VAR dynamic connectedness approach of

Antonakakis et al. [74] is applied, based on the study by Diebold

and Yilmaz [72] and Koop and Korobilis [76]. The TVP-VAR

model with the lag length of order one is selected by applying

the Bayesian information criterion (BIC):

yt = Btyt−1 + ǫt ǫt ∼ N (0,6t)

vec (Bt) = vec
(

Bt−1
)

+ vt vt ∼ N (0,Rt)

where k, k = 1, K, are N × N parameter matrices; e yt , yt−1
and ǫt are K × 1 dimensional vectors; and Bt and 6t are K × K

dimensional matrices. vec (Bt) and vt are K2 × 1 dimensional

vectors, whereas Rt is a K2 × K2 dimensional matrix. The TVP-

VAR model allows all parameters (Bt). Hence, the relationship

across time series varies over time. Furthermore, it also provides

the time-varying variance–covariance matrices, 6t and Rt .

The Wold decomposition or Wold representation theorem

can be used to transform the TVP-VAR model into the TVP-

VMAmodel:

yt =
∑∞

h=0
Ah,tǫt−i w

Here, A0 = IK and ǫt is a vector of white noise shocks

(symmetric and not orthogonal) with the K × K time-varying

covariance matrix of E
(

ǫtǫ
′

t

)

= 6t . Thus, the estimatedH-step

forecast error can be written as follows:

ξt(H) = yt+H − E
(

yt+H | yt , yt−1, . . .
)

=

H−1
∑

h=0

Ah,tǫt+H−h,

with a forecast error covariance matrix equal to:

E
(

ξt(H)ξ
′

t (H)
)

= Ah,t6tA
′

h,t .

Dynamic connectedness approach

The relationship between equity and bond markets

during the COVID-19 pandemic lacks economic justifications

supporting the order of selection of variables. Therefore, we

choose the generalized connectedness approach by Diebold and

Yilmaz [72]; Diebold and Yilmaz [73] following the study by

Wiesen et al. [81].

The generalized dynamic connected framework is

based on the H-step ahead generalized forecast error

variance decomposition (GFEVD). The (scaled) GFEVD,

gSOTij,t , can be interpreted as the effect a shock in the

variable j has on the variable i and can be presented

as follows:

ζ
gen
ij,t (H)

=
E

(

ξ2i,t(H)
)

− E
[

ξi,t(H)− E
(

ξi,t(H)
)

| ǫj,t+1, . . . , ǫj,t+H
]2

E
(

ξ2it(H)
)

=

∑H−1
h=0

(

e
′

iAht6tej
)2

(

e
′

j6tej
)

∑H−1
h=0

(

e
′

iAht6tA
′

htei
)

gSOTij,t =
ζ
gen
ij,t (H)

∑K
j=1 ζ

gen
ij,t (H)

,

where ei is a K × 1 zero selection vector with unity on

its i-th position and ζ
gen
ij,t (H) is the proportional reduction of

the H-step forecast error variance of the variable i owing to

conditioning on future shocks of the variable j.
∑K

j=1 ζ
gen
ij,t (H) 6=

1, and Diebold and Yilmaz [67, 72, 73] proposed to

normalize it to unity by the row sum estimated in generalized

spillover table, gSOTij,t .

The fundamental of multiple spillover summary measures

is the generalized dynamic spillover average table like the

total directional connectedness from others to the variable i

and total directional connectedness to others from a shock

in the variable i. This shows how a variable i is impacted

by the network and the influence of the variable i on the

whole network.

These connectedness metrics can be written as follows:

S
gen, f rom
i←·,t =

K
∑

j=1,i 6=j

gSOTij,t

S
gen,to
i→0,t =

K
∑

j

gSOTji,t .

Another dominant metric of the dynamic connectedness

approach is known as the net total directional connectedness of
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the variable i, which explains whether the variable i influences

the network more than being influenced by it:

S
gen,net
i,t = S

gen,to
i→0,t − S

gen,from
i←·,t

If S
gen,net
i,t > 0

(

S
gen,net
i,t < 0

)

, the variable i is a net

transmitter (receiver) of shocks, indicating that the variable i is

driving (driven by) the network.

The total connectedness index (TCI) demonstrates network

interconnectedness. In other words, market risk is a crucial

indicator for managers and investors in equity and debt markets.

The TCI is defined as the average total directional

connectedness from (to) others and can be expressed by the

following equation:

gSOIt =
1

K

K
∑

i=1

S
gen,from
i←,t =

1

K

K
∑

i=1

S
gen,to
i→0,t ,

whereas, a high value of TCI shows the increased risk in

the market and a high degree of network spillovers. If it has a

low value, it shows that there is a low risk, and shocks in one

variable are driven by its future values and not transmitted to

other variables.

Finally, the dynamic connectedness approach also delivers

the information about the net pairwise spillover relationship

between two variables, which are defined as follows:

S
gen,net
ij,t = gSOT

gen,to
ji,t − gSOT

gen,from
ij,t .

If S
gen,net
ij,t > 0

(

S
gen,net
ij,t < 0

)

, the variable i has a higher

impact on the variable j than vice versa, implying that the

variable i dominates the variable j.

Dynamic conditional correlation GARCH

In order to validate the results, the dynamic conditional

correlation (DCC-GARCH) model is used. The model can

be viewed as a generalization of the Bollerslev [82] constant

conditional correlation (CCC) estimator. The model involves

the following two steps: The conditional heteroskedasticity

is calculated in the first step, which is Bollerslev’s constant

conditional correlation (CCC) estimator [82]. In the next step,

the generalization of Bollerslev’s CCC captures dynamics in the

correlation. Hence, the model is known as dynamic conditional

correlation (DCC). The transmission of economic shocks can be

evaluated by an alternative methodology by Gabauer [83], who

examined the volatility shock transmission mechanism through

a DCC-GARCH-based connectedness framework, which is used

in this study. Volatility impulse response functions (VIRF) for

DCC-GARCH can be estimated and incorporated using the

dynamic connectedness approach by Diebold and Yilmaz [72].

Empirical results

In this section, we present the results of the descriptive

statistics and dynamic connectedness approach.

Descriptive statistics

First, Table 1 shows the descriptive statistics of daily returns

of equity indices in the GCC countries, bond, and Sukuk indices.

For the construction of descriptive statistics, the descriptive

statistics of the whole sample (1 January 2019 to 30 August

2021), as shown in Table 1, and descriptive statistics during the

pandemic (1 January 2020 to 30 August 2021) were used, as

shown in Table 1.

Furthermore, Table 1 shows that most of the series exhibit

positive average returns in the whole sample and during the

COVID-19 pandemic. For instance, the GCC equity market

returns are 1.15 and 1.45% in the whole sample and during

the COVID-19 pandemic. Furthermore, the bond and Sukuk

average returns are 0.25 and 0.037% in the whole sample,

respectively. On the other hand, the bond and Sukuk returns are

0.46 and 0.047%, respectively. These results suggest that the debt

market of the GCC region recovered quickly and provided better

returns to investors during the COVID-19 pandemic.

Furthermore, the higher variance of the S&P equity market

is highest at the regional level, with 100.49 and 157.87 in the

whole sample and during the COVID-19 pandemic, respectively.

Moreover, the variance of the S&P index of Saudi Arabia is

very high compared with other indices; hence, the S&P Saudi

Arabia index is a riskier asset during the study period. All the

return series are significantly right-skewed in the study period,

showing the median is smaller than the means. Moreover, the

Jarque–Bera normality test shows that all-time series exhibit

the leptokurtic distribution and have fat tails compared with

the normal distribution. These results are in line with Jarque

and Bera [86], who showed that all financial assets are not

normally distributed.

Furthermore, the Elliott et al. [87] ERS unit root test

results show that all returns series are stationary at a 1%

significance level.

Furthermore, the goodness of fit of the time series is

tested using Fisher and Gallagher’s [88] weighted portmanteau

test, which shows that the returns and squared returns are

autocorrelated. The test endorses our decision of modeling the

interconnectedness of the series using a TVP-VAR approach.

Averaged dynamic connectedness

The average dynamic connectedness results of the TVP-VAR

approach are given in Table 2.
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TABLE 1 Descriptive statistics.

SandP Bahrain SandP Kuwait SandP Oman SandP Qatar SandP Saudi Arabia SandP UAE SandP GCC Equity SandP GCC Bond SandP GCC Sukuk

Descriptive statistics full sample (1st January 2019 to 30th August 2021).

Mean 2.159 1.637 1.766 3.05 17.712 1.647 1.152 0.259 0.037

Variance 389.013 306.778 196.36 355.016 11,158.628 93.315 100.49 1.883 0.021

Skewness 24.142*** 24.308*** 23.514*** 21.459*** 20.832*** 17.479*** 23.783*** 12.070*** 10.286***

0 0 0 0 0 0 0 0 0

Ex.Kurtosis 610.341*** 613.534*** 586.013*** 512.901*** 491.103*** 366.900*** 597.090*** 161.015*** 130.696***

0 0 0 0 0 0 0 0 0

JB 10,745,618.503*** 10,858,572.611*** 9,907,840.199*** 7,594,075.348*** 6,963,649.515*** 3,894,011.837*** 10,285,004.056*** 759,916.358*** 501,802.950***

0 0 0 0 0 0 0 0 0

ERS −9.424*** −8.631*** −10.434*** −9.567*** −8.766*** −6.161*** −9.104*** −4.265*** −5.067***

0 0 0 0 0 0 0 0 0

Q (10) 14.666*** 29.440*** 2.355 13.675** 23.704*** 130.345*** 17.558*** 446.913*** 512.069***

−0.007 0 −0.902 −0.011 0 0 −0.001 0 0

Q2 (10) 0.111 0.745 0.009 0.104 0.339 9.908* 0.114 221.724*** 175.131***

−1 −0.997 −1 −1 −1 −0.073 −1 0 0

Descriptive statistics full sample COVID-19 (1st January 2020 to 30th August 2021)

Mean 2.849 2.244 2.108 3.204 20.611 2.115 1.455 0.362 0.047

Variance 616.975 488.85 301.035 525.042 17,023.583 145.358 157.656 2.971 0.033

Skewness 19.278*** 19.277*** 19.656*** 18.844*** 17.541*** 14.258*** 19.287*** 9.573*** 8.383***

0 0 0 0 0 0 0 0 0

Ex.Kurtosis 385.669*** 384.040*** 396.637*** 373.500*** 335.389*** 239.055*** 385.829*** 100.219*** 84.613***

0 0 0 0 0 0 0 0 0

JB 2,691,568.304*** 2,669,099.380*** 2,846,357.157*** 2,524,858.832*** 2,037,424.060*** 1,038,454.622*** 2,693,802.048*** 186,518.139*** 133,308.602***

0 0 0 0 0 0 0 0 0

ERS −7.465*** −6.827*** −8.268*** −7.551*** −6.994*** −4.826*** −7.206*** −3.363*** −4.069***

0 0 0 0 0 0 0 −0.001 0

Q (10) 8.863 18.345*** 1.564 9.762* 15.089*** 82.895*** 10.858** 273.811*** 329.862***

−0.117 −0.001 −0.97 −0.078 −0.005 0 −0.047 0 0

Q2 (10) 0.064 0.456 0.011 0.06 0.196 6.035 0.066 137.095*** 107.414***

−1 −1 −1 −1 −1

Denote significance at 5% significance level.

Skewness: D’Agostino [84] test; Kurtosis: Anscombe and Glynn [85] test; JB: Jarque and Bera [86] normality test; ERS: Elliott et al. [87] unit-root test; Q(10) and Q2(20): Fisher and Gallagher [88] weighted portmanteau tests.
* , ** , and ***shows the significance at 10, 5, and 1% significance level.
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In Table 2, the diagonal elements link to their own

contribution to volatility spillover, whereas off-diagonal

elements refer to contribution “from” or “to” others.

Furthermore, rows in Table 2 link the contribution of each

equity and bond market index to forecast error variance of that

specific asset in the system, and columns, on the other hand,

relate one particular financial asset to all other assets separately.

The dynamic network of equity and bond markets can

determine the internal connectedness of the system, with an

average TCI value of 74.41%. The estimated forecast error

variance of 74.41% within the dynamic connectedness network

shows higher cross-market correlations. Furthermore, the GCC

equity market transmits shocks in the system to the bond and

Sukuk markets, with a higher forecast error variance value of

94.24%. This finding shows that the equity market transmits

shocks to other financial markets, and the connectedness is

higher between equity and debt markets. The individual equity

and bond market indices receive shocks from equity markets.

Dynamic total connectedness

However, the average dynamic correlation table did

not provide the information across time to not segregate

connectedness during financial crisis and other macroeconomic

events. For this purpose, we also checked the dynamic total

connectedness (TCI) across time to check its time-varying

impact on volatility transmission across equity and debtmarkets.

Furthermore, this approach enables us to investigate the role of

variables as net receivers or net transmitters. Figure 3 shows the

dynamic total connectedness results.

As shown in Figure 3, total connectedness is within the

range of 75 to 85% over the study’s sample period. The TCI

and adjusted TCI are reduced in pre-COVID-19, and the TCI

increased during the first wave of COVID-19 (March–April

2020). Overall, the TCI remains stable after the first wave of

COVID-19. The highest peak of TCI is around 95% at the

start of 2019. Overall, TCI values above 80% indicate that

higher spillovers exist between equity and bond markets in the

GCC region. These indices are responsive to the health-based

COVID-19 crisis due to higher uncertainties.

Net total directional connectedness

We also investigated the net total directional connectedness,

as shown in Figure 4. This analysis is used to classify the equity

and debt market indices into net receiving or net transmitting

indices. Furthermore, we can also identify the role of any index

as a net receiver or net transmitter of shocks over time. In the

first step, we can check whether the function of indices varies or

remains stable across the study period.
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FIGURE 3

Dynamic total connectedness. The of TVP-VAR approach with lag-length of order one by (BIC) criterion and a 20-step-ahead generalized

forecast error variance decomposition (FEVD) are provided in this figure. The blue area represents the total connectedness (TCI) and brown area

shows the adjusted TCI.

FIGURE 4

Dynamic net total directional connectedness. The of TVP-VAR approach with lag-length of order one by (BIC) criterion and a 20-step-ahead

generalized forecast error variance decomposition (FEVD) are provided in this figure. The colored area represents the net total directional

connectedness, and its positive values indicates the net transmitter role and negative values indicate the net receiving role of financial market

indices.

Figure 4 shows the positive values relating the net

transmitting role and negative values to the net receiving role of

equity and debt market indices. As shown in Figure 4, the S&P

Bahrain, S&P Kuwait, and S&P GCC regional equity market

indices are persistent transmitters of shocks to other markets.

Furthermore, the S&P GCC bond and Sukuk indices are the

persistent net receivers of shocks from the equity markets in the

GCC region. Throughout the study, the other individual equity

market indices assume both net receiver and transmitter roles.

The S&P Oman, Qatar, Saudi Arabia, and UAE indices become
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FIGURE 5

Dynamic net pairwise total directional connectedness. The of TVP-VAR approach with lag-length of order one by (BIC) criterion and a

20-step-ahead generalized forecast error variance decomposition (FEVD) are provided in the this figure. The filled area represents the net total

directional connectedness. The positive values indicate the net transmitter role and negative values indicate the net receiving role of financial

market indices.

the net receiver of shocks from the net transmitter role before

the COVID-19 pandemic. Overall, our findings suggest that

equity markets in the GCC region transmit shocks to bond and

Sukuk markets in the GCC region.

Net pairwise directional connectedness

In the next step, we investigated the net pairwise

connectedness between equity and debt market indices to

determine how their roles evolved over time. As shown in

Figure 5, the GCC Sukuk and GCC equity markets are the net

receiver of shocks and GCC bond, and GCC equity markets

are also net receivers of shocks, and GCC Sukuk and GCC

bond markets are both net receiver and transmitter of shocks

during the study period. Overall, we found that these equity and

bondmarkets are highly connected. For portfolio diversification,

portfolio managers should invest in bond markets to hedge

against risk in the equity markets.

Dynamic connectedness network plot

Figure 6 shows the network plot of the return connectedness

between equity and bond market indices. The GCC regional

equity market is the net transmitter of shocks to the equity

markets of GCC countries, and it also transmits shocks to the

bond and Sukuk markets of the GCC region. The S&P GCC,

Kuwait, and Bahrain markets send shocks to bond and Sukuk

markets. The S&P Oman and Qatar equity indices are also

FIGURE 6

Dynamic connectedness network plot. The of TVP-VAR

approach network plot is displayed in this figure. The Blue nodes

exhibit the net transmitter role of bond and equity market

indices and yellow nodes illustrate the net receiver of the

shocks. Vertices are the measures of weighted average net

pairwise directional connectedness. The nodes size shows the

weighted average net total directional connectedness.

net receivers of shocks. These results show that equity market

investors should consider spillovers from equity to debt markets.

DCC-GARCH results

The results of TVP-VAR estimation are validated and

compared with DCC-GARCH results to the forecast error
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FIGURE 7

Dynamic connectedness network plot by DCC. The of TVP-VAR

approach network plot is displayed in the Figure 6. The Blue

nodes exhibit the net transmitter role of bond and equity market

indices and yellow nodes illustrate the net receiver of the

shocks. Vertices are the measures of weighted average net

pairwise directional connectedness. The nodes size shows the

weighted average net total directional connectedness.

variance decomposition method. The results of the dynamic

connectedness network plot by DCC-GARCH are shown in

Figure 7.

The results showed that S&P Kuwait and UAE equity

markets send shocks to the bond and Sukuk markets. The S&P

Oman, Qatar, Saudi Arabia, and Bahrain equity indices are also

net receivers of shocks. The results are similar to the TVP-VAR

model, and Sukuk and bond markets are receiver of shocks and

spillover, while the equity markets of GCC are net transmitter

of shocks. This method shows the difference between Bahrain

and Saudi Arabia equity markets, which are the net receiver of

shock, while they are the transmitter of shocks in the TVP-VAR

approach. Overall, our results validate the TVP-VAR approach

used in our research.

Conclusion and final discussion

The rapid growth of investments in debt markets due to

higher uncertainties in equity markets over the past decade

gained the attention of academics and portfolio managers

to optimize and diversify their portfolios during times of

financial or health-based crisis. We investigated the dynamic

connectedness and volatility spillovers between S&P equity

indices of individual countries, regional GCC equity indices,

and S&P bond and Sukuk market indices before and during the

COVID-19 pandemic. The TVP-VAR approach was applied in

this study, which is the extension of the dynamic connectedness

approach by Diebold and Yilmaz [72] and Diebold and Yilmaz

[73] to solving the outliers, rolling window size, and parameter

normalization issues.

The empirical results were also evaluated using the DCC-

GARCH model by Gabauer [83] to investigate spillovers

across various GCC markets. The empirical results validate

the results obtained by TAP-VAR method. The difference in

results lies in Bahrain and Saudi Arabia equity markets, which

are the net receivers of shock in the DCC-GARCH model

as well as transmitters of shock in the TVP-VAR approach,

while other results are similar to those obtained using the

two approaches.

Overall, we found that the S&P equity markets are persistent

transmitters of shocks to bond and equity markets. The

higher connectedness in the GCC equity and debt market

indicates the lower diversification potential of bond and Sukuk

markets for investors of equity during the COVID-19 pandemic.

Overall, our analysis confirms an existence of a definite and

significant level of interconnectedness within GCC markets,

and a well-diversified portfolio could be the best solution to

respond to this interconnectedness. The study findings could

be helpful for portfolio managers in GCC equity markets

regarding diversification opportunities in the debtmarkets of the

GCC region.
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