Network connectedness of the term structure of yield curve and Sukuks
Zaghum Umar
College of Business, Zayed University,
Abu Dhabi, United Arab Emirates,
Institute of Business Research, University of Economics Ho Chi Minh City,
Ho Chi Minh City, Vietnam;
Email:zaghum.umar@gmail.com
Yasir Riaz
Department of Business Studies
Namal University, Mianwali, Pakistan
Email:yasir.riaz@namal.edu.pk
Yasir Shahab
Associate Professor
School of Accounting, Xijing University
X1 0Shaanxi, China
Contact Number: +8613126584641
roulett360@yaho00.co20180223@xijing.edu.cn
Tamara Teplova
National Research University Higher School of Economics,
Russian Federation
Email:tteplova@hse.ru
Conflict of Interest:
All Authors declare that they have no conflict of interest.
Acknowledgments:
Yasir Shahab acknowledges the financial suppo
Chinadé for OResearch Fund f or benm®Rl&04n0d46andnal Y
OFunds -fevelHi Qal ents of Xijing Uni veresearthy ( 20:
is party funded by Institute of Business Research, University of Economics Ho Chi Minh City,
Ho Chi Minh City, Vietnam

Please cite paper as follows.

Umar, Z., Riaz, Y., Shahab, Y., & Teplova, T. (2023). Network connectedness of the term structure
of yield curve and global SukuacifiBasin Finandourna0, 102056.



Network connectalnessof the term structure of yield curve and Sukuks

Abstract
This papeexplores the connectedness betwiaemeturns and volatilities of the conventional and
Islamic bond marketdVe use the level, slope, and curvature of the US yield amdestimate
the connectednessf these factorsvith the Dow Jones Islamic indicédsf 3 to 10 years of
maturity). The static analysis shows tlexel and slope of the conventional yield cuave the net
transmitters of shocks while the Islamic indidesve beemmostly at the receiving end. The
dynamic connectedness analysis shows a varying degree of the connectedness over the full sample
period characterized by distinctiveajectoriesof boons and busts. The pairwise connectedness
analysis als@onfirmsthat level and slope are the net transmitters in the system with an exception
in most recent timesf Covid-19 pandemic. The findings have implications for the researchers,
policy makers, regakors, shariah boards, investors, and fund managers.
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1 Introduction

In recent decades, the tremendous surge in the instigatidifferent Islamiebased financial
instruments has attracted international investansl consequently, the Islamic financial system
has yielded significant growtEl-Hawaryet al., 2007; Gazdar et al., 2019; Trabelsi, 2Qirhar,
2017). In particular|slamic equitiesind Sukuk (the shariah compliant alternative for bgpldave
gained a lot of prominende the capitalmarkets Asutay andHakim, 2018;Balli et al., 2020;
Naifar et al., 2017)One of the coraeasonsfor this enhanced prominence is the inherent
decouplingof Islamic financial assets from conventiomdternatives. Thusxhibiting potential
diversificationas well adetter returnbenefits

Theoretically,Sukukand conventional bonds have a number of diffeesnas identifiedn the
literature Mimouni et al, 2019 Razak et aJ.2019 Halim et al, 2017 Smaoui and Khawaja

2017 Mohamed et al.2015 and Alam et al., 20)3First, Sukuk gramstthe investor a portion of

the ownership in the underlying assdiereas the bonds are purely a debt obligation and do not
offer ownership benefits. Secoritie underlying asset in Sukuk should@8hariah complaint
whereas bonds can be issued for any projects allowed by the local laws. Third, Each unit of Sukuk
represats a share of ownership in the underlying asset wheadamnd representa share ofthe

debt. Fourth, The value of the Sukuk depends on the value of the underlying asset whereas the
value of bonds depends on the creditworthiness of the issuer.tRétBukuk holder receives

share othe profit from the underlying asset whereas the bondholder receives fixed payment and
principal. Sixth, the return on Sukuk is influenced by the performance of the underlying asset
whereas the return abond is not affeted by the underlying asset but the holder will receive the
promised reward in any case. Based on these arguments, the two asset classes seem very different
and there should be minimum connectedness between the two asset classes.

On the other handhe literature has also identified similaritiestwea the two securitie The
investors receive regular payments from both securities. Both are issued in order to raisedunds
compared to stocks, both are thought to be saferstmentsBoth make payents on a regular
basis. According to the argument, Islamic financial activities are remarkably similar to
conventional financiapracticessince the former imitates the latter and pldessemphasis on

the substance and more on the fahSharid (Onde, 2016; Azmatet al.,2015; Khan, 2010).
Consequentlythe empirical evidence in favor of the decoupling hypothesis is mixed (Cakir and
Raei, 2007; Godlewski et al., 2013; Grassa and Miniaoui, 2018; Hassan et al., 2018; Miller et al.,
2007; Usmani, 200AVilson, 2008).

This study contributes to the existing literatarethe decoupling hypothesisaafnventionafixed-
income markets and Sukuké/e disentangle thgield curve intoits three componentslope,
curvature and levelthatrepresents the shertnedium and longterm interest rate and economic
activity. Prior related studielsave mainly focused on a limited aspect of the yield c(iree for
bonds of specific maturity)while undermining the importance dfe full yield curve and its
consequences on the Islamic financial markéts mention, Samitas et al. (2021) explore the

LIn particular, Alrifai(2015) highlights that the adoption of Islamic finapeciples, though in nascent stage, have
the potential to be influentiah future regulatory decisionsnd canhelp avoid future financial crises anghocks
globally.



connectedness between the five internati®oklk indices and the five international conventional
indices. Maghyereland Awartani (2016) hee studied the internainal Sukuk indices and their
connectedness with the stock market. Balcilar et al. (2016) examine the connectedness of
international Sukuk indices with conventional bond indemedequity indicesTo the best of our
knowledgethis is the first studyo investigate the relationship between Islamic and conventional
markets for theompleteterm structure aheyield curvefor both marketsThe investment horizon

and timevarying dynamics play a pivotal role in the financial markets and therefore, wetlaague
accounting for these important aspects will give us new insigtitshe underlying relationship
betweenlslamic and conventional markets. Thus, this study contributes by examining the
connectedness between the U.S. yield curve (its level, slopaterg) andhe Sukuk yield curve

(i.e., the Dow Jones Sukuk indices of different maturities).

The existing literature on the nexus betweka sovereign yield curve and Sukuk bonds is
underdeveloped due to the focus on only limited aspect(bpid yields and neglecting the
properties ofthe whole yield curve. Tarelationshipbetween the two has been investigated in
relevance to (a) t he fsaharaaberisics)deterngning theSeldctiok 6 s
between Sukuk and conventional bonds tedole of credit ratings (Grassa and Miniaoui, 2018;
Mohamed et al., 2015), (b) conditional correlations and volatility using multivariate GARCH
technique (Hassan et al., 2018), (c) volatility and returns (Maghyereh and Awartani, 2016), (d)
dynamics ofco-movement (Bhuiyan et al., 2019; Samitas et al., 2021), (e) corporate governance
mechanism (Saad et al., 2020) and (f) economic uncertainties (Naifar et al., 2017). Htveever
previous literature is still silent on a detailed relationship between the componéinésyid

curve and Sukuk bonds.

We employ a different twstep methodology in this study, in contrast to prevailing literature. In
particular, we employ the dynaniitelsonSiegel model of Diebold and Li (2006) to estimate the
level, slope and curvature of the yield curve and then use connectedness methodology of Diebold
and Yilmaz (2009, 2012, 2014) to estimate the static and dynamic connectedness (return and
volatility spillovers) between the U.S. yield curve and the Dow JéDésSukuk indiceswith
maturitiesof 1i 3-year(DJ13) 3i 5-yeal(DJ35), 57 yeafDJ57) and 710 year§DJ710) Thus, we
account for the term structure of both the conventional and Islamic bonds.

The static connectedness estimates show 54.95% of the total connectedness of the system for
returns while 57.51% for the volatilities of the two markets. The slope factor has shown the highest
net directional connectedness to the system in case of betheturn and volatility shock
transmissionTheDJ 5-7 yearsSukuk indices and the curvature factor arettipanet receivers in

the system fothe returns and volatilities, respectively. The dynamic connectedness analysis for
returns shows a varying natuof connectedness of the system identified by high peak cycles
during 2017 to 201@ndlow levels of connectedness thestart and enaf the samplegeriod

However, in case of volatilities the connectedness has shown distinctive peaks and troughs
throughout the studied perio@verall the level and slope factors have been the net transmitters

of shocks while the curvature has been the net receiver of the shocks.



Rest of the paper is structured as follows: Section 2 presents the litesatien®, section 3
discusses methodology, section 4 describes data, section 5 explains the results, and section 6
concludes the paparith implications for several stakeholders

2 Literature Review:
Sukuk bonds emerged as an attractive alteinateument to conventional bonds in the financial
markets in recent decades. In particular, since the introduction of Sukuk, the peculiar disagreement

pertains to whether Sukuk truly conformsto SH#&is gui del i nes or t hese
modificatons in those conventional western instruments. To reflect on this conundrum, Miller et
al . (2007) argue that Sukuk differs from the

an underlying asset rather from the commitment to pay interests arriggeivals. Wilson (2008)
debates that financiers put more effort in offering Sukuk mirroring conventional securities (which
negate the essence of Islamic financing) just to please the investors.

Shari 6a schol ars have adamiofinancidl instrunentsgdilie tg thec h  f

concerns of incorporating the conventional and prohibited interest payments) and dismiss the
requirement of resemblance with the conventional bo@dsllewski et al., 2013). In particular, a
renowned S h,ausmabdi a2003)¢ triticizes rthe Sukuk due to its closeness with
conventional bonds in terms of fixed return, guaranteed repayment of principal amount and no
ownership. Contrary, proponents of Sukuk bonds present a different view. For instance, Cakir and
Raei (2007) examine a sample of Sukuk and Eurobonds from the same issuer and estimate value
atrisk (VaR) for a combined portfolio (which comprises both instruments) to a portfolio with
Eurobond only. They argue that Sukuks are entirely different from ctamehbonds as their
findings depict a decrease in VaR with the addition of Sukuk to the portfolio ofifixedne
Eurobonds.

Noticeably, the existing studies on the determinants and outcomes of Sukuk (Islamic bonds) have
grown over the recent years (e.Godlewski et al., 2013; Grassa and Miniaoui, 2018; Hassan et
al., 2018, among others). In particular, Godlewski et al. (2013) provide evidence that the stock

market has a negative reaction towards the announcements pertaining to the Sukuk issues (due to

increased demand for Sukuk certificates) in contrast to the neutral reaction towards conventional
bond issues. Grassa and Miniaoui (2018) explore the determinants of choice to employ Sukuk
bond structure instead of conventional bonds, and their findirayg that such choices are linked

with Sukukdés specific characteristics and to

quality of the credit ratings is negatively (positively) associated with the issuance of Sukuk
(conventional) bonds.

While employing a multivariate GARCH technique, Hassan et al. (2018) investigate the nexus of
conditional correlations and volatility between the Sukuk and conventional bonds in the
international markets. Their key findings show that there is less volatili§ukuk returns in
comparison to conventional investm@mnade bonds. Maghyeretmd Awartani (2016) find weak
spillovers of volatility and returns as well as weakjumps between Sukuk and global bonds.
Furthermore, while employing different methodologibg, dynamics of Sukuk and conventional
bonds have been explored in connection with (i) regional and global economic uncertainties
(Naifar et al., 2017) (ii) pecking order for the firm financing choice (Mohamed et al., 2015), (iii)

a

o



co-movement dynamicBhuiyan et al., 2019Samitas et al., 2028nd (iv) corporate governance
mechanism (Saad et al., 2020).

In relevance to conventional bonds, prior literature has widely investigated the nexus among
interest rates, conventional bond/equity markets and ditfexaaroeconomic phenomena, mainly

in developed markets (Bansal et al., 201&nmazi et al., 201 Kenourgios et al., 202®Riaz et

al., 2020,Umar et al., 20192021). In particular, Bansal et al. (2014) examine the role of the
dynamics of assetlass ri& in the negative stoekond return nexus. Their findings show that in

the presence of risk movements, the negative relationship between stock and bond return mainly
disappears (at both weekly and monthly time periods). While using the Granger causglity te
Jammazi et al. (2017) investigate the link between variations in the yieldyebtTreasury bonds

and the stock return of S&P 500 U.S. firms. They focus on time variation, smooth government
change and stress factors and find a bidirectional caeiséibnship between the yield curve and

stock return. In another study, Umar et al. (2019) explore the returns and volatility connectedness
bet ween sovereign yield curvebds components (I
Chinaandfindastran r el ati onship between the two. Il n p
l evel 0 is a net transmitter of return, while

Moreover, Kenourgios et al. (2020) investigate the impact of credit rating staseomehOyear
sovereign bond yields for international data. They mainly find that the negative outlooks and
downgrades increase the bond yields, while the upgrade announcements tend to discount the bond
yields in the international market. Riaz et al. (202¢hile employing Nelsoitiegel model and
autoregressive model, examine the impact of sovereign credit ratings on the shape of the yield
curve (outlook changes) in five countries from the European market. Their findings divulge: (a) a
substantial impactfaating downgrades, (b) insignificant effect of rating upgrades and (c) mixed
results for the effect of outlook changes.

In addition, several other studies investigate the antecedents and consequences of the movement
in the yield curve from a differentepspective. In particular, different components of the yield
curve (e.g., interest rates, lotegrm yields, slope, curvature, level etc.) are found to be associated
with different aspects of equity returns usthg DCC-GARCH model (Andersson et al., 2008;
Dajcman, 2012Fernande#®erez et al., 2014r AR-EGARCH model Tamakoshi and Hamori,

2014 or crosswavelet approach (Ferrer et al., 2016) in both developed and developing markets.

In particular, in the context of developing markets, prior studies hmiely employed DCE

GARCH or GARCH model to examine the volatility in the financial markets underpinned by
movements in the sovereign yield curve (e.g., see Bianconi et al., 2013; Lee et al., 2019; Li and
Zou, 2008; Wang and Wang, 2018; Umar et al., 2021).

The above literature review depicts that the existing research on sovereign yield curve components
and Sukuk indices have evolved over the recent years (but in different directions), and the studies
connecting the nexus between these two are rather starseatudy fills the void in the prevailing
research by examining the connectedness between the U.S. yield curve and the Dow Jones Sukuk
indices by employing a more robust empirical approach. Consequently, we empirically extend the
prior related work Bhuiyan et al., 2019Samitas et al., 2021) by employing a different approach.

In particular, we employ the latest methodology of the dynamic N&segel model of Diebold



and Li (2006) and examine the components of the U.S. yield curve (its level, siatyie). We

further use the connectedness methodology of Diebold and Yilmaz (2009, 2012, 2014) to estimate
the static and dynamic connectedness (return and volatility spillovers) between the U.S. yield curve
(its level, slope, curvature) and the Dow Joisaikuk indicegwith 1-3 year maturity, & year
maturity, 57 year maturity, and-10 years maturity)

3 Methodology

We explain our twestep methodology in thisection First, we use the dynamic Nels8mregal
modelfor the estimation of the yield curveéat factors DieboldandLi, 2006) This model offers

several added advantages over the other techniques for estimating the yield curve factors. To
mention, it has demonstrated an excellent predictive capacaitpdel any type of yield curve that
canbe observed in the real world. It is one of the Ipessimoniousnodel for modelling yield

curve. Furthervith the rise in the maturity, the discount factor of NetSeegal model approaches

zero and it is a fundamental property required by the ecortbency.

Secondwe introduce these estimated yield componaiiag with Sukuk indices into forecast

error variancébased decomposition model proposed by Diebold and Yilmaz (2044) model

allows us to study not only the full sample connectedness betthe conventional yield curve

factors and the Sukuk indices but also to explore the evolution of connectedness between the series
over time, i.e., dynamic nature of system connectedness. We provide the details on the
mathematical estimations of the mobtelow:

3.1 Estimating Yield Curve Factors
The dynamic Nelsotsiegal model can be specifigth statespace representatias demonstrated

below?:

P Q

cw =P @ Choehed B @
()’é, P P v
aP Q o

. B HiHY Ry 2)

Where, equation (Iklates the N yields to the three latent factors of the curve and is known
as the measurement equatiBguation (2)demonstrates the dynamic movement of the yield curve
factors and is kanown as the transition equatiq\\' demonstratea vectorof raw bond yields
of an N*1 dimension [Jis a vector of théevel @ ), slope {| 3, and curvature £ factorsof the
yield curvein 3*1 dimensiorsuch thaflle 4 §f| HiF<, £ represents error termector of N*1
dimension In equation (2)lis defined as a first difference of the yield curve factursh that
B. B. B Pisamatix of timevaryingdemeanegield curvefactorsand the timevarying
relationship across shape factors is given by contains error terms of the transition equation

2 Please refer tBiebold and i (2006)for a detailed description



and is 31 dimensional vectolVe alsoassumehat error terms in both equatioae independent
following the economic literature| is variancecovariance matrix ang is a diagonal matrixof
3*3 and N*Ndimensions, respectively

3.2 Estimating the system Connectedness

We estimate the connectedness of the yield curve and Sukuk bond indices using the approach of
Diebold and Yimaz (2014).t is based on Vector Autoregressive (VAR) model framework and
follow the forecast error variance decomposition procedure. A N variable Var magti ofder

is specified as:

AJ-L4 A t < (3)

Where, 1  representsa vector of endogenous variablescls thatl, « G @Bhu o ,
represents theoefficient matrice®f N*N dimensionsandt s a vectorcontainingindependent
error terms

Following Diebold and Yilmaz (2014), we use the generalized forecast error variance
decomposition techniqu&hey have poposed a representative tabler estimating the
connectednedsetween the variables of a systaife presenthe table below:

Table 1:Schematic table of connectedness

X1 X2 é XN From others
X1 Q Q é Q Q FQ p
X2 Q Q e Q Q WQ C

E
XN Q Q e Q Q fQ 0
To others 0 o é o B 0
v h
Q p 0 ¢ Q0 N 0

Note: This table shows formulas used in a schematic diagram for calculating the directional connectednes:
the elements of the system.

In the Table 1,ie uppeileft N*N cellsrepresenthe variance decomposition matrix denoted by
0O Q .'Q is the Hstep variance decompositiofivariable i in response to shocks in j such
that ij,= 1, é, N Framncdnnettddpess perspective, thedadfjonal elements oD
measure the pairwise directional connectedness from elements j to i givien as:Q , such
that, 0 v O~ . Whereas the net paivise directional connectedness is giano O

On -

The bottom row(and rightmost columi supplement® with off-diagonalcolumn (and row)
sumsyrespectively These are | ateldl diaE ha)do shiow the shareoktiies 0
H-step forecaserror varianceéransmitted to (and received from) other factors of the systam.

total connectedness from others to i and from j to others is givéngs: B 'Q andop



B 'Q, respectivelySimilarly, net total directional connetiness is defined @ O
6 N E
The bottomright cell of Table 1 provides the overall total connectedness cfystem. It ighe

grand total of the values in thmttom row and the righthost column. Théotal connectedness
becomeso -By Q.

We use the generalized forecast error variance decomposition technique of Pesaran and Shin
(1998) and Koop, Pesaran, and Potter (1996). This techniguntedded advantage that it is not
sensitive to variable ordering for estimating orthogonal innovations as observed by Cholesky
factorization and other traditional techniqu@&te Hstep generalized variance decomposition

matrix is given as B'= 'Q , where
B * B

Q (4)

Where,, represents an element Bfat j-th position,B is the covariance matrix in the non
orthogonalized VAPRof the error term in the modé&D is a selection vector with zeros everywhere
and unity forj-th elementIn the generalized forecast error decomposition, the shareknot
necessarily orthogondt implies that the forecast error variance contributions (i.e., row sums of
O ) are not necessarily unitgonsequently, we use ‘Q for the generalized connectedness

index and not of® . TheQ is given as)  —— WhereB Q  pandBj Q 0

by the nature otonstruction Now, we caneasily estimategeneralized connectednest the
components of the systeumsingO .

4 Data

To study the connectedness between the conventional and Islamic bond markets, we obtain the
data for US bonds raw yields and the Sukuk indices from the BloonWergxtracthe raw yields

for the 15 available maturities for the following tenors: 3, 624236,48,60, 72, 84, 96, 108, 240,
and 360 monthstestimate thegield curve factors of the US yield curv&/e use the dynamic
Nelson and Siegal model of Diebold and Li (2006) for yield abirssetors estimatiorin addition,

we obtain the datat dail frequencyfor the Dow Jones Sukuk3 Year Index (DJ13), Dow Jones
Sukuk 35 Year Index (DJ35), Dow Jones Sukul ¥ear Index (DJ57), and Dow Jones Sukuk
7-10 Year Index (DJ710)The data period is froduly 7, 2014 to NovembeB0, 2®1. We use
both the returns and volatility of the Dow Jorgskukindices to study the connectedness between
thesukuks and yield curve componenitbepriceseries are presented in Figure 1 and the returns
in the Figure 2.
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4.1 Descriptive Statistics

We present the summary statistiosthe returns ofhe Sukukindicesand the latent factors of the

US yield curve in the Table DJ710 shows the highest mean returns whil&@¥shows the lowest

mean returns between the four sukuk indices used in this study. It represents a normal upward
sloping yield curve for the Sukuk bond$he maximum and minimum values are also largest for

the DJ710 Sukuk index showing the highest variability between the four indices. It is also
demonstratedy the standard deviatiasf the DJ710 index that is highest in the sample indices
Similarly, the sandard deviation of DJ13 is lowest in the sampkeexpected, the short maturities

have shown low standard deviation as compared to the long maturities of the Sukuk bonds.

When comparing across the conventional latent yield curve factors, curvatuetsgbest mean
returns followed by level and slogactors.Curvature also shows the highesaximumvalue
between the yield curve factaaad the slope factor has the lowest minimum valhe. curvature
also has the highest standard deviation among tiee #actors followed bylope and level,
respectivelyThe JarqueBera test for normality is also significant for &etSukuk indices as well
as the yield curve factars



Table 1: Summary Statistics

DJ13 DJ35 DJ57 DJ710 Level Slope Curvature
Mean 0.0001 0.0001 0.0002 0.0002 -0.0010 0.0009  0.0020
Median 0.0001 0.0001 0.0002 0.0003 -0.0020 0.0024  0.0012
Maximum 0.0044 0.0063 0.0097 0.0118 0.2958 0.2274  0.3283
Minimum -0.0073 -0.0106 -0.0152 -0.0275 -0.2530 -0.4178 -0.2873
Std. Dev. 0.0006 0.0009 0.0016 0.0022 0.0396 0.0433  0.0652
Skewness  -1.3944 -1.4730 -0.9111 -2.3860 0.1461 -0.7270  0.2541
Kurtosis 25.9758 19.7532 12.6608 31.2536 6.7163 9.8164  5.3464

Observations 1892 1892 1892 1892 1892 1892 1892
Notes: This tabledisplaysthe sample statistics of the return seri2#13 denotes Dow Jones sukuk index «fygars
maturity, DJ35 denotes Dow Jones sukuk index-5§&ars maturity, DJ57 denotes Dow Jones sukuk index7oféars maturity
and DJ510 denotes BoJones sukuk index of B0 years maturity

5 Results

This section presengsdiscussiomn theresultsof this studyfor the connectedness between Sukuk
indices and the US yield curve factoFsrst, wediscussthe static connectedness and then, we
considerdynamic connectedness between the series.

5.1 Static Connectedness

Table2 presents the static connectednesghe returnsand volatility of the yield curve factors
and the sukuk indices Panel A and Panel,BespectivelyFrom Panel A of Tabl@, the total
connectednessf the system is 54.95 for the full sampleThe slopeshowshighestlevel of
spillover (i.e., 65.74%)to the systen{row TO) while curvature has the lowepercentageof
connectedness (i.e., 29.08%) to sygstemWhereas DJ710 and DJ35 have the highestentage

of spilloverfrom (last column named FROMhe system (i.e., 61.89% and 61.56%), respectively.
Again, curvature has the lowest level of connectedfress the system (i.e., 35.2@. It shows
that both asset classes are quiterconnected andeceives as well as transmsjpilloverto each
other. Itprovides support to the literature studying the relationship between thasssbclasses
(Hassaret al, 2018) Whenwe look at the netlirectional connectedness of the se(iesv NET),

we find that slopeas the major transmitter of spillover with thigghestpositive net directional
connectedness of 9.88% followed the level, DJ35, and DJ710 with magnitudes of 6.66%,
2.23%, and 0.28%xespectively. Contrarily, DJ57 has the highestipient of spillover with
negative net directional connectedness followed by DJ13, and Curvatutbewttagnitudes of
6.49%,-6.43%, and6.14%, respectively.

PanelB of Table2 shows the connectedness of the volatitifythe two asset classekhe slope
exhibit 57.524 spillover to the systenfollowed by level (53.55%)DJ35 (46.92%), DJ710
(40.41%), DJ57 (37.84%), DJ13(32.57%), and curvature (24.3186)findings areomparals
to theconnectednesisetweenthe returnsof the two asset classeéBhey show a strong level of
connectedness between the volatilitielghyerehand Awartani (2016)alsofind spillovers of



volatility between Sukuk antthe equity marketsThe slopeshowsthe highestlegreeof spillover

to the systenfrow TO)and curvature demonstrates the lowest levepdfover. Talking in terms

of receiving side of the system, slope and level of the yield curve factors leads the system with
magnitudes of 52.34% and 3B%, respectivelyThe other series lik®J35 (42.60%), DJ710
(42.19%), DJ5738.00%), DJ13 (35.39%), and Curvature (30.4488pws the slope and level

and are at the lower levels of receiving ehlde highestecipient of spillover igrow NET)is of

the curvature factor-§.13%) whereas thalopeis the highest transmitter of spilloves.{7%).
DJ35(4.33% is another majotransmitter of spillover, wherea§J13(-2.8246) is another major
recipient of spilloverThe total connectedness of the system is 41.87%.

Table 2: Static Connectedness

Panel A: Returns
DJ13 DJ35 DJ57 DJ710 Level Slope Curvature FROM

DJ13 452 2056 12.33 17.57 155 1.63 1.16 54.8
DJ35 18.2 38.44 15.38 19.23 3.15 3.29 231 61.56
DJ57 11.64 16.45 40.56 20.17 4.42 4.47 2.28 59.44
DJ710 15.4 19.06 18.26 38.11 3.88 4.07 1.21 61.89
Level 1.11 256 241 2.05 44.09 37.3 10.48 55.91
Slope 0.88 246 251 212 36.25 44.15 11.64 55.85
Curvature 1.13 269 207 1.02 13.32 14.98 64.78 35.22
TO 48.37 63.78 5295 62.16 62.58 65.74 29.08 384.67
NET -6.43 223 -649 0.28 6.66 9.88 -6.14

Total Connectedness 54.95

Panel B:Volatility

DJ13 6461 164 7.13 11.69 0.06 0.07 0.03 35.39
DJ35 145 574 1434 12.93 0.1 0.5 0.24 42.6
DJ57 6.83 15.15 62 15.6 0.07 0.26 0.08 38
DJ710 10.98 14.9 16.18 57.81 0 011 0.02 42.19
Level 0.09 0.09 0.04 0.07 47.84 4052 11.35 52.16
Slope 0.11 0.26 0.11 0.08 39.18 47.66 1259 52.34
Curvature 0.06 0.12 0.04 0.04 14.13 16.04 69.56 30.44
TO 32.57 46.92 37.84 40.41 53.55 57.51 2431 293.1
NET -282 433 -0.15 -1.78 139 5.17 -6.13

Total Connectedness 41.87

Notes:This table displays the stattonnectedness thereturn (top panel) and volatilityp6ttom) of Sukuks with the
components of the yieldurve DJ13 denotes Dow Jones sukuk index ygars maturity, DJ35 denotes Dow Jones sukuk
index of3-5years maturity, DJ57 denotes Dow Jones sukuk index’ofeézars maturity and DJ510 denotes Dow Jones sukuk index
of 5-10 years maturity

We present the network connectedness of the system in Figupresdhtshe network structure
of pairwise connetedness of each element in the systemreturns in the left panel and for
volatilities in the right panelThe arrows represenet positive direction connectedness from tail
of the arrow to the head of the arrothe higher number of arrows show higltennectedness



with the systemlt is evident from the Figure 3 that the level and slope (i.e., the long and short
ends of the conventional yield curve) are the net transmitter to the system. Whereas the DJ13 is
the net receiver of the system. It does tnabsmit spillovers to any other factarsthe system

Among the conventional yield curve factors, curvature is thefaotgr that receives shocks from

the Islamic indices (i.e., DJ35). It shows that thediumterm factor of the Islamic yield curve
transmits to mediunterm factor of the conventional yield cur@J710 transmits shock®

Islamic counterparts only while is at the receiving end in case of conventional yield curve factors.
DJ57 is overall a receiver of the shocks and transmits shockgmily13. These results are
interesting in a sense that conventiopahd markets found to bea transmittef shocks to the

Islamic bond markets with one exception in case of the curvature factor.

From the right panel of the Figure 3, none of the element in the system is a universal transmitter
or receiver. Every componeatt as dransmitter in one case whilgeareceiver in the otheilhe

slope factor transmits shocks to all the otbemponents of the system except DJDJ13
transmits shocks to the conventional yield curve factors while receives shockissfiaompeer
indices.DJ35 acts exactly opposite to DJ13. It transmits shocks to its compeer indices while
receives shocks fronhé conventional yield curve factof3J57 also behaves similarly with an
exception in case of DJ35 where it receives the shocks from this @desature factor receives
shocks from the slope, level, and DH13 index and transmits shocks to the DJ57 aunitl Shivs

that curvature factoreceiveshocks from the short and long ends of the both conventional and
Islamic yield curves while transmits shocks to the medium term bonds of the Sukuk Toads.
long ends of both the conventional (i.e., level factongl Islamic (i.e., DJ710) markets behave
variably and acts as both receiver and transmitter in different cases.

The varying levels of connectedness across the factors and indices warrants the study of the
dynamics of the connectedness over time. We ptdbe results for the dynamic connectedness
for the returns of the two asset classes in the next subsection.



Figure 3: Network Connectedness of the system.

The leftchartshows thenetwork connectedness of returns, and the right chart showsttherkeonnectedness of volatilities ¢
the conventional yield curve factors and the Sukuk bond indicHs3 denotes Dow Jones sukuk index-8f/&ars maturity, DJ35
denotes Dow Jones sukuk index ebyears maturity, DJ57 denotes Dow Jones sukuk indéx7ofears maturity and DJ51(
denotes Dow Jones sukuk index ef® years maturity

5.2 Dynamic Connectedness

The connectednessvelsdo notremainconstant over time due tbe changing global as well as
local circumstances in the financial markets. Thereforéyis sectionwe estimate and present
the total dynamic connectedneasgdthe dynamic connectednessaod fromthe system for the
Sukuk indices and conventional yieddrve factorsWe selectl80-daysrolling window to study
the dynamic connectedness over the gperod

5.2.1 Returns

Figure 4presents the total connectedness ofréternsover the sample period we study in this
paper. Initially, at the start of 201the total connectedness stood at around34 andfollowed

by varying movemenidentified bysmall peaks and troughistouched the lowest leveils (April)

2016, i.e., 48.78% I he connectedness again rises back and the historically highest point (66.87%)
in (July) 2017 and started decreasing. With a number of peaks and troughs in the total
connectedness of the markets, the highest ever connectedness is ans8emdmber 02019,

and it is 67.42%. However, with the start of the Cel®d pandemic in 2020, the overall
connectedness index starts falling and touched the lowest boundary of the yesit, 2484, in

the February of 2020. guickly risesagainandreaches to 66.24%\fterwards, it remains below

the average level dhe total dynamic connectedneswer the full sampleDuring the sample
period we observe 58.69%veragewith a 4.8% standard deviation of the total dynamic



connectedness of the systdtrvaries betweea maximum value of 67.43% andreanimum value
of 48.78%.Though, it remains low aftehe Covid19 fiasco.The results are in line with Umar et
al. (2022).

The total connectedness shows an overall picture of the interrelationship and interdependence of
the system. However, it is also important to study and identify the transmitters and receivers of the
shocks in a system. For this purpose, we estimate asemre directional connectedness to and
from each element of the systemFigure 5 Thegraph inleft column showshe transmission of
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Figure 4 Total connectedness oéturnsof sukuk and yield curve components
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shocks to the system from each element whereas the graphs in right column demonstrate the
reception of shocks from theystem.Seemingly,DJ13has been a weak transmitter of shocks to

the system as compared to the reception of shocks, that hasigpeenand consistent. DJ35 and

DJ57 also appear to follow the pursuit whereas, for DJ710, the transmission and rechivelof s

seems comparable. The level and slope factors have higher percentage of connectedness on the
transmission end, i.e., around 30% for level and 11% for the slope. However, the level factor has
comparable level of shock transmission as well as redeoralthe system.
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Figure 5: connectedness to and from the system for each returns series.

DJ13 denotes Dow Jones sukuk index-@ygars maturity, DJ35 denotes Dow Jones sukuk index5gears maturity, DJ57

denotes Dow Jones sukuk index ef §ears maturity and DJ510 denotes Dow Jones sukuk indet @fy&ars maturity



To quantitively measure the net effect of the shocks transmission and reception by each element,
we present the net directional connectedness gragfigune 6 If we look at the graphs one by

one, we see that DJ13 has been a net receiver of shocks most of the time with few small and unique
net transmissions in the years 2016, 2019, and,20&0asserted ifrigure 5 DJ35 has been net
receiver of shocks till mi@017and then turns out to be a net transmitter of shockgalhacted

as receiver in 2020 during the COVII® periodfollowed by net transmission of shocks in 2021.
Overall, DJ57 has been a net receiver of shocks from the system witbnfallvepisodes of
transmission in 2017 and 202DJ710 has shown a varying nature of net directional connectedness
with the system. Initially, it behaves as a net receiver till 2016, and then turn into a net transmitter
followed by similar episodes of varying nature aft@d@. Level and slope have been the net
transmitters of shocks through the period till 2021. In 2021, they have been net receivers and that
again changed to be net transmitters to the end of the year. This shows that Conventional bond
markets lead the Islambond markets from their short and long ends of the yield curve to all the
maturities of the Sukuk bonds. TBeairvature factor has been net receiver most of the time while
transmits shocks to the system at the start and end of the sample Banibakly, Umar et al.

(2022) propose that level has been the net transmitter of shocks to Islamic equities, whereas slope
and curvature have been the net receiver of shocks from the system.

DJ13 DX5 DXb7
2 3 4
1 2 2
0 TW %‘L : ,M 0 e, ‘ Ii
0 ‘ eI,
1
4 : r L 4, BEE
‘ 2
2 ) ‘
-3 3 -4
-4 4 -6
15 16 17 18 19 20 21 15 16 17 18 19 20 21
DJ710 Level Sope
3 6 6
2 4 4
N ‘
2 2 ‘
0 0 y .
; v ull bl
2 2 2
-3 -4 -4
15 15 16 17 18 19 20 21 15 16 17 18 19 20 21
Qurvature

4
2
0 .“w‘h“""w h

15 16 17 18 19 20 21

Figure 6: Net directional connectedness of each series gyshem.
DJ13 denotes Dow Jones sukuk index-@ygars maturity, DJ35 denotes Dow Jones sukuk index5gears maturity, DJ57
denotes Dow Jones sukuk index ef §ears maturity and DJ510 denotes Dow Jones sukuk index®f/Bars maturity



5.2.2 Volatilities

We present the dynamic connectedness analysis of volatilities across the US yield curve factors
and the DJ Islamic indices in this section. Figure 7 presents the total connectedness of the system
over the total sample period. Initially, thevel of connectedness was higher and above 50% that

fall to lowest levels in 2016. It again sees a hump upward but remains below the 50% level of
connectedness. Generally, the connectedness index show cycles of connectedness where we can
identify peeks, reession, trough and then recovery in the total connectedness index. The overall
cycles of the connectedness of the volatilities correspond with the cycle (i.e., peaks and troughs)
in the connectedness of returns of the two asset classes. However, thst legieé of
connectedness has been found in the system (i.e., 52.82%) during the Covid19 period. Further, the
index of total connectedness also shows abrupt movements during the period. The total
connectedness has also decreased to the lowest levelsnoghe=cent times studied.
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Figure 7: Total Connectedness of volatility
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To identify and explore the transmitters and receiverthe system, we present the graphs of
connectedness for each component to and from the system in Figure 8 (in left and righs,column
respectively)We find that for DJ Islamic indices the connectedness to and from the system follows
a same pattern. Surprisiggthe connectedness to the system is higher whenaieectedness

from the system is higher and vice versa for all the DJ Islamic indices. However, in case of the
conventional yield curve factors, the connectedness to and from the system is morerntarsist
higher as compared to Islamic indices.

Figure 9 presents the net directional connectedness measures for each component of the system.
The graph for DJ13 shows that it acts as areegiver with three small contradictory episodes
during the wholesample period. The DJ35 and DJ 57 shows a changing level and direction of
connectedness with the system. On the other hand, DJ710 is a net transmitter shocks in the start
followed bysmall windowsof shocks reception from the system. It also receive shfvokn the

system during Covid 9 period where all other Islamic indices performetstransmittrs Overall,

the conventional yield curve factors (i.e., level and slope) are the net transmitters throughout the
period and acts a®et receiversiuring 2021. The curvatufactor has been net receiver during the
whole sample period whereas it turned to etransmitters towards the end of the sample period.

The resultfor volatility connectednesss comparable withour estimates for the returns
connectednessf the conventional yield curve factors and the Islamic indidesvever, we find

that spillover fom conventional yield curve to the Islamic bond markstsnore prevalent
(Samitas et a12021)



Figure 8: connectedness to and from the system for the volatility of each series.

DJ13 denotes Dow Jones sukuk index-@ygars maturity, DJ35 denotBsw Jones sukuk index ofSyears maturity, DJ57
denotes Dow Jones sukuk index ef §ears maturity and DJ510 denotes Dow Jones sukuk index®f/Bars maturity



