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ABSTRACT

The aim of this study was to assess how global crises influenced volatility spillovers between BRIC and South
African stock markets. In conducting the study, the methods employed are the generalized autoregressive
conditional heteroskedasticity (GARCH) framework and the time-varying parameter vector autoregressive
(TVP-VAR) Diebold-Yilmaz approach, based on a sample period segmented into pre-crisis, COVID-19, and
Russia-Ukraine conflict phases. The study results revealed that volatility spillovers intensified during the
COVID-19 pandemic due to economic disruptions and uncertainty. At the same time, the Russia-Ukraine
conflict saw reduced spillovers due to geopolitical isolation and risk aversion. South Africa consistently
emerged as a key volatility transmitter, particularly during crises. The study concludes that different global
crises have distinct impacts on volatility transmission and should, therefore, be treated distinctly. The key
contribution lies in enhancing the understanding of crisis-driven market integration, providing valuable
insights for risk management and policy-making in interconnected financial systems.
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OPUTUHANbHAA CTATbA

[epeToku BONaTUNLHOCTU MeXAY POHAOBbIMU
pbiHKamMu bBPUK u KOxxHo Adpuku: Ha npumepax
Kpusuca COVID-19 u poccuincko-ykpanmHckoro
KOHpAUKTA

J1. Myryto, 3. Myanu, C. Munnsii, M. 3yny,
H. Bunakasu, X.T. MyryTo, [.®. My3uHayuu
YHuepcutet Keasyny-Hatan, Qyp6aH, lOxHasa Abpuka

AHHOTALUA
Lenbto gaHHOro nccnenoBaHms bbina oLeHKa BAMSHUS 1106anbHbIX KPU3MCOB HA MEPeTOKM BONATUIbHOCTU
mMexay GoHLoBbIMU pbiHKaMu cTpaH BPUK (Bpa3sunug, Poccus, MHama, Kutait) u HOxHo-AdpurkaHckoi Pecny-
6nu1ku (FOAP). Mpu npoBeaeHUM MCCNER0BAHUS MCNONb30BAMCL MeTOoAbl 0006LLEHHON aBTOperpeccum ¢ ycnoB-
HOt reTepockeaacTuHocTbio (GARCH) v noaxon Inbonbaa-Munmasa ¢ BeKTopHOI aBToperpeccueit ¢ nepeMen-
HbIMK BO BpeMeHu napameTtpamm (TVP-VAR), ocHOBaHHbIe Ha nepunoae BbIOOpKM, CErMEHTMPOBAHHOM Ha (asbl
fokpwusucHoro nepuoga, COVID-19 u poccuiicko-ykpamHckoro KoHdamkTa. Pesynstatbl McciefoBaHus mokasanu,
4TO NMepeToKM BONATUIIBHOCTU yCunmnamch Bo BpeMs naHgemun COVID-19 n3-3a 3KOHOMMYECKMX NOTPSCEHUN
W HeonpeneneHHOCTH, B TO BpeMS KaK POCCMMCKO-YKPAUHCKUIA KOHMANKT COKPATUA NepeToKM MU3-3a reonosnu-
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TUYECKOM U30NALUMM U HENpUaTUS pucka. KOxkHas ApprKa HEM3MEHHO OKa3blBaNach KNHOYEBLIM NepeaaTyMkom
BOJIATU/IbHOCTU, 0COBEHHO BO BpeMs KpM3MCOB. BbiBOAbI MCCNen0BaHMS CBUAETENLCTBYIOT O TOM, YTO MUPOBbIE
KPWM3MCbl OKa3bIBAOT HEOAMHAKOBOE BIMSHME Ha Nepeaayvy BonaTUAbHOCTU U, CNeA0BaTeNbHO, OMKHbI paccMa-
TpUBaTbCs No-pasHomy. KnioueBoit BKnag paboTbl 3aK/104AETCS B YNYYLLIEHMM NMOHMMAHUS PbIHOYHOM MHTErpa-
LMK, BbI3BAHHOM KPU3MUCOM, YTO AAET LLEHHbIE 3HAHUA A9 YNPaBAEeHUS pUCKaMU U pa3paboTKmM NOAUTUKM BO
B3aMMOCBS3aHHbIX MHAHCOBbIX CUCTEMAX.

Kniouesbie cnoea: nepetokn BonatuNbHOCTU; GoHA0BbIN pbiHOK; BPUKC; Diebold-Yilmaz; COVID-19; poccuit-
CKO-YKPAUHCKUMA KOHDANKT
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1. Introduction

Globalisation is an instance where international
markets become more interconnected. This web
of connectivity wields a substantial impact on
volatility spillovers across markets [1]. Volatility,
the fluctuations in asset prices over time, readily
spills over to other markets as they become more
connected, propelled by factors such as increased
trade, cross-border investments, and the flow of
information. Consequently, volatility spillovers,
defined as the transmission of instability and
risks from one market to another, have raised
concerns for investors and policymakers [2].

Volatility spillovers can occur between distinct
stock markets or different assets in a single mar-
ket [3], where fluctuations in one market or asset
can swiftly reverberate across others, amplifying
market-wide volatility and risk perceptions. Such
was the case during the 2008-2009 global financial
crisis, as shocks from one market triggered reac-
tions in related markets [1]. This illustrates how
volatility spillovers can exacerbate market turmoil,
highlighting the need for robust risk management
strategies and coordinated policy responses to miti-
gate systemic risks and stabilise financial markets.

Thus, studying volatility and its spillovers is crucial
for gaining insights into financial market behaviour,
especially for emerging markets that are more sen-
sitive to external shocks [2]. Despite their potential,
emerging markets face challenges like weak financial
institutions, limited financial depth, and high external
debt. These challenges expose emerging markets to
heightened vulnerability, particularly during peri-
ods of market turbulence and economic uncertainty,
where their resilience is put to the test, often leading
to significant market disruptions.

This vulnerability was apparent during the
COVID-19 pandemic when financial markets ex-
perienced significant uncertainty and disruptions

[4]. Similarly, markets were plagued by heightened
geopolitical tensions and economic instability
during the Russia-Ukraine conflict, exacerbating
the already fragile situation initiated by the pan-
demic. Although not to the extent of the 2008-2009
global financial crisis, both periods highlight the
interconnectedness of international markets and
the critical role of understanding how volatil-
ity transmits across borders [1]. Accordingly, this
study assessed the volatility spillovers between
the South African and BRIC (Brazil, Russia, India,
China) markets during the COVID-19 pandemic
and the Russia-Ukraine conflict crises, juxtaposed
with stable periods. The selection of BRICS (Brazil,
Russia, India, China, South Africa) markets as the
subjects of the analysis was driven by their growing
prominence in the global economy and their sig-
nificant impact on international financial markets
[5]. Moreover, the focus on South Africa stemmed
from its distinctive economic characteristics and
market dynamics that render its markets unique
and influential within the BRICS framework.

Further, while the pandemic and the Russia-
Ukraine conflict crises resulted in disruptions, their
effects may have differed. The pandemic primar-
ily impacted global markets through widespread
lockdown measures, supply chain disruptions, and
economic slowdowns, leading to broad-based vola-
tility and uncertainty [6]. Conversely, the conflict
introduced geopolitical tensions and instability,
potentially affecting specific industries and regions
more acutely. Thus, understanding the nuanced
differences is crucial for comprehending the intri-
cacies of volatility spillovers across BRICS.

The rest of this study is organised as follows:
Section 2 presents the theoretical framework em-
ployed as the foundation of the study, while Sec-
tion 3 provides the empirical literature review of
studies conducted on market connectedness and
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volatility spillovers before and during crises. Sec-
tion 4 describes the methodology, while Section
5 contains the results and discussion. Section 6
concludes the study and provides implications of
findings and recommendations for future studies
on the subject.

2. Theoretical framework

In traditional finance, few theories have garnered
as much attention as the efficient market hypoth-
esis, which posits that markets are efficient due
to the rapid assimilation of all available informa-
tion into asset prices [7]. Investors are presumed
rational, processing information per rational ex-
pectations [8]. This ensures that market prices
adjust promptly to incorporate new information,
leading to the accurate pricing of assets at any
given time. Consequently, investors cannot con-
sistently outperform the market through trading
strategies based on publicly available informa-
tion, as market participants swiftly correct any
potential mispricing.

Various financial market phenomena, such as
volatility spillovers, would not be expected to occur
in efficient markets because all available informa-
tion is rapidly and accurately incorporated into
asset prices [9]. As a result, asset prices reflect their
true underlying value. Any temporary imbalances
are quickly corrected by rational arbitrageurs who
exploit them. This process ensures that market
prices remain efficient and any potential mispric-
ing is promptly rectified across markets. Therefore,
in theory, the hypothesis implies that volatility
spillovers should be minimal or non-existent in
truly efficient markets [8].

Yet, volatility spillovers have been ubiquitously
reported across markets [10]. They present op-
portunities for profit-making that contradict the
efficient market hypothesis. Volatility spillovers can
only occur if markets are not perfectly efficient, as
they entail delayed or incomplete incorporation of
information into asset prices in these markets. If a
group of investors can discern patterns or trends
in volatility spillovers between connected mar-
kets, they can consistently outperform the market
by leveraging the volatility information from one
market to inform their trading decisions in another
connected market.

Thus, volatility spillovers may be direct evidence
against the efficient market hypothesis, like other
abnormal patterns such as value, growth, size, mo-

mentum, and reversal effects [11]. They align with

behavioural finance theory, a burgeoning strand of
finance wherein market participants’ psychological

biases and irrational behaviours are acknowledged.
Investors exhibit cognitive biases, leading to sub-
optimal decision-making and market inefficiencies.
This perspective suggests that market inefficien-
cies can arise due to behavioural biases, leading to

deviations from rational decision-making and the

emergence of predictable patterns [12].

In this context, volatility spillovers reflect
market interconnectedness and irrational inves-
tor behaviour, highlighting the limitations of
the efficient market hypothesis in capturing the
complexities of real-world markets [11]. Much
evidence demonstrates that psychological biases
such as herding behaviour and investor senti-
ment drive market volatility. Additionally, stud-
ies examining the relationship between market
uncertainty and investor decision-making further
underline the influence of behavioural factors
on volatility spillovers, revealing the intricate
interplay that exists in shaping financial market
outcomes [13, 14].

Studies that provide evidence of intensified
volatility spillovers during crises also fortify the
argument about behavioural bias [15, 16]. During
highly volatile periods, investors are more prone to
emotional reactions such as fear and panic, which
exacerbate market instability and amplify the trans-
mission of volatility across interconnected mar-
kets [15, 17]. Additionally, heightened uncertainty
and risk aversion may lead investors to overreact
to new information or engage in irrational trad-
ing behaviour, further fuelling the propagation of
volatility spillovers. This supports the notion that
behavioural biases play a significant role in markets.

Overall, volatility spillovers and their alignment
with behavioural finance theory challenge the ra-
tional expectations theories, signifying the need for
a better understanding of market dynamics. This is
more needful now since markets are increasingly
getting connected. Investigating volatility spillo-
ver patterns in crises characterised by heightened
uncertainty and stress provides valuable insights
into the underlying mechanisms driving market
behaviour. Understanding how volatility spillovers
manifest during such extreme events can inform
risk management strategies and enhance market
participants’ ability to navigate turbulent financial
markets.
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3. Empirical literature
3.1. Volatility spillovers before the crises
Several studies examined volatility spillovers and
market interconnectedness across diverse mar-
kets. For example, [18] scrutinised BRIC countries’
integration in regional and global equity markets
between 1995 and 2004, uncovering significant
integration within BRIC and other internation-
al markets. [19] explored BRICS capital markets
post-2008 global crisis until 2013, revealing vola-
tility spillovers with the US market, indicating the
region’s interconnectedness with international
capital markets. [20] assessed volatility spillovers
between the US and Latin American stock index-
es from 2003 to 2016, identifying Brazil as a net
transmitter of volatility in Latin American markets.

[21] investigated volatility spillovers between
BRICS and G7 countries due to volatile oil prices
from 1992 to 2015, highlighting the sensitivity
to higher volatility and shocks in the oil market.
[22] analysed spillover dynamics between the
US and BRICS stock markets from 1998 to 2016,
revealing shifts in the importance of net spillo-
ver in the different countries from the historical
status quo. [23] examined volatility spillovers
between BRICS and Japan from 2009 to 2019, dis-
covering two-way relationships between foreign
exchange and stock markets and emphasising
the role of foreign exchange markets in influ-
encing stock market volatility spillovers across
different markets.

[3] explored volatility spillovers in BRICS coun-
tries from 2002 to 2019, highlighting increased
spillovers during crises. [4] investigated returns
and volatility spillovers in Indian markets com-
pared to other countries from 2008 to 2019, revealing
more significant volatility spillovers among Indian
and Asian countries during expansion life cycles.
[2] examined volatility spillovers in BRICS stock
and foreign exchange markets from 1997 to 2018,
identifying interdependence among BRICS markets,
particularly during the 2008 global crisis, suggesting
implications for coordinated policy responses and
risk management strategies.

3.2. Volatility spillovers during the crises

Some other studies conducted similar studies,
focusing on crisis periods. For instance, [10, 15]
analysed volatility spillovers among BRIC and G7
countries, finding that G7 countries exported risk
to BRIC countries, especially during crisis periods.

[24] found heightened risk spillovers transmitted by
China to its BRICS partners during the COVID-19
pandemic. [25] investigated volatility spillover effects
influenced by COVID-19 on India’s stock market.
They found significant negative spillovers received
by India from various global stock markets, particu-
larly the US market. [24] found that connectedness
and spillovers across China, America and Europe
increased during the Russia-Ukraine conflict.

[26] revealed the significant roles played by the UK,
Germany, the US, and France in transmitting risk to
Japan and China during the Russia-Ukraine conflict.
[27] noted an increase in total spillovers across markets
during the Russia-Ukraine conflict, highlighting the
influence of Russia in the volatility transmitted to
global markets. [27] found that during the COVID-19
pandemic, the US, China, and Brazil exhibited the
highest own volatility spillovers, with the US and Rus-
sia displaying the strongest long-term spillover effect.
[28-30] noted that the Russia-Ukraine conflict had
widespread global impacts observed since the 2008
financial crisis. Their study revealed intense intercon-
nectedness among G7 and BRICS countries.

[31] revealed India and China as significant trans-
mitters and receivers of stress spillovers during the
COVID-19 pandemic. [32] found stronger connect-
edness and spillover effects among BRICS equity
markets during the COVID-19 pandemic and the
Russia-Ukraine conflict crises. [33] found notable
contagion effects among BRICS countries, particu-
larly heightened during the COVID-19 pandemic and
the Russia-Ukraine conflict, notably with increased
contributions from Russia. [34] found that volatility
spillover among G7 and BRICS stock markets indexes
increased during the Russia-Ukraine conflict and the
pandemic. Additionally, the effect of geopolitical
risk on spillovers varied over time.

Overall, the literature highlights the importance
of examining volatility spillovers across markets.
These studies consistently showed significant volatil-
ity spillovers among markets, including those involv-
ing BRICS countries, with crisis events amplifying
these spillovers. Before the crises, some studies
demonstrated dynamic shifts in spillover patterns
influenced by economic phases. In contrast, height-
ened volatility transmission and interconnectedness
were evident during crisis periods. These findings
provide a compelling rationale for investigating
volatility spillovers between BRIC and South African
markets during the COVID-19 and Russia-Ukraine
crises and stable periods.
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4. Data and methodology
4.1. Data description

Daily closing prices on the BRICS broad market
indices from January 2013 to 30 June 2023 from
Bloomberg! were employed. Daily data offers a
more efficient assessment of short-term price
movements compared to lower frequencies, al-
lowing for early detection of market trends [35].
The selection of broad market indices, as depicted
in Table 1, ensured a good representation of a di-
verse range of stocks within each respective mar-
ket [3, 2]. The returns on the broad market indices
were then calculated as follows:

R =In(P /P_)x100, 1)
where: R, are the index returns on day t, and P,
and P_, are the index pricesonday t and t -1, re-
spectively, in line with [35] and [3].

The study’s sample, consistent with [2], excluded
weekends and holidays for uniformity across BRICS
economies, covering pre-crisis periods [25] and
major events such as COVID-19 and the Russia-
Ukraine conflict. It was divided into pre-crisis, CO-
VID-19, and Russia-Ukraine conflict periods [36,
37], with the division justified by the distinct im-
pacts each phase likely had on volatility spillovers
between BRIC and South African stock markets.
The pre-crisis period serves as a baseline of mar-
ket behaviour under stable conditions, while the
COVID-19 pandemic, marked by global economic
disruptions and heightened uncertainty, may have
amplified volatility spillovers.

In contrast, the Russia-Ukraine conflict, driven
by geopolitical tensions, may have reduced spillo-
vers due to market isolation and risk aversion.
Thus, this segmentation allows the study to pro-
vide insights into the varying nature and trans-
mission mechanisms of shocks across markets,
captured using dummy variables for each period.
Preliminary data analysis included stationar-
ity tests [36], the Jarque-Bera test for normal-
ity, skewness, kurtosis statistics, and mean and
standard deviation calculations. Autocorrelation
and ARCH effects were assessed using the Ljung-
Box [37] and the ARCH-LM tests, ensuring the
GARCH model’s suitability [23].

! Bloomberg Professional Services. Bloomberg terminal. Bloomb-
erg. URL: https://www.bloomberg.com/professional/solution/
bloomberg-terminal/ (accessed on 20.07.2023).

4.2. Method of analysis
4.2.1. GARCH models

To examine spillovers across the BRICS, this study
employed both the GARCH (1,1), the TGARCH (1,1)
and the EGARCH (1,1) in line with [23] and [2] to
produce residuals to use in subsequent estimations.
The GARCH models were chosen based on their abil-
ity to capture and model the time-varying volatility
and leverage effects in financial markets. GARCH
models are widely employed because they provide a
robust framework for estimating volatility based on
past values and errors. These are critical for under-
standing how market conditions evolve [36].

TGARCH and EGARCH models extend the
standard GARCH by incorporating asymmetry and
leverage effects, which are particularly relevant
during periods of financial stress, as these mod-
els account for the fact that negative shocks may
have a different impact on volatility compared to
positive shocks [36]. These models allow the study
to capture the complex and dynamic volatility pat-
terns within the BRIC and South African markets,
ensuring that the analysis reflects the true nature
of market interconnections and spillovers during
stable and crisis periods [2, 23].

The best model was selected using the Schwarz-
Bayesian Information Criterion (SBIC) because it
provides a reliable measure for model selection by
balancing model fit and complexity. SBIC penalises
the inclusion of unnecessary parameters, thus pre-
venting overfitting while ensuring that the chosen
model adequately captures the underlying volatility
structure of the data. This criterion is particularly
effective when comparing multiple models, as it
consistently selects the model that optimises the
trade-off between goodness of fit and parsimony,
making it well-suited for choosing the most ap-
propriate GARCH-based model for the study [36].

The mean equation — standard across the three
models — was specified as:

y,=u+6(c,_ )+ (y_ )+v(u_)+y, 2
where:

O captures the effect of previous returns,

Y,_1, 0n current returns,

v indicates the effect of past shocks, u,_,, on
current returns, and -represents the risk premium
on the standard deviation, c,_,.

Equations (3), (4), and (5) represent the vari-
ance equation specifications for the GARCH (1,1),
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Table 1
BRICS broad market indices, 2013-2023
Countries Index
Brazil BOVESPA-Brazil Sao Paulo Equity Index
Russia Russia Trading System Index
India National Stock Exchange NIFTY 50 Index
China Shanghai Stock Exchange Composite Index
South Africa FTSE Johannesburg Stock Exchange All Share Index

Source: BRICS broad market indices, Bloomberg Terminal. URL: https://www.bloomberg.com (accessed on 21.04.2023).

TGARCH, and EGARCH models. Equation (3) im-
proves on the ARCH model by reducing the likeli-
hood of violating the non-negativity property, while
Equations (4) and (5) go further by incorporating
terms to capture leverage effects [2]. Of note is
that the possibility of violating the non-negativity
constraints on variance is entirely mitigated by the
EGARCH. The specifications are as follows:

2 2 2
o, =0, +o,u_, +po;, 3)
2 2 2 2
O, =W, +oul;_ + Bct—l + 6ut—l It—l’ (4)
where I =1ifu,_ <0;and =0 otherwise
U

In(c?) =, +0, | ";' —\/? BInc, +8 ”1_21 (5)

O T O

where:

o’ is the conditional variance,

u’ ,is the information about volatility in the
previous period (the ARCH term) with

o, as the coefficient. The long-term mean is
given by

®,and the GARCH term is shown by

o, with

B as the coefficient. Terms ~capture the leverage
effects in Equations (4) and (5), respectively.

Subsequently, the models were examined
to determine if they satisfy the stationarity
and non-negativity conditions. The SBIC was
then utilised to obtain the best models, and the
residuals obtained from the selected models
were transferred to the Diebold-Yilmaz model
to examine volatility spillovers across BRICS
markets.

4.2.2. Diebold-Yilmaz index

To explore spillover effects within BRICS, the

study employed the Diebold-Yilmaz index [37, 38],
known for its capability to quantify total and di-
rectional spillovers among financial markets. This

index captures the overall interconnectedness of
markets and distinguishes between the influence

of individual markets as transmitters or receivers

of volatility. Its dynamic framework allows for a

comprehensive analysis of how shocks propa-
gate across markets, particularly during periods

of heightened uncertainty, thus ideal for examin-
ing the complex interrelations within the BRICS

economies.

[28] and [1] advocate for incorporating a time-
varying variation of the TVP-VAR model, as pio-
neered by [39]. The TVP-VAR model, which utilises
Kalman filter estimation, effectively captures the
evolving nature of spillovers over time, eliminat-
ing the constraints associated with fixed rolling
window sizes and offering robustness against
outliers. This approach allows for a more precise
and flexible analysis of dynamic spillover effects,
making it particularly suitable for assessing the
interconnectedness of financial markets in this
study. Therefore, the TVP-VAR model was speci-
fied as follows:

Y, =BY_ +e,
g, ~N(0,S,) (6)
B, =By tv,, L, ~N(O,R,), (7)

where: The variable vectors Y, and Y, -1 are
N x 1, as is the error terms ¢ vector. Time-vary-
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ing coefficients 8, v,, and S, are represented by N x N matrices, while the error variance-covariance
matrix R has dimensions N 2 x N 2. For connectedness measures, the TVP-VAR is transformed into
a TVP-VMA as:

Y, =Y A, ®)

Jj=0

where: 4, is a N x N matrix.

4.2.3. Generalised impulse response and variance decompositions

After that, the generalised impulse response function (GIRPF) and the generalised forecast error
variance decomposition (GFEVD) were estimated to analyse how variables in the system respond
to shocks, as they provide a comprehensive understanding of the dynamic relationships within
the model [26]. GIRPF allows for assessing the magnitude and direction of variable responses
to specific shocks without requiring orthogonalisation, thus maintaining the system’s structural
integrity. Meanwhile, GFEVD quantifies the proportion of each variable’s forecast error variance
attributed to shocks in other variables, offering insights into the influence and connectedness
within the system.

Thus, together, these techniques enable a detailed exploration of the pathways and impacts of shocks
across the variables, capturing the full extent of spillover effects in the studied financial markets. Fol-
lowing [40], the GIRPFs and GFEVDs were determined as:

GIRE (18 .7, )= (¥, & =8, )~ E(1, e, = .

Jit?

L (9)
Wf,t (h) = Sjj,%Ah,tStej,t’
h—
GFEVD:6;% (h =2 5 (h /Z/ IZ\V,,,
t=1
wzthz 0,5(n)=1 and Zijzle,;,g, (h)=N, (10)

where:

hindicates the forecast horizon for equations (9) and (10), ¢, (#)shows variable j’s GIRPFs and the

selection vector is given by
8, , which equals one for the element j and zero otherwise, and the information set is indicated by

F_,until 7-1.

The net spillovers of individual markets were assessed to ascertain whether they have acted as net
receivers or transmitters of spillover effects. The total influence of shocks from all variables on the
forecasted total error variance is referred to as the total spillover index (2:6). Additionally, the GFEVD,
utilised in calculating the Total Connectedness Index (TCI), is provided by [25] as:

ZGU, Zey, )x100 (11)

i,j=1 i,j=1
where: i

S¢ (h) denotes the total connectedness across the system.

In addition, per [1], directional spillovers are either transferred (Equation 12) or received (Equation
13) by the market i in the model in relation to the other markets, with the net spillovers being the dif-
ference (Equation 14). The latter determines whether a market is a net transmitter or receiver. The net
pairwise directional spillovers are given by Equation 15, with a positive value indicating that i influences

j, and vice versa for a negative value.
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§¢(h)=X03% (h) /Y 075 (h)x100,
( jz,/t th (12)

i#j

Ze,/, 2{ ¢ (h)x100, 13
i#j

S (h):Sj.’ (h)—Sf (h), (14)

NPDC; (h)= 0. (h)—eijﬁ (h), (15)
where: NPDC; (h) indicates the net pairwise directional connectedness between market i and
market j.

Overall, these estimations, primarily done in EViews, Excel and the David Gabauer online estimation
platform, allowed for examining volatility spillovers among BRICS markets during the COVID-19 and
Russia-Ukraine crises, providing insights into total, directional, and net spillovers, enabling a compre-
hensive analysis of BRICS interconnections.

5. Results and analysis
5.1. Preliminary data analysis

Figure 1, depicting the BRICS broad market indices, reveals a notable trend of volatility clustering dur-
ing two major crises. This phenomenon, characterised by periods of heightened market fluctuations

and sharper price movements, indicates a substantial increase in market uncertainty and risk. These

findings align with those of [26], who observed increased volatility spillovers among BRICS markets

during the COVID-19 pandemic due to economic disruptions and heightened investor uncertainty.
Similarly, the pronounced impact of these crises on BRICS markets is consistent with [24], who found

that geopolitical tensions during the Russia-Ukraine conflict led to significant market volatility, albeit
with a differing spillover pattern due to the isolating effects of sanctions.

The observed volatility clustering underscores the interconnectedness and vulnerability of global
financial systems to external shocks, as highlighted in previous studies on crisis periods [27]. Unlike
earlier findings that suggested uniformly increased spillovers during crises, our results indicate that
while the COVID-19 pandemic intensified interconnectedness, the Russia-Ukraine conflict led to
reduced spillovers due to regional isolation, aligning with the conclusions of [17] that geopolitical
disputes often result in market segmentation rather than integration. These insights emphasise the
importance of robust risk management strategies to monitor and mitigate potential vulnerabilities in
the face of such disruptions.

A preliminary analysis of BRICS broad market indices in Table 2 reveals distinct characteristics. India
boasts the highest mean daily return (0.0533%), while Russia experienced negative returns (-0.0217%)
amidst geopolitical tensions. Russia also displays the highest volatility, followed by China, while India
exhibits the least. Skewness and kurtosis values indicate non-normal return distributions, further con-
firmed by Jarque-Bera statistics. All indices exhibit stationarity in levels and significant ARCH effects,
suggesting volatility clustering and serial correlation in residuals. These findings necessitate using
GARCH models for accurate volatility analysis in the BRICS markets. These findings align with [20] in
supporting the use of GARCH models.

The analysis of various GARCH models with different error distributions indicated that the optimal
model varied among the BRICS nations. Although the EGARCH model with Student’s t error distribu-
tion initially appeared suitable due to its low SBIC value, it failed to meet the stationarity condition.
Consequently, TGARCH models were selected for Brazil and Russia, while standard GARCH models
were deemed most appropriate for China, India, and South Africa, all utilising Student’s t error distribu-
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Fig. 1. Broad market returns over the sample period

Source: Authors’ own depiction (2023).
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Table 2
Preliminary tests and descriptive statistics

Test rBzl rRus rind rChn rSaf
Observations 2180 2180 2180 2180 2180
Mean (%) 0.0302 0.0217 0.0533 0.0157 0.0293
Std dev% 1.7154 2.3391 1.1688 1.4240 1.1697
Skewness -0.7079 -4.0731 -1.1290 -0.8768 -0.5524
Kurtosis 15.2266 93.2108 18.5255 11.4267 10.2961
Jarque-Bera 13760.63" 745228.1* 22357.67* 6729.294* 4946.183"
ADF t-stat -49.0978* -48.6743" -46.4755" -44.7242* -45.6468"
KPSS lm-stat 0.0563 0.0555 0.02868 0.0417 0.0258
ARCH F-stat 985.5808* 115.0954* 83.1222% 69.7706" 156.4986"
Ljung-Box Q-stat 2119.9 148.92 1381.5 820.14 2277.7
Ljung-Box Q2-stat 59.882 52.644 80.017 48.652 28.454

Source: Authors’ own computations (2023).

Note: * indicates the rejection at a 1% significance level.

tion. The residuals derived from these models were
then employed to further analyse spillover effects
and market interconnections within the BRICS
countries using the Diebold-Yilmaz spillover index.
The use of these tailored GARCH models allowed
for a more precise capture of the unique volatility
dynamics in each market.

5.2. Volatility spillover analysis

Table 3 reveals significant shifts in market dynam-
ics across the sub-periods, as reflected in the TCI

values. Before the crises, only 35.13% of market risk

was attributed to spillovers, indicative of low inter-
connectedness, aligning with findings from previous

studies that noted lower spillover levels during sta-
ble periods [15, 20]. However, during the pandemic,
it surged to 54.14%, likely due to heightened cor-
relations and contagion effects, as observed by [15,
26], who reported increased volatility transmission

among BRICS markets during COVID-19. Converse-
ly, it dropped to 22.05% during the Russia-Ukraine

conflict, potentially due to sanctions imposed on

Russia, which isolated the conflict’s impact, consist-
ent with [27]. These fluctuations highlight the sen-
sitivity of financial markets to global events, a recur-
rent theme in the literature on crisis periods [24].

In the pre-crisis period, South Africa emerged
as the primary transmitter at 36.46%, while Chi-
na exhibited the lowest spillover transmission at
16.81%. South Africa also led in spillover reception

at 35.03%, with China receiving the least at 20.50%,
which aligns with findings that suggest regula-
tory frameworks significantly influence market
dynamics during stable periods [13]. During the
pandemic, total directional spillovers surged, with
South Africa maintaining its dominance as the
largest transmitter at 57.50% and China as the least
transmitter at 23.06%, consistent with literature
highlighting China’s resilience due to strict capital
movement restrictions during crises [26]. India
exhibited increased transmission compared to
Brazil, mirroring the findings noting India’s grow-
ing interconnectedness during the pandemic [32].

Contrary to expectations, the Russia-Ukraine
conflict decreased proportional connectedness and
spillovers, with Russia transmitting and receiving
minimal spillovers, reflecting findings by [28], who
documented how sanctions created barriers that
reduced Russia’s market impact. Consequently,
Russia became the lowest transmitter, while South
Africa retained its status as the highest, a pattern
similarly reported in studies on emerging markets’
reliance on global trade [21]. South Africa’s position
as the largest receiver of shocks was likely due to
its heavy dependence on international trade and
commodity prices, highlighting the complexities
of geopolitical conflicts on market dynamics, as
supported by [32]. However, the analysis of net
spillovers also unveils the shifting behaviour of
BRICS markets in the subperiods.

49



Review of Business and Economics Studies

Fig. 2.a

Fig. 2.b

Russia

Fig. 2.c

Fig. 2. Volatility spillover networks

Source: Authors’ own depiction (2023).

During the pandemic, Brazil shifted from be-
ing a net transmitter to a net receiver of volatil-
ity, likely due to its healthcare vulnerabilities and
trade dependence, aligning with findings by [20].
In contrast, South Africa remained the largest net
transmitter, consistent with findings by [3]. This
pattern continued during the Russia-Ukraine con-
flict, where Russia, impacted by sanctions, became
a net receiver, as observed by [17]. Pre-crisis, South
Africa and Russia exhibited strong pairwise vola-
tility spillovers. South Africa emerged as the most
interconnected BRICS country during the pandemic,
transmitting the most volatility to other members,
as highlighted by studies on South Africa’s role
[32]. The Russia-Ukraine conflict saw Brazil, India,
and China receiving more volatility from South
Africa, reflecting its growing importance in global
trade [28].

The net pairwise spillovers among BRICS coun-
tries during crises, analysed through volatility spill-
over networks in Fig. 2, reveal distinct patterns of
volatility transmission across different periods.
Before the crises (Fig 2.a), Brazil was the dominant
source of volatility spillovers, while Russia and
South Africa exhibited similar spillover behaviours,
indicating a balanced yet interconnected market
environment. During the COVID-19 pandemic
(Fig 2.b), the dynamics shifted, with Russia and
South Africa emerging as the primary transmitters
of volatility, consistent with [26]. South Africa’s
significant role in transmitting shocks, particularly

to India and China, stresses its growing influence
within the BRICS bloc [16].

In contrast, Russia’s role in volatility transmis-
sion was markedly diminished during the Russia-
Ukraine conflict (Fig 2.c), likely due to trade restric-
tions and sanctions that isolated its market impact
[27]. This shift left Brazil and South Africa as the
primary drivers of volatility, with both countries
significantly influencing India’s market dynam-
ics, which aligns with the findings by [17] and [13].
Overall, these findings emphasise the evolving
nature of market interconnectedness within BRICS,
demonstrating how South Africa, in particular, can
exert substantial influence on the regional market
landscape during periods of economic turbulence.

The limitations of static analysis in capturing the
evolving nature of volatility spillovers prompted the
adoption of a dynamic approach, as recent literature
recommends, emphasising the importance of time-
varying measures for understanding market intercon-
nections [39]. Figure 3 below illustrates the dynamic
TCI, which provides a better view of changes in market
linkages over time. It notably surged above 50% during
2015-2016, coinciding with China’s market crash, a
period characterised by heightened global uncertainty
and increased financial contagion, consistent with
findings from [26]. The index peaked above 60% in ear-
ly 2020, reflecting the severe impact of the COVID-19
pandemic on global financial interconnectedness, in
line with documentation of significant increases in
correlations during the pandemic [10].
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Table 3
Static spillovers
Market Brazil Russia India China SA FROM
Pre-crises Brazil 76.66 11.11 3.80 1.59 6.84 23.34
Russia 11.37 66.74 5.78 4.14 11.98 33.26
India 5.70 711 71.62 5.13 10.44 28.38
China 3.10 4.84 5.36 79.50 7.19 20.50
SA 8.02 11.87 9.18 5.96 64.97 35.03
TO 28.19 34.94 24.11 16.81 36.46 140.51
Including Own | 104.85 101.68 95.73 96.31 101.43 TCI
=35.13
NET 4.85 1.68 -4.27 -3.69 1.43
NPDC 4.00 2.00 1.00 0.00 3.00
COVID-19 Brazil 58.93 12.97 10.28 4.07 13.74 41.07
pandemic
Russia 11.82 52.21 11.12 491 19.94 47.79
India 11.55 13.33 53.08 7.49 14.55 46.92
China 5.02 6.60 9.66 69.45 9.28 30.55
SA 12.07 19.30 12.26 6.59 49.78 50.22
T0 40.46 52.21 43.32 23.06 57.50 216.55
Including Own | 99.39 104.42 96.41 92.51 107.27 TCl
=54.14
NET -0.61 4.42 -3.59 -749 7.27
NPDC 2.00 3.00 1.00 0.00 4.00
Russia-Ukraine Brazil 81.34 1.14 5.92 2.79 8.81 18.66
conflict
Russia 1.29 95.47 0.20 2.13 0.92 4.53
India 8.38 0.25 77.00 0.57 13.80 23.00
China 3.19 1.77 1.52 84.89 8.62 15.11
SA 7.75 0.81 11.31 7.04 73.09 26.91
TO 20.61 3.98 18.95 12.53 32.15 88.22
Including Own | 101.95 99.44 95.95 97.42 105.24 TCl
=22.05
NET 1.95 -0.56 -4.05 -2.58 5.24
NPDC 3.00 1.00 1.00 1.00 4.00

Source: Authors’ own computations (2023).
Note: AllL figures in this table are percentages (%) and have been displayed without the % sign for brevity.
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Following the initial pandemic shock, the TCI
gradually declined, likely due to improved pan-
demic management, economic adjustments, and
monetary policy interventions aimed at stabilising
markets, as observed by [29]. A renewed increase
in the TCI in February 2022, followed by a gradual
decline, underscores the impact of the Russia-
Ukraine conflict on BRICS market interconnected-
ness, aligning with the literature that highlights
how geopolitical events can abruptly alter market
dynamics and volatility spillovers [1]. These find-
ings reaffirm the critical need for dynamic analy-
sis to capture better the temporal fluctuations in
market connectedness driven by global economic
and geopolitical developments. Otherwise, relying
solely on static measures risks missing the real-
time market behaviour and response shifts.

The dynamic directional spillovers in Fig. 4 pro-
vide critical insights into the interactions between
BRICS markets. During the crises, markets exhibited
increased spillovers and connectedness, indicating
contagion effects similar to those documented in
previous studies [30]. China and India experienced
predominantly negative net spillovers, likely due
to their relatively insulated financial systems and
stringent regulatory measures [10, 32]. In contrast,
Brazil, Russia, and South Africa showed varying
patterns, with South Africa frequently displaying
positive net spillovers, particularly during the pan-
demic, demonstrating its role as a major volatility
transmitter within the BRICS network, as shown
by [16].

In Fig. 5, the net pairwise analysis reveals fluc-
tuating volatility transmission between Brazil and
Russia. Brazil generally received from Russia during
the pandemic and the conflict, aligning with find-
ings emphasising Russia’s role as a volatility source
during crises [32]. Brazil consistently transmitted
volatility to India and China while receiving from
South Africa, consistent with [32]. Russia trans-
mitted volatility to India and China but was a net
receiver from South Africa, particularly during the
pandemic, aligning with [34]. The conflict marked
a shift, with India and China transmitting to Russia
and South Africa emerging as a net receiver, show-
casing the dynamic nature of market linkages [35].

India consistently transmitted volatility to
China and received it from South Africa. At the
same time, China remained a net receiver from
South Africa across both crises, highlighting their
interconnected yet distinct roles within the network.
These dynamics are further emphasised in Fig. 6.
The continued economic integration means such
patterns may become more prominent in future
crises, reinforcing the necessity for vigilant market
monitoring. A slight increase in connectedness
observed following the Russia-Ukraine conflict
reflects the broader impact of geopolitical tensions
on global market dynamics, consistent with find-
ings highlighting the ripple effects of geopolitical
shocks on interconnected markets [1].

Spikes in connectedness also align with significant
market events, such as the market crash in China,
highlighting the heightened sensitivity of BRICS
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Source: Authors’ own depiction (2023).

markets to global disruptions and external shocks.
These periods of increased volatility transmission
underscore how quickly economic and geopolitical
events can ripple through interconnected markets, af-
fecting investor sentiment and market stability. Look-
ing forward, it will be crucial to compare the impacts
of the Russia-Ukraine conflict with those of ongoing
geopolitical tensions, such as the current Middle East
conflict, to understand how different types of crises
influence market dynamics and interconnectedness.
Overall, the analysis reveals South Africa’s con-
sistent role as a transmitter of volatility across
various crises. This prominence was particularly
evident during the COVID-19 pandemic, where
South Africa remained the top transmitter even
as interconnectedness among BRICS nations de-
clined. Interestingly, even the Russia-Ukraine con-
flict, which caused a decrease in overall spillovers,
couldn’t diminish South Africa’s role as a primary
transmitter. The reasons behind South Africa’s
unique role as a volatility transmitter warrant fur-
ther investigation but could include its heavy reli-

ance on global trade and possession of a financial
system that might be more open and deregulated
relative to the other BRICS.

6. Conclusion

This study examined the dynamics of volatility
spillovers between the BRIC and South African
stock markets across pre-crisis, COVID-19, and
the Russia-Ukraine conflict periods. It highlight-
ed substantial variations in spillover intensity
across these phases, illustrating that crises and
non-crisis periods impact market interconnect-
edness differently. These findings highlight the
context dependency of market dynamics. Fur-
thermore, different crises, such as the COVID-19
pandemic and the Russia-Ukraine conflict, also
demonstrated unique impacts on market behav-
iours, reflecting the varying nature of economic
disruptions and geopolitical tensions on volatility
spillovers in interconnected markets.

During the COVID-19 pandemic, volatility
spillovers increased significantly among BRICS
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markets, aligning with previous studies high-
lighting heightened contagion effects during
global crises [3]. This spillover increase can be
attributed to the widespread economic disrup-
tions, lockdown measures, and heightened un-
certainty that characterised the pandemic period
[26]. In contrast, the Russia-Ukraine conflict
saw a general decline in cross-market spillovers,
mainly due to geopolitical isolation, sanctions
on Russia, and reduced cross-border financial
interactions, reflecting findings by [24] and [28].

South Africa consistently emerged as a key
transmitter of volatility, especially during the
COVID-19 pandemic. This dominant role may be
attributed to its significant exposure to global
commodity markets and relatively open finan-
cial system compared to other BRICS countries
[16]. These findings suggest that market char-
acteristics, such as openness to international
trade and financial regulation, significantly in-
fluence the extent of spillover effects during
crises. The persistent role of South Africa as a
volatility transmitter aligns with [13], who found
that emerging markets with higher integration
into global financial systems are more likely to
transmit shocks during periods of heightened
uncertainty.

Interestingly, the study challenges initial
assumptions that the Russia-Ukraine conflict
would lead to heightened spillovers across BRICS
markets, especially given the global economic
disruptions typically associated with such geopo-
litical events. Contrary to expectations, spillover
transmission decreased, indicating that geo-
political factors such as sanctions and regional
isolation can reduce interconnectedness rather
than intensify it [27]. This outcome aligns with

the findings of [17], who noted that geopoliti-
cal conflicts often cause market segmentation
rather than increased integration, highlighting
how political tensions can disrupt regular mar-
ket linkages and dampen cross-border volatility
transmission.

These results have significant implications
for policymakers, investors, and scholars. Poli-
cymakers should acknowledge that the nature
of a crisis significantly influences market in-
terconnectedness and the magnitude of spillo-
ver effects. Investors need to understand that
financial markets react differently to various
shocks, highlighting the importance of dynamic
risk assessments. For scholars, these findings
emphasise the need for continued research into
crisis-specific market responses to refine pre-
dictive models. Overall, the evidence calls for
tailored risk management and policy strategies
that account for the unique characteristics of
each crisis, enabling more effective navigation
of market turbulence.

This study provides a valuable foundation for
significant future research. Future studies could
build on these findings by investigating sector-
specific spillovers or incorporating additional
variables, such as investor sentiment, to better
capture the complex nature of volatility. Addi-
tionally, as BRICS expands and discussions about
a new BRICS currency gain momentum, further
research into these evolving market intercon-
nections will be crucial for managing financial
stability in an increasingly interconnected global
economy. Such insights would deepen our under-
standing of crisis-driven market behaviour and
inform strategies for risk management, invest-
ment decision-making, and policy formulation.
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