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Abstract

This paper investigated exchange rate and stock price volatility connectedness
and spillover in Brazil, Russia, India, China, and South Africa (BRICS) during
pandemic-induced crises. We first extracted volatility using the Generalized Auto-
Regressive Conditional Heteroskedasticity (GARCH) model. Then volatility con-
nectedness and spillover were investigated by using (Diebold and Yilmaz, Interna-
tional Journal of Forecasting, 28(1), 57-66, 2012) method. We find that exchange
rate volatility and stock return volatilities are connected during pandemic-induced
crises. The study also finds volatilities spillover among countries in the sample. Rus-
sia has strong volatility connectedness with India in these financial markets. The
direction of volatility spillover is from Russia to India. Similarly, Brazil has strong
volatility connectedness with South Africa and the direction volatility spillover is
from Brazil to South Africa. Finally, China has a weak volatility connection with the
remaining BRICS countries. Thus, the volatility transfer in these financial markets
and across BRICS countries has economic implications.
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1 Introduction

The link between exchange rates and stock prices has been investigated by vari-
ous scholars across the globe see e.g., (Chkili & Nguyen, 2014; Dabhir et al.,
2018; Huang et al., 2021; Hussain & Bashir, 2013; Kumar et al., 2019). Literature
reports two types of explanations for the possible link between these two varia-
bles. The first possible explanation, i.e., the “Flow Oriented Model” is also called
the “Good Market Approach” and the second one is called the “Stock Oriented
Model” or “Portfolio Balance Approach”. The first approach as stated by (Dorn-
busch & Fischer, 1980) that stock prices are affected by the exchange rate. The
rationale to justify this argument is that depreciation/appreciation in exchange
rate increases/decreases trade competitiveness. Trade competitiveness affects
the real output and stock prices see e.g., (Bashir et al., 2016; Hussain & Bashir,
2013; Pan et al., 2007; Phylaktis & Ravazzolo, 2005; Rai & Garg, 2021; Ulkii &
Demirci, 2012; Wong, 2017).

On the other hand, the “ Portfolio Balance Approach” or “Stock Oriented
Model” suggested by (Branson & Henderson, 1985) states that stock prices affect
the exchange rate. The empirical studies suggest that stock prices increase foreign
investors’ attraction. This attraction leads to buying more and more stocks and
hence increasing demand in the domestic stock market. The increasing demand
and capital inflow from abroad lead to exchange rate depreciation (Bashir et al.,
2016; Branson & Henderson, 1985; Koulakiotis et al., 2015; Rai & Garg, 2021;
Ulkii & Demirci, 2012; Wong, 2017).

The two halves of the literature report mixed evidence and remain inconclu-
sive. Our purpose is not to report the literature in the current paragraph. But we
are trying to report the brief of recent studies that have investigated such vari-
ables and so far, there is no clear consensus on the said relationship. The direc-
tion of causality also reports mixed evidence. For example, studies that advocate
unidirectional causality (exchange rate affects stock prices) can be found in stud-
ies, see. e.g., (Kumar, 2019; Sheikh et al., 2020). Similarly, the studies also report
there is no impact of the exchange rate on the stock price. For example, (Adeniyi
& Kumeka, 2020) reports no relationship between exchange rate and stock prices.
Furthermore, some studies also report the direction of causality from stock prices
to exchange rates. The topic under discussion has been investigated by various
scholars through various methodologies. The methods include, autoregressive
distributed lag model (ARDL), granger causality, autoregressive conditional het-
eroskedasticity (ARCH), generalized autoregressive conditional heteroskedastic-
ity (GARCH), non-linear ARDL, de-trended cross-correlation analysis (DCCA)
see e.g., (Adeniyi & Kumeka, 2020; Akbar et al., 2019; Bashir et al., 2016; Dahir
et al., 2018; Huang et al., 2021; Kumar, 2019; Mohamed & Elmahgop, 2020;
Sheikh et al., 2020).

Unlike the previous literature, we have used a different approach to explore the
dynamics of exchange rates and stock prices. Our main focus is on volatility con-
nectedness and spillovers. The current study is unique concerning the approach
applied. It extracts volatility from the exchange rate and stock price series through
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volatility models (GARCH) and then explores the volatility connectedness by
using (Diebold & Yilmaz, 2012) methodology. This method has several advan-
tages. For example, it is capable of measuring pairwise exchange rate volatility
connectedness. It measures the transmission of volatility shock from the exchange
rate to stock prices and stock price volatility transmission to the exchange rate.
This study method quantifies the volatility of “Giver” and “Receiver”. In other
words, how much volatility is in the stock market itself? How much stock market
volatility is transmitted to the foreign exchange market? On the other hand, it
also investigates how much volatility the exchange rate has. How much exchange
rate volatility is transmitted to the stock market? Similarly, this study also inves-
tigated volatility shock transmission across BRICS, i.e., volatility transmission
from the foreign exchange market in one country to the stock market in another
country and vice versa. Furthermore, the focus of this paper is volatility connect-
edness and spillover during pandemic-induced crises. How do exchange rate and
stock prices connectedness and spillover behave during pandemic-induced crises?
We depart from previous literature that only focuses on financial crises such as
Global Financial Crises 2008 (GFC) and Asian Financial Crises 1997 (AFC).
Keeping in view the above discussion, this study contributes to the empirical
literature in several ways. First, the empirical literature has either investigated the
direction of causality from exchange rate to stock prices or stock prices to exchange
rate. The results are inconclusive. Our study departs from empirical literature by
investigating the volatility connectedness of exchange rates and stock prices. Our
main focus is on volatility connectedness not the direction of causality. The con-
nectedness between exchange rates and stock price volatility is important because
it affects the economy’s overall health, the performance of financial markets, and
the financial stability of countries. Likewise, the volatility of stock prices can affect
investor confidence, which can have implications for financial markets and the
broader economy. Additionally, if exchange rates and stock prices become too vola-
tile, it can lead to financial crises and increase systemic risk, which can deteriorate
the economic and financial health of the country. Therefore, policymakers must be
cognizant of financial connectedness across borders to maintain financial stability
and ensure sustainable economic growth. Second, this study methodology measures
the volatility of "Giver" and "Receiver". The study investigated the transmission of
volatility shocks across BRICS countries, which involves measuring the level of
volatility transmission from the foreign exchange market of one country to the stock
market of another country, and vice versa. Measuring volatility giver and receiver
is significant because it helps policymakers understand how volatility shocks are
spread across financial markets and countries. This information can guide policy-
makers in developing policies to reduce risks and maintain financial stability. If a
country is a giver of volatility, policymakers can take measures to manage its finan-
cial markets to prevent volatility shocks from givers (transmitters). If a country is a
receiver of volatility, policymakers can enhance its financial resilience to mitigate
the impact of volatility shocks from other countries. This knowledge can also inform
policymaking, enabling policymakers to design effective policies while considering
potential risks and their consequences. Finally, we have investigated exchange rate
and stock price volatility connectedness during Covid-19 which is scant in previous
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studies. During the Covid-19 pandemic, there has been significant volatility in finan-
cial markets, particularly in exchange rates and stock prices. This volatility has sev-
eral policy implications for policymakers, including the use of monetary and fiscal
policies to stabilize the economy, promote international cooperation, and implement
regulatory reforms to enhance financial resilience.

The motive of sample selection (BRICS countries) comes from the fact that
BRICS countries play a significant role in the world economy due to their large
land area, population, and trade volume (Huang et al., 2021; Larionova & Shelepov,
2022). These countries have emerged as global economic players, with their com-
bined GDP accounting for nearly 25% of the world’s total GDP. They are also cru-
cial players in global trade and investment, with their rapid economic growth pro-
viding a stimulus to the global economy (Huang et al., 2021). BRICS contributed
fifteen percent to the world’s GDP in the 2008 financial crisis (Huang et al., 2021).
Similarly, the BRICS played a vital role in world economic recovery by accelerating
financial stabilization. Moreover, BRICS is the emerging powerhouse of investment,
trade, and investment and has a high potential for economic development. So the
importance of BRICS cannot be ignored in the world economy. Hence, the academic
community, international organizations, governments, and investors have a keen
interest to monitor BRICS economies (Diko & Sempijja, 2021; Huang et al., 2021).
Having strong ties among BRICS economies, financial markets volatility transmis-
sion would have consequences. As mentioned earlier, if BRICS economies can con-
tribute to world economic recovery from the 2008 financial crisis, the collapse of
BRICS markets would have unbearable consequences (Diko & Sempijja, 2021).

The findings of this study suggest significant volatility connectedness and spill-
over in BRICS financial markets. The Russian financial market, for example, is
strongly connected to India, with volatility spillover occurring from Russia to India.
Brazil is also strongly connected to South Africa, with volatility spillover occurring
from Brazil to South Africa. However, China’s financial market has weak volatil-
ity connections with other BRICS countries. These findings have important policy
implications for policymakers in BRICS countries. To reduce the impact of vola-
tility spillover, policymakers must consider promoting cooperation among central
banks, congruent regulatory frameworks, and enhancing financial market integra-
tion. Moreover, policymakers should focus on strengthening their macroeconomic
fundamentals to reduce vulnerability to external shocks which would lead to pro-
moting financial stability and economic growth in BRICS countries and the global
economy as a whole.

The rest of the paper is arranged into four (04) sections, i.e., literature review,
methodology, results, and conclusion.

2 Literature Review
The classical relationship between exchange rates and stock prices during a finan-
cial crisis like the Asian Financial Crisis of 1997 (AFC) and the Global Financial

Crisis of 2008 (GFC) is usually explained using two models (Rai & Garg, 2021).
The first one is the stock-oriented (SO) model (Frankel, 1992). The SO model
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fundamentally assumes that the portfolio diversification of any economy depicts the
exchange rate. Accordingly, the performance of domestic stock attracts international
investors, including ex-pats, which causes the domestic currency to outperform. The
second model is the ‘flow-flow oriented’ (FO) model (Dornbusch & Fischer, 1980).
The critical assumption in the FO model is that the exchange rate changes at a cer-
tain point in time (i.e. during the crisis in our case) impact the national trade bal-
ances and international competitiveness of the economy. Which, in turn, affects the
stock prices and tangible economic outputs to demonstrate the health of a national
economy.

Based on the above theoretical rationale, different scholars have tested such rela-
tionships on various static models such as GARCH, Co-integration, Granger Causal-
ity, Quantile Regression, etc. For example, (Liu & Wan, 2012) investigated stock
prices and exchange rates in the Chinese economy. The result does not find any long-
run relationship between the exchange rate and stock prices. However, the author
reports a cross-correlation between exchange rates and stock prices. No evidence of
causality was found from the exchange rate to stock prices. Similarly, Tsai (2012)
investigate the exchange rate and stock price relationship using Quantile Regres-
sion. The results suggest that stock prices and exchange rates are negatively corre-
lated in six Asian countries. Similarly, recent studies (Yang, 2017) found a long-run
relationship between exchange rates and stock prices in four Asian economies (Sin-
gapore, Hong Kong, Taiwan, and South Korea). Tule et al. (2018) investigated the
relationship between exchange rate and stock price volatility spillovers and found bi-
directional spillovers in Nigerian financial markets. Mahapatra and Bhaduri (2019)
investigated exchange rate and stock return volatility spillover in Indian financial
markets using two factor arbitrage pricing model. The result support exchange rate
volatility spillovers from the foreign exchange market to stock returns. Some authors
also report an asymmetric relationship between stock prices and exchange rates.
For example, (Kumar, 2019; Sheikh et al., 2020; Sikhosana & Aye, 2018) argue an
asymmetric relationship between exchange rates and stock prices. In this context,
(Kumar, 2019; Sheikh et al., 2020; Sikhosana & Aye, 2018) investigated the vola-
tility spillovers between stock prices and exchange rates in South-African financial
markets using an asymmetric GARCH model. The author supports bi-directional
spillovers in financial markets in South Africa.

Apart from different methods applied in various studies, the literature also
explains several possible explanations for Covi-19 impact on financial markets.
For example, the first possible explanation comes from the link between Covid-19,
global supply chain, production, and business costs. Covid-19 caused disruptions
in global supply chains, which lead to decreased production and increased costs for
businesses (Meyer et al., 2022; Panwar et al., 2022). Affecting core business fun-
damentals resulted in lower profits for companies, and consequently, a decline in
the stock prices (Carter et al., 2022). The second possible explanation comes from
changes in consumer behavior during Covid-19. Covid-19 impacted consumer
behavior, which caused a decline in consumer spending (AbdulHussein, Cozzarin,
& Dimitrov, 2022; Truong & Truong, 2022). Such decline in consumer spending
adversely affected industries such as hospitality, tourism, and retail, which caused a
decline in the stock prices in these industries (Kaushal & Srivastava, 2021; Pramana
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et al., 2022). Third, Covid-19 had affected investor behavior and risk appetite. It
is documented in Covid-19 studies that investors became more risk averse during
Covid-19 and increased uncertainty and risk aversion among investors, causing
them to sell off stocks and seek safer assets which caused stock price decline and
increased volatility (Mnif, Salhi, Mouakha, & Jarboui, 2022; Ortmann et al., 2020;
Yuan et al., 2022). Finally, Covid-19 impacted the global economy as a whole, lead-
ing to a decrease in global GDP and an increased risk of a recession (Gagnon et al.,
2023; Havrlant et al., 2021), and impacted financial markets worldwide.

Substantial work has been done to check the possible impact of Covid-19 on
financial markets and volatility connectedness see e.g., (Ali et al., 2022; Bouri et al.,
2021; Fasanya et al., 2021; Li et al., 2021; Umar & Gubareva, 2021). For exam-
ple, Umar and Gubareva (2021) have investigated the impact of media coverage on
Islamic stock volatility. Similarly, Li et al. (2021) suggest strong evidence of Covid-
19 death cases. The stock market reacts more to death cases than patients’ recov-
ery cases. In addition, Ali et al. (2022) investigated volatility spillover between oil
and stock markets and found that oil and stock market returns commove positively.
The exchange rate, stock, and oil market also confirm co-movement (Bashir et al.,
2016; Hussain et al., 2017). Furthermore, Fasanya et al. (2021) have found signifi-
cant evidence of volatility connectedness and spillover in the global exchange mar-
ket. While, Bouri et al. (2021) investigated spillover and connectedness among the
oil market, stock market, and foreign exchange market and found spillover among
these assets markets. Recent studies have also found a connection between environ-
ment, social, and governance stocks (Shaik & Rehman, 2023); financial markets and
systematic risk (So et al., 2021); financial market connectedness in G-7 (Das, Rout,
& Khatun, 2023); stock market connectedness in BRICS (Hung, 2021a). The out-
break of Covid-19 has caused a significant impact on financial markets worldwide
(Baek et al., 2020). The uncertainty surrounding the pandemic has led to heightened
volatility, as investors struggle to accurately predict the long-term economic effects
of the virus (Baek et al., 2020). Stock prices have experienced significant declines,
as investors become increasingly risk-averse and seek safer assets such as bonds and
gold (Trabelsi, 2019). The energy sector has also been hit hard, as the pandemic
has led to a decrease in demand for oil and gas (Hussain & Rehman, 2023). Central
banks around the world have responded to the crisis by cutting interest rates and
injecting liquidity into the financial system (Elgin et al., 2021). Governments have
also implemented fiscal stimulus measures to support their economies and mitigate
the impact of the virus (Elgin et al., 2021; Long et al., 2022).

Literature related to BRICS on the topic under discussion accelerates investiga-
tion after Global Financial Crises (2008). For instance, in recent studies, Dahir et al.
(2018) investigated the stock market and exchange rate dependence in BRICS using
the dependence-switching-cupola approach. The study reports a negative correlation
between foreign exchange and stock prices in BRICS countries. Chkili and Nguyen
(2014) also investigate exchange rate and stock price dynamics using the VAR model
and concluded that there is no relationship between stock prices and exchange rates
in BRICS. Huang et al. (2021) investigate the relationship between exchange rate and
shock price in BRICS using the VAR model. The result finds out the main driver of
exchange rate and stock price. The main driver of exchange rate and stock price in
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Brazil is driven by financial account, whereas in Russia the main driver is the current
account. But China, India, and South Africa are driven by both of these factors.

After a careful review of the literature, we have found few studies relevant stud-
ies that have applied a similar approach. For example, Hussain and Rehman (2023)
investigated the volatility connectedness of GCC stock markets and study extends
global oil prices volatility connectedness and spillover across GCC stock markets. It
is worth mentioning that our study has significant differences in scope and sample
countries selected (Hussain & Rehman, 2023). Our focus is on exchange rate and stock
price volatility connectedness in BRICS whereas (Hussain & Rehman, 2023) investi-
gated stock market connectedness in GCC. A very similar analysis can also be found
in (Hung, 2021b) where the author investigated stock market connectedness in GCC.
Adding on, Hung (2021a) has investigated economic policy uncertainty and stock mar-
kets in BRICS. Our study is also different from (Hung, 2021a) as we have investigated
the exchange rate-stock market volatility connectedness in BRICS. Hung (2021a) only
stock market connectedness in BRICS. Furthermore, Ali et al. (2022) examined the
oil-stock market volatility nexus which is different from our study. Our focus is on
exchange rate-stock market volatility connectedness across BRICS. Finally, Umar and
Gubareva (2021) focus on media new-stock market volatility connection; (Li et al.,
2021) focus on G-20 stock market connectedness; and (Fasanya et al., 2021) only inves-
tigate the foreign exchange market connection (in our case exchange rate-stock market
volatility connectedness).

Keeping in view the discussion above, we believe this paper can contribute to empir-
ical literature in several ways. First, we have applied a slightly different approach to
the existing literature on the dynamics of exchange rates and stock return volatilities.
Unlike the previous literature see e.g., (Bashir et al., 2016; Hussain & Bashir, 2013;
Pan et al., 2007; Phylaktis & Ravazzolo, 2005; Rai & Garg, 2021; Ulkii & Demirci,
2012; Wong, 2017), we have focused on volatility connectedness and spillover instead
of causality. We have investigated the pairwise volatility spillovers and connectedness
between stock price returns and exchange rates across BRICS. We have quantified the
volatility of “Giver” and “receiver”’. Second, the previous literature either solely inves-
tigates stock market connectedness or exchange market connectedness. We have quanti-
fied volatilities (exchange rate and stock market) and checked for possible connections
across BRICS financial markets. Finally, we have investigated exchange rate and stock
price volatility connectedness during Covid-19 which is scant in previous studies. Dur-
ing the Covid-19 pandemic, there has been significant volatility in financial markets,
particularly in exchange rates and stock prices. This volatility has several policy impli-
cations for policymakers, including the use of monetary and fiscal policies to stabilize
the economy, promote international cooperation, and implement regulatory reforms to
enhance financial resilience.
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Table 1 Variables and data sources

Country name Stock market index Exchange rate Data source

Brazil BOVESPA Brazilian Real/USD Investing.com
Russia RTS Russian Ruble/USD Investing.com
India NIFTY50 Indian Rupee/USD Investing.com
China S.E RMB/USD Investing.com
South Africa FTSE JSE South African Rand/USD Investing.com

Table 1 Present variable and data sources. The first column provides countries included in the sample;
column 2 provides detail of the respective country stock market symbol; column 3 provides detail related
to the exchange rate of each country; and column 5 provides data sources

3 Data and Methodology
3.1 Data

We have used daily data on exchange rates and stock prices. The data range from
January 2019 to June 2021. We have selected the sample period based on the
objective of this paper. Our main objective is to investigate the topic under dis-
cussion in the Covid-19 scenario. Previous studies that explore the effects of
Covid-19 have a similar sample period selection (Ali et al., 2022; Fasanya et al.,
2021; Li et al., 2021; Umar & Gubareva, 2021). For example, Ali et al. (2022)
have applied (01/01/2019-31/03/2021). Similarly, Fasanya et al. (2021) have
applied a data sample (31/12/219-10/04/2020). The shortest sample period of six
months (January 2020 to June 2020) can also be found in previous studies see.
e.g., (Umar & Gubareva, 2021). In addition, (Li et al., 2021) also used data from
September 30, 2019, to June 11, 2020. The countries in the analysis include Bra-
zil, Russia, India, China, and South Africa (BRICS). The stock market index and
the exchange rate used in this table are reported in Table 1. We have calculated
exchange rate returns and stock returns by taking the first difference. The direct
exchange rate was used for all countries (domestic currency per dollar).

4 Model and Estimation Procedure

We have employed the (Diebold & Yilmaz, 2012) method. We have specified
pairwise volatility connectedness of exchange rate and stock returns in BRICS.
Before applying the (Diebold & Yilmaz, 2012) method, we extracted volatility
through Generalized ARCH (GARCH) models and stored them. We have used
the GARCH model for extraction of volatility based on previous studies see, e.g.,
(Al-Yahyaee et al., 2019; Hansen & Huang, 2016; Hussain & Rehman, 2023;
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Kanniainen et al., 2014). All model specification test was applied before apply-
ing GARCH. For example, we tested for possible nonlinearities using Ramsey’s
RESET test and BDS test.’ Similarly, all series were tested for possible ARCH
effects. We have extracted the volatility of both exchange rate returns and stock
price returns through GARCH (1,1) model. The following variance equation
GARCH (1,1) was estimated.
6 =ap+a u + PO, )
Once the exchange rate returns and stock price returns volatility are estimated
and we named it as volatility of exchange rate returns and stock prices returns as
VOL. Then we followed the (Diebold & Yilmaz, 2012) method in the second step
to explore the volatility connectedness and spillovers between exchange rate returns
and stock price returns. This method uses vector auto-regressions (VARs) (Inekwe,
2020; Koop et al., 1996) and forecast variance error decomposition. This approach
can be applied to both returns and returns volatilities and allow the establishment of
dynamic links (Diebold & Yilmaz, 2012; Inekwe, 2020). The decomposition pro-
cess generates a refined measure of directional transmission. Similarly, it also identi-
fies the recipient and transmitter of shock from one variable to another. So it enables
us to pairwise volatility connectedness of exchange rate and stock returns in BRICS.
Diebold and Yilmaz (2012) specified the VAR (p) framework with “N” covari-
ance stationary variables VOL, = (VOL,,, ..., VOLM)/ as follow,

P
VOL = ) 6, VOL,_; +¢, @)

i=1
The variable VOLt denotes N X 1 vector of endogenous variables, 6i denotes coef-

ficients of auto-regressive variables N X N metrics and et is the error term. Simi-
larly, the moving averages can be generated using VAR by the following equation,

VOL = Y A, 3
i=0
The coefficient Ai follows recursion and Ai= 0 for i<0
A, =y1Ai_1+y2Ai_2+y3Ai_3+...+ypAi,p 4)

Furthermore (Diebold & Yilmaz, 2012) constructed a generalized spillover index
(GSI) represented by the H-step-ahead forecast error variance of VOLi as follows,

o ! e A
0,(H) = ”Z”(h l )

h=0 (eiAhZSAhel>

! These tests were conducted for all variables in BRICS. We have not reported that for brevity purpose.
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where X, is the variance matrix of the vector of errors €. o;; is the standard devia-
tion of the error term of the j'" equation, and e, is a selection vector with a value of
one for the i'M element and zero otherwise. A,, stands for N X N matrix of MA coef-
ficients corresponding to the forecast horizon h. Note that the sum of the own- and
cross-variable variance contributions do not equal one under generalized decompo-
sitions. So to normalize the variance decomposition matrix the following procedure

(each entry normalized by row sum) is followed,
~ 0;(H)

0.(H) = ———— (6)
ij

L6

Similarly, (Diebold & Yilmaz, 2012) estimated the total connectedness index
(C), directional spillover, and net spillover as shown in Eq. 7, Eq. 8§-9, and Eq. 10
respectively.

im0 (D im0 (D
CH) = IJNI# x 100 = % x 100 (7
Zi,j:leij(H)
ZI\L i 1 )
Co i) = =2 %100 ®)
T 10D
CyH) = 2 100 )

332
1

Equation 9 denotes the volatility received by asset “i”’. Similarly, how much vola-
tility is transmitted from asset “i” to other assets is given in the equation.

5 Results
5.1 Volatility spillover and its properties

Table 2 contains volatility spillover descriptive statistics. There are three panels
in Table 2. Panel A contains volatility spillover to countries in the sample, panel
B volatility spillover from these countries, and panel C reports net spillover dur-
ing the study period. Panel A of Table 2 shows that on average China is dominant
in transmitting volatility and receiving volatility shocks during the study period.
It is evident from the mean values (see panel A: mean valuel1.011, panel B mean
value10.441) in Table 2. It is not surprising because China was hit by a pandemic
first which might have created turbulence in both the foreign exchange market and
the stock market. Panel A of Table 2 also shows that the Russian foreign exchange
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Table 2 Descriptive statistics

Variable Obs Mean Std. Dev  Min Max

Panel A: Descriptive Statistics—Volatility Spillover to

(Transmitters)
Brazil 572 8.497 5957 323 48.293
India 572 8.376 5.262 72 32.882
China 572 11.011 6.571 296 30.614
Russia 572 10.7 6.747 877 72.033
South Africa 572 6.62 4.743 242 33.92
Panel B: Descriptive Statistics—Volatility Spillover from

(Receivers)
Brazil 572 6.845 2.694 1.692 19.717
India 572 9.097 4.149 1.646  19.98
China 572 10441 3.948 3.068 19.928
Russia 572 9.389 3.801 1.754 18.751
South Africa 572 9432 5.092 1.107 19.707
Panel C: Descriptive Statistics—Volatility Spillover Net
Brazil 572 1.652 6.2 — 18.664 41.188
India 572 —.721 5.758 —18.389 25.976
China 572 569 8.372 —19.479 2542
Russia 572 1311 7.468 —14.992 70
South Africa 572 —2.812 6.993 — 18.544 28.907

Table 3 Provides details regarding descriptive statistics, i.e., mean standard deviation, minimum, and
maximum. Panel A of Table 2 provides descriptive statistics related to the transmitter, panel B reports
descriptive related to the receiver and panel C reports net volatility spillover

and stock market transmitted the second-highest volatility shock. On average,
Brazil stood as the third country in transmitting volatility shocks whereas India
ranked fourth (see. Panel A).

On average, the Chinese foreign exchange market and the stock market received
the most volatility shocks. Similarly, South Africa, Russia, and India have the
highest recipients of volatility shocks in foreign exchange and stock markets (see
panel B Table 2). Panel C of Table 2 indicates that the highest net spillovers were
observed in South African and Indian foreign exchange and stock markets. Indian
and South African financial markets received more volatility shocks compared
to their transmission of volatility to other countries’ financial markets. Similarly,
on average the net spillover as the transmitter, Brazil, and Russia are dominant
(see panel C Table 2). Brazil and Russian financial markets (foreign exchange and
stock market) transmitted more volatility to sample countries than receiving vola-
tility shocks. Similarly, we have also compared and tested the mean volatilities of
BRICS pairwise. The statistical significance was tested by t-statistics. For brevity
purposes, we have just reported a pairwise mean comparison of Brazil with the
rest of the sample countries. The results are reported in Table 3.
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Table 3 Comparison of Means Spillover

Obs Mean1 Mean2 Diff St. Error tvalue P value

Panel A: Volatility Spillover To (Trans-

mitter)
Brazil-South Africa 572 8.498 6.620 1.877 .339 555 0
Brazil-India 572 8.498 8.376 121 354 35 732
Brazil-China 572 8.498 11.011 -2.513 .365 -685 0
Brazil-Russia 572 8.498 6.620 1.877 .339 555 0
Panel B: Volatility Spillover From

(Receiver)
Brazil-South Africa 572 6.846 9.432 —2.587 .232 —-11.15 0
Brazil-India 572 6.846 9.097 —-2.251 .174 —13 0
Brazil-China 572 6.846 10441 —3.596 .193 -8.65 0
Brazil-Russia 572 6.846 9.380 —-2.544 .16 -159 0
Pane C: Volatility Spillover Net (Net)
Brazil-South Africa 572 1.652 —2.812 4464 .481 930 0
Brazil-India 572 1.652 —-0.721 2373 .366 65 0
Brazil-China 572 1.652 0.570  1.083 471 23 .022
Brazil-Russia 572 1.652 —-2.812 4464 .481 93 0

Table 3 Provides a mean comparison of volatility spillover receiver, transmitter, and net volatility spillo-
ver. Panel A, B, and C in Table 3 provide volatility spillover of the transmitter, receiver, and net volatility
spillover respectively. Column 1 reports the BRICS countries. Column 2 provides information related to
observations, column 3 provides mean 1, and column 4 reports mean 2. The difference between mean 1
and mean 2 is reported in column 5

The respective ¢ value and P values are reported in columns 7 and 8 respectively.

A P value less than 0.05 reject the null hypothesis of no difference in the mean. In most cases of BRICS
countries, we are rejecting the null hypothesis except in Brazil-India (see panel A).

Table 3 panel A shows that the mean volatility spillover of Brazil (as a transmitter)
is significant in almost all cases except (Brazil-India). Similarly, the t-statistics in panel
B of Table 3 show that the mean difference of volatility spillover is significant in all
cases. The same conclusion can be drawn from panel C as well. Similarly, the visual of
stock market volatility spillover is shown in Fig. 1 given below. Volatility below zero
represents the market receiving volatility stocks (net) from other countries. A positive
value indicates the country’s stock market is transmitting volatility (net) shocks to other
countries. As shown in Fig. 1, the Brazilian stock market is transmitting high-volatility
stock to other countries (2019-2020). Positive volatility shocks (transmitter) are more
dominant compared to negative volatility (receiver). Later on, the negative spikes are
dominant for a limited period and such spillover fades away. Similarly, the Indian stock
market has dominant-negative volatility spillover. Despite the initial high spikes, the
Indian stock market is the recipient during the study period. Chinese stock market
(2019-01 to 2020-07) is the net recipient of volatility spillovers. However, later on, the
Chinese stock market became a transmitter of volatility shocks till the end of the study
period. South African stock market is a dominant receiver of net volatility spillover
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Fig. 1 Volatility Spillover in BRICS Financial Markets

(except for a few months with high positive spikes). Russian stock market (2019-2020),
the positive spikes are dominant compared to negative volatility spillovers. Later on,
the Russian stock market has mixed positive and positive spikes till the end of the study
period. Overall, the bust and boom can be seen in the total spillover during the study
period.
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Table 4 Volatility spillover across BRICS countries
I I I v \% VI

Brazil  India China  Russia  South Africa  Contribution from

Brazil 0.8018 0.0003 0.0012 0.0002  0.1965 0.1982
India 0.0001 0.4985 0.0031 0.4983 0.0001 0.5015
China 0.0018 0.0028 0.9866 0.0029 0.0059 0.0134
Russia 0.0000 0.4984 0.0029 0.4986 0.0001 0.5014
South Africa 0.2351 0.0003 0.0092 0.0003 0.7551 0.2449
Contribution to other 0.2370  0.5018 0.0163 0.5017  0.2025 1.4594

Including own contribution  1.0388  1.0003  1.0030 1.0003 0.9576

The results of volatility connectedness across BRICS are given in Table 4. Colum I, II, III, IV, and V
report pairwise volatility spillover of BRICS countries. Colum VI excludes the volatility of its own coun-
try (contribution from) and reports the total volatility received from other countries in the sample. Simi-
larly, the second last row reports volatility contribution to other countries in our sample

Fig.2 Volatility Connectedness Ru@i\a =
across BRICS Countries 3 Brégil -
\\
\\
\\
\\
\
South@frica - N
India -
CHipa -

6 Volatility Connectedness and Spillover across BRICS

The results of volatility connectedness across BRICS are given in Table 4 and Fig. 2.
Colum I, II, III, IV, and V report pairwise volatility spillover of BRICS countries.
Colum VI excludes the volatility of its own country (contribution from) and reports
the total volatility received from other countries in the sample. Similarly, the second
last row reports volatility contribution to other countries in our sample. The result
has a clear pattern in volatility connectedness. As shown in last column VI, Brazil
receives 19.82% volatility spillover from other countries (India, China, Russia, and
South Africa). The major volatility spillover received from South Africa is 19.65%
(see column V). The Brazilian financial markets have a clear connection with South
African financial markets. The volatility connection of Brazil with India, China, and
Russia is negligible (see columns II, III, and VI). Similarly, Indian financial markets
receive 50.15% volatility from Brazil, Russia, China, and South Africa. Of 50.15%
volatility spillover, the Indian financial market is receiving 49.83% volatility shock
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from Russian financial markets. The Chinese financial market is receiving less vola-
tility spillover from Brazil, India, Russia, and South Africa which is approximately
1.34% (see column VI). However, the Chinese financial markets have a volatility of
98.66% (see column III).

Similarly, Russian financial markets are receiving 50.14% volatility from Brazil,
India, China, and South Africa. The major volatility received from India is approxi-
mately 49.84% (see column II). Finally, South Africa is receiving 24.49% volatility
from Brazil, India, China, and Russia. Of 24.49% volatility spillover, Brazil is con-
tributing 23.51%.0n the other hand, as a transmitter (Contribution to other, second
last row of Table 4), India and Russia have the same approximately the same contri-
bution in volatility spillovers (see columns II and IV 50.18%, 50.17% respectively)
other countries in our sample. Brazil, China, and South Africa contribute 23.7%,
1.63%, and 20.25% respectively.

Keeping in view the findings above, this study has found three major trends in
financial market volatility connectedness. First, the Russian financial markets (stock
market and foreign exchange market) have a strong connection with Indian financial
markets. We believe that many reasons can explain such a strong connection. For
example, the Russian and Indian economies have been increasingly interconnected
in recent years due to economic cooperation and bilateral relations (Kapoor, 2019;
Mukherjee, Bhattacharya, & Roy Chowdhury, 2022; Raghavan, 2016). The grow-
ing economic ties between the two countries, the opening up of the Indian econ-
omy, and the development of Russia’s financial markets have increased economic
activities between Russia and India (Cai, 2018; Kapoor, 2019; Raghavan, 2016).
There has been a significant increase in the number of joint ventures and collabora-
tions between Russian and Indian companies in various sectors, which has facili-
tated cross-border investments and financial flows (Cai, 2018; Raghavan, 2016).
The establishment of the India-Russia Strategic Economic Dialogue (IRSED) in
2018 has also helped to strengthen the economic and financial ties between the two
countries. Moreover, the Indian government’s efforts to liberalize its financial sec-
tor have opened up new investment opportunities for Russian investors (Levi, 1999;
Pentecost & Moore, 2006). To attract foreign investment, the Indian government
has made significant initiatives to ease investment and developed financial markets
instruments (Ataullah*, Cockerill, & Le, 2004; Pentecost & Moore, 2006).

Similarly, Russian authorities are also keen to develop financial markets, espe-
cially, the development of the Moscow Exchange which plays a key role in equity
investments. The Russian government has established National Settlement Deposi-
tory (NSD) to facilitate bond and equity investment. Moreover, the development of
the Russian Trading System (RTS) has helped investors acquire relevant information
and trade efficiently (Abramov, Radygin, & Chernova, 2021; Goriaev, 2004; Matyt-
sin, 2021; Mukherjee et al., 2022). The developments of NSD and RTS have facili-
tated investment and enhanced the efficiency, and transparency of trading in Rus-
sian capital markets. Such characteristics of Russian financial markets have attracted
more investors from the globe including India (Cai, 2018; Kogut & Spicer, 2002).

Second, the result of this study also suggests strong volatility connectedness in
Brazilian and South African financial markets. We have a humble belief that such
results might be driven by the fact that Brazil and South Africa have also strong
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political and economic ties. Especially, the multi-national corporations working in
Brazil and South Africa have joint ventures and collaborations (Alden & Vieira,
2005; Diko & Sempijja, 2021; Mukherjee et al., 2022) which results in cross-border
investments and flow of funds in Brazil and South Africa (Alden & Vieira, 2005;
Vieira & Alden, 2011). Both countries (Brazil and South Africa) have observed tre-
mendous development in financial markets (the development of the B3 stock market
in Brazil and the Johannesburg Stock Exchange) has improved foreign and bilateral
investment between these two countries (Oshikoya & Ogbu, 2000).

Finally, the Chinese financial is considered a relatively restrictive financial system
(Hussain & Bashir, 2019, 2020; Hussain et al., 2021). China’s weak financial mar-
ket connections with other BRICS countries can be attributed to a range of factors,
including regulatory barriers (Bao & Qiu, 2010; Blackman & Wu, 1999; Ghodsi,
2020), currency restrictions (Dobson & Masson, 2009), and differences in economic
development levels. One of the main challenges facing China’s financial market
integration with other BRICS countries is regulatory barriers (Ouattara, 2017). Chi-
na’s strict capital controls make it difficult for foreign investors to invest in Chinese
stocks or bonds, while also limiting the ability of Chinese investors to invest over-
seas (Ouattara, 2017). Such regulatory, trade, exchange rate, and investment barriers
isolate the Chinese economy from the rest of the BRICS countries.

Similar connections are summarized in Fig. 2 given above. Figure 2 depicts the
volatility spillover connectedness in BRICS in network structure. Each node is con-
nected with the countries in our sample. The direction of the arrow shows the direc-
tion of volatility. The mild lines show weak connection and bold lines show a high
magnitude of spillover. As shown in a network diagram, the Russian financial mar-
ket has strong volatility connectedness with India. The direction of volatility spill-
over is from Russia to India. Similarly, Brazil has strong volatility connectedness
with South Africa and the direction is from Brazil to South Africa. Finally, China
has a weak volatility connection with BRICS countries.

7 Conclusion and Policy Implications

We enhance our understanding of exchange rate and stock price volatility con-
nectedness and spillover during pandemic-induced crises. We have investigated
pairwise connectedness and spillover in these financial markets in Brazil, Russia,
India, China, and South Africa. The exchange rate and stock price mechanism can
be explained by famous models, i.e., Stock Oriented and Flow Oriented models.
Numerous studies have already been conducted on such dynamics. We depart from
existing literature by focusing on pairwise volatility connectedness and spillover in
the foreign exchange market and the stock market. We also find volatility connected-
ness across BRICS. The study also extends the literature by specifically focusing on
the connection and volatility of these markets in pandemic-induced crises.

The study result finds that foreign exchange and stock markets are connected and
volatility spillover occurred during pandemic-induced crises. Similarly, the evidence
of volatility connectedness and spillover across BRICS countries are also signifi-
cant. Three countries in the sample of this study, namely, India, Russia, and South
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Africa have provided strong evidence of volatility connectedness and spillover. Rus-
sia-India has strong volatility connectedness. The spillover occurred from Russia
to India in the study period. Similarly, Brazil-South Africa has connectedness and
spillover occurred from Brazil to South Africa. China has weak volatility connected-
ness with remaining countries in BRICS.

The findings of the study suggest a strategy for optimizing portfolios by reducing
risk and diversifying. Interestingly, the study also reveals differences in volatility
connectedness among BRICS countries, allowing for the grouping of countries with
lower volatility connectedness to assign optimal portfolio weights. This informa-
tion can also help identify highly connected BRICS countries, where volatility in
one market is creating volatility in others, increasing portfolio risk. For example,
Russia-India has strong volatility connectedness. The spillover occurred from Rus-
sia to India in the study period. Similarly, Brazil-South Africa has connectedness
and spillover occurred from Brazil to South Africa. China has weak volatility con-
nectedness with remaining countries in BRICS. Such categorization can play a vital
role in portfolio fund allocation. Similarly, the identification of major transmitters
and receivers would help in optimal portfolio construction, and portfolio risk diver-
sification. In addition to volatility connections across BRICS financial markets, the
study also identifies major volatility receivers and givers in BRICS. Investors can
consider the major receiver and giver into account when determining optimal portfo-
lio allocation strategies and portfolio weights. Additionally, if a country is a giver of
volatility, policymakers can take measures to manage its financial markets to prevent
volatility shocks from givers (transmitters). If a country is a receiver of volatility,
policymakers can enhance its financial resilience to mitigate the impact of volatility
shocks from other countries. This categorization can also inform policymaking, ena-
bling policymakers to design effective policies while considering potential risks and
their consequences. Furthermore, the study’s COVID-19 impact analysis posits new
insights related to financial investment decisions. Investors typically overlook infec-
tious diseases when making investment decisions, but the study shows significant
effects of COVID-19 on net volatility spillover in the BRICS financial markets. This
result emphasizes the importance of considering infectious diseases when evaluating
investment returns.
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