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CrossMark

Orientation: This study investigated the relationship between the equity markets and foreign
exchange markets in Brazil, Russia, India, China and South Africa (BRICS).

Research purpose: This study examined the financial connectedness through volatility
spillovers and co-movements among equity and foreign exchange markets in the BRICS
countries to better understand market interdependencies.

Motivation for the study: The literature mainly focused on volatility transmission from
developed countries.

Research approach: This research, used the Diebold and Yilmaz spillover index approach (DY
index). The DY index is based on variance decompositions (VD) and impulse response
functions that use a vector autoregressive (VAR) modelling framework. The study period was
from 02 January 1997 to 31 December 2018.

Main findings: Shocks from the equity markets dominate the foreign exchange markets, while
foreign exchange markets dominate their equity markets at an individual level. There are
interdependencies between BRICS equity markets and foreign exchange markets, except for
China, whose markets are relatively isolated from other BRICS markets. Brazil is the largest
contributor of volatility spillovers to other BRICS markets. The South African rand is the most
integrated within BRICS.

Practical implications: Foreign exchange markets provided better diversification opportunities.
Significant increases in volatility spillovers associated with turmoil periods in domestic and
global markets provide evidence for contagion effects in BRICS markets.

Contribution: The current account (flow-oriented model) is crucial in exchange rate
determination at the individual country level. In contrast, the capital account (stock-oriented
model) is a significant factor in exchange rate determinations at an aggregate level.

Keywords: BRICS; DY spillover index; equity market; foreign exchange rate market; volatility
spillover; contagion; financial connectedness.

Introduction

International investors are increasingly more interested in how volatility in one market, for
example, the foreign exchange market, affects volatility in other capital markets. Accelerating
international financial integration and liberalisation of capital markets have led to increased
capital flows between countries, gradually increasing the level of co-movements in various
financial markets and thus increased volatility spillovers (Aloui Aissa & Nguyen 2011; Evans &
Hnatkovska 2014; Kim & Lee 2017, Pramor & Tamirisa 2006). An increase in co-movement
between the markets over time would imply fewer opportunities for diversification to hedge
against risk in a portfolio. In the literature, volatility spillovers generally refer to how volatility in
one asset transmits into the volatility of other assets. Various studies of volatility co-movements
tended to focus on the degree to which the volatility in one security may be related to the volatility
of another security at a certain period (Arshanapalli & Doukas 1993; Dedi & Yavas 2016; Kavli &
Kotze 2014; King et al. 1994).

One argument in the literature is that financial integration may enhance financial stability through
risk diversification (Babecky, Komarek & Komarkova 2013; Levine 1997; Mishkin 2007; Nicolo &
Juvenal 2014). However, some studies also show that a significant threat to financial integration
is the increased risk of financial instability (Agenor 2003; Eslamloueyan & Fatemifar 2021;
Motelle & Biekpe 2015; Stiglitz 2002). In the aftermath of the global financial crisis (GFC), studies
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show that shocks in financially integrated markets can
quickly spread and spill over to other markets (Deveraux &
Yu 2020; Eslamloueyan & Fatemifar 2021; Glasserman &
Young 2015; Rejeb & Boughrara 2015). Thus, increased
financial integration can lead to contagion where shocks
from one country (or a group of countries) intensify cross-
market linkages and co-movement of asset price shocks to
other countries (Biekpe & Motelle 2018).

Since the early Nineties, because of economic reforms, there
has been a surge of capital flows from foreign investors into
developing economies’ capital markets (Calvo, Leiderman &
Reinhart 1996, 2018). However, like other emerging market
economies, capital flows to Brazil, Russia, India, China and
South Africa (BRICS) are very volatile, resulting in volatile
exchange rates (Ferreiro & Serrano 2011; Kohler 2019).
Caporale et al. (2015) posit that exchange rate volatility
increases the costs of international financial transactions and
reduces the potential gains from international diversification;
in support of this, Tarakci, Olmez and Durusu-Ciftci (2022)
find that exchange rate volatility negatively affects Turkey’s
exports in the long run. The BRICS countries” economies vary
significantly regarding sociodevelopment and political
regimes. Furthermore, their sizes and standards of living are
very diverse. For example, according to the World Bank
(2018) data, China’s economy alone is more than that of the
other BRICS countries combined, and it is more than 37 times
the size of the South African economy. Specifically, the five
countries account for more than 40% of the world population
(IMF 2018). The BRICS economies’ share of global gross
domestic product (GDP) has increased from 18% in 2000 to
more than 31% in 2016, and China alone holds approximately
18% of the total global GDP (IMF 2017). Wilson and
Purushothaman (2003) project that by 2040, BRICS economies
will be among the most dominant economies alongside the
United States (US) and Japan, surpassing other G6 countries.
Also, according to the New Development Bank (NDB) 2017
report, the combined economic weight of the BRICS countries
in 2015 was close to that of the G7 countries. The BRICS
countries attract significant portfolio flows and are also
essential sources of cross-border flows into other emerging
markets and developing economies (EMDEs) (NDB 2017),
which signifies the increasing importance of BRICS in the
global economic system.

Emerging market returns tend to be more volatile when
compared with more developed markets (Bekaert & Harvey
1997). Volatility spillovers can be “a source of concern because
they can propagate volatility shocks between the markets
and increase the risk of a financial crisis’ (Bonga-Bonga &
Hoveni 2013:261). Bae et al. (2003) show that the high degree
of risk inherent in emerging markets makes them more
susceptible to financial crises and contagion. Moreover, in the
first empirical study on contagion, King and Wadhani (1990)
suggest that increased volatility increases the size of
contagion effects. Recent studies on volatility spillovers
support these views (BenSaida, Litimi & Abdallah 2018;
Leung, Schiereck & Schroeder 2017). Aroul and Swanson
(2018) point to how the BRICS countries’ markets are
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susceptible to US markets, while Hammoudeh et al. (2013)
focused on the spectrum of risks affecting BRICS countries.

Studies show that trade linkages can also transmit the effects
of currency crises or, more generally, economic disturbances
from one country to another (Bodart & Carpantier 2022; Jiang
et al. 2022). As BRICS economies have become increasingly
integrated into the global economy through trade and
investment linkages, they have also become more susceptible
to economic and financial disturbances from other countries
(Aloui et al. 2011; Leung et al. 2017). Likewise, the increase in
intra-BRICS trade, which has more than doubled from 1998
to 2016, increases the likelihood of volatility spillovers and
contagion effects among their financial markets. The
Fortaleza Declaration adopted at the Sixth BRICS Summit
held in 2014 put forth trade and investment facilitation as one
of the priority areas for intra-BRICS (BRICS 2017). As trade
linkages increase, an even higher likelihood of volatility
spillovers and contagion effects is expected among their
financial markets. Thus, understanding volatility co-
movement and spillover effects between markets in BRICS is
crucial to the management and prevention of financial crises
in the bloc. In addition, understanding the financial
connectedness of BRICS equity and foreign exchange markets
is important for international investors who wish to diversify
their portfolios and take advantage of the high growth rates
in these markets.

There is a growing body of literature on volatility spillover
effects and co-movement among financial markets.
However, most of the studies provide conflicting results,
and most of the studies on volatility spillovers in BRICS
countries focus on volatility transmission from developed
countries (the US and the UK) to BRICS stock markets
during the GFC (Chkili & Nguyen 2014; Mensi et al. 2016,
2021; Mishra et al. 2007; Sui & Sun 2016). A few studies have
also looked at contagion factors that impact BRICS equity
markets (Aloui et al. 2011; Hwang et al. 2013; Mensi et al.
2014). This study extends the previous studies by examining
the financial connectedness in BRICS economies through
volatility spillovers among equity and foreign exchange
markets. Determining the exact nature of these relationships
will assist investment analysts and portfolio managers
seeking to manage their risk and diversify their investments
in this country grouping.

This study applies various econometric approaches, specifically
the general autoregressive conditional heteroskedasticity
(GARCH) — type models to calculate volatilities in the returns
series. Similar to Bonga-Bonga and Hoveni (2013), the study
does not impose a single structural representation of the
volatility model for all the markets; instead, we select the
appropriate volatility model to account for critical stylised facts
of the financial returns data. To calculate total and directional
spillover indices for BRICS equity and foreign exchange
markets, the study uses the Diebold and Yilmaz spill over index
(DY index). The DY index is based on the generalised vector
autoregressive model (Diebold & Yilmaz, 2009; 2012).
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This article has five sections. The ‘Literature review’ section
reviews the theoretical and empirical literature regarding the
effects of volatility spillovers between the exchange and
stock markets. The ‘Methodology and data’ section outlines
the data and the methods used. Empirical results are reported
and discussed in the ‘Results’ section. The ‘Conclusion’
section summarises the findings, concludes the article and
gives policy recommendations.

Literature review

Two main theoretical frameworks are proposed in the
literature to explain the interdependence between equity
and exchange rate markets. According to the flow-oriented
model, the current account is an important factor in
exchange rate determination. The model suggests that
exchange rates will affect stock prices through their effect
on international competitiveness and trade balance and
thus influence countries” outputs and real incomes. Because
stock prices reflect the present value of expected income,
fluctuations in the exchange rate affect stock prices
(Dornbusch & Fischer 1980). On the other hand, the stock-
oriented models emphasise the capital account as an
essential element in exchange rate determination. There are
two types of stock-oriented models: the portfolio balance
and monetary approach models. These models show that
movements in the stock markets lead to inflow and outflow
of money as investors rebalance their portfolios. The
demand for money is directly affected and thus leads to
changes in interest rates and subsequently exchange rate
movement (Frankel 1983).

These theories are of particular interest in this study because
a significant amount of foreign capital flowing from advanced
economies to EMDEs is directed to BRICS countries,
especially China. Furthermore, the BRICS countries pursue
export-oriented growth strategies and import a good deal of
raw materials for production (BRICS 2017). Thus, the value of
the domestic currency and how itis determined are important
to BRICS economies.

This study considers the empirical literature along three
strands: studies that focus on volatility transmission in the
foreign exchange markets, those that focus on volatility
transmission in stock markets and finally, studies that look at
volatility spillovers across both stocks and exchange rate
markets.

In their pioneering work on volatility spillovers, Engle et al.
(1990) investigate the ‘heat waves’ and ‘meteor showers’
hypotheses of volatility in the Japanese Yen and USD
exchange rate. According to the heat waves hypothesis,
volatility in one market continues in the same market the
next day, while the meteor showers hypothesis allows volatility
to be transmitted across markets. They find significant
evidence for ‘meteor shower’-type volatility spillover effects
where volatility in the exchange rate during Tokyo trading
hours spills over to other markets. Baillie and Bollerslev
(1990) also find that over 6 months in 1986, hourly patterns in
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volatilities of four major exchange rates exhibited remarkably
similar patterns and appeared to be serially correlated.
McMillan (2001) studied the common trend and volatility in
the Deutsche mark and French franc per dollar exchange
rates. By using a multivariate random walk stochastic
volatility model, they found a very high correlation between
the volatility innovations. It suggests that volatility
innovations follow a common trend so that, in essence, the
volatilities are co-integrated. In a relatively recent study,
Kavli and Kotze (2014) investigated the spillover effects of
exchange rate returns and volatility for developed and
emerging market currencies from 1997 to 2011. They find
evidence that spillovers in exchange rate returns have
increased steadily, reacting moderately to economic events.
In addition, similar to the results of Antonakakis (2012), they
found the magnitude of spillovers has increased post GFC.
The latter found that in the Euro area, economic episodes are
positively correlated with spillovers. Rajhans and Jain (2015)
confirm that the US dollar (USD) to British pound sterling
(GBP) and the USD to Australian dollar (AUD) markets are
largely sensitive to external economic events and are net
receivers, while the USD to Canadian dollar (CAD) is a net
transmitter and mainly sensitive to domestic factors.

Concerning equity markets, Hamao, Maulis and Ng (1990)
use the GARCH framework to examine the Tokyo, London
and New York stock markets around the 1987 stock market
crash. They find significant evidence of price volatility
spillovers from New York to Tokyo, London to Tokyo and
New York to London (Hamao et al. 1990). King et al. (1994)
investigate volatility and links between 16 national stock
markets from 1970 to 1988 and find that international equity
markets go through specific periods of sustained co-
movement, such as the 1987 stock market crash and other
periods of low correlation between the markets. They
conclude that there is no evidence for capital market
integration (King et al. 1994). Edwards and Susmel (2001)
study the behaviour of volatility for a group of emerging
Latin American economies, and while they find strong
evidence of volatility co-movement across the stock markets
(especially among Mercosur countries), they find no evidence
for contagion (Edwards & Susmel 2001). Forbes and Rigobon
(2002) show that there is high level of stock market co-
movements during both crisis periods. However, they argue
that there is no contagion during crises, only interdependence
(Forbes & Rigobon 2002). Wahid, Mumtaz and Mnatell (2019)
highlight the strong spillover effects from the United States,
Canada, Australia and Ireland markets through cross-listed
firms in alternative markets.

In contrast, studies show evidence to support increased
financial market interdependence and contagion during
crisis periods (Baele 2005; Bekaert et al. 2014; Chiang et al.
2007). Baele (2005), while studying the effects of globalisation
and regional integration in increasing equity market
interdependence, investigates volatility spillovers from the
aggregate European (EU) and US markets to 13 local EU
equity markets. Key findings from the study show that
volatility spillovers in both the EU and the US increased
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significantly over the Eighties and Nineties, and during
periods of high world market volatility, there is evidence
for contagion from the US market to several local EU
countries’ equity markets. Diebold and Yilmaz (2009)
propose a spillover index constructed from the VD of the
vector autoregression (VAR) models of stock markets of 7
developed and 12 emerging market economies. They find
that spillovers in the volatility of equities are highly
responsive to crisis events, while return spillovers show a
steadily increasing trend but are not responsive to crisis
events. Therefore, return spillovers show no evidence of
contagion, but volatility spillovers indicate the presence of
contagion. In a similar study, they used a dynamic factor
model; Bekaert et al. (2014) analysed the GFC transmission
across 55 equity markets and 10 sectors; they found evidence
of contagion. Moreover, they find a particularly significant
contagion from domestic markets to individual domestic
portfolios, with the countries with the worst macro-
economic fundamentals affected the most. In the context of
BRICS, studies that examine the spillover effect between the
US and BRIC(S) stock markets find evidence of significant
shocks and volatility transmission between the US and
BRICS markets (Dimitriou et al. 2013; Jin & An 2016; Mensi
et al. 2016; Syriopoulos et al. 2015). Mensi et al. (2021)
analysed the period from 2000 to 2018 and found that the
BRICS countries contributed the second-most short-term
volatility spillovers after the developed markets. Looking at
the US equity market and emerging equity markets, Vo and
Tran (2020) found significant volatility spillover from the
US markets to the Association of Southeast Asian Nations
(ASEAN) markets.

To analyse the relationship between exchange rates and stock
returns, Kanas (2000) studied the volatility spillovers between
the exchange rate and the stock price in six industrial
countries: Canada, Japan, the United Kingdom, Germany,
France and the United States. Kanas found that except for
Germany, there is strong evidence of volatility spillover from
the stock market to the exchange market; however, spillovers
from exchange rate returns to stock returns were not
significant across all the countries. He also finds that volatility
spillovers are symmetrical around the release of bad and
good news (Kanas 2000). In similar research, Yang and Doong
(2004) investigate the nature of the mean and volatility
transmission mechanisms in the two markets but expand the
sample size to all G7 countries. They also find a unidirectional
volatility spillover from the stock market to the foreign
exchange market. However, they find that volatility spillover
effects are asymmetric. Van der Westhuizen, Van Eyden and
Aye (2022) also found asymmetric volatility spillovers from
between the stock market and the foreign exchange market
for South Africa. Several studies show that the foreign
exchange market is essentially a receiver of volatility from
the equity market and other asset classes (Bonga-Bonga &
Hoveni 2013; Diebold & Yilmaz 2012; Duncan &
Kabundi 2011). Conversely, Zhao (2010) finds bidirectional
volatility spillover effects between the Chinese foreign
exchange and stock markets using likelihood ratio statistics.
Mishra et al. (2007) also find bidirectional volatility spillovers
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between the two markets in India, similarly Van der
Westhuizen et al. (2022) for South Africa. Erdogan, Gedikli
and Cevik (2020) found a unidirectional time-dependent
volatility spillover effect from the stock market to the foreign
exchange market for the selected emerging economies.

In the context of BRICS, Dahir et al. (2018) found that
exchange rates lead stock returns in Brazil and Russia, while
for India, stock returns led exchange rates and for South
Africa, there is a bidirectional causality. However, they find
no correlation between Chinese exchange rates and stock
returns. Sui and Sun (2016) focus on the relationship
between BRICS exchange rates and stock markets during
the GFC and the spillover effects between US and BRICS
stock markets. In contrast to Dahir et al. (2018), they find
unidirectional spillover effects from the exchange rates to
stock returns in the short-run for all BRICS and shocks to
the US S&P 500 influence all BRICS stock markets except
India. The results are similar to those of Bal, Manglani and
Deo (2018), who used the GARCH and EGARCH and found
a unidirectional effect from the exchange rate market to the
stock market for India. Using Markov-switching (MS) VAR
models, Chkili and Nguyen (2014) also find different results.
Their findings show the unilateral impact of stock markets
on exchange rates for all BRICS except South Africa. They
also find that the Chinese yuan (CNY) is insensitive mainly
to movements of the US dollar value. Despite conflicting
results, what is clear from the literature is evidence of
financial connectedness among BRICS financial markets
and US stock markets.

Methodology and data
Methodology

This study investigated the relationship and direction of
volatility spillovers between equities and foreign exchange
markets in BRICS using the Diebold-Yilmaz spillover index.

General autoregressive conditional heteroskedasticity-
type models

To construct the volatility spillover indexes, we first need an
estimate of volatility in each of the BRICS stock indexes and
currencies. Diebold and Yilmaz (2009, 2012) used Garman—
Klass (GK) volatility estimators for equities and other assets.
These estimates are the difference between weekly high, low,
opening and closing prices obtained from the underlying
daily high, low, opening and closing data.

The GK estimators require high-frequency data to which the
study does not have access. Duncan and Kabundi (2011) and
Kavli and Kotze (2014) encounter the same challenge and use
squared returns or yields to measure volatility instead.
However, this volatility measure fails to consider the
asymmetry of returns. Our study seeks to address this
limitation by employing the GARCH framework. In
particular, we use exponential GARCH and threshold
GARCH (which are closely related to the Glosten, Jagannathan
and Runkle [GJR] GARCH) models to generate daily
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conditional volatilities. These models capture asymmetric
effects in financial data.

Glosten, Jaganathan and Runkle (1993) and Zakoian (1994)
introduced the TGARCH model to allow the effects of
positive shocks (good news) and negative shocks (bad
news) to have different effects than shocks below the
threshold. Nelson (1991) introduced the EGARCH model
to capture asymmetry. The EGARCH model does not
require the estimated coefficients to be non-negative. It
allows for leverage effects. This study also examined
directional volatility spillovers, which is possible if GARCH
models capture the stylised facts of financial time series
such as volatility clustering, volatility persistence,
leptokurtic tails and leverage effects. Both models are
capable.

Diebold-Yilmaz spillover index

After calculating volatilities, we apply the Diebold-Yilmaz
(DY) spillover index (2009, 2012) based on the recursive VAR
model of Sims (1980).

Vector autoregression: The VAR model is often used to
capture linear relationships among multiple macro-economic
variables. The main advantage of using VAR models is that
they have good forecasting capabilities. Furthermore, they
do not require the researcher to specify endogenous or
exogenous variables, unlike structural models with
simultaneous equations (Sims 1980). All variables in the
model are endogenous.

The VAR model is specified as follows. Firstly, consider a
covariance stationary VAR model matrix of order p
specification and N variables. The moving average (MA)
representation of the VAR is given by:

x =37 Ae,, [Eqn 1]

where y,is an N x 1 vector containing each of the N variables
included in the VAR:

® ¢ is an N x 1 vector of independently and identically
distributed (i.i.d) disturbances

e A, is the N x N coefficient matrix, such that,
A=PA +P A4 +..+DP 4, with

* A being an N x N identity matrix, 4 =1 , and 4, = 0 for
i<0

® y is expressed as the sum of past and current error
vectors, ¢, such that:

x =y, Px,_+e, [Eqn 2]

Secondly, the MA representation forecasts the future
H-steps-ahead vector of independent variables. By splitting
the forecast error variance of each variable into parts
attributable to the various system shocks, using VD allows
the study to answer the questions: ‘what fraction of the one-
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step-ahead error variance in forecasting x, is because of
shocks to x,? Shocks to x,?” (Diebold & Yilmaz 2009)

However, the VAR model has limitations. By using
Cholesky decompositions to orthogonalise the innovations,
forecast error variance decompositions (FEVDs) based on
Cholesky factorisation are highly sensitive to the ordering
of the variables. The order of variables ensures no
correlation between the forecast errors and will not result
in erroneous and unrealistic results (Dekker, Sen &
Young 2001).

The DY spillover index (2009) has the same limitations as it
uses Cholesky factorisation. To address these constraints,
Diebold and Yilmaz (2012) extended the DY spillover index
(2009) using the GVAR and generalised FEVD (GFEVD)
models, proposed by Koop et al. (1996) and Pesaran and Shin
(1998). In contrast to the traditional VAR model, the GVAR
does not require orthogonalisation of shocks but allows for
correlated shocks. Furthermore, the generalised impulse
response functions (GIRFs) produce FEVDs that are not
dependent on the ordering of variables. The following section
outlines the econometric methodology of Diebold and Yilmaz
(2009, 2012).

Variance shares

Diebold and Yilmaz (2009) define own variance shares as
fractions of forecast error variances in forecasting xi caused
by shocks to x, for i = 1, 2,..., N and cross-variance shares, or
spillovers, as fractions of the H-step-ahead forecast error
variances in forecasting x, because of shocks to another
variable, X, fori,j=1,2,..,N,such thati#;. The H-step-ahead
FEVD:s are given by:

o (1) ZL B A 2T [Eqn 3]

T ST

where X is the variance matrix for the error vector e:

* o, is the standard deviation of the error term for the j th
equation

® ¢ is the selection vector with one as the ith element and
zeros otherwise.

The sum of the elements of each row in forecast error
variances decompositions derived from orthogonalised
VARs sum up to unity. However, in the given GFEVD, they

N
do not. That is, 2 /_zlgf,(H ) # 1. As a result, we cannot think
of 67,(H) as a share of the total variance in i. Diebold and

Yilmaz (2012) suggest normalising each entry of the VD
matrix by the sum of the elements of each row as follows to
validate the interpretation. Diebold and Yilmaz (2012)
suggest the following;:

0%, ()

g _

/ 0 (H
E/=1 (1) [Eqn 4]
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N o N '
where > 0% (H)=1land " 6 (H)=N.
Total and directional spillover
The total spillover index, which measures the contribution of
spillovers of shocks across N variables to the total forecast
error variance, is then defined as:

N N
2 i1 07, (H) 2 i1 07, (H)
5¢(H)=— *100 = — *100  [Eqn]
>, 05 H)

The directional volatility spillovers transmitted from market
i to all other markets j are as follows:

N rg
-1 05,(H)
JEi

S¢(H )= *100 =
ki ( ) E:/j!] H'fj(H)

N 12
E -1 07, (H)
jei

*100 [Eqn 6]

In the same way, directional volatility spillovers received by
market i from all other markets j are given by:

N 4
E =107 (H)
JEi

SE(H)=— *100 =
305D

ij=1 b

N p
E =107 (H)

=i

*100 [Eqn 7]

Thus, the directional volatility spillovers separate the total
spillovers into those coming from (or to) a particular source.

The net volatility spillovers from market i to all other markets
jare the difference between gross volatility shocks transmitted
to Eqn 5 and gross volatility shocks received from all other
markets (Eqn 6), such that:

S¢(H)=5%(H)-5%(H) [Eqn 8]
If §¢(H) >0, we conclude that market i is a net transmitter of
volatility. Conversely, if Sf(H)<0, then market i is a net
receiver of volatility from other markets.

Diebold and Yilmaz (2012) also measure net pairwise
volatility spillovers defined as the difference between the
gross volatility shocks transmitted from one market, i, to
another market, j, and those transmitted from j to i. This
study does not consider pairwise spillovers as there were
no a priori expectations regarding directional spillover
between any two specific markets. Analysing net pairwise
volatility spillovers across all BRICS stocks and currency
markets is tedious and will make the analysis
unmanageable. Therefore, net pairwise spillovers are
excluded in this study.

Lag specification
The lag length is important because the DY spillover
indices are derived from the VD of a VAR (p) estimation.
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Thus, the Akaike information criterion (AIC) and the
Swartz Bayesian criterion (BIC) are used to determine the
optimal lag length.

Time-varying volatility spillovers

To allow for possible time-variation in the spillovers, we use
rolling window estimations. Following Diebold and Yilmaz
(2009, 2012) and Duncan and Kabundi (2011), we used a
rolling 200-day period and a 10-day ahead volatility forecast.
Kavli and Kotze (2014) posit that using large rolling window
estimates gives a smooth dynamic index series and more
accurate estimates. Still, it also implies that the true index
does not change during the period.

Data

We estimate volatilities using daily closing exchange rates
and stock market indexes for the BRICS countries. The stock
indexes for the BRICS countries are the Bovespa Equity Index
for Brazil (IBOV); the Russian Trading System Index (RTSI);
the National Stock Exchange (NSE) NIFTY 50 index for India;
the Shanghai Composite Index (SSEC) for China; and the
Financial Times Stock Exchange (FTSE) — Johannesburg Stock
Exchange (JSE) All Share Index (JALSH) for South Africa. The
exchange rates, namely the Brazilian real (BRL), Russian
ruble (RUB), Indian rupee (INR), CNY and South African
rand (ZAR), are expressed in the local currency against the
USD. The study uses secondary data from Thomson Reuters
Datastream.

The study covered the period from 02 January 1997 to 31
December 2018. Only two countries, South Africa and India,
had freely floating exchange rate regimes throughout the
study period. Russia, Brazil and China had fixed exchange
rate systems and they only adopted managed floating rate
regimes in August 1998, January 1999 and July 2005,
respectively. The fixed rates, particularly in the case of China,
give rise to the problem of multicollinearity among the
regressors in the VAR model. To correct this and weaken
exchange regime impacts, the countries’ periods that had
adopted fixed exchange regimes are excluded. Table 1
provides more details regarding sample selection.

We calculate the returns of the exchange rates and stock
indices as the difference between the logarithms of the closing

TABLE 1: Volatility spillover sample periods.

Volatility spill-over indicator ~ Country Sample period

01/13/1999-12/21/2018
08/11/1998-12/31/2018
India 01/02/1997-12/31/2018
China 07/21/2005-12/31/2018
South Africa 01/02/1997-12/31/2018

Cross-market, cross-country All 07/21/2005-12/31/2018
volatility spillovers

Cross-market, in-country Brazil

volatility spillovers Russian Federation

Volatility spillovers between All 01/02/1997-12/31/2018

equity markets

Volatility spillovers between All 01/02/1997-12/31/2018

foreign exchange markets

Source: Thomson Reuters Datastream
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prices between two subsequent days. Thus, the formula for
the returns is given by:

R =In

*100 Eqn 9
! P [Eqn 9]

-1

where Rt denotes asset returns:

® pis the price index
e tandt-1indicate time

The trading hours of the BRICS equities and exchange
markets are not synchronous. To avoid the ‘meteor showers’
effects that Engle et al. (1990) demonstrated, there are various
solutions to the problem of nonoverlapping and partially
overlapping trading hours in the literature (Bae et al. 2003;
Hamao et al. 1990; Melvin & Melvin 2003). The study
followed Forbes and Rigobon’s (2002) approach of using
2-day rolling window average returns.

No data for weekends are included as the markets are
closed on weekends. As a result of trading holidays
across the five countries, missing observations are replaced
with the previous days’ returns before calculating
volatilities. Table 2 reports descriptive statistics and unit
root tests for both equity and exchange rate return series.
The mean and standard deviations of the index series are
annualised.

From Table 2, we observe that annualised stock returns in
BRICS ranged from 4.5% to 11.7%. The Brazilian stock market
has the highest average return of 11.7%, while Chinese stock
returns are much lower at 4.5%. The RTSI is the most volatile
stock index with a standard deviation of 38.3%, while the
JALSH has the lowest volatility (13.8%) over the sample
period. All five equity market returns are negatively skewed
and leptokurtic, indicating non-normality. In addition, the
Jarque-Bera statistics for all the indices are not normally
distributed.

Table 2 also shows that the average returns of all four of
the BRICS currencies are positive except for the Chinese
yuan. The RUB has the highest returns (6.6%) while the

TABLE 2: Summary statistics for returns in equity and foreign exchange markets.
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CNY exhibits negative returns (-1.3%) over the sample
period. The rand is also the most volatile currency (12.4%),
followed by the real and ruble at 11.5% and 10.4%,
respectively. The CNY is the least volatile currency (1.7%),
and the rupee has a relatively low returns volatility (5.4%).
The exchange rate returns also show signs of non-
normality. They are highly leptokurtic, but all five currency
returns are positively skewed in contrast to the equity
market returns.

Ethical considerations

This article followed all ethical standards for research without
direct contact with human or animal subjects.

Results
General autoregressive conditional
heteroskedasticity-type models

The study uses an exponetial generalized autoregressive
conditional heteroscedastic model (EGARCH) and a threshold
generalized autoregressive conditional heteroscedastic
model (TGARCH) to estimate the volatilities of the returns
series. The study first estimated the autoregression analysis
and moving average (ARMA) model using both the Box-
Jenkins approach and autoregression integrated and moving
average (ARIMA) forecasting in EViews (IHS Markit Ltd,
London, United Kingdom). Results of the Q-statistics of
order 15 are given in Table 2. The Q-statistics, along with
their corresponding p-values, confirm the presence of
autocorrelation. The ARCH LM tests indicate the presence of
ARCH effects. The values of Obs*R-squared and their
corresponding p-values of 0.0000 lead us to reject the null
hypotheses of no ARCH effects and conclude that at the 1%
level of significance, there is evidence of arch effects for all 10
indices. Therefore, the need to estimate GARCH-type models
is justified.

Diebold-Yilmaz spillover index

The results are presented in four subsections. Firstly, to
analyse market interdependencies (co-movements) among
BRICS asset classes, we estimate the DY spillover indices

Returns series Obs Mean S.D. Skewness Kurtosis Jarque—Bera Q-Stat(15) ADF

Equities

IBOV 5738 0.117 0.158 -0.211 14.723 32897.23 4208.10 -12.73
RTSI 5738 0.075 0.383 -0.459 12.062 19836.20 133.91 -67.29
NIFTY 5738 0.114 0.169 -0.462 10.459 13506.46 1619.50 -16.34
SSEC 5738 0.045 0.175 -0.279 7.736 5437.50 1454.50 -14.20
JALSH 5738 0.099 0.138 -0.486 8.829 8348.89 1695.70 -13.79
Exchange rates

BRL 3508 0.037 0.115 0.521 9.181 5742.44 743.57 -11.72
RUB 3508 0.066 0.104 1.332 23.222 60808.29 1058.10 -10.84
INR 3508 0.035 0.054 0.366 10.375 8028.39 867.04 -12.32
CNY 3508 -0.013 0.017 0.393 21.097 47962.01 907.88 -8.65
ZAR 3508 0.058 0.124 0.666 11.118 9892.65 807.10 -13.38

IBOV, Bovespa Equity Index for Brazil; RTSI, Russian Trading System Index; SSEC, Shanghai Composite Index; JALSH, JSE All Share Index; BRL, Brazilian real; RUB, Russian ruble; INR, Indian rupee;
CNY, Chinese yuan; ZAR, South African rand; ADF, Augmented Dickey-Fuller test; NIFTY 50 is the indian benchmark index; Obs, Observations.

This table reports the summary statistics of returns of the stock indices and exchange rates.

https://www.jefjournal.org.za . Open Access
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based on the VDs from our samples. Secondly, we consider
the time variation in the volatility spillovers using rolling
window estimations. Thirdly, we focus on directional
spillovers, and lastly, we look at net directional spillovers for
each of the BRICS markets.

The Brazil, Russia, India, China and South Africa
equity markets

Table 3 presents the results of volatility spillover among
BRICS stock markets and the estimated contribution to the
variance of the 10-day forecast error variance of market i
from shocks to market j. The diagonal elements (i = j)
represent their market shocks. The off-diagonal elements in
the table estimate pairwise directional spillover. The
‘contribution to others” row measures the spillover effect
transmitted by a particular market to all others.

In contrast, the ‘from others” column represents the total
spillovers received by a particular market from all other
markets. The total spillover index is given by summing either
the ‘contribution to others’ row or the ‘from others” column.
The net total directional spillover is the difference between
the sum of the ‘contribution to others’ row and the ‘from
others’” column (excluding own variance shares). A positive
value of the ‘Net’ indicates that the market is a net transmitter
of volatility to other markets. In contrast, a negative value
shows that the market is a net receiver of volatility from
other markets.

The results presented in Table 3 indicate that the total
spillover among BRICS equity markets is 19.6%, whereas
own market shocks explain 80.4% of the forecast error
variance. China has the highest own connectedness (95.2%),
followed by Brazil (87.3%) and India (85.5%). South Africa
and Russia have relatively lower own connectedness, 70.5%
and 63.5%, respectively, indicating that they are more
integrated with other BRICS stock markets.

The South Africa equity market index (JALSH) has the
highest effect, followed by the stock market indices of Russia
and Brazil. China has the lowest contribution to the forecast
volatility, contributing only 2.3% to the other markets.

TABLE 3: Static spillover (connectedness) index — Equities.

Equity market 1BOV RTSI NIFTY SSEC JALSH From
others
IBOV 87.3 3.5 0.7 0.6 7.9 12.7
RTSI 2.5 63.5 3.0 0.7 30.3 36.5
NIFTY 0.7 3.8 85.5 0.4 9.6 14.5
SSEC 0.1 1.9 1.2 95.2 1.6 4.8
JALSH 3.2 20.4 53 0.7 70.5 29.5
Contribution to others 6.5 29.5 10.2 2.3 49.3 97.90

Contribution including  93.9 93.1 95.7 97.6 119.8 19.6%
own

Net -6.2 -7 -4.3 -2.5 19.8

IBOV, Bovespa Equity Index for Brazil; RTSI, Russian Trading System Index; SSEC, Shanghai
Composite Index; JALSH, JSE All Share Index; NIFTY, NIFTY 50.

This table presents the results of volatility spillover among BRICS stock markets. The table
reports the estimated contribution to the variance of the 10-day forecast error variance of
market i from shocks to market j. The results are calculated using the DY spillover index.
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However, it also has the lowest risk of volatility transmission —
only 4.8% of the forecast volatility it receives is from other
markets, an indication that the connectedness of China to
other markets in BRICS is low. This result is consistent with
Bekiros (2014), Lee and Lee (2019) and Wang et al. (2016).
Conversely, the stock markets of Russia, South Africa and
India have a higher risk of volatility transmission from other
markets — 36.5%, 29.5% and 14.5%, respectively. Brazil
receives 12.7% of volatility from other markets and 7.9%
from South Africa.

The Brazil, Russia, India, China and South Africa foreign
exchange markets

Table 4 presents the results of volatility spillover among
BRICS currency markets. The table reports the estimated
contribution to the variance of the 10-day forecast error
variance of market i from shocks to market j. The results are
calculated using the DY spillover index.

The results presented in Table 4 indicate that own market
shocks explain 88.8% of the forecast error variance
among BRICS exchange rate markets. China and Russia
have the highest connectedness, 99.7% and 99.2%,
respectively, followed by India (95.5%). Brazil and South
Africa currency indexes have relatively lower own
connectedness, 82.6% and 67.1%, respectively, indicating
that they are relatively more integrated with other BRICS
currency markets.

The BRL has the highest effect, followed by the ZAR. In
particular, the exchange rate of Brazil contributes 32.2% to
the exchange rate of South Africa. South Africa contributes
14.6% of volatility to the BRL and only 1.1% and 0.1% to the
volatility of the INR and the RUB. China has the lowest
contribution to the forecast volatility, contributing only 0.2%
to the other markets. The rand has the highest risk of
volatility transmission — it receives 32.9% of the forecast
volatility from other markets, while China and Russia both
have the lowest risk of volatility transmission — receiving
only 0.3% and 0.8% of the forecast volatility from other
markets, respectively.

In Table 4, the net column shows the main recipients
and transmitters of volatility spillovers. The ZAR, CNY
and INRs are net recipients of volatility spillovers from
other BRICS foreign exchange markets, while Brazil and

TABLE 4: Static spillover (connectedness) — Currencies.

Foreign currency BRL RUB INR CNY ZAR From others
BRL 82.6 0.4 2.4 0 14.6 17.4
RUB 0.6 99.2 0.1 0 0.1 0.8
INR 2.8 0.4 95.5 0.1 11 4.5
CNY 0 0 0.2 99.7 0.1 0.3
ZAR 32.2 0.1 0.6 0 67.1 32.9
Contribution to others 35.6 0.9 33 0.2 16 55.9

Contribution including 118.2 100.1 98.8 99.9 83.1 11.20%
own

Net 18.2 0.1 -1.2 -0.1 15.7

BRL, Brazilian real; RUB, Russian ruble; INR, Indian rupee; CNY, Chinese yuan; ZAR, South
African rand.
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Russia are net transmitters of volatility to other BRICS
currency markets.

The Brazil, Russia, India, China and South Africa
cross-market, cross-country analysis

In this subsection, we explore the relationship between
equities and exchange rate markets across all BRICS
countries. Table 5 presents how volatility shocks in one
BRICS market spill over to all other BRICS markets.

China has the highest own financial connectedness. In
particular, the CNY has the highest own connectedness
(85.7%), and only 14.3% of the shocks to the yuan are from
shocks from other markets. Consistent with findings from
other studies such as Lee and Lee (2019) and Wang et al.
(2016), Table 5 shows that financial connectedness between
Chinese markets (equities and exchange rates) is also the
lowest in BRICS. The other results show that Brazilian
markets have the lowest own financial connectedness and
the highest risk of volatility transmission; the Bovespa index
only has 40.3% own connectedness. In addition, 59.7% of the
shocks in the IBOV index are from other BRICS markets — the
largest of which are from shocks from the real (14.2%) and
the rand (13.8%).

The Bovespa index is the most contagious market,
transmitting 77.8% of shocks to other BRICS markets,
although it gives only 1.2% volatility to the Chinese yuan. On
the other hand, the Chinese stock market index has the lowest
net connectedness measure of —20%, followed by the NIFTY
50 with —18.3%. Moreover, IBOV transmits the most shocks
to JALSH (15.3%) and BRL (13.6%). The financial
connectedness between the real and the rand is the highest
among BRICS currency pairs — transmissions from the real to
the rand are 14.5% and from the rand to the real are 15.5%.
Interestingly, the CNY receives the most shocks from the
INR, evidence of regional connectedness. Total financial
connectedness is at 45.9%.

There is evidence of bidirectional volatility spillovers
between stocks and currency markets in BRICS, with most
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of the shocks flowing from the foreign exchange markets
to the equity market for three of the BRICS economies.
Russian and Indian markets show the opposite, with
most volatility spilling from the stock markets to their
currencies. The results in this section provide more support
for flow-oriented models except for markets in India and
Russia.

Cross-market, in-country rolling window analysis

Figure 1 shows volatility spillovers between equities and
foreign exchange markets of BRICS. Brazil and Russia lead
the highest spillover measures, above 40%, followed by
South Africa and India. China has the lowest spillovers — its
highest index measure was 20% reported in 2011. Appendix
D shows the cross-market spillover index for all.

We observe that spillovers between equities and foreign
exchange markets are higher during country-specific
events. Other common periods of high volatility coincide
with the 2006 oil crisis and the announcement of increased
interest rates by the US Federal Reserve, the 2010-2012
Eurozone debt crisis and the Chinese stock market crash,
in which the SSEC index fell 43% in just over 2 months
from June to August 2015 (Riley & Yan 2015) and
the emerging markets currency crisis and US-China
trade war.

Brazil showed a significant increase in volatility spillovers
between its equity and foreign exchange market throughout
the GFC. China’s volatility spillovers were also relatively
low; China instituted a hard peg against the US dollar during
the period. Volatility spillovers increased significantly for
the BRICS markets during the EDC, as expected under the
trade-oriented flow model. The EU is the largest single
export destination for all BRICS countries except China (the
United States is China’s biggest export destination, followed
by the EU).

Figure 2 shows the net directional spillovers in the equity
markets, given by the difference between volatility

TABLE 5: The Brazil, Russia, India, China and South Africa cross-country, cross-market spillovers.

Equity and Foreign 1BOV BRL RTSI RUB NIFTY INR SSEC CNY JALSH ZAR From others
currency markets

IBOV 40.3 14.2 9.3 4.9 4 3.4 1.1 0.2 8.8 13.8 59.7
BRL 13.6 48.9 6.4 51 1.9 3.6 0.8 0.3 4 15.5 51.1
RTSI 10.6 6.8 415 11.5 4.6 4 0.8 0.3 12 7.9 58.5
RUB 5.9 5.9 15.3 56.1 1 3.6 0.4 0.8 2.8 8.3 43.9
NIFTY 9.4 4.9 7.7 1.6 48.5 8.2 1.8 0.1 9.9 7.9 51.5
INR 5.5 6.4 5.8 4.6 8.5 54.4 0.5 1.2 3.6 9.5 45.6
SSEC 5.1 2.8 3.5 1.1 4 2.2 72.6 0.5 4.9 33 27.4
CNY 1.2 1.3 0.7 2.2 0.6 2.6 0.3 85.7 1.5 39 14.3
JALSH 15.3 6.6 13.3 3.3 6.7 3.9 1.5 0.8 42.9 5.7 57.1
ZAR 11.4 14.5 6.5 6.6 2.1 5.2 0.3 0.9 2.8 49.8 50.2
Contribution to others 77.8 63.3 68.5 40.9 33.2 36.8 7.4 5.2 50.4 75.8 459.3
Contribution 118.1 112.2 110 97.1 81.7 91.2 80 90.8 93.3 125.6 45.90%
including own

Net 18.1 12.2 10 -3 -18.3 -8.8 -20 -9.1 -6.7 25.6

IBOV, Bovespa Equity Index for Brazil; BRL, Brazilian real; RTSI, Russian Trading System Index; RUB, Russian ruble; INR, Indian rupee; SSEC, Shanghai Composite Index; CNY, Chinese yuan; JALSH, JSE

All Share Index; ZAR, South African rand.

This table presents the results of volatility spillovers across all BRICS equities and exchange rate markets. The results are calculated using the DY spillover index.
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Notes: This figure shows the results of the 200-day rolling window estimates of the volatility spillover. The horizontal axis shows the sample period, while the vertical axis denotes the volatility

spillover between all BRICS equities and currency markets.

FIGURE 1: Time-varying spillover indexes — Brazil, Russia, India, China and South Africa cross-market, cross-country analysis (a—e).

transmitted to other markets and volatility received
from other markets. They confirm that Brazil and South
Africa are net transmitters of volatility. In addition, they
indicate that IBOV dominates other BRICS stock markets,
followed by the JALSH index and RTSI. The study also
notes that South Africa is a net receiver of volatility during
country-specific crises, in contrast to other BRICS markets
that are net emitters of volatility during country-specific
crises.

Figure 3 demonstrates that the BRL dominates the other
markets — transferring the most volatility to them, especially
during crises. Volatility spillovers from the Brazilian foreign
exchange market to other BRICS currency markets spiked
to nearly 200% during the EDC. As expected, the CNY is the
most stable of the BRICS currencies, transferring very low

https://www.jefjournal.org.za . Open Access

shocks to other markets, that is, until the yuan was allowed
to float freely in 2015. Our results show a significant peak
in volatilities transmitted then — from around 40% to close
to 260%.

Conclusion

This article tested for market interdependencies (co-
movements) among BRICS equity and foreign exchange
markets and examined both markets’” contagion
effects during crises. We used the GARCH framework
to calculate daily volatilities in BRICS stocks and
currency indices. We applied Diebold and Yilmaz’s
(2012) spillover index to calculate total and directional
spillover indices for BRICS equity and foreign exchange
markets.
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FIGURE 2: Net directional spillovers — Brazil, Russia, India, China and South Africa equity markets (a—e).

Our results indicated strong interdependencies among
BRICS equity and foreign exchange markets, except for
China, relatively isolated from other BRICS markets.
Brazil and Russia (their equities and currency markets)
and the ZAR are the largest contributors to volatility
spillovers to other BRICS markets. China and India are
significant net receivers of the volatilities from other
BRICS. Following Bonga-Bonga (2018), our results
provided strong evidence of cross-transmission and
interdependence between Brazil and South African
markets relative to other BRICS markets.

We also found that significant increases in volatility
spillovers in both markets coincide with domestic and
global crises such as the GFC, EDC, Brazilian crisis,
Russian crisis and the Chinese stock market crash,
consistent with Coudert et al. (2011). Evidence of contagion

https://www.jefjournal.org.za . Open Access

effects in BRICS markets is significant in spillovers linked
to the US-China trade war and the Turkish Lira crisis.
We found more evidence of contagion when looking
at interactions between equity and foreign exchange
markets under aggregated markets than individual
country markets.

Looking at BRICS cross-country, cross-market static analysis,
we found evidence of bidirectional volatility transmission
between equity and foreign exchange markets of BRICS
countries. More precisely, exchange rate volatilities in Brazil,
China and South Africa dominate their stock markets, but the
Russian and Indian stock markets dominate their currency
markets.

However, when looking at individual countries, we found
differences in the results. In the cross-market, in-country
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FIGURE 3: Net directional spillovers — Brazil, Russia, India, China and South Africa exchange rate markets (a—e).

analysis, we found that foreign exchange markets in Brazil,
Russia and China dominate their equity markets in support
of flow-oriented models. In contrast, India and South Africa
show opposite results as their stock markets dominate their
exchange rate markets. We found very little evidence of
interdependencies in the Chinese markets. In terms of
transmissions between individual countries and across all
BRICS, these conflicting results explain the lack of consensus
in the literature about the direction of spillovers among
BRICS economies.
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