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The objective of the research paper is to identify the stock market volatil-
ity pattern of brics countries during the outbreak of the covid-19 pan-
demic. The study is based on the time series data, which consists of the
daily closing price of the brics countries’ index for a two-year (pan-
demic) period from 1st January 2020 to 31st December 2021. Both the sym-
metric and asymmetricmodels of GeneralizedAutoregressiveConditional
Heteroscedasticity (garch) have been employed in the study to investi-
gate whether volatility changes over the pandemic period. The result of the
garch-m (1, 1) model evidenced the presence of a positive and insignif-
icant risk premium. Based on the empirical work carried out using the
market index of brics countries, it was found from egarch (1,1), and
tgarch (1,1) models that there exists a leverage effect in the countries,
viz. Brazil, Russia, India, China and South Africa. Since the stock price
during the pandemic period triggered the entire financial market, the in-
vestors, fund managers and portfolio managers should be more aware of
the uncertainty and need to adjust their investments accordingly.
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Introduction
The virus called corona, which originated in Wuhan City, China has a
dangerous effect on the life of humans and caused, foremost, ruin in the
global market. Since stock prices are highly sensitive to major events
which occur worldwide, the outbreak of covid-19 influenced and af-
fected the stock return widely. The stock market and its investors al-
ways react to every economic andmajor event which happens worldwide
(De Bondt and Thaler 1990). The stock market has both a positive and
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negative impact on economic events; for instance Taqi, Shamin, and Aj-
mal (2018), and Lodha, Kumawat, and Bapna (2018) explored the impact
of demonetization on different sectors in the Indian capital market. So
far, even natural catastrophes have registered significant influence on the
global market. There have been many studies which made an attempt to
explore the effect of natural calamities on the capital market (Kim 2011;
Wang and Kutan 2013). Equally, the stock market also responded to epi-
demic diseases such as sars and h7n9, which caused a negative impact
on human health and the economy. For instance, Chen et al. (2009) in-
vestigated the impact on the stock market during the Severe Acute Res-
piratory Syndrome (sars) outbreak. Gu et al. (2014) and Qui et al. (2018)
pointed out that the social and economic impacts of h7n9 disease did
not spread widely and were not as serious as in the case of sars.
The economic effect has become worse in many countries during this

current outbreak. brics is the emerging countries (Brazil, Russia, India,
China and South Africa) that play a key role in promoting economic and
regional development and thereby removing trade barriers. These coun-
tries have also faced problems in the course of the pandemic. During the
outbreak of covid-19, the stock price indexes of most of the countries
were significantly diminished. Hence, to gain awareness of the impact of
covid-19 on the stock market, brics countries in particular are taken
into consideration for the study.
The univariate garch model is the most popular method used to ex-

amine volatility and the extension of the garch-m model is the best
one to identify the risk return relationship (Engle, Lilien, and Robins
1987). Further extension models, viz. egarch and tgarch, will help
to identify the asymmetric volatility and the existence of the leverage ef-
fect (Nelson 1991; Zakoian 1994). Hence, the present research paper fo-
cused on identifying the volatility fluctuations of brics countries dur-
ing the covid-19 pandemic period by incorporating different univari-
ate garch family models. Therefore, based on the literature and back-
ground, the following objectives are framed:

1. To explore the volatility pattern of brics countries indices using a
symmetric and asymmetric model.

2. To detect whether the daily return series show the leverage effect
using asymmetric models.

The research paper is organized in such a way that it presents a deep
background of the literature in the second section, followed by research
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methodology in the third section. The study elaborates on the result and
interprets it in detail in the fourth section. Finally, the study is concluded
in the fifth section.

Literature Review
Several studies have scrutinized the relationship between return and
risk (volatility) using the garch models developed by Bollerslev (1986),
since it is an exact prediction of volatility in the equity market. Among
garch models, the garch-m model postulates the exact relationship
between return and risk. For instance, Dean and Faff (2001), Karmakar
(2007), Wang and Yang (2013), Banumathy and Azhagaiah (2015), and
Singh and Tripathi (2016) used the garch-m model in their study and
proved the positive relation which exists between return and conditional
variance. Yakob and Delpachitra (2006) examined the relationship be-
tween risk and return of 10 countries in theAsia-Pacific region. The result
of the study revealed that out of ten, only two countries showed an in-
significant relationship with negative coefficients. Zakaria and Winker
(2012) empirically tested the volatility of two major countries, Sudan
(Khartoum Stock Exchange) and Egypt (Cairo and Alexandria Stock
Exchange) over the period of five years. Using the symmetric model of
garch-m, the study found a positive and statistically significant rela-
tionship exists for both the markets. Further, Tah (2013) investigated the
stochastic behaviour of the Nairobi Stock Exchange of Kenya and Lusaka
Stock Exchange of Zambia, and using the garch-m model it was found
that there was no significant relation between conditional variance and
expected return for Kenya whereas there exists a negative and signifi-
cant relation for Zambia. Similarly there exists a negative and significant
abnormal return in the Indonesia Stock Exchange during the pandemic
period (Endri et al. 2021). On the other hand, many studies were under-
taken to capture asymmetry in volatility clustering using the variations in
garch models called egarch and tgarch. The returns of the Egyp-
tian stock market during the period 1998 to 2009 were used to study
volatility and proved that egarch is the best fit model for measuring
volatility clustering (Ahmed and Aal 2011).
The covid-19 pandemic has been the most susceptible period, which

not only affected human life but also exaggerated the economy world-
wide; for instance, the exchange rate of the Japanese Yen became stronger
during covid-19 (Narayan, Devpura, and Wang 2020). Recently, in the
Indian context, a study was made by Singh, Makhija, and Chacko (2021)
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which attempted to identify the effect of covid-19 on investment and
proved that the currencies volatility increased, and that the Indian s&p
esg 100 index’s return and volatility does not depict any effect because
of the covid-19 crisis. Studies have been done by various researchers in
examining the volatility of the stock market due to the covid-19 virus.
Ngu, Mahdi, and Szulczyk (2021) studied the impact of covid-19 on the
stock market volatility of Malaysia and Singapore with the help of the
egarch model, using the daily closing indices between 1st July 2019
and 31st August 2020 and pointed out the existence of the leverage effect
in both the markets. Mohammad, Shabbir, and Chavali (2020) proved
that the Indian stockmarket had a positive average abnormal return dur-
ing the lockdown period and a negative abnormal return during the pre-
lockdown period, while the uncertainty of covid-19 adversely affected
the us stock market (Xu 2021). Bouri et al. (2021) argued that covid-
19 influenced the market very strongly for emerging stock market. The
affected countries’ (Belgium, China, France, Germany, Italy, the Nether-
lands, South Korea, Spain, Switzerland, the United Kingdom, and the
United States) stockmarket indices showed a negative impact on their re-
turn because of the delayedmarket responses (Khatatbeh,Hani, andAbu-
Alfou 2020).Naik andReddy (2021) showed the evidence that the garch
model is superior in forecasting volatility. Recently, few researchers ex-
amined the systemic risk spill over effects among global markets during
the covid-19 pandemic (e.g. Jiang, Fu, and Ruan 2019; Abuzayed et al.
2021; Choi 2022).
There are only a few studies which examined the stock market volatil-

ity among brics countries, for instance, Bouri et al. (2018), using the
‘Bayesian Graphical Structural Vector Autoregressive (bgsvar) model,’
examined the volatility among brics countries concurrently with nine
predictor variables (Canada, France, Germany, the Netherlands, Japan,
Sweden, Switzerland, the uk and us), together with two commodity
markets (Gold and Oil). The study found that the us is the major domi-
nating predictor in brics, whereas the same is not present in Brazil and
China, indicating that people are more conscious about the local market
when compared to the us market. The risk spillovers between the brics
stock markets and precious metal markets were examined by Jiang, Fu,
and Ruan (2019) using the garch models and they pointed out that the
volatility is long persisting and fluctuates greatly for a prolonged period.
Although there were many studies that concentrated on the pandemic

impact among many developing and developed countries, there were no
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sufficient studies concentrating on the brics countries, especially dur-
ing the pandemic period. Hence, the present study concentrated on ex-
ploring the volatility clustering of brics countries. The present study
applied symmetric as well as asymmetric garch models to identify the
facts of return.

Research Methodology
data source

The present paper customizes secondary data which were collected from
official websites (www.yahoofinance.com;www.investing.com). The stock
indices of Brazil (bovespa), Russia (imoex), India (Nifty 50), China
(sse Composite Index) and South Africa (sa Top 10) have been taken
for the study. covid-19 originated in Wuhan city at the end of 2019; it
started spreading all over the world gradually and India was a victim
in January 2020 (Andrews et al. 2020). Hence, to identity and examine
the volatility clustering, especially during the pandemic period, the daily
closing prices of the brics market index have been collected from 1st
January 2020 to 31st December 2021.

research methods
Pertinent econometric tools, viz. the normality test, unit root test, arch-
lm test and garch family model were used and have been analysed us-
ing the Eviews 10 Econometrics package. The returns (rt) of each brics
country were calculated using the following formula:

rt =
Pt
Pt−1
× 100, (1)

where rt is logarithmic daily return on brics index for time t, Pt is clos-
ing price at time t, and Pt−1 is corresponding price in the period at time
t − 1.

basic statistical tools used in the study
First, the descriptive statistics have been calculated to know whether the
returns are normally distributed for the study period:
h0 Data are normally distributed (jb = 0).
h1 Data are not normally distributed (jb � 0).
Second, for checkingwhether the data are stationary or non-stationary,

the unit root test called theAugmentedDickey-Fuller Test (adf) has been
employed (Dickey and Fuller 1979):
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h0 Returns are non-stationary (there is a unit root).
h1 Returns are stationary (there is no unit root).

Third, the Lagrange Multiplier (lm) test for Autoregressive Condi-
tional Heteroscedasticity (arch) is used to test the presence of het-
eroscedasticity in the residual of the return series.

h0 There is no arch effect.
h1 There is an arch effect.

technique used for volatility measurement

The study used symmetric and asymmetric Generalized Autoregressive
Conditional Heteroscedasticity (garch)models to identify the volatility
clustering and leverage effects. Symmetric models, viz. garch (1, 1) and
garch-m (1, 1) were employed for modelling conditional volatility and
egarch (1, 1) and tgarch (1, 1) were applied for modelling asymmet-
ric volatility.

generalized autoregressive conditional
heteroscedastic (garch) model

Bollerslev (1986) independently developed the garch model, which lets
the conditional variance be dependent upon previous own lags. The sim-
plest model specification of garch (1, 1) is as follows:

Mean equation: rt = μ + εt,
Variance equation: σ2

t = ω + αε
2
t−1 + αε2t−1,

where ω > 0, α1 ≥ 0, and β1 ≥ 0, and rt is return of the asset at time t, μ
is average return, ω is constant term, α is coefficient of the arch term,
β is oefficient of the garch term, and εt is residual return.

garch-in-mean (garch-m) model

The extension of the garch model is the garch-m model that lets the
conditional mean depend on its conditional variance. A simple garch-
m (1, 1) model can be written as:

Mean equation: rt = μ + λστt2 + εt,
Variance equation: σ2

t = ω + αε
2
t−1 + βσ2

t−1.

The parameter λ in the mean equation is called the risk premium. A
positive λ indicates that the return is positively related to its volatility.
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exponential garch model

This model is used to identify the presence of the leverage effect. The
model was developed by Nelson (1991) and it is given by the following
equation:

Ln(σ2
t ) = ω + β1Ln(σ

2
t−1) + α

⎧⎪⎨⎪⎩
∣∣∣∣∣ εt−1σt−1

∣∣∣∣∣ −
√
2
π

⎫⎪⎬⎪⎭ − γ − εt−1
σt−1

. (2)

threshold garch model

The threshold garch was developed by Zakoian (1994) and the gener-
alized specification for the conditional variance is given by:

σ2
t = ω + α1ε

2
t−1 + γdt−1ε2t−1 + β1σ2

t−1, (3)

where dt−1 if εt−1 > 0 means ‘bad news’ and 0 if εt−1 ≥ 0 means ‘good
news.’ The leverage parameter γ, if significant and positive, denotes that
negative shocks have a greater effect on σ2

t than positive shockwaves.

Results

Table 1 shows the descriptive statistics and the result of the adf and
arch lm test. The descriptive statistics for the original data of five mar-
ket indexes during the pandemic period has been tabulated clearly. It is
clear from the table that the raw dataset shows a vast difference in the
mean and standard deviation value, which evidently exhibits a structural
difference among brics countries. Figure 1 shows the daily time series

table 1 Descriptive Statistics, adf Test and arch lm Test of brics Countries

Item Brazil Russia India China S. Africa

(a) Mean . . . . .

Standard deviation . . . . .

Skewness –. . –. –. –.

Kurtosis . . . . .

Jarque-Bera Statistics .* .* .* .* .*

(b) adf Statistics –.* –.* –.* –.* –.*

MacKinnon one side critical values:  –.;  –.;  –.

(c) F Statistic .* .* .* .* .*

Obs*R-squared (tr) .* .* .* .* .*

notes Row headings are as follows: (a) descriptive statistics, (b) adf test, (c) arch
lm test. * Significant at 1. Computed results based on secondary data.
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figure 1 The Daily Prices (left) and the Returns (right) of brics Countries
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data set (left) and the return series (right) of brics countries. It is in-
ferred from the graphs on the right that there are bounces over the study
period which denote that volatility is relatively high and low, exhibiting
the volatility clustering covering the aforesaid period. All brics coun-
tries’ stock indexes exhibit negative skewness (except Russia) and kurto-
sis greater than three (Brazil) indicates that the dataset has heavier tails,
which does not accompany a normal distribution, i.e. there is a presence
of large movements of share price over the sample period.
The value of the jb test rejects H0 as the statistics are significant at

1, denoting that during the period of covid-19, the stock prices were
not normally distributed. To test the stationarity, the Augmented Dickey
Fuller test (adf) is applied and the result shows that the returns are sta-
tionary at levels for all the countries. The p values of adf statistics are
less than 0.05, indicating that the time series data for the study period
is stationary. Hence, the hypothesis ‘H0: Returns are non-stationary’ was
rejected at level for the brics countries, as the adf statistics are signifi-
cant at the 1 level, indicating the series are stationary and exhibiting the
presence of a unit root.
Before applying garch, it is essential to check the presence of the

arch effect in the return series. Since the p value is less than 0.05 and
test statistics are highly significant at 1 the null hypothesis ‘H0: There
is no arch effect’ is rejected, confirming the presence of the arch ef-
fect in the residuals and hence the outcome permits for the estimation
of garch extensionmodels. The results depict the presence of volatility
clustering in the return series.
Figure 1 shows the daily prices and the returns of brics countries.
Table 2 depicts the result of the garch (1, 1) model where α and β de-

termine the short-run dynamics of the volatility. In the conditional vari-
ance equation, arch term (α) and garch term (β) are extremely sig-
nificant at 1. The sum of these coefficients (α and β) are also close to
unity, indicating that the shock at time t will continue to future periods
of brics countries, indicating that the volatility is persistent. However,
it is proved that the variance equation is well specified and does not ex-
hibit an additional arch effect for the entire study period by applying
the arch-lm test on residuals.
Table 3 reports the result of the garch-m (1, 1) model, which is used

to find the risk and return relationship among the stock index of brics
countries. The constant (μ) in the mean equation is insignificant, which
indicates that the returns are not up to the level for investment. The con-
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table 2 Results of garch (1, 1) Model

Coefficients Brazil Russia India China S. Africa

(a) μ (constant) . .** .** . .

(b)ω (constant) .* .** .* .* .**

α (arch effect) .* .* .* .* .*

β (garch effect) .* .* .* .* .*

α + β . . . . .

Log likelihood –. –. –. –. –.

Akaike Info. Crit. (aic) . . . . .

Schwarz Info. Crit. (sic) . . . . .

(c) arch-lm test stat. . . . . .

Prob. Chi-square () . . . . .

notes Row headings are as follows: (a) mean, (b) variance, (c) test for heteroscedas-
ticity. Computed results based on secondary data. * Significant at 1 level, ** significant
at 5 level.

table 3 Results of garch-m (1, 1) Model

Coefficients Brazil Russia India China S. Africa

(a) μ (constant) . –. . . –.

λ (risk premium) . . . . .

(b)ω (constant) .* . .** .** .

α (arch effect) .* . .* .* .

β (garch effect) .* .* .* .* .

α + β . . . . .

Log likelihood –. –. –. –. –.

Akaike Info. Crit. (aic) . . . . .

Schwarz Info. Crit. (sic) . . . . .

(c) arch-lm test stat. . . . . .

Prob. Chi-square () . . . . .

notes Row headings are as follows: (a) mean, (b) variance, (c) test for heteroscedas-
ticity. Computed results based on secondary data. * Significant at 1 level, ** significant
at 5 level.

ditional variance’s coefficient (λ) in the mean equation is insignificant,
which implies that returns are independent of the risk due to conditional
variance in the return series. It shows that the estimated coefficient of
risk premium (λ) in the mean equation is positive but insignificant for
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table 4 Result of egarch (1, 1) Model

Coefficients Brazil Russia India China S. Africa

(a) μ (constant) –. . . . .

(b)ω (constant) .** –.* .* –.* .**

α (arch effect) .* .** .* .* .**

β (garch effect) .* .* –.** .* .*

γ (leverage effect) –.* –.* .* –. –.*

α + β . . . . .

Log likelihood –. –. –. –. –.

Akaike Info. Crit. (aic) . . . . .

Schwarz Info. Crit. (sic) . . . . .

(c) arch-lm test stat. . . . . .

Prob. Chi-square () . . . . .

notes Row headings are as follows: (a) mean, (b) variance, (c) test for heteroscedas-
ticity. Computed results based on secondary data. * Significant at 1 level, ** significant
at 5 level.

the study period, indicating that higher risk, provided by the conditional
variance, will not certainly lead to higher returns.
Finally, the arch-lm test statistics are employed to checkwhether the

model fulfilled all the conditions of themodel or not and the results prove
that the p value of the arch-lm test is above the 5 level, so the hypothe-
sis cannot be rejected, revealing that the lm test did not exhibit any addi-
tional arch in the residuals, which signifies that the variance equations
are well specified.
egarch (1, 1) is employed for analysing the asymmetrical effect of

volatility in brics countries and the results are reported in table 4.
It reveals that the coefficient of the arch effect (α) and garch (β)
are significant and positive, which indicates that volatility is present in
brics countries. The arch coefficient α and coefficient of garch, β,
are greater than one (except India), indicating that the conditional vari-
ance is volatile and unstable. The leverage coefficient γ is significantly
positive at the 1 level for all countries except China, providing the pres-
ence of the leverage effect in the return during the study period. Since
the coefficient of the leverage effect (γ) is significant, it reveals that there
is a significant impact of the covid-19 period on the volatility of brics
countries.
Another model to test the asymmetric volatility in brics countries is
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table 5 Result of tgarch Model

Coefficients Brazil Russia India China S. Africa

(a) μ (constant) –. . .** . .

(b)ω (constant) .* .** .* .** .*

α (arch effect) –. –. –.** .* –.*

β (garch effect) .* .* .* .* .*

γ (leverage effect) .* .* .* . .*

α + β . . . . .

Log likelihood –. –. –. –. –.

Akaike Info. Crit. (aic) . . . . .

Schwarz Info. Crit. (sic) . . . . .

(c) arch-lm test stat. . . . . .

Prob. Chi-square () . . . . .

notes Row headings are as follows: (a) mean, (b) variance, (c) test for heteroscedas-
ticity. Computed results based on secondary data. * Significant at 1 level, ** significant
at 5 level.

tgarch (1, 1) and the result is shown in table 5. It helps to study the
presence of leverage effects in the returns of the brics indices during the
pandemic period. In the tgarch (1, 1) model, the coefficient γ (lever-
age effect) is known as the asymmetry or leverage parameter, which is
positive and highly significant for Brazil, Russia, India and South Africa.
It indicates that when compared to positive shocks, the negative shocks
have a greater effect on the conditional variance. Hence it is proved from
the tgarch (1, 1) model that the negative shock is because of covid-
19, where the entire brics countries indexes have been affected. More-
over, the lm test statistic for the tgarch (1, 1)model does not show any
additional arch effects in the residual, which implies that the ‘variance
equation is well specified.’

Conclusion
The present study tested the volatility of the brics index using the
symmetric and asymmetric garch models. Daily closing prices of the
brics countries index from January 1, 2020 to December 31, 2022 have
been used for the analysis. Symmetric models, garch (1, 1), garch-m
(1, 1) and asymmetric models, egarch (1, 1), and tgarch (1, 1) were
employed in the study to identify the volatility pattern and leverage ef-
fect. From the symmetric models it was found that the risk premium is
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insignificant for all brics countries, indicating that the daily returns are
not associated with risk due to past volatility. The result of the symmet-
ric models supports the findings of Karmakar (2005), Banumathy and
Azhagaiah (2015), and Zakaria and Winker (2012), whereas the result of
garch-m (1, 1) is opposed to the findings of Karmakar (2007), which ex-
hibits a significant risk premium.However, from the asymmetric models,
viz. egarch (1, 1), and tgarch (1, 1), the study found the ‘presence of
leverage effect in all four countries except China’ (Karmakar 2007; Za-
karia and Winker 2012). Overall, the study proves that the brics coun-
tries indexes were more volatile during the period of covid-19, which
does not considerably provide a better return.
The implications of the present study’s findings will be fruitful for in-

dividual and institutional investors as it evidences the presence of risk
during the sample period. The volatility bounces enormously during the
aforesaid sample period which triggered the entire financial market, and
it paves the way for the investors, fund managers and portfolio managers
to be more aware about the risk and to adjust their investments accord-
ingly.
The objective of the present study is to model the volatility pattern of

the return structure in emerging brics countries. The research tried to
examine the volatility clustering and its leverage effects using univariate
garch models and their extension. Further research can be extended
to concentrating on using the multivariate garch model, which uses
not only variances but also covariances. Moreover, other emerging coun-
tries can also be taken as a sample for the accomplishing of better results
worldwide.
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