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Abstract
This paper examines the dependence structure between the emerging stock markets of the BRICS countries
(Brazil, Russia, India, China and South Africa) and influential global factors (the S&P 500 index, the commodity
markets, the global stock market uncertainty and the US economic policy uncertainty). Using the quantile regres-
sion approach, our results for the period from September 1997 to September 2013 show that the BRICS stock
markets exhibit asymmetric dependence with the global stock market and this dependence has not changed since
the onset of the recent global financial crisis. Moreover, oil prices display a symmetric tail independence with all
those BRICS markets (except that of South Africa), even though the dependence between oil and BRICS mar-
kets significantly increased with the onset of the financial crisis. The gold price returns co-move with those of
the BRICS markets at both the upper and lower tails (except for Russia and China) but the degree of co-
movement has decreased since the crisis. Finally, the stock market uncertainty (VIX) is found to drive the stock
returns in a bear market but this relationship is insignificant in a bull market. On the other hand, the economic
policy uncertainty has no impact on the BRICS stock markets both before and since the onset of the financial
crisis. These results have implications for international investors in terms of risk management which should vary
according to changes in the economic and financial global factors.

JEL classification: G14; G15
Keywords: Asymmetric dependence; global factors; BRICS; global financial crisis; quantile regression.
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1. Introduction

The economies of the BRICS countries (Brazil, Russia, India, China and South Africa)

have grown at a rapid pace and are becoming increasingly more integrated with the most de-

veloped economies in terms of trade and investment. They account for more than a quarter of

the world’s land area, more than 40 percent of the world’s population and about 15 percent of

global GDP. Goldman Sachs expects the total nominal GDP for the four BRIC countries (ex-

cluding South Africa) to reach $128 trillion in 2050, compared to $66 trillion for the G7 coun-

tries at that time. The current and potential growth of the BRICS countries also has important

implications for the capitalization of their stock markets as well as for their financial depend-

ence with other stock markets. The four BRIC countries are expected to account for 41% of

the world’s stock market capitalization by 2030, when China is expected to overtake the Unit-

ed States in equity market capitalization, thus becoming the largest equity market in the

world. Recently, several studies including Liu et al. (2013) and Zhang et al. (2013) among

others, have added South Africa into the BRIC group as this country has also a fast-growing

economy, experiences rapid financial market development and sophistication, and is globally

recognized as a source possessing sophisticated professional services and financial expertise.

South Africa is also known as one of the world’s largest producer of some strategic commodi-

ties (e.g., gold, platinum, and chrome) which are a critical resource to support domestic and

global economic growth. Thus, the presence of South Africa in the BRICS group provides

opportunities to establish a dedicated investment strategy in terms of economic diversification

opportunities.

In this article, we examine how global economic factors such as changes in the global

stock market, commodity prices, the U.S. economic policy uncertainty, and the stock market

uncertainty (as defined by CBOE VIX) influence the performance of BRICS stock markets.

Our analysis is motivated by the fact that the BRICS countries are the major recipients of
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global investment flows and are among the main global consumers of commodities. There-

fore, changes in the global economic factors could be a channel through which fluctuations in

the world’s economic and financial conditions like the recent global financial crisis are trans-

mitted to the BRICS stock markets and affect their economic growth. Moreover, international

investors are especially interested in the BRICS stock markets’ co-movements with these

global factors, given that investment, speculation and risk diversification opportunities may

arise.

More precisely, we address the following unanswered questions. Does dependence ex-

ist between each stock market of the BRICS and the influential global economic factors under

consideration? Is there any symmetric or asymmetric dependence of the BRICS markets on

each of the specific global factors? Has the dependence structure changed since the onset of

the recent global financial crisis? Providing answers to these questions is crucial to under-

standing how the BRICS stock markets are becoming dependent on global stock markets and

economic conditions and how this dependence has been affected by the current global finan-

cial crisis.

We study dependence using a quantile regression (QR) approach because it allows one

to examine the conditional dependence of specific quantiles of the BRICS stock returns with

respect to the conditioning variables. The QR approach also provides specific insights on the

impacts of the global factors on the stock market returns under different market circumstanc-

es, including bearish (lower quantile) and bullish (upper quantile) markets. QR has been pre-

viously employed in the finance literature to investigate value-at-risk (e.g., Engle and Man-

ganelli, 2004; Rubia and Sanchis-Marco, 2013), systemic risk (e.g., Adrian and Brunnermeier,

2011) and bankruptcy prediction (e.g., Li and Miu, 2010) and to model dependence between

financial variables (e.g., Bassett and Chen, 2001; Chuang et al., 2009; Baur et al., 2012; Lee

and Li, 2012; Tsai, 2012; Ciner et al., 2013; Gebka and Wohar, 2013; among others). Baur
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(2013) advocates the use of the QR to study the structure and degree of dependence as it can

reveal information on the asymmetric and non-linear effects of conditional variables on the

dependent variables. Given that the stock prices in BRICS countries usually experience abrupt

swings that could potentially change the sign and intensity of the impact of the global factors

across different quantiles, in our research we adopt the flexible QR framework to evaluate the

dependence between the BRICS stock markets and the global economic and financial factors.

Furthermore, this QR approach is suitable to capture the additional marginal effects originat-

ing from different global factors, especially when the recent global financial crisis is consid-

ered.

Using daily data from September 1997 to September 2013, our results for the BRICS

stock market dependence show that the returns of the global stock market, represented by the

S&P 500 index, have a positive and significant impact on the BRICS stock market returns

before and since the onset of the current global financial crisis. Moreover, this dependence is

found to be asymmetric in the tails of the return distributions where Russia, India and South

Africa exhibit both upper tail dependence and lower tail independence before and since the

onset of the financial crisis. On the other hand, Brazil and China show symmetric tail depend-

ence and independence, respectively with respect to the global stock market. Overall, the

BRICS stock markets co-move with the global stock market in bullish markets, while they are

independent when the market is bearish, with the exception of Brazil. This evidence of tail

dependence implies that BRICS stock markets are useful for international investors in bearish

markets in terms of downside risk management.

The oil prices impact the BRICS stock markets in the periods before and since the on-

set of the global financial crisis but in different ways. Upper and lower tail independence is

found for Brazil, India and China. However, since the onset of the recent financial crisis, the

co-movement with the oil prices has significantly increased for all BRICS markets and all
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quantiles (with the exception of the upper tail for China and the lower tail for Russia). China

has kept a control over its currency markets and inflation during bullish periods. Russia has

protected its market during the financial crisis period using its oil revenues.

The dependence structure the BRICS stock markets with respect to gold is constant

across quantiles, which suggests that the positive effects of gold prices on those stock returns

remain almost similar regardless of the quantiles or bearish and bullish markets or in between.

It also remains unaltered since the onset of the financial crisis. What this implies for the

BRICS stock markets is that the role of gold as a hedge or a safe-haven asset is very limited.

Two of the BRICS countries, India and China, are heavy buyers of gold but mostly as jewelry

on the Main Street and not for speculation or trading purposes. The effect of the general stock

market uncertainty (VIX) is asymmetric, with a significant negative impact in lower quantiles

or the bearish markets but with no significant impact in the upper quantile or the bull markets

(with the exception of India). This is expected since VIX reflects fear and anxiety in the mar-

ket which should intensify during bearish markets. However, the impact of the stock market

uncertainty (VIX) on the BRICS stock market returns dampens down since the onset of the

recent financial crisis.

Finally, the impact of the U.S. economic policy uncertainty on the BRICS market re-

turns is insignificant across different quantiles in both periods before and since the onset of

the recent financial crisis. Overall, our results indicate that most of the BRICS stock markets

are useful for global investors in terms of providing diversification opportunities and hedging

against different influential global factors. They are especially useful for downside risk reduc-

tion purposes with respect to changes in some global factors.

The remainder of this article is organized as follows. Section 2 provides a brief litera-

ture review. Section 3 presents the econometric methodology. Section 4 describes the data

and Section 5 presents and discusses the results. Finally, Section 6 provides conclusions.
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2. Literature review

In the literature that focuses on the performance of the emerging equity markets,

Hammoudeh et al. (2013) examine the (symmetric) interrelationship between the five BRICS

countries’ equity market indices, and their relationship with the International Country Risk

Guide (ICRG)’s three country risk rating factors (economic, financial and political), the

S&P500 index and the West Texas Intermediate (WTI) oil price. Their results show that of

the five BRICS, China is the only country whose stock market responds to all of the country

risk factors. In terms of the sensitivity of the country risk rating factors for the BRICs, the

financial risk factor is the most sensitive followed by the economic risk factor. Hoti and

McAleer (2005a; 2005b) evaluate the multivariate spillover effects of changes in four country

risk ratings (economic, financial, political and composite risk) for various countries including

Brazil and China, and find significant effects among these risk factors.

Ono (2011) examines the systemic impact of oil prices on the stock market returns for

the four BRIC countries. He finds that increases in oil prices pull up the stock market indices

for all these countries except Brazil. Lin et al. (2007) investigate the influence of domestic

financial and macroeconomic factors on excess returns for eight emerging bond markets and

generally figure that those local instruments can forecast the excess bond returns. For exam-

ple, the domestic credit risk spread, which is the difference between the domestic corporate

bond yield and the yield of the U.S. the 10-year Treasury bond of similar maturity, has a sig-

nificant and positive effect on the domestic excess bond returns.

Studies that dealt with BRICS stock markets use different methods to explain the

comovement or extreme comovement involving those markets. For example, Aloui et al.

(2011) apply the copulas to examine the extreme financial interdependences of the BRIC

emerging markets with the U.S. markets and provide strong evidence of time-varying depend-

ence between them. This dependency is stronger for the commodity-price dependent markets
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than for the finished product export-oriented markets of the BRIC countries. Moreover, those

authors observe high levels of dependence persistence for all market pairs during both bullish

and bearish markets.

Using the multivariate Dynamic Conditional Correlation – Fractionally Integrated

Asymmetric Power ARCH (DCC-FIAPARCH) model, Dimitriou et al. (2013) find an in-

creasing co-movement between the BRICS and U.S. markets during the post-crisis period

(from early 2009 onwards), implying that the dependence is larger in bullish than in bearish

markets. This might indicate a low probability of simultaneous breakdown of the markets.

Similarly, Hwang et al. (2013) examine the dynamic conditional correlations between the

U.S. and ten emerging stock markets (i.e., the five BRICS markets, South Korea, Thailand,

Philippines, Taiwan, and Malaysia). The authors show that different patterns of the U.S. fi-

nancial crisis spillovers exist among emerging economies. They also conclude that increases

in the credit TED spread (i.e., the yield difference between the three-month LIBOR rate and

the U.S. three-month Treasury bills) and sovereign CDS spread, both representing higher

risks, decrease the estimated conditional correlations. More importantly, increases in the for-

eign institutional investment, exchange market volatility, and the implied volatility (VIX) for

the S&P 500 index are found to increase the conditional correlations.

Through a novel DCC decomposing method, Zhang et al. (2013) provide strong evi-

dence that the recent global financial crisis changes the conditional correlations between the

developed (U.S. and Europe) markets and the BRICS stock markets. They also find that 70%

of the BRICS stock markets’ conditional correlation series demonstrate an upward long-run

trend with the developed stock markets since the global crisis. Bekiros (2013) uses linear and

nonlinear causal linkages to analyze the volatility spillovers among the U.S., the EU and the

BRIC markets and find that the BRICs have become more internationally integrated and con-

tagion is further substantiated since the U.S. financial crisis.
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On the other context, Piljak (2013) examines the co-movement dynamics of emerging

bond markets (Brazil, China, Malaysia, Mexico, Peru, Philippines, Poland, Russia, South Af-

rica, and Turkey) and frontier bond markets (Argentina, Bulgaria, Colombia, and Ecuador)

with the U.S. government bond market and the effect of macroeconomic factors and global

bond market uncertainty on the time-variations of the co-movement of these bond markets.1

The author shows that the domestic macroeconomic factors have higher relative importance

than the global factors in explaining the estimated time-varying co-movement, with the do-

mestic monetary policy and the domestic inflationary environment identified as the most in-

fluential factors. Moreover, the global bond market uncertainty is found to drive the co-

movement dynamics in considered markets.

Gilenko and Fedorova (2014) use the four-dimensional BEKK-GARCH-in-mean

model to investigate the external (with the rest of the world) and the internal (within the

group) links (spillovers) of the BRIC stock markets.2 During the pre-crisis period, they con-

clude that some lagged mean-to-mean spillovers between the BRIC stock markets exist and

the volatility-to-volatility spillovers between these stock markets are largely present. After the

crisis, the volatility-to-volatility spillovers almost disappear and the volatility-to-mean (risk

premium) spillovers are not identified within any period. Furthermore, the influence of exter-

nal spillovers from the developed stock markets to the rest of emerging markets is analyzed

before and since the crisis.3 The authors suggest that the linkages between the developed and

the emerging BRIC stock markets have significantly changed after the crisis.

1 The author uses the Merrill Lynch Option Volatility Estimate MOVE Index, which is a popular measure of the
government bond volatility derived from the option prices on the U.S. Treasury bonds, as a proxy for the global
bond market uncertainty.
2 The 4-dimensional BEKK-GARCH-in-mean model allows for the estimation of the mean-to-mean, the volatili-
ty-to-mean (risk premium) and the volatility-to-volatility spillovers.
3 The MSCI (Morgan Stanley Capital International) Emerging Markets Index (EMI) is used and it refers to a free
float-adjusted market capitalization weighted index that measures the equity market performance of emerging
markets. It covers over 2,700 securities in 21 emerging countries including Brazil, Chile, China, Colombia,
Czech Republic, Egypt, Hungary, India, Indonesia, Korea, Malaysia, Mexico, Morocco, Peru, Philippines, Po-
land, Russia, South Africa, Taiwan, Thailand, and Turkey. For further details, see Morgan-Stanley corporation
indices.
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Using the quantile regression approach, Tsai (2012) finds a significant relation be-

tween stock market indices and exchange rates for six Asian countries. The negative relation

between these two markets is more obvious when exchange rates are extremely high or low.

Using both a multivariate regime-switching Gaussian copula model and the asymmetric gen-

eralized dynamic conditional correlation (AG-DCC) approach, Kenourgios et al. (2011) show

that the emerging BRIC markets are more prone to financial contagion, while the industry-

specific turmoil has a larger impact than country-specific crises.

Kang and Ratti (2013) analyze the oil shocks, the economic policy uncertainty and the

stock market return linkages, and find that for the United States an unanticipated increase in

the policy uncertainty has a significant negative effect on the real stock returns. Furthermore,

a positive oil-market specific demand shock significantly raises the economic policy uncer-

tainty and reduces the real stock returns.

Our study contributes to the literature by examining the impact of several important

global factors on the five BRICS stock market returns, using the QR approach. Most of the

extant empirical studies have examined the average influence of country risks on domestic

financial markets, thus assuming a symmetric impact of changes in country risk ratings. How-

ever, our research allows for multivariate asymmetry in the relationship between the five

BRICS equity market indices and with the global factors. This framework permits the effects

to differ across different quantiles of the stock market returns representing different states of

the markets. To that end, the QR modeling offers great flexibility and provides new insights,

as they will be discussed in more details below.

3. Econometric methodology

A widely known measure of dependence is the correlation coefficient, which provides

information on the degree of statistical relationships between the variables of interest. How-
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ever, this measure only considers symmetric linear associations between the variables and

draws no distinction between dependence during up and down markets or between large and

small stock price movements. Therefore, a more sophisticated tool is needed in order to cap-

ture the complex dependence between financial time series.

Since its introduction by Koenker and Bassett (1978), QR has become a popular tool

in modeling dependence as it involves the consideration of a set of regression curves that dif-

fer across different quantiles of the conditional distribution of the dependent variable.4 Com-

pared to a classical regression model, the QR functions provide a more precise and accurate

result of the impact of conditional variables on the dependent variable (see, Koenker, 2005).

As shown in the introduction section, QR has been used to model the dependence of financial

variables and to examine the structure and degree of dependence (Chuang et al., 2009; Lee

and Li, 2012; Baur, 2013). As is the case for the copula functions, QR gives information on

the average dependence as well as the upper and lower tail dependence. QR also differs from

the copula functions in that it directly relates the quantile of the dependent variable with the

conditioning variables. However, the copulas relate the quantiles of both the dependent and

the conditioning variables.

Let y be a dependent variable that is assumed to be linearly dependent on x. The th

conditional quantile function of y is thus specified as follows:

 y y k k
k

Q ( | x) inf b | F (b | x) ( )x x ' ( )          , (1)

where F (b ∣ x) is the conditional distribution function of y given x, and the QR coefficient

( )  determines the dependence relationship between vector x and the th conditional quantile

of y. Dependence is unconditional if no exogenous variables are included in x, while it is con-

ditional if exogenous variables are added to x. The values of ( )  for  ,0 1 determine the

4 For further analysis of quantile regression, see Koenker (2005) and Koenker and Hallock (2001).
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complete dependence structure of y. The dependence of y based on a specific explanatory

variable in vector x could be: (a) constant where the values of ( )  do not change for different

values of  ; (b) monotonically increasing (decreasing) where ( )  increases (decreases) with

the value of  ; and (c) symmetric (asymmetric) where the value of ( )  is similar (dissimilar)

for low and high quantiles.

The coefficients ( )  for a given  are estimated by minimizing the weighted absolute

deviations between y and x:

  
t t

T

t ty x ( )
t

ˆ( ) argmin y x ( )  


       
1

1 , (2)

where  t ty x ( )1    is the usual indicator function. The solution to this problem is obtained using

the linear programming algorithm suggested by Koenker and D’Orey (1987). The standard

errors for the estimated coefficients can be obtained using the pairs bootstrapping procedure

proposed by Buchinsky (1995) since it provides standard errors that are asymptotically valid

under heteroscedasticity and misspecifications of the QR function.

In order to investigate the different effects that the conditioning variables have on the

quantile function in the periods before and since the onset of the global financial crisis, we

consider a QR model specified as follows:

y k k k k
k k

Q ( | x) ( ) ( )x D ( ) ( )x
               

  , (3)

where D is the financial crisis dummy variable that takes the value of 1 if the dependent vari-

able is in the financial crisis subperiod and zero otherwise. The parameters ( )  and k ( ) 

capture the additional marginal effects of the different conditional variables in the financial

crisis subperiod for each quantile  in comparison with the effects measured by the parame-

ters ( )  and k ( )  in the non-crisis subperiod. Thus, the QR model in Equation (3) allows

one to examine: (a) what kind of dependence structure exists in the BRICS stock markets; (b)
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how the dependence structure is affected by different regressors; and finally, (c) how the fi-

nancial crisis has affected the dependence structure and the co-movement between the BRICS

stock markets and some of their global factors.

4. Data and summary statistics

We empirically examine the dependence structure between the BRICS stock markets

and major global economic and financial factors over the daily period from September 29,

1997 to September 20, 2013. These global factors include: (i) the major global stock market

represented by the S&P 500 stock returns; (ii) the WTI crude oil price expressed in U.S. dol-

lars per barrel, which is a global benchmark for determining the prices of other light crudes in

the United States (Reboredo, 2013a); (iii) the gold price expressed in U.S. dollars per ounce;

(iv) the implied volatility of the S&P 500 index as represented by the VIX index; and (v) the

U.S. economic policy uncertainty index. The choice of these global factors relies on their rel-

evance for the performance of the BRICS stock markets. Indeed, the global stock market con-

ditions, particularly in terms of price changes or uncertainty, affect global investor decisions

regarding investment in BRICS countries which are major recipients of global investment

flows. Similarly, the BRICS countries are both major world consumers of oil and gold com-

modities (e.g., China and India) and major world producers of commodities like oil (Brazil)

and gold (South Africa), so the price movements of oil and gold commodities are expected to

have important influences on stock prices in the BRICS countries. Finally, the U.S. economic

policy uncertainty is a news-based economic policy index constructed from newspaper ar-

chives from the News Bank Access World News Database (see Baker et al., 2013 for more

details about the construction of this index). This factor is becoming increasingly important in

financial studies as a risk indicator that reflects the overall business environment and invest-
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ment profitability. Baker et al. (2013) find that an increase in the economic policy uncertainty

index foreshadows a decline in economic growth and employment in the following months.

The daily data are collected from five sources. The MSCI database is used to obtain

the data for the BRICS and international stock markets, the Energy Information Administra-

tion (EIA) website for the oil prices, the World Gold Council for the gold prices, Yahoo Fi-

nance for the VIX financial volatility index, and the economic policy uncertainty website for

the economic policy uncertainty index.5 The starting point of our sample period is marked by

several extreme events and turbulences such as the 1997-1998 Asian crisis, the 1998 Russian

crisis and the 1998 Brazilian crisis. The sample data also cover the 2001 dot-com bubble, the

2001 Argentinean economic crisis, and the 2007-2009 global financial crisis. The stock mar-

ket indices for the BRICS countries are denominated in U.S. dollars. We compute the stock

returns by taking the difference in the logarithm between two consecutive prices. Similarly,

for all the explanatory variables, we consider the logarithmic changes in those variables.

Figure 1 shows the BRICS stock return dynamics during the sample period. We see

that the stock returns are especially volatile after the mid-2008 when the global financial crisis

broke. The gold and WTI price returns display a similar volatility pattern, whereas the policy

uncertainty and VIX variable dynamics show no particular temporal pattern. Table 1 reports

the descriptive statistics for the return series. The average stock returns are similar across the

BRICS markets with the exception of China which has a negative average return. The corre-

sponding standard deviations range from 0.021 (China) to 0.031 (Russia). The return on the

S&P 500 index is mostly equal to that of the BRICS stock markets, while oil and gold yield

the highest returns. Russia’s stock market presents the maximum and the minimum returns

among the five BRICS markets, while the WTI crude oil market displays the maximum gain

and loss returns among the commodity markets. As expected, the economic policy uncertainty

5 The different websites are www.msci.com for stock markets, www.eia.gov for oil prices, www.gold.org for
gold, www.policyuncertainty.com for the US economic policy uncertainty index, and finance.yahoo.com for the
VIX index.
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and implied volatility (VIX) indices exhibit greater volatility than the other series in the sam-

ple because these indices are measures of policy risk of the economy and the stock market

volatility. Negative values for skewness are common for all the stock, gold and oil returns, but

are positive for the VIX and the U.S. economic policy uncertainty indices. All returns show

excess kurtosis. Therefore, the Jarque-Bera test for normality strongly rejects the normality of

the unconditional distributions for all the series. Finally, we test the null hypothesis of a unit

root, using the conventional augmented Dickey and Fuller (1979) and Phillips and Perron

(1988) statistics and the stationarity property under the null using the Kwiatkowski et al.

(1992) test. The results reported in Table 1 indicate that all return series are stationary.

Given that we attempt to analyze whether the dependence between the BRICS stock

market returns and the global factors changes as a result of the onset of the recent global fi-

nancial crisis, we consider a dummy variable D that takes the value 0 for the pre-crisis period

and 1 for the crisis period and its aftermath. The crucial point here is to determine the turning

point. Although several papers have considered different starting dates for the global financial

crisis (e.g., Reboredo, 2012; Xu and Hamori, 2012; Ahmad et al., 2013; Dimitriou et al.,

2013; Liu et al., 2013), we focus on the behavior of crude oil prices to mark the date of the

financial crisis. Oil prices reached a record price of US$145 a barrel in July 2008. Indeed, an

exponential oil price growth is observed for the period January 2000 to July 2008, largely

related to the high energy demand from China and other BRICS countries to support their fast

economic growth. However, after the mid-July 2008 and as the global financial crisis intensi-

fied, oil prices fell rapidly and dramatically to a low of about US$30 in December 2008, after

which they started to increase again. Therefore, we set the pre-crisis break point at around the

middle of July 2008, when the oil prices reached their historical maximum peak. This demar-

cation of the break point is also supported by the U.S. economy policy uncertainty index,

which shot up during the summer meltdown that took place in August 2008.
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[INSERT FIGURE 1 HERE]

[INSERT TABLE 1 HERE]

5. Empirical results and discussions

Tables 2-6 report the estimates of the quantile regressions for the BRICS stock market

returns. Following the QR literature, we show numerical results for seven quantiles from 0.05

to 0.95 with consideration of the global financial crisis. The standard errors that are obtained

using a pairs bootstrapping procedure (Buchinsky, 1995) are also reported. To complement

this information, Figure 2 provides the graphical results for all the quantiles and conditioning

variables.

[INSERT FIGURE 2 HERE]

5.1 Dependence structure between BRICS and the major global stock market

Table 2 provides the results for the Brazilian market. The effect of the global major

stock market as represented by the S&P500 index is positive and significant for all quantiles

of this market. The co-movement between the Brazilian stock returns and the S&P returns

intensifies from the lower to the upper quantiles, indicating that the dependence increases

during the bullish market and vice versa. Indeed, the trend in correlations among the stock

markets is not uniform across time when different quantiles are considered. Applying the F-

test for the equality of coefficients at low and high quantiles, the null of equality is rejected,

thus confirming that the estimates for the lower and upper quantiles are statistically different.

Therefore, the Brazilian and global markets display a asymmetric co-movement as the intensi-

ty of dependence increases when these markets are booming but dependence loses intensity

when the markets are bearish. However, since the onset of the financial crisis, the effect of the

movements in the global stock return changes, intensifying in the lower quantiles and remain-
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ing similar in the upper quantiles. Thus, during and post the financial crisis period, the struc-

ture of dependence changes and becomes almost constant along the different quantiles.

[INSERT TABLE 2 HERE]

For the Russian case (Table 3), the impact of the major global stock market is also

positive and significant but only for the intermediate and upper quantiles, whereas for the

lower quantiles we observe no significant effect. This implies that the structure of dependence

is asymmetric, having lower tail independence and upper tail dependence. Furthermore, we do

not reject the null of the equality of coefficients for the intermediate and upper quantiles. In

considering the effects of the financial crisis on dependence, no significant changes in de-

pendence are observed (except for the median), thus the structure of dependence remains un-

altered.

[INSERT TABLE 2 HERE]

For the Indian stock market (Table 4), the effect of the global markets is positive and

significant for the intermediate and upper quantiles with an intensity of the co-movements

being similar, given that the F-test is unable to reject the null of equality. Thus, as for Russia,

the structure of dependence is asymmetric, with independence in the lower tail and depend-

ence in the upper tail. Regarding the effects of the global financial crisis on dependence, the

impact of movements in the global stock index return intensifies in the intermediate quantiles

but remains similar for the other quantiles. Despite this change, the structure of dependence

remains similar in comparison to the pre-crisis period.

[INSERT TABLE 4 HERE]

For China (Table 5), an insignificant dependence structure with the global stock mar-

ket is revealed for all quantiles except for the 0.5 and 0.75 quantiles. This evidence suggests

that, in general, there is no co-movement between the Chinese stock returns and the global
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stock market index return. Despite the fact that the global financial crisis increased the stock

return co-movements across the financial markets, the co-movement of Chinese stock market

with the S&P 500 remains unaltered since the onset of the global financial crisis.

[INSERT TABLE 5 HERE]

Finally, the estimation results for the South African market (Table 6) show similar re-

sults as for the Russia and Indian markets. More precisely, the South African and the global

stock market exhibit asymmetric co-movement, having lower tail independence and upper tail

dependence structure. In contrast, the impact of the movements in the global stock index re-

turn changes, in that it intensifies for the intermediate quantiles. However, the structure of

dependence at the tails remains unaltered.

[INSERT TABLE 6 HERE]

5.2 Dependence structure between BRICS and commodity markets

The impact of crude oil prices on the Brazilian stock returns is positive and significant

only for the intermediate quantiles, and not present for extreme quantiles (lower than 0.1 or

greater than 0.95). Hence, there is tail independence, meaning that the extreme (positive or

negative) oil price movements have no impact on the stock prices for this country. However,

the structure of dependence changes with the onset of the global financial crisis, when greater

co-movement between oil and stock prices is observed of a similar size across quantiles.

The effect of the crude oil prices on the Russian and Chinese stock returns is negligi-

ble for all quantiles except for the quantiles 0.1 to 0.5 for Russia and the quantile 0.25 for

China. Hence, there is tail independence, meaning that extreme (positive or negative) oil price

movements have no impact on those countries’ stock returns. However, the structure of de-

pendence changes since the onset of the global financial crisis. A greater co-movement be-
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tween the oil prices and the Russian (Chinese) stock market is observed at the intermediate

(lower and intermediate) and upper quantiles in both countries.

The crude oil prices have no impact on the distribution of the Indian stock returns.

However, this evidence changes since the onset of the financial crisis as the stock returns be-

come dependent on the oil prices across different quantiles, even though the crude oil impact

has a similar size across the quantiles, thus supporting the existence of a constant dependence

structure. This increase in the co-movement may be explained by the high growth of the Indi-

an economy in recent years and by greater growth dependence on oil whose prices were expe-

riencing abrupt changes and thus affected the economic results.

The positive and significant dependence between the South African stock market re-

turns and the oil returns is evident for all quantiles, except for the quantiles 0.1 and 0.9, and

the corresponding F-test for the equality of coefficients across those quantiles is unable to

reject the null hypothesis. As a result, the dependence structure is constant across quantiles

and the oil price movement has a similar impact on the quantiles of the South African stock

return distribution. In addition, the co-movement increases during the subperiod since the

financial crisis, even though the structure of dependence remains quite similar.

Regarding the precious metal markets, the effect of gold prices on the BRICS stock re-

turns is positive and similar across the quantiles for the Brazilian, Indian and South African

economies, with dependence remaining almost constant across different quantiles, except

South Africa where the F-test for the equality of coefficients across the various quantiles is

unable to reject the null hypothesis of equality. However, for Russia and China the lower tail

dependence and the upper tail independence are observed. In addition, the structure of de-

pendence does not change significantly since the onset of the financial crisis for the Brazilian,

Indian and Chinese markets. However, for the Russian market, the structure of dependence

changes particularly for both the intermediate and upper quantiles. Asymmetric tail depend-
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ence is observed for South Africa, even though the lower tail dependence significantly de-

creases with the onset of the financial crisis. This result is consistent with the role of gold as a

safe haven in times of turbulent markets, and this evidence corroborates the findings of Baur

and Lucey (2010) and Baur and McDermott (2010).

5.3 Dependence structure between BRICS markets, and VIX and policy uncertainty indices

The effect of implied volatility on the global stock market is more expected in bearish

than in bullish markets. Our results indicate that this effect is significantly negative for the

lower quantiles for the four BRICS markets (Brazil, South Africa, Russia and China). How-

ever, for the intermediate and upper quantiles, there is no significant impact for the VIX index

on those stock returns, except for the case of Brazil. For India, the impact is only in the upper

quantiles. Overall, this means that the dependence with respect to changes in the VIX is

asymmetric for these BRICS. The volatility has a negative impact on the Brazilian, South

African, Russian, and Chinese stock returns when they are bearish and there is more fear and

volatility in the global market. However, VIX has no impact on those markets in a bullish

market with the exception of that of Brazil and India. On the other hand, the structure of de-

pendence with respect to VIX does not change since the onset of the financial crisis, with the

exception of the Brazilian markets, where dependence intensifies across the different quan-

tiles. Thus, there is strong evidence that among the BRICS, Brazil is the most sensitive to

VIX.

Regarding the U.S. economic policy uncertainty index, we find insignificant depend-

ence across different quantiles for each of the BRICS markets, with the exception of the Indi-

an market where the impact of the economic policy uncertainty is negative and significant for

lower quantiles (i.e., when the Indian market is bearish). This fact does not change since the

onset of the financial crisis, except in the Indian market where dependence is also significant
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for the lower quantiles, thus confirming the presence of an asymmetric dependence structure

(i.e., there are lower tail dependence and the upper tail independence).

It is worth noting that the unconditional quantiles, given by the constant term of the

QR, change with the onset of the financial crisis where the lower quantiles increase while the

upper quantiles decrease, meaning that all the BRICS stock return densities move as a result

of the financial crisis.

Table 7 summarizes the empirical results for the BRICS markets. All in all and in rela-

tion to our explanatory variables, the Indian stock market is not affected by the global finan-

cial crisis, except with respect to the oil prices. This is because the Indian stock market’s co-

movement with the crude oil market emerges with the onset of the financial crisis.

[INSERT TABLE 7 HERE]

6. Conclusion

Modeling dependence between the global stock markets including those of the BRICS

is of great importance for the market participants as the obtained results can be used to make

important portfolio allocation decisions. More importantly, the stock market performance

depends significantly on the changing structure of the risk factors, the business cycles, and the

macroeconomic aggregate fluctuations (e.g., Fama and French, 1989; Schwert, 1990; Ferson

and Harvey, 1991; Cochrane, 2008). For example, Fama and French (1989) show that the

expected returns of the common stock and the long-term bonds contain a term premium that is

related to business conditions. Therefore, all investors operating in the stock markets around

the world give a close watch to what happens in the economy as a whole. Ultimately, there is

a need to understand the dependence structure of the stock markets on the global economic

and financial factors, particularly since the recent financial crisis. Various empirical methods

including the multivariate GARCH class models, copulas and quantile regressions, among
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others, have been widely used to measure the co-movements. The quantile regression method

appears to be the most flexible to address this research area among the cited methods as it

allows one to assess the responses of a variable to the external shocks with respect to its dif-

ferent threshold values.

This paper contributes to the existing literature by assessing the impact of global eco-

nomic and financial variables on the BRICS stock markets across different quantiles of the

return distributions and over the periods before and since the onset of the recent financial cri-

sis. The set of the global factors includes the global stock market represented by the S&P 500

index, the oil prices, the gold prices, VIX and the U.S. economic policy uncertainty index.

Our empirical evidence for the daily closing spot data from September 1997 through Septem-

ber 2013 reveals asymmetric dependence between the BRICS stock markets on the global

stock market. This dependence does not change since the onset of the global financial crisis.

As to the effects from the commodity markets, the oil prices display a symmetric independ-

ence with the BRICS markets (except South Africa), even though the dependence significant-

ly increases since the onset of the recent financial crisis. Moreover, the gold prices co-move

with the stock prices at both the upper and lower tails (except for Russia and China whose

central banks bought gold heavily), and the degree of co-movement decreases since the onset

of the financial crisis. Finally, the stock market uncertainty (VIX) is a relevant factor in a bear

market but insignificant in a bull market for the BRICS with exception of Brazil and India.

Finally, the economic policy uncertainty exerts no impact on the BRICS stock markets in both

lower and upper quantiles.

Several important policy and economic implications can be drawn from the empirical

results of this study. The absence of significant co-movements between the China and the

global stock markets is shown in times of stress and turmoil. This implies that China, which

runs a controlled economy, protects its markets during bad times. Nevertheless, given that
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China has demonstrated a very fast economic growth and plays an increasingly important role

in the world economy, this link may change in the future as this country becomes more open

to foreign investors and lifts controls on its market and exchange rate.

The evidence of dependence across the major global factors and the BRICS stock

markets also provides meaningful insights pertinent to international asset pricing, risk man-

agement and the dynamic interactions in the global economy. The gold’s ability to act as a

safe haven in the case of South Africa may have financial implications regarding the presence

of diversification opportunities during extreme market conditions. With the ‘financialization’

of the commodity markets, gold and oil can provide further protection against losses when the

traditional assets (equities and bonds) experience large declines. Thus, including commodities

in traditional portfolios that include the BRICS allows investors to avoid the downside risk in

their investments. Gold can also provide protection against dollar devaluations (Hammoudeh

et al., 2009; Reboredo, 2013b). This research is particularly helpful for portfolio risk manag-

ers, energy traders, policymakers and international investors who should be cautious about

making investments in simultaneous markets that exhibit pure contagion. Cognizance of de-

pendencies of the BRICS is crucial for policymakers to help them discern the directions of the

co-movements and to safe guard the BRICS stock markets from contagion during future cri-

ses or major events.
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Fig. 1. Dynamics of BRICS stock market returns and logarithmic changes in the explanatory variables
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Fig. 2. Changes in the quantile regression coefficients

Panel A: Brazil

Panel B: Russia

-0
.0

4
-0

.0
2

0.
00

0.
02

0.
04

In
te

rc
ep

t

0 .2 .4 .6 .8 1
Quantile

0.
00

0.
50

1.
00

S
P

0 .2 .4 .6 .8 1
Quantile

-0
.1

0
-0

.0
5

0.
00

0.
05

0.
10

W
TI

0 .2 .4 .6 .8 1
Quantile

0.
00

0.
10

0.
20

0.
30

0.
40

0.
50

G
ol

d

0 .2 .4 .6 .8 1
Quantile

-0
.0

0
-0

.0
0

0.
00

0.
00

0.
00

P
O

LI
C

Y

0 .2 .4 .6 .8 1
Quantile

-0
.2

5-
0.

20
-0

.1
5-

0.
10

-0
.0

5
0.

00
V

IX

0 .2 .4 .6 .8 1
Quantile

-0
.5

0
0.

00
0.

50
1.

00
du

m
S

P

0 .2 .4 .6 .8 1
Quantile

-0
.0

1
-0

.0
1

0.
00

0.
01

0.
01

0.
01

du
m

0 .2 .4 .6 .8 1
Quantile

0.
00

0.
10

0.
20

0.
30

0.
40

du
m

W
TI

0 .2 .4 .6 .8 1
Quantile

-0
.4

0
-0

.2
0

0.
00

0.
20

0.
40

du
m

G
ol

d

0 .2 .4 .6 .8 1
Quantile

-0
.0

1
-0

.0
1

0.
00

0.
01

0.
01

du
m

P
O

LI
C

Y

0 .2 .4 .6 .8 1
Quantile

-0
.1

0
0.

00
0.

10
0.

20
0.

30
du

m
V

IX

0 .2 .4 .6 .8 1
Quantile

-0
.0

5
0.

00
0.

05
In

te
rc

ep
t

0 .2 .4 .6 .8 1
Quantile

-0
.5

0
0.

00
0.

50
1.

00
S

P

0 .2 .4 .6 .8 1
Quantile

-0
.1

0
0.

00
0.

10
0.

20
0.

30
W

TI

0 .2 .4 .6 .8 1
Quantile

-0
.5

0
0.

00
0.

50
1.

00
G

ol
d

0 .2 .4 .6 .8 1
Quantile

-0
.0

1
0.

00
0.

01
0.

01
P

O
LI

C
Y

0 .2 .4 .6 .8 1
Quantile

-0
.3

0
-0

.2
0

-0
.1

0
0.

00
0.

10
V

IX

0 .2 .4 .6 .8 1
Quantile

-1
.0

0-
0.

50
0.

00
0.

50
1.

00
1.

50
du

m
S

P

0 .2 .4 .6 .8 1
Quantile

-0
.0

2
-0

.0
1

0.
00

0.
01

0.
02

du
m

0 .2 .4 .6 .8 1
Quantile

-0
.4

0-
0.

20
0.

00
0.

20
0.

40
0.

60
du

m
W

TI

0 .2 .4 .6 .8 1
Quantile

-1
.0

0
-0

.5
0

0.
00

0.
50

1.
00

du
m

G
ol

d

0 .2 .4 .6 .8 1
Quantile

-0
.0

2
-0

.0
1

0.
00

0.
01

0.
02

du
m

P
O

LI
C

Y

0 .2 .4 .6 .8 1
Quantile

-0
.1

0
0.

00
0.

10
0.

20
0.

30
du

m
V

IX

0 .2 .4 .6 .8 1
Quantile



27

Panel C: India

Panel D: China
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Panel E: South Africa
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Table 1. Statistical properties for global factors (log changes) and BRICS stock returns

Brazil Russia India China S. Africa S&P 500 WTI Gold Policy VIX

Mean (×10) 0.002 0.001 0.003 -0.001 0.002 0.001 0.004 0.004 0.003 -0.001

Std. Dev. 0.024 0.031 0.018 0.021 0.018 0.013 0.025 0.011 0.626 0.063

Maximum 0.173 0.242 0.194 0.140 0.123 0.109 0.164 0.077 2.946 0.496

Minimum -0.183 -0.281 -0.177 -0.171 -0.135 -0.094 -0.170 -0.096 -2.481 -0.351

Skewness -0.177 -0.445 -0.356 -0.066 -0.425 -0.208 -0.159 -0.153 0.130 0.620

Kurtosis 10.015 14.318 11.729 8.490 7.663 10.135 7.793 9.020 4.063 6.821

JB 8182* 21376* 12720* 5002* 3726* 8472* 3826* 6026* 198* 2676*

ADF -44.6** -59.2** -59.9** -58.1** -59.4** -48.8** -47.3** -63.2** -24.4** -30.7**

PP -57.7** -59.2** -60.24** -58.1** -59.2** -48.8** -64.3** -63.2** -421.1*** -77.1**

KPSS 0.158 0.115 0.093 0.390 0.097 0.092 0.037 0.187 0.022 0.028

Notes: The data series are daily and cover the period September 29, 1997 to September 20, 2013. JB is the em-
pirical statistics of the Jarque-Bera test for normality. ADF, PP and KPSS are the empirical statistics of the
Augmented Dickey-Fuller (1979) unit root test, the Phillips-Perron (1988) unit root test, and the Kwiatkowski et
al. (1992) stationarity test, respectively. While the ADF and PP tests consider the null hypothesis of unit root,
the Kwiatkowski et al. (1992) test examines the null of stationarity. * and ** indicate the rejection of the null
hypothesis at the 5% and 1% levels, respectively.
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Table 2. Quantile regression estimates for Brazil

Q(0.05) Q(0.10) Q(0.25) Q(0.50) Q(0.75) Q(0.90) Q(0.95)

sp 0.307* 0.406* 0.614* 0.725* 0.739* 0.753* 0.883*
(0.152) (0.103) (0.082) (0.078) (0.066) (0.073) (0.112)

sp 0.654* 0.603* 0.396* 0.334* 0.237* 0.234* 0.057

(0.240) (0.173) (0.123) (0.119) (0.124) (0.176) (0.245)

Oil 0.002 0.047 0.057* 0.045* 0.035* 0.073* 0.024

(0.043) (0.026) (0.017) (0.016) (0.015) (0.022) (0.039)

Oil 0.244* 0.216* 0.139* 0.144* 0.133* 0.138* 0.203*

(0.066) (0.049) (0.039) (0.029) (0.041) (0.04) (0.058)

Gold 0.310* 0.281* 0.255* 0.179* 0.210* 0.160* 0.170*

(0.09) (0.097) (0.055) (0.045) (0.042) (0.047) (0.079)

Gold -0.149 -0.130 -0.124 -0.012 -0.017 0.021 0.020

(0.144) (0.12) (0.081) (0.061) (0.064) (0.075) (0.127)

VIX -0.190* -0.140* -0.085* -0.063* -0.056* -0.052* -0.038

(0.029) (0.018) (0.013) (0.013) (0.011) (0.014) (0.025)

VIX 0.191* 0.145* 0.089* 0.074* 0.057* 0.057* 0.017

(0.04) (0.028) (0.018) (0.018) (0.019) (0.025) (0.038)

Policy 0.000 0.000 0.001 0.001 0.001 0.000 0.001

(0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Policy 0.001 0.001 0.000 -0.002 -0.002 -0.002 -0.001

(0.004) (0.002) (0.001) (0.001) (0.002) (0.002) (0.003)

 -0.033* -0.024* -0.011* 0.001* 0.012* 0.022* 0.029*

(0.001) (0.001) (0.001) (0.000) (0.001) (0.001) (0.001)

 0.010* 0.007* 0.002* -0.002* -0.004* -0.007* -0.007*

(0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.002)

Pseudo R2 0.248 0.238 0.212 0.197 0.202 0.204 0.201

Notes: This table presents the quantile regression estimates for Brazil according to the empirical model de-
fined by Eq. (3). The numbers in parentheses are the bootstrapped standard errors. The asterisk (*) denotes
statistical significance at the 5% level.
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Table 3. Quantile regression estimates for Russia

Q(0.05) Q(0.10) Q(0.25) Q(0.50) Q(0.75) Q(0.90) Q(0.95)

sp 0.099 0.232 0.497* 0.409* 0.442* 0.563* 0.628*

(0.349) (0.18) (0.101) (0.067) (0.08) (0.152) (0.275)

sp 0.422 0.427 0.324 0.318* 0.266 0.178 0.111

(0.388) (0.248) (0.187) (0.147) (0.154) (0.189) (0.312)

Oil 0.163 0.111* 0.073* 0.056* 0.031 0.068 0.055

(0.092) (0.045) (0.025) (0.018) (0.028) (0.037) (0.064)

Oil 0.053 0.122 0.156* 0.176* 0.209* 0.171* 0.219*

(0.150) (0.079) (0.057) (0.054) (0.055) (0.068) (0.092)

Gold 0.439* 0.486* 0.279* 0.171* 0.233* 0.073 -0.055

(0.16) (0.145) (0.062) (0.042) (0.071) (0.098) (0.151)

Gold 0.133 -0.041 0.048 0.208* 0.169 0.292* 0.482*

(0.233) (0.187) (0.099) (0.080) (0.096) (0.141) (0.195)

VIX -0.190* -0.097* -0.003 -0.006 -0.005 -0.012 -0.003

(0.051) (0.036) (0.019) (0.011) (0.015) (0.032) (0.058)

VIX 0.116 0.067 0.016 0.008 0.011 0.019 0.042

(0.07) (0.044) (0.027) (0.022) (0.024) (0.041) (0.071)

Policy 0.003 0.001 0.000 0.000 0.000 0.001 0.003

(0.003) (0.002) (0.001) (0.001) (0.001) (0.002) (0.003)

Policy -0.003 -0.001 0.001 0.001 -0.002 -0.003 -0.004

(0.008) (0.004) (0.002) (0.001) (0.002) (0.003) (0.005)

 -0.048* -0.032* -0.012* 0.001* 0.014* 0.029* 0.044*

(0.002) (0.002) (0.001) (0.000) (0.001) (0.001) (0.002)

 0.015* 0.009* 0.002* -0.002* -0.004* -0.008* -0.013*

(0.003) (0.002) (0.001) (0.001) (0.001) (0.002) (0.003)

Pseudo R2 0.102 0.094 0.086 0.077 0.079 0.078 0.073

Notes: See the notes of Table 2.
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Table 4. Quantile regression estimates for India

Q(0.05) Q(0.10) Q(0.25) Q(0.50) Q(0.75) Q(0.90) Q(0.95)

sp 0.183 0.104 0.128* 0.081* 0.094 0.248* 0.260*

(0.180) (0.103) (0.052) (0.041) (0.055) (0.083) (0.123)

sp 0.012 0.143 0.224* 0.342* 0.409* 0.169 0.071

(0.206) (0.139) (0.096) (0.087) (0.099) (0.115) (0.157)

Oil 0.014 0.013 0.022 0.011 0.004 -0.011 -0.049

(0.042) (0.026) (0.019) (0.011) (0.015) (0.026) (0.039)

Oil 0.201* 0.160* 0.147* 0.118* 0.119* 0.134* 0.156*

(0.08) (0.067) (0.034) (0.035) (0.041) (0.049) (0.076)

Gold 0.228* 0.220* 0.096 0.086* 0.134* 0.139* 0.214*

(0.087) (0.070) (0.055) (0.032) (0.033) (0.057) (0.078)

Gold -0.105 0.002 0.138 0.106 0.012 -0.071 -0.229

(0.142) (0.12) (0.079) (0.056) (0.067) (0.116) (0.128)

VIX -0.017 -0.010 0.009 0.000 0.002 0.044* 0.054*

(0.034) (0.019) (0.010) (0.009) (0.010) (0.017) (0.023)

VIX -0.013 0.011 0.001 0.021 0.029 -0.038 -0.064

(0.042) (0.028) (0.017) (0.017) (0.017) (0.028) (0.038)

Policy -0.005* -0.002* -0.001 0.000 0.000 0.001 0.001

(0.002) (0.001) (0.001) (0.000) (0.000) (0.001) (0.001)

Policy -0.001 -0.001 -0.002 0.000 0.001 0.001 0.003

(0.004) (0.003) (0.002) (0.001) (0.002) (0.003) (0.004)

 -0.029* -0.020* -0.008* 0.001* 0.010* 0.019* 0.026*

(0.002) (0.001) (0.000) (0.000) (0.000) (0.001) (0.001)

 0.001 -0.001 -0.002 -0.001 -0.001 0.000 0.002

(0.002) (0.001) (0.002) (0.001) (0.001) (0.001) (0.002)

Pseudo R2 0.064 0.050 0.040 0.033 0.038 0.041 0.048

Notes: See the notes of Table 2.
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Table 5. Quantile regression estimates for China

Q(0.05) Q(0.10) Q(0.25) Q(0.50) Q(0.75) Q(0.90) Q(0.95)

sp -0.223 -0.008 0.089 0.128* 0.244* 0.254 0.196

(0.132) (0.153) (0.074) (0.047) (0.072) (0.147) (0.171)

sp 0.315 0.234 0.213 0.077 0.025 0.089 0.216

(0.234) (0.196) (0.123) (0.109) (0.136) (0.217) (0.274)

Oil 0.069 0.041 0.036* 0.008 0.003 -0.030 -0.032

(0.050) (0.038) (0.017) (0.012) (0.019) (0.046) (0.042)

Oil 0.163* 0.126* 0.086* 0.079* 0.083* 0.121 0.107

(0.069) (0.052) (0.040) (0.040) (0.041) (0.068) (0.078)

Gold 0.289* 0.276* 0.196* 0.118* 0.162* 0.176 0.041

(0.14) (0.095) (0.054) (0.032) (0.041) (0.097) (0.119)

Gold -0.223 -0.080 -0.028 0.038 0.036 -0.109 0.057

(0.188) (0.132) (0.077) (0.065) (0.070 (0.149) (0.184)

VIX -0.095* -0.048 -0.015 0.006 0.021 0.026 0.049

(0.035) (0.033) (0.013) (0.008) (0.013) (0.026) (0.029)

VIX 0.083 0.056 0.024 -0.005 -0.014 -0.001 -0.016

(0.063) (0.041) (0.019) (0.016) (0.022) (0.035) (0.044)

Policy -0.000 0.000 0.000 0.000 0.000 -0.000 0.000

(0.001) (0.001) (0.001) (0.000) (0.001) (0.001) (0.002)

Policy -0.002 -0.002 -0.002 -0.001 0.000 0.002 0.001

(0.004) (0.003) (0.002) (0.002) (0.002) (0.003) (0.003)

 -0.034* -0.024* -0.010* 0.000* 0.010* 0.023* 0.034*

(0.001) (0.001) (0.000) (0.000) (0.000) (0.001) (0.001)

 0.005* 0.005* 0.001 0.000 0.000 -0.004* -0.005*

(0.002) (0.001) (0.001) (0.001) (0.001) (0.002) (0.002)

Pseudo R2 0.051 0.038 0.029 0.015 0.023 0.017 0.022

Notes: See the notes of Table 2.
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Table 6. Quantile regression estimates for South Africa

Q(0.05) Q(0.10) Q(0.25) Q(0.50) Q(0.75) Q(0.90) Q(0.95)

sp 0.088 0.189 0.223* 0.319* 0.322* 0.337* 0.361*

(0.129) (0.112) (0.058) (0.041) (0.059) (0.102) (0.096)

sp 0.221 0.069 0.287* 0.295* 0.192* 0.058 -0.084

(0.224) (0.190) (0.141) (0.075) (0.086) (0.141) (0.176)

Oil 0.084* 0.040 0.041* 0.026* 0.034* 0.037 0.085*

(0.040) (0.026) (0.017) (0.012) (0.014) (0.024) (0.028)

Oil 0.166* 0.174* 0.144* 0.109* 0.131* 0.134* 0.064

(0.069) (0.056) (0.043) (0.032) (0.039) (0.063) (0.095)

Gold 0.696* 0.653* 0.546* 0.463* 0.461* 0.445* 0.418*

(0.085) (0.063) (0.051) (0.033) (0.039) (0.058) (0.061)

Gold -0.436* -0.353* -0.129 -0.049 -0.094 -0.064 -0.012

(0.144) (0.101) (0.080) (0.060) (0.073) (0.086) (0.106)

VIX -0.084* -0.065* -0.037* -0.004 -0.006 -0.002 0.009

(0.023) (0.023) (0.010) (0.010) (0.011) (0.019) (0.022)

VIX 0.052 0.019 0.027 0.011 0.003 -0.019 -0.076*

(0.039) (0.033) (0.020) (0.014) (0.017) (0.028) (0.035)

Policy -0.001 -0.001 0.000 0.000 0.000 0.001 0.001

(0.001) (0.001) (0.001) (0.000) (0.001) (0.001) (0.001)

Policy 0.001 0.001 0.000 0.000 0.000 -0.001 -0.004

(0.004) (0.002) (0.002) (0.001) (0.001) (0.002) (0.004)

 -0.026* -0.019* -0.008* 0.001* 0.009* 0.018* 0.025*

(0.001) (0.001) (0.000) (0.000) (0.000) (0.001) (0.001)

 -0.001 -0.001 -0.001 0.000 0.000 0.001 0.001

(0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.002)

Pseudo R2 0.158 0.151 0.138 0.127 0.117 0.114 0.119

Notes: See the notes of Table 2.
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Table 7. Summary empirical results for the BRICS

Brazil Russia India China S. Africa
L M H L M H L M H L M H L M H

S&P500 (1) + + + NS + + NS + + NS + NS NS + +
(2) + + + NS + NS NS + NS NS NS NS NS + NS

Oil (1) NS + NS NS + NS NS NS NS NS NS NS + + +
(2) + + + NS + + + + + + + NS + + +

Gold (1) + + + + + NS + + + + + NS + + +
(2) NS NS NS NS NS + NS NS NS NS NS NS + NS NS

VIX (1) – – NS – NS NS NS NS + + NS NS – NS NS

(2) + + NS NS NS NS NS NS NS NS NS NS NS NS –
EPUI (1) NS NS NS NS NS NS + NS NS NS NS NS NS NS NS

(2) NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Notes: L, M and H represent low quantile, medium quantile and high quantile, respectively. NS means no signif-
icant dependence while + (–) indicates positive (negative) and statistically significant co-movement. (1) and (2)
represent model without and with recent financial crisis variable, respectively. EPUI denotes the US economic
policy uncertainty index.


