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ABSTRACT

Globalization leads financial market of one country to become more integrated with other countries.
In this environment the knowledge of dependency between the stock market helps the investors and
portfolio managers for international investment and diversification. This paper investigates the linkage
among BRIC market indices, i.e. Brazil, Russia, India and China, and their relation with US market
and oil price. Restricted Vector Auto Regression (VAR) model is employed to gauge the
interdependencies among the selected stock market and the short-term relationship is tested with
the help of Granger causality test by using the daily data from 2™ January 1998 to 30" September
2014. Based on the result of Final prediction error (FPE) and Akaike information criterion (AIC) six
lag lengths is selected as the optimal lag for the VAR model. The results of VAR model indicate that
the return of Brazil, Russia and India having co-movement with US market and oil price. However,
China does not exhibit the co-movement with US stock market but it does with oil price. Brazil
market causes more other market than is caused by them, China and Russia Granger-cause each
other. However, to the lesser extent, India Granger-cause China and Russian market. Us market has
high significant positive influence than the oil price on Brazil, Russia and India. On the other hand, Oil
price has significantly positive influence on China where as US market not influences the Chinese
market.

Introduction

Globalization of trade and economy has opened the door for discussion about the integration between
the different economy and financial markets. More specifically, the integration between stock markets
becomes the center of the discussion in the international investment and diversification. Moreover,
the knowledge of stock market interdependence helps the global investors to protect from regional
financial crisis. However, the rapid growth of modern communications and technology integrate the
financial market and resulted in more cross - border capital flows. In this ground the emerging
market firms rethink their operations and prefer cross - listing in international exchanges to attract
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the capital with low cost and more liquidity for their shares. Hence, the globalization and integration
of stock market with one another is widely studied by both economist and academician. Moreover,
as a leading economy of the world, to what extent the US market influence the emerging market also
widely attempted by academician.

Login & Solnik (1995) found the evidence of significant linkages between stock markets around the
world by using cross-country correlations. Chen, Firth, and Rui, (2002) tested the interdependency
between the Latin American countries by employ the error correction VAR model using the daily
return for the period from 1995-200. They concluded that the diversification among Latin American
market is very limited. Mukherjee (2011) found that the US market has positive influence on the
Indian market due to feel good factor generated by increased return in developed market. China
registered the negative influence due to activities of international investors.

In the modern days crude oil is considered as lubricant for the smooth running of any economy.
Hence, the shocks in oil price have wider influence on performance of the stock markets. In the year
1998, crude oil price decreased to a significant level and stood at USD 10 per barrel. And, immediately
it starts to increase from the next year and sky rocketed from 2003 till touch the record height of USD
145 per barrel in July 2008. However, due to global financial turmoil it again plummeted to the ground
and priced as USD 34 per barrel in February 2009. Once again it bounced in the year 2010 and
slowly reached USD 110 per barrel in August 2013. In this background, Basher & Sadorsky (2006)
pointed out that emerging economies tend to be more energy intensive than more advanced economies
and are more exposed to higher oil prices. Consequently, oil price changes are likely to have a
greater impact on profits and stock prices in emerging economies. Hence, there are lot of studies
already examined the impact of oil price shock in various stock market.

In the new millennium, a group formed by Brazil, Russia, India and China, BRIC, catch the attention
of investors and academia due to relatively large size middle-income emerging market economies
and their significant contribution to the world economic development. Ono (2011) examined the
impact of oil prices on Brazil, China, India and Russia over 1999:1-2009:9 using VAR models and
found real stock returns positively respond to some of the oil price indicators with statistical significance
for China, India and Russia, those of Brazil do not show any significant responses. Carrieri, Errunza
and Hogan (2007) found that majority of the emerging stock markets are partially integrated with
developed market but the degree of integration is time varying. Though there exists a literature on the
relationship between oil prices and stock prices and the relationship between developed market and
emerging stock market, the relationship between these two streams has, however, not been that
closely studied, especially within the context of emerging economy stock markets. Hence,
spontaneously this study considered to analyze the integrations between BRIC and combined impact
of US stock market and oil price on BRIC stock markets.

DataAnd Methodology

The daily closing values of the stock indices of Brazil (BOVSPA), Russia (RTSI), India (SENSEX),
China (SHCOMP) and United States of America (S&P 500) was collected from yahoo finance for the
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period from 2™ January 1998 to 30" September 2014, consisting of 3737 observations. The return
was calculated by taking the natural logarithm of the first difference of the indices. The name of the
respective country is used to refer the market return series where the trading takes place. Moreover,
it is also assumed that the investor hedging the currency risk. The oil price information was collected
from the US Energy information administration data base.

The existing literature revealed that the oil price has influence on the US stock market [Jones (1996),
Sadorsky (1999), Ciner (2001), Park and Ratti (2008) and Malik and Ewing (2009)]. Hence, to capture
the impact of oil price on US stock market, the following regression equation was first employed.

Rusr = a+ﬁ0“1r+ EE‘ (1)

Where, I&the return of US stock market on the day t. is thesspecific return of the US stockmarket,
is the imfact of oil price changes on US stock market, Oil. is the natural logarithm of thefirst
difference of oil price on the day tand &£ is the error term in the model. From the result of equation
(1), the residual (i.e. ;) and the specific return of US market (i.e. &) is added to get thenew series
after removing the impact of oil price in US stock market. Then after VAR Model wasemployed to
test the impact of oil price, USA market return and lagged return of BRIC nation on thecurrent return
of each BRIC countries separately.

The simple VAR model is simultaneous equation model where the current value of the dependent
variable is depends on different combination of both lagged endogenous and exogenous variable.
However, from the earlier literature it was observed that BRIC countries’ market returns have nothing
to influence the US market return and Oil price changes. Hence, in this study, the restricted VAR
model is employed to test the spillover between BRIC nations and the combined impact of US
market and oil price in BRIC nations. Hence, the model is specified as,

Poe = + Jgusrus + Jgapﬂﬂr +Z;'J=1 ;=1rr—_;|',k JG',J{ + Eir (2)

Where, T;; is the return of country i in the time t, B, is the beta coefficient of the US market return,
I, IS the return of S&P 500 index, ﬁpp is the beta coefficient of logarithmic change in oil price, k
indicate the BRIC countries (k= 1, 2, 3 and 4) and j denote the number of lag (i.e. j=1,....6) included
in the model, T'+—;x is the lagged return of BRIC countries, ﬁ}-k is the coefficient of the respective
BRIC countries and &;4s the error term of the model.

However, to apply the equation (2) the data should be a stationary one. Hence, to test the stationary
of the data, Augmented Dickey — Fuller (ADF) test and Phillips-Perron (PP) tests were employed.

Moreover, the VAR lag order selection criterion is adopted to select the optimum lag length. Finally,
the Granger causality test also performed to measure the causality between the markets.

Results And Discussion

The descriptive statistics for the return of the selected countries is presented in Table 1. From the
result it is observed that the Russian market shows the highest variability followed this Qil price
registered the next highest variability. However, the Brazil market registered the highest average
return during the same period. On the other hand, lowest variability was observed in USA market. The
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high level of Kurtosis and the negative Skewness of all the case, except Brazil, indicate that the
return has long tail to the left. Moreover, Jarque-Bera test rejects the null hypothesis that return of the
selected country during the period is normally distributed.

Table 1: Descriptive Statistical for BRIC and US stock return and Oil Price

Brazil Russia India China USA OIL
Mean 0.000447 0.000279 | 0.000533 0.000186 | 0.000190 0.000437
Maximum 0.288325 0.202039 | 0.159900 | 0.094008 | 0.104083 0.220521
Minimum -0.172082 | -0.336698 | -0.171840 | -0.127636 | -0.094695 | -0.176818
Std. Dev. 0.021489 0.027341 0.017371 0.016476 | 0.013043 0.026305
Skewness 0.409915 | -0.750552 | -0.395504 | -0.090706 | -0.3030906 | -0.016681
Kurtosis 16.79347 15.48927 11.41468 | 8.106663 | 8.985881 0.928015
Jarque-Bera 29721.72 24631.93 11119.65 4064.599 5634.860 T471.767
Probability 0.000 0.000 0.000 0.000 0.000 0.000
Observations 3736 3736 3736 3736 3736 3736

Table 2: Pair wise Correlation between the BRIC, USA and Change in Oil price

BRAZIL | RUSSIA | INDIA | CHINA | USA OIL
BRAZIL 1
RUSSIA 0.327 1
INDIA 0.222 0.327 1
CHINA 0.102 0.109 | 0.165 1
USA 0.593 0.205 | 0.198| 0.029 1
OIL 0.163 0.173 | 0.105| 0.068 0.000 1

From the Table 2 it is observed that the correlation between the selected countries and the oil price
change is positive. The highest correlation observed between USA and Brazil which is similar to the
Bora et al (2009). On the other hand, Chinaregistered the lowest correlation with USA and Oil price.
India has highest correlation with Russia as its natural friend, followed with USA. BRIC countries
positive correlation with themselves and with the USA and Oil price indicate the co-movement of the
BRIC’s stock market with the oil price and USA stocks.

Table 3: The Unit Root Test Results

ADF Test PP test

T- Statistics | Prob. | T- Statistics | Prob.
BRASIL -45.07 0.0001 -60.03 0.0001
RUSIA -54.88 0.0001 -54.87 0.0001
INDIA -59.78 0.0001 -59.76 0.0001
CHINA -60.82 0.0001 -60.85 0.0001
USA -66.32 0.0001 -66.69 0.0001
OIL -63.05 0.0001 -63.34 0.0001
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Table 3 exhibit the result of Augmented Dickey Fuller (ADF) test and Phillips-Perron (PP) test. ADF
and PP test were employed on first difference of the selected countries return series to test the null
hypothesis that the data series has unit root. The p- value for all the data including the first difference
of oil price is less than 0.01 (p<0.01). Hence the null hypothesis were rejected and concluded that

the data were stationary at first difference.

Table 4: VAR Lag Order Selection Criteria

Lag LR FPE AIC SC HQ
0 NA 1.31e-14 -20.61211 | -20.59208 |-20.60499
1 305.8028 1.22e-14 -20.68571 -20.63897* | -20.66909*
2 3358882 1.22e-14 -20.68617 -20.61271 | -20.66004
3 41.49549 1.22e-14 -20.68876 | -20.58859 |-20.65313
4 37.68934 1.21e-14 -20.69034 | -20.56346 |-20.64520
5 36.21888 1.21e-14 -20.69153 | -20.53794 |-20.63689
6 33.53389 1.21e-14%* | -20.69201* | -20.51171 |-20.62787
7 29.25930% 1.21e-14 -20.69134 | -20.48433 |-20.61769
8 4.678773 1.22e-14 -20.68402 | -20.45030 |-20.60088

* indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5% level)

FPE: Final prediction error

AIC: Akaike imformation criterion

SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion

VAR lag order selection criterion helped to determine the optimum lag length for the model. The
results of the various lag order criteria up to 8 lag is presented in Table 5. For the given data Schwarz
information criterion and Hannan-Quinn information criterion select the VAR (1), i.e. first order, as
optimal. Conversely, Final prediction error (FPE) and Akaike information criterion (AIC) selects the
VAR (6), i.e. six lag length, as the optimal for the model. Brooks (2008) clearly pointed out that the
SC is strongly consistent but inefficient and AIC is not consistent but generally more efficient and
hence he concluded as no criterion is definitely superior to others. Therefore, lag length is chosen
based on AIC and FPE model which suggest adopting six lags for the data.

Table 5 exhibits the results of restricted VAR model. From the result it is observed that the oil price
return significantly influence BRIC countries’ stock returns. Though India and China are net oil importers
and Brazil and Russia are net oil exporter the change in oil price positively influence the BRIC
countries. The increasing in oil price may depreciate net oil importers’ home currency against US
dollar (i.e. China and India). Depreciation of home currency may attract more foreign investors into
the country and at the same time domestic investors also not prefer to take their money out to invest
in other countries. Hence, large flow of money into the domestic equity market from the foreign as
well as domestic investors leads to increasing demand for stocks. Hence, increasing oil price might
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influence the Indian and Chinese market positively. If the oil price decreases China’s Yuan and
India’s Rupee will appreciate. This may give the good opportunity to the foreign investors to take their
money from these market and the domestic investors also prefer to diversify globally. This may lead
to fall in India’s and China’s stock market. On the other hand, Russia is a net exporter of oil and
hence oil price positively influence the Russian equity returns. Brazil meets its oil demand through
local production and ethanol and it become the net oil exporter since 2006. As the oil price increase
it will positively influence export revenue. Hence, changes in oil price significantly positively influence
the Brazil stock market return.

Table 5: VAR Estimation Result

BRASIL RUSIA INDIA CHINA
: 2 26062 154412 05775
BRASILED) | 75 conafe [ 13 15207 11 5005] |[4 29550
-0. 2 -0. : -0. 5
prasncs) | SO oot | uist Lorios
prasicy | o0ss | o] doiri | osois
-0.02 0285 . . 5
REASICY) [? 1 ?6 6213106] [01 ?3 486 2393] [00 97160;040% [00 98161951389]
-0.02145 0392 0212 .
BRASIL(S) [? 1 ?4 81442 13] [01 ?83593 103(; [01 %212 5998] [00 ??160048683
FRASTEGE) EO 1I 9826669423? [06 %131934828] [Oll 218769: SS; [Oll ?620119?815;
0.017131 0.054339 | 0.010555 | 0.018008
RS [1.48261] |[3.21341]*| [0.94302] | [ 1.63756]
-0. -0. -0. -0. 3
RUSIA(2) [?0?0060674638] [?0?2033493696] [?0?7088986346] [?0??02739255;
. . 5 005 00722
RUBIAES) [01 %11141763 [01 001 5?1?4r 80] [00 ?406 212650] [00 ?6(;?? 821]
0265 -0.002912 | -0. 002
RERAGH) [ (,)2 2 02 7 ? ;"‘ [E)O ?107 ;;16] [? 1 ?0141268333 [00 ?201 ’f 4876]
007215 | -0. : 22 | -0.01952
RUSIAGS) [00 ?3?4 518] [E)O ?200341(; [01 .07155;39 4] [E) 1 ?81094 5 68]
NDAC) || Todsao ][0I [[205756F
-0.0275 -0.0165 -0. : 5
INDICD) [? 1 Oﬁ 6T4 2961] [?0 061 460 6378] [?2 2389808781] [00 ?4006881 11]
2 .02 -0. 2 :
INDIAGS) [Od i09344831 | [00 ?9 23486326] [? 1 9833183030] [00 %008541638]
0.007755 | -0.065061 | 0.043466 | -0.013232
INDIAG4) [0.44053] |[-2.52525]* |[2.55128]* | [-0.78978]
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0.008585 -0.042970 | -0.051988 0.013813

NDESCS) [0.48732] | [-1.66662] | [-3.04928] | [ 0.82384]

0.032460 0.002767 | -0.016116 0.036914

(NDLACS) [1.85475]* | [ 0.10804] | [-0.95153] |[2.21624]*

1) -0.022135 -0.079008 | -0.039178 | -0.012500

[-1.26733] |[-3.09091]* | [-2.31784]* | [-0.75201]

0.021830 0.079137 0.016578 0.005602

[1.24973] [[3.09557]*| [0.98065] | [ 0.33608]

-0.028298 0.027005 | -0.016256 0.052043

[[1.61844] | [ 1.05534] | [-0.96069] |[ 3.12744]*

0.024303 0.031265 0.010472 | -0.000850

[1.39089] | [1.22266] | [0.61932] | [-0.05112]

0.008352 -0.065649 | -0.008678 | -0.037408

[0.47799] |[[-2.56737]*| [-0.51320] |[-2.24962]*

0.033276 0.019140 | -0.026096 | -0.028105

[1.00699] | [ 0.74946] | [-1.54529] | [-1.69234]

c 0.000240 -2.09E-05 0.000401 6.28E-05

’ [0.85248] | [-0.05071] | [ 1.47015] | [ 0.23413]

S P 500 0.960003 0.607750 0.269674 0.033057

— [43.6826]* |[ 18.8959]* |[ 12.6796]* | [ 1.58047]

OIL 0.055928 0.125692 0.044650 0.036982

[5.15622]* |[7.91797)* |[4.25353]* |[ 3.58250]*

Adj. R-squared 0.361516 0.156720 0.087506 0.019726

F-statistic §2.20748 27.65458 14.75391 3.886160
[Note: t-statistics in [ ], * indicate the significance at 5 %b.

USA stock market return significantly positively influence the Brazil, Russia and India whereas it
does not significantly influence the Chinese market as there is a restriction on free movement of
capital in China. Morales (2011) found the evidence of weak integration of Chinese financial markets
with the U.S. stock market. On the other hand, Brazilian, Indian and Russian markets are more
sensitive to international shocks arisen from U.S. markets and also to oil market instability. This
result also consistent with the earlier studies and conclude that the Chinese market does not influenced
by the US market.

Moreover, one lagged return of Brazil positively significantly influences not only its return but also
other BRIC nations. This clearly evidenced that the Brazil stock market is the most influential market
among BRIC nations. However, one lagged return of Indian market influence the Chinese market and
Brazil market whereas it does not significantly influence on its own return. Russian stock returns not
influenced any market but its own lagged return positively influenced itself.

China’s one lagged return shows negatively significant influence on Indian and Russian markets.
These negatively significant coefficients indicate that the Indian and Russian markets offer hedging
opportunity for the international investors in the Chinese market. On the other hand, one lagged
return of Indian market significantly positively influence the Chinese market return and Brazil market
which states that there is no hedging opportunities for the global investors in Brazil and China
against the Indian market.
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Table 6: p-values of Granger causality test for BRIC Countries returns

Independent
Brazil Russia India China
= Brazil 0.094 0.084 0.079
& Russia 0.000 0.1044 0.001
S India 0.000 0.439 0.121
3 China 0.000 0.058 0.095
= All 0.006 0.000 0.000 0.000

Granger causality test were employed to test the causality between the return of two countries. If the
lagged return of one country (independent variable) does not helps to predict another country return
(dependent), it will conclude that the independent country return does not Granger Cause the dependent
country return. Table 6 presents the results of Granger causality test. From the result it is observed
that the Brazilian one lagged return significantly influence all other countries return but it does not
influenced by any other BRIC countries return. China granger causes the Russian return and not vice
versa. However, jointly BRIC countries granger cause BRIC countries return. This result also confirms
the restricted VAR model.

Conclusion

The main aim of this study is to examine the linkage of stock market among the BRIC nations and
their relationship with oil price and US stock market. The restricted VAR model is employed with six
lags to identify the interdependence among BRIC nation stock returns. Granger Causality tests also
employed to test causality between Brazil, Russia, India and China. The result revels that Brazil,
Russia and India were influenced by the US stock market whereas Chinese market were independent
from the US influence. However, oil price positively influence the BRIC nations. Moreover, the past
return of Brazil significantly influences the other BRIC countries and itself. On the other hand, the
past return of Russia influence itself and not influence the Indian and Chinese return. This clearly
indicates the opportunity for international diversification from Russia to India and China. This is also
confirmed by insignificant coefficient between past return of India and Russia and negatively significant
coefficient between past return of China and Russia. Indian market returns were significantly negatively
influenced by the past return of Chinese market. This shows there is an availability of diversification
between Indian market and Chinese market for risk reduction.
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